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UNITED STATES DISTRICT COURT o j”"?:

DISTRICT OF NEVADA = ;
r~ 7 1
v y
Takeda Chemical Industries, Ltd., a foreign ) '. . i :
corporation; and Takeda Pharmaceuticals, North ) Case Ng. s :
America, Inc., a Delaware corporation, ) ’ o 3
) -
Plaintiffs, ) e ST
) COMPLAINT
Vs. )
: )
Watson Pharmaceuticals, Inc., a Nevada
corporation; Watson Laboratories, Inc., a CV-S-03-1335-1LRH-RJJ
New York corporation; Watson Pharma, Inc., a
Delaware corporation; and Danbury Pharmacal,
Inc., a Delaware corporation,
Defendants. .
)

Plaintiffs Takeda Chemical Industries, Ltd. (“TCI”) and Takeda Pharmaceuticals North
America, Inc. (“TPNA”) (hereafter, collectively, “Takeda”) by their undersigned counsel, for
their Complaint against defendants Watson Pharmaceuticals, Inc. (“Watson Pharmaceuticals”),
Watson Laboratories, Inc. (“Watson Laboratories™), Watson Pharma, Inc. (“Watson Pharma”),
and Danbury Pharmacal, Inc. (“Danbury”) (collectively, “Watson”) allege as follows:

Jurisdiction and Venue

1. This is an action for patent infringement arising under the patent laws of the
United States, Title 35, United States Code and arising under 35 U.S.C. §§ 271(e)2), 271(b),
and 281-283. Subject matter jurisdiction is proper under 28 U.S.C. §§ 1331 and 1338(a).
Venue is proper under 28 U.S.C. §§ 1391(b)-(c) and 1400(b). Personal jurisdiction over the
defendants in Nevada is proper under NRS 14.065, and because defendants are doing business

in this jurisdiction.
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2. TCl is a Japanese corporation having its corporate headquarters in Osaka, Japan
and principal place of business in Osaka, Japan. TPNA is a wholly owned U.S. subsidiary of
Takeda America Holdings, Inc., which is a wholly owned U.S. subsidiary of TCI. TPNA has
its corporate headquarters and principal place of business in Lincolnshire, Illinois and is
organized under the laws of Delaware.

3. TCl is engaged in the business of research, developing, manufacturing, and
marketing of a broad spectrum of innovative pharmaceutical products, including ACTOS,
which comprises the active ingredient pioglitazone.

4, Upon information and belief, Watson Pharmaceuticals which has its corporate
headquarters in Corona, California, is incorporated in the State of Nevada and does business in
the State of Nevada. Upon information and belief, ANDA No. 76-798 was filed under the
name of Watson Pharmaceuticals.

5. Upon information and belief, defendant Watson Laboratories is a wholly owned
subsidiary of Watson Pharmaceuticals, subject to Watson’s actual control, and is also located in
Corona, California. Upon information and belief, Watson Laboratories researches, develops,
sells, manufactures and/or distributes pharmaceuticals and is licensed to do business in the
State of Nevada and does business in the State of Nevada.

6. Upon information and belief, Watson Pharma is a Delaware corporation with its
principal place of business in Morristown, New Jersey. On information and belief, Watson
Pharma formerly transacted business under the name Schein Pharmaceuticals, Inc. Upon
information and belief, Watson Pharma is a wholly owned subsidiary of Watson
Pharmaceuticals, subject to its actual control, and manufactures, markets, sells and/or
distributes solid dose pharmaceuticals. Upon information and belief, Watson Pharma is
licensed to do business in the State of Nevada and does business in the State of Nevada.

7. Upon information and belief, defendant Danbury is a Delaware corporation with

its principal place of business in Carmel, New York. Danbury is a wholly owned subsidiary of

_2-
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Watson Pharmaceuticals, subject to its actual control, and manufactures, markets, offers for

.l sale, sells, and/or distributes solid dose pharmaceuticals. Upon information and belief,

I Danbury does business in the State of Nevada.
8. Upon information and belief, Watson is currently transacting business in the
i State of Nevada, at least by making and shipping into this Judicial District, or by using,

! offering to sell or selling or causing others to use, offer to sell or sell, pharmaceutical products.

Watson derives substantial revenue from interstate and/or international commerce, including
substantial revenue from goods used or consumed or services rendered in the State of Nevada
and this Judicial District. By filing its ANDA, Watson has committed, and unless enjoined,
will continue to commit a tortious act within the State of Nevada, that Watson expects or

h should reasonably expect to have consequences within the State of Nevada.

The New Drug Application

9. TPNA sells pioglitazone-containing drug products under the trade name

ACTOS® in the United States pursuant to the United States Food and Drug Administration’s
approval of a New Drug Application (“NDA™) held by TPNA (NDA NO. 021073).

10. ACTOS® is approved for use as an adjunct to diet and exercise to improve
glycemic control in patients with type 2 diabetes (non-insulin-dependent diabetes mellitus).
ACTOS® is indicated for monotherapy. ACTOS® is also indicated for use in combination
with a sulfonylurea, metformin, or insulin when diet and exercise plus the single agent does not
result in adequate glycemic control.

1. The approval letter for ACTOS®, with approved labeling, was issued by the
FDA on July 15, 1999. The approval was for both monotherapy and combination therapy,
based upon the FDA’s consideration of clinical studies, presented in a single NDA, for both
types of therapies.

The Patents in Suit

12. United States Patent No. 5,965,584 (“the ‘584 patent”), entitled “Pharmaceutical
‘ composition,” a true and correct copy of which is appended hereto as exhibit A, was duly
issued on October 12, 1999 to inventors Hitoshi Ikeda, Takashi Sohda and Hiroyuki Odaka and

assigned to plaintiff TCI. The ‘584 patent claims, inter alia, a pharmaceutical composition

-3-
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comprising a pioglitazone [()-5-[[4-[2-(5-ethyl-2-pyridinyl)ethoxy|pheny|methyl]-2,4-
thiazolidinedione}, or salts thereof in combination with a biguanide (e.g., metformin) and
methods for treating diabetes which comprise administering a therapeutically effective amount
of pioglitazone or salts thereof in combination with a biguanide, such as metformin. Claim 13
recites that proglitazone and biguanide are administered as an admixture. Claim 14 recites that
pioglitazone and biguanide are administered independently.

13. Plaintiff TCI has been and still is the owner, through assignment, of the ‘584
patent, which expires on June 19, 2016.

14. United States Patent No. 6,329,404 (“the ‘404 patent™), entitled “Pharmaceutical
composition,” a true and correct copy of which is appended hereto as Exhibit B, was duly
issued on December 11, 2001 to inventors Hitoshi Ikeda, Takashi Sohda and Hiroyuki Odaka,
and assigned to plaintiff TCI. The ‘404 patent claims, inter alia, a pharmaceutical composition
comprising pioglitazone or salts thereof in combination with an insulin secretion enhancer
(e.g., a sulfonylurea, such as glipizide) and methods for treating diabetes which comprise
administering a therapeutically effective amount of pioglitazone or salts thereof in combination
with an insulin secretion enhancer. Claim 24 recites that the pioglitazone and an insulin
secretion enhancer are administered as an admixture. Claim 25 recites that pioglitazone and an
insulin secretion enhancer are administered independently.

15. Plaintiff TCI has been and still is the owner through assignment of the ‘404
patent, which expires on June 19, 2016.

16. United States Patent No. 6,140,383 (“the ‘383 patent”), entitled “Pharmaceutical
composition,” a true and correct copy of which is appended hereto as exhibit C, was duly
issued on November 21, 2000 to inventors Hitoshi Ikeda, Takashi Sohda and Hiroyuki Odaka,
and assigned to plaintiff TCI. The ‘383 patent claims, inter alia, methods for treating a
glycometabolism disorder which comprise administering pioglitazone or salts thereof in
combination with an insulin secretion enhancer (e.g., a sulfonylurea).

17. Plaintiff TCI has been and still is the owner through assignment of the ‘383
patent, which expires on June 19, 2016.

18. United States Patent No. 6,166,042 (“the ‘042 patent™), entitled “Pharmaceutical

-4
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l ” composition,” a true and correct copy of which is appended hereto as exhibit D, was duly

issued on December 26, 2000 to inventors Hitoshi Ikeda, Takashi Sohda and Hiroyuki Odaka,
and assigned to plaintiff TCI. The ‘042 patent claims, inter alia, methods for treating a
glycometabolism disorder which comprise administering pioglitazone or salts thereof in
combination with a biguanide, e.g., metformin.

9. Plaintiff TCI has been and still is the owner through assignment of the 042
patent, which expires on June 19, 2016.

20. United States Patent No. 6,166,043 {(“the ‘043 patent”), entitled “Pharmaceutical
composition,” a true and correct copy of which is appended hereto as exhibit E, was duly
issued on December 26, 2000 to inventors Hitoshi Ikeda, Takashi Sohda and Hiroyuki Odaka,
and assigned to plaintiff TCI. The ‘043 patent claims, inter alia, methods for reducing the
amount of active components administered to a diabetic patent, which comprise administering a
therapeutically effective amount of pioglitazone or salts thereof in combination with biguanide,
¢.g., metformin,

21. Plaintiff TCI has been and still is the owner through assignment of the ‘043
patent, which expires on June 19, 2016.

22. United States Patent No. 6,172,090 (“the 090 patent™), entitled “Pharmaceutical
composition,” a true and correct copy of which is appended hereto as exhibit F, was duly issued
on January 9, 2001 to inventors Hitoshi Ikeda, Takashi Sohda and Hiroyuki Odaka, and
assigned to plaintiff TCI. The ‘090 patent claims, inter alia, methods for reducing the side
effects of active components administered to a diabetic patient, which comprise administering a
therapeutically effective amount of pioglitazone or salts thereof in combination with a
biguanide, e.g., metformin, as the active components.

23. Plaintiff TCI has been and still is the owner through assignment of the ‘090
patent, which expires on June 19, 2016.

24. United States Patent No. 6,211,205 (“the ‘205 patent™), entitled “Pharmaceutical
composition,” a true and correct copy of which is appended hereto as exhibit G, was duly
tssued on April 3, 2001 to investors Hitoshi Tkeda, Takashi Sohda and Hiroyuki Odaka, and

assigned to plaintiff TCI. The ‘205 patent claims, inter alia, methods for reducing the amount

-5-
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of active components administered to a diabetic patient, which comprises administering a
therapeutically effective amount of pioglitazone or salts thereof in combination with an insulin
secretion enhancer (e.g., a sulfonylurea).

25.  Plamtift TCI has been and still is the owner through assignment of the ‘205
patent, which expires on June 19, 2016.

26. United States Patent No. 6,271,243 (“the 243 patent”), entitled “Pharmaceutical
composition,” a true and correct copy of which is appended hereto as exhibit H, was duly
issued on August 7, 2001 to inventors Hitoshi Ikeda, Takashi Sohda and Hiroyuki Odaka, and
assigned to plaintiff TCI. The ‘243 patent claims, inter alia, methods for reducing the side
effects of active components administered to a diabetic patient, which comprises administering
a therapeutically effective amount of pioglitazone or salts thereof in combination with an
insulin preparation.

27.  Plaintiff TCI has been and still is the owner through assignment of the ‘243
patent, which expires on June 19, 2016.

28. United States Patent No. 6,303,640 (“the ‘640 patent™), entitled “Pharmaceutical
composition,” a true and correct copy of which is appended hereto as exhibit I, was duly issued
on October 16, 2001 to inventors Hitoshi lkeda, Takashi Sohda and Hiroyuki Odaka, and
assigned to plaintiff TCI. The ‘640 patent claims, inter alia, methods for reducing the side
effects of active components administered to a diabetic patient, which comprises administering
a therapeutically effective amount of pioglitazone or salt thereof in combination with an insulin
secretion enhancer (e.g., a sulfonylurea).

29.  Plaintiff TCI has been and still is the owner through assignment of the ‘640
patent, which expires on August 9, 2016.

30.  Plaintiff TCI has granted an exclusive license to plaintiff TPNA under the ‘584
patent, the ‘404 patent, the *383 patent, the ‘042 patent, the ‘043 patent, the ‘090 patent, the
‘205 patent, the 243 patent, and the ‘640 patent (collectively, “Takeda Patents™).

31. [n accordance with its exclusive license, plaintiff TPNA sells pioglitazone-
containing drug products under the trade name ACTOS® in the United States. Sales of

TPNA’s pioglitazone-containing drug products are made pursuant to approval by the FDA of

-6 -
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NDA NO. 021073.

32.  Plaintiff TC1 manufactures the pioglitazone-containing drug products sold by
TPNA.

33.  Plaintiffs TCI and TPNA will be both substantially and irreparably harmed by
infringement of any of the Takeda Patents. There is no adequate remedy at law.

COUNT 1
(INDUCEMENT OF INFRINGEMENT OF U.S.PATENT NO. 5,965,584 UNDER

35 U.S.C, § 271(e}(2)(A) BY DEFENDANTS)

34. Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 33 above.

3s. Upon information and belief, defendant Watson Pharmaceuticals, filed an
Abbreviated New Drug Application (“ANDA”) with the Food and Drug Administration
(“FDA”) under 21 U.S.C. § 355(j) (ANDA No. 76-798) seeking approval to market 15 mg, 30
mg, and 45 mg tablets comprising pioglitazone as its HCI salt.

36. By this ANDA filing, Watson has indicated that it intends to engage, and that
there is substantial likelihood that it will engage in the commercial manufacture, use, offer for
sale and/or sale of plaintiffs’ patented pioglitazone drug products immediately or imminently
upon receiving FDA approval to do so. Also by its ANDA filing, Watson has indicated that its
drug products containing pioglitazone are bioequivalent to Takeda’s pioglitaznoe drug
products.

37. By its ANDA filing, Watson seeks to obtain approval to commercially
manufacture, use, offer for sale and/or sell alleged generic equivalents of plaintiffs’ ACTOS®
pioglitazone drug products prior to the expiration date of the ‘584 patent.

38. By a letter (“The Letter”) dated September 9, 2003, Watson informed plaintiffs
that Watson had filed a certification to the FDA, pursuant to 21 U.S.C. § 355(0)2)A)NviD(IV).
A true and correct copy of The Letter is attached as exhibit J. On or about September 12, 2003,
NDA holder, TPNA, received The Letter. On or about September 22, 2003, patent owner, TCI,
received a duplicate original of The Letter.

39. The Letter, purporting to be Watson’s Notice of Certification under 21 US.C§

355(G)(2)(B)(i1), indicates that Watson intends to manufacture, use, offer for sale, and/or sell,

- 7-
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pioglitazone as its HCI salt prior to the expiration of the ‘584 patent. The Letter alleges that in
Watson’s opinion, its manufacture, use, offer for sale and/or sale of pioglitazone in the United
States during the unexpired term of the ‘584 patent will not infringe any valid claim of the ‘584
patent because Watson will be offering for sale a pioglitazone product which will be labeled for
use in monotherapy.

40. Watson’s filing of ANDA No. 76-798 for the purpose of obtaining FDA

approval to engage in the commercial manufacture, use, offer for sale and/or sale, or

inducement thereof, drug products containing pioglitazone or salts thereof before the expiration
of the ‘584 patent is an act of infringement under 35 U.S.C. § 271(e}(2XA).

41. Upon information and belief, Watson’s manufacture, use, offer for sale, and/or
sale of its proposed pioglitazone drug product will induce infringement of at least one claim of
the ‘584 patent under 35 U.S.C. § 271(e)(2)(A).

42. Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in combination therapy, and that such use does not require a
physician to co-prescribe pioglitazone with a biguanide, e.g., metformin. Further, patients
routinely take pioglitazone in combination with additional active components, such as
biguanides, e.g., metformin. The intended use of pioglitazone in combination therapy to treat
diabetes would be readily apparent to a customer of Watson (e.g., including, without limitation,
a physician, a pharmacist, a pharmacy benefits management company, health care provider
who establishes drug formularies for its insurers and/or a patient).

43. Upon information and belief, Watson currently manufactures, markets, offers for
sale, and/or sells the biguanide, metformin.

44,  Upon information and belief, Watson’s proposed label for its pioglitazone drug

products does not restrict the use of those products to only monotherapy. As is well known to

Watson and its customers, the majority of patents treated with pioglitazone take it in

combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, treatment with pioglitazone in

combination with an insulin secretion enhancer such as a sulfonylurea, and/or treatment with

pioglitazone in combination with an insulin preparation. The beneficial effects of such

n
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combination therapy are well known to Watson and customers of Watson. On information and
belief, Watson will be rﬁarketing pioglitazone with specific intent, and/or with the desire to
actively induce, aid and abet infringement of the ‘584 patent. Watson knows or reasonably
should know that its proposed conduct will induce infringement.

45. Upon information and belief, Watson’s generic marketing practices include
listing generic products on its website and referring consumers to a corresponding brand name
product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic product and refer consumers to
Takeda’s product, ACTOS®. Upon information and belief, such marketing practices are
substantially likely to lead a consumer of generic pioglitazone to infer that prescribing
information for ACTOS®, which includes directions relating to the use of combinations of
ACTOS® and metformin, a biguanide, also applies to Watson’s generic pioglitazone-
containing drug product.

46.  Upon information and belief, Watson has planned and intended to actively
induce others to infringe the ‘584 patent when its ANDA application is approved and plans and
intends to do so on approval.

47. Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful, and in full knowledge of the existence of the ‘584 patent.

48. Unless Watson is enjoined from infringing and inducing the infringement of the
*584 patent, plaintiffs will suffer substantial and irreparable injury. Plaintiffs have no adequate
remedy at law.

COUNT I1
(INDUCEMENT OF INFRINGEMENT OF U.S. PATENT NO. 6,329,404 UNDER
35 U.S.C. § 271(e)(2)(A) BY DEFENDANTS)

49.  Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 48 above.

50. Watson’ Letter, purporting to be Watson’s Notice of Certification under 21
U.S.C. § 355(j)(2)(B)(ii), also indicates that Watson intends 1o manufacture, use, sell, or offer
for sale, pioglitazone as its HCI salt prior to the expiration of the ‘404 patent. The Letter

alleges that in Watson’s opinion, its manufacture, use, offer for sale, and/or offer for sale in the

-9.
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United States during the unexpired term of the ‘404 patent will not infringe any valid claim of
the ‘404 patent because Watson will be offering for sale a pioglitazone product which will be
labeled for use in monotherapy.

51. Watson’s manufacture, use, offer for sale, and/or sale of its proposed
pioglitazone drug product will induce infringement of at least one claim of the ‘404 patent
under 35 U.S.C. § 271(e)(2)(A).

52. Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in combination therapy to treat diabetes, and that such use
does not require a physician to co-prescribe pioglitazone with an insulin secretion enhancer
(e.g., a sulfonylurea). Further, patients routinely take pioglitazone in combination with
additional active components, such as insulin secretion enhancers, The intended use of
pioglitazone in combination therapy to treat diabetes would be readily apparent to a customer
of Watson (e.g., including, without limitation, a physician, pharmacist, pharmacy benefits
management company, health care provider who establishes drug formularies for its insurers
and/or patient).

53.  Upon information and belief, Watson currently manufactures, markets, offers for
sale, and/or sells the insulin secretion enhancer, glipizide.

54, Upon information and belief, Watson’s proposed label for its pioglitazone drug
products does not restrict the use of those products to only monotherapy. As is well known to
Watson and its customers, the majority of patients treated with pioglitazone take it in
combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. On information and belief, Watson will be
marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
abet infringement of the ‘404 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

55. Upon information and belief, Watson’s generic marketing practices include

- 10 -
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listing generic products on its website and referring consumers to a corresponding brand name
product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic product and to refer consumers to
Takeda’s product, ACTOS®. Upon information and belief, such marketing practices are
substantially likely to lead a consumer of generic pioglitazone to infer that prescribing
information for ACTOS®, which includes directions relating to the use of combinations of
ACTOS® and an insulin secretion enhancer (e.g., a sulfonylurea), also applies to Watson’s
generic pioglitazone-containing drug product.

56. Upon information and belief, Watson has planned and intended to actively
induce others to infringe the ‘404 patent when its ANDA application is approved and plans and
intends to do so on approval.

57. Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful, and in full knowledge of the existence of the ‘404 patent.

58 Unless Watson is enjoined from infringing and inducing the infringement of the
"404 patent, plaintiffs will suffer substantial and irreparable injury. Plaintiffs have no adequate
remedy at law,

COUNT IIT
(INFRINGEMENT OF METHOD CLAIMS OF THE ‘584 PATENT
UNDER 35 U.S.C. § 271(b))

59.  Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 58 above.

60. On information and belief, approval of ANDA 76-798 is substantially likely to
result in the commercial use, manufacture, offer for sale, and/or sale, or inducement thereof, of
a drug product which is marketed and sold for use in a method claimed in one or more claims
of the ‘584 patent, immediately or imminently upon approval of the ANDA.

61. Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in the methods of one or more claims of the ‘584 patent and
that use in such methods does not require a physician to co-prescribe pioglitazone with a
biguanide, e.g., metformin. Further, patients routinely take pioglitazone in combination with

additional active components, such as biguanides for use in methods covered by the ‘584

211 -




HUTCHISON 4 STEFFEN

A PROFESSIONAL CORFORATION

ATTORNEYS AT LAW
LAKES BUSINESS PARK
8831 WEST SAHARA AVENUE
LAS VEGAS, NEVADA 89117

[ S T

S ND 00 N s W

e A T e N = SN - B - T B~ N & WY U UG T N JE

Case 2:03-cv-01335-RCJ -RJJ Document 1-2222700 Filed 10/23/03 Page 12 of 162

—

patent. The intended use of pioglitazone in combination therapy to treat diabetes would be
readily apparent to a customer of Watson.,
62. Upon information and belief, Watson’s proposed label for its pioglitazone drug

products does not restrict the use of those products to only monotherapy. As is well known to

Watson and its customers, the majority of patients treated with pioglitazone take it in
combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. On information and belief, Watson will be
marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
abet infringement of the ‘584 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

63.  Upon information and belief, Watson’s generic marketing practices include
listing generic products on its website and referring consumers to a corresponding brand name
product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic product and refer consumers to
Takeda’s product ACTOS®™. Upon information and belief, such marketing practices are
substantially likely to lead a consumer of generic pioglitazone to infer that prescribing
information for ACTOS®, which includes directions relating to the use of combinations of
ACTOS® and a biguanide, also applies to Watson’s generic pioglitazone-containing drug
product.

64. Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful.

65.  Plaintiffs will be substantially and irreparably harmed if defendants are not
enjoined from inducing the infringement of the ‘584 patent. Plaintiffs have no adequate

remedy at law,
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: COUNT IV
(INFRINGEMENT OF METHOD CLAIMS OF THE ‘404 PATENT
UNDER 35 U.S.C. § 271(b))

66, Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 65 above.

67. On information and belief, approval of ANDA 76-798 is substantially likely to
result in the commercial use, manufacture, offer for sale, and/or sale, or inducement thereof, of
a drug product which is marketed and sold for use in a methods claimed in one or more claims
of the ‘404 patent, immediately or imminently upon approval of the ANDA.

68.  Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in the methods of one or more claims of the ‘404 patent and
that use in such methods does not require a physician to co-prescribe pioglitazone with an
insulin secretion enhancer (e.g., a sulfonylurea). Further, patients routinely take pioglitazone in
combination with additional active components, such as insulin secretion enhancers for use in
methods covered by the ‘404 patent. The intended use of pioglitazone in combination therapy
to treat diabetes would be readily apparent to a customer of Watson.

69. Upon information and belief, Watson’s proposed label for its pioglitazone drug
products does not restrict the use of those products to only monotherapy. As is well known to
Watson and its customers, the majority of patients treated with pioglitazone take it in
combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. On information and belief, Watson will be
marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
abet infringement of the ‘404 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

70.  Upon information and belief, Watson’s generic marketing practices include
listing generic products on its website and referring consumers to a corresponding brand name

product. Upon information and belief, Watson intends to do the same for any approved generic
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pioglitazone, namely, Watson intends to list its generic product and refer consumers to compare
the generic product with ACTOS®™. Upon information and belief, such marketing practices are
substantially likely to lead a consumer of generic pioglitazone to infer that prescribing
information for ACTOS®, which includes directions relating to the use of combinations of
ACTOS” and an insulin secretion enhancer (e.g., a sulfonylurea), also applies to Watson’s
generic pioglitazone-containing drug product.

71. Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful,

72.  Plaintiffs will be substantially and irreparably harmed if defendants are not
enjoined from inducing the infringement of the ‘404 patent. Plaintiffs have no adequate
remedy at law.,

COUNT YV
INFRINGEMENT OF THE €383 PATENT UNDER 35 U.S.C. § 271(b))

73. Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 72 above.

74, On information and belief, approval of ANDA 76-798 is substantially likely to
result in the commercial use, manufacture, offer for sale, and/or sale of a drug product which is
marketed and sold for use in a methods claimed in one or more claims of the ‘383 patent,
immediately or imminently upon approval of the ANDA.

75. Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in the methods of one or more claims of the ‘383 patent and
that use in such methods does not require a physician to co-prescribe pioglitazone with an
insulin secretion enhancer (e.g., a sulfonylurea). Further, patients routinely take pioglitazone in
combination with additional active components, such as insulin secretion enhancers for use in
methods covered by the ‘383 patent. The intended use of pioglitazone in combination therapy
to treat a glycometabolism disorder, such as diabetes, would be readily apparent to a customer
of Watson.

76.  Upon information and belief, Watson’s proposed label for its pioglitazone drug
products does not restrict the use of those products to only monotherapy. As is well known to

Watson and its customers, the majority of patients treated with pioglitazone take it in
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combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. On information and belief, Watson will be
marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
abet infringement of the ‘383 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

77.  Upon information and belief, Watson’s generic marketing practices include
listing generic products on its website and referring consumers to a corresponding brand name
product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic Takeda’s product, ACTOS*. Upon
information and belief, such marketing practices are substantially likely to lead a consumer of
generic pioglitazone to infer that prescribing information for ACTOS?, which includes
directions relating to the use of combinations of ACTOS" and an insulin secretion enhancer
(e.g., a sulfonylurea), also applies to Watson’s generic pioglitazone-containing drug product.

78. Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful.

79. Plaintiffs will be substantially and irreparably harmed if defendants are not
enjoined from inducing the infringement of the ‘383 patent. Plaintiffs have no adequate
remedy at law.

COUNT VI
(INFRINGEMENT OF THE ‘042 PATENT UNDER 35 U.S.C. § 271(b))

80. Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 79 above.

81.  On information and belief, approval of ANDA 76-798 is substantially likely to
result in the commercial use, manufacture, offer for sale, and/or sale, or inducement thereof, of
a drug product which is marketed and sold for use in a methods claimed in one or more claims
of the ‘042 patent, immediately or imminently upon approval of the ANDA.

82. Upon information and belief, Watson is aware or reasonably should be aware, of

-15-
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the widespread use of pioglitazone in the methods of one or more claims of the ‘042 patent and
that use in such methods does not require a physician to co-prescribe pioglitazone with
biguanide, e.g., metformin. Further, patients routinely take pioglitazone in combination with
additional active components, such as biguanides for use in methods covered by the ‘042
patent. The intended use of pioglitazone in combination therapy to treat a glycometabolism
disorder, such as diabetes, would be readily apparent to a customer of Watson.

83. Upon information and belief, Watson’s proposed label for its pioglitazone drug
products does not restrict the use of those products to only monotherapy. As is well known to
Watson and its customers, the majority of patients treated with pioglitazone take it in
combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. Upon information and belief, Watson will be
marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
abet infringement of the ‘042 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

84. Upon information and belief, Watson’s generic marketing practices include
listing generic products on its website and referring consumers to a corresponding brand name
product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic product and refer consumers to
Takeda’s product, ACTOS®. On information and belief, such marketing practices are
substantially likely to lead a consumer of generic pioglitazone to infer that prescribing
information for ACTOS®, which includes directions relating to the use of combinations of
ACTOS® and a biguanide, e.g., metformin, also applies to Watson’s generic pioglitazone-
containing drug product.

85.  Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful.

86.  Plaintiffs will be substantially and irreparably harmed if defendants are not
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enjoined from inducing the infringement of the ‘042 patent. Plaintiffs have no adequate

remedy at law,

COUNT VII
(INFRINGEMENT OF THE ‘043 PATENT UNDER 35 U.S.C. § 271(b))

87. Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 86 above.

88. On information and belief, approval of ANDA 76-798 is substantially likely to
result in the commercial use, manufacture, offer for sale, and/or sale, or inducement thereof, of
a drug product which is marketed and sold for use in a methods claimed in one or more claims
of the ‘043 patent, immediately or imminently upon approval of the ANDA.

89. Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in the methods of one or more claims of the ‘043 patents
and that use in such methods does not require a physician to co-prescribe pioglitazone with a
biguanide, e.g., metformin. Further, patients routinely take pioglitazone in combination with
additional active components, such as biguanides for use in methods covered by the 043
patent. The intended use of pioglitazone in combination therapy to reduce the amount of active
components used in such therapy would be readily apparent to a customer of Watson.

90.  Upon information and belief, Watson’s proposed label for its pioglitazone drug
products does not restrict the use of those products to only monotherapy. As is well known to
Watson and its customers, the majority of patients treated with pioglitazone take it in
combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. On information and belief, Watson will be
marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
abet infringement of the ‘043 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

91. Upon information and belief, Watson’s generic marketing practices include

listing generic products on its website and referring consumers to a corresponding brand name
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product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic product and refer consumers to
Takeda’s product, ACTOS®. Upon information and belief, such marketing practices are
substantially likely to lead a consumer of generic pioglitazone to infer that prescribing
information for ACTOS®, which includes directions relating to the use of combinations of
ACTOS® and a biguanide, e.g., metformin, also applies to Watson’s generic pioglitazone-
containing drug product.

92. Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful.

93. Plaintiffs will be substantially and irreparably harmed if defendants are not
enjoined from inducing the infringement of the ‘043 patent. Plaintiffs have no adequate

remedy at law.

COUNT VIII
(INFRINGEMENT OF THE ‘090 PATENT UNDER 35 U.S.C. § 271(b))

94, Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 93 above.

9s. On information and belief, approval of ANDA 76-798 is substantially likely to
result in the commercial use, manufacture, offer for sale, and/or sale, or importation thereof, of
a drug product which is marketed and sold for use in a methods claimed in one or more claims
of the 090 patent, immediately or imminently upon approval of the ANDA.

96. Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in the methods of one or more claims of the ‘090 patent and
that use in such methods does not require a physician to co-prescribe pioglitazone with a
biguanide. Further, patients routinely take pioglitazone in combination with additional active
components, such as biguanides, e.g., metformin, for use in methods covered by the ‘090
patent. The intended use of pioglitazone in combination therapy to reduce side effects of such
therapy would be readily apparent to a customer of Watson.

97.  Upon information and belief, Watson’s proposed label for its pioglitazone drug
products does not restrict the use of those products to only monotherapy. As is well known to

Watson and its customers, the majority of patients treated with pioglitazone take it in
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combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. Upon information and belief, Watson will be
marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
abet infringement of the ‘090 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

98.  Upon information and belief, Watson’s generic marketing practices include
listing generic products on its website and referring consumers to a corresponding brand name
product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic product and refer consumers to
Takeda’s product, ACTOS®. Upon information and belief, such marketing practices are
substantially likely to lead a consumer of generic pioglitazone to infer that prescribing
information for ACTOS®, which includes directions relating to the use of combinations of
ACTOS™and a biguanide, e.g., metformin, also applies to Watson’s generic pioglitazone-
containing drug product.

99.  Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful.

100.  Plaintiffs will be substantially and irreparably harmed if defendants are not
enjoined from inducing the infringement of the ‘090 patent. Plaintiffs have no adequate
remedy at law.

COUNT IX
(INFRINGEMENT OF THE ‘205 PATENT UNDER 35 U.S.C. § 271(b))

101.  Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 100 above.

102, On information and belief, approval of ANDA 76-798 is substantially likely to
result in the commercial use, manufacture, offer for sale, and/or sale, or importation thereof, of
a drug product which is marketed and sold for use in a methods claimed in one or more claims

of the *205 patent, immediately or imminently upon approval of the ANDA.
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103.  Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in the methods of one or more claims of the ‘205 patent and
that use in such methods does not require a physician to co-prescribe pioglitazone with an
insulin secretion enhancer (e.g., a sulfonylurea). Further, patients routinely take pioglitazone in
combination with additional active components, such as insulin secretion enhancers for use in
methods covered by the ‘205 patent. The intended use of pioglitazone in combination therapy
to reduce the amount of active components used in such therapy would be readily apparent to a
customer of Watson.

104.  Upon information and belief, Watson’s proposed label for its pioglitazone drug
products does not restrict the use of those products to only monotherapy. As is well known to
Watson and its customers, the majority of patients treated with pioglitazone take it in
combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. On information and belief, Watson will be
marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
abet infringement of the ‘205 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

105. Upon information and belief, Watson’s generic marketing practices include
listing generic products on its website and referring consumers to a corresponding brand name
product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic product and refer consumers to
Takeda’s product, ACTOS®. Upon information and belief, such marketing practices are
substantially likely to lead a consumer of generic pioglitazone to infer that prescribing
information for ACTOS®, which includes directions relating to the use of combinations of
ACTOS® and an insulin secretion enhancer (e.g., a sulfonylurea), also applies to Watson’s

generic pioglitazone-containing drug product.
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106.  Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful.

107.  Plaintiffs will be substantially and irreparably harmed if defendants are not
enjoined from inducing the infringement of the ‘205 patent. Plaintiffs have no adequate
remedy at law.

COUNT X
(INFRINGEMENT OF THE 243 PATENT UNDER 35 U.S.C. § 271(b))

118.  Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 107 above.

119. On information and belief, approval of ANDA 76-798 is substantially likely
toresult in the commercial use, manufacture, offer for sale, and/or sale, or inducement thereof,
of a drug product which is marketed and sold for use in a methods claimed in one or more
claims of the ‘243 patent, immediately or imminently upon approval of the ANDA.

120.  Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in the methods of one or more claims of the ‘243 patents
and that use in such methods does not require a physician to co-prescribe pioglitazone with an
insulin preparation. Further, patients routinely take pioglitazone in combination with
additional active components, such as insulin preparations for use in methods covered by the
"243 patent. The intended use of pioglitazone in combination therapy to treat a diabetic patient
to reduce side effects of active components used in such therapy would be readily apparent to a
customer of Watson.

121. " On information and belief, Watson’s proposed label for its pioglitazone drug
products does not restrict the use of those products to only monotherapy. As is well known to
Watson and its customers, the majority of patients treated with pioglitazone take it in
combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. On information and belief, Watson will be

marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
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abet infringement of the ‘243 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

122. Upon information and belief, Watson’s generic marketing practices include
listing generic products on its website and referring consumers to corresponding brand name
product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic Takeda’s product, ACTOS®. Upon
information and belief, such marketing practices are substantially likely to lead a consumer of
generic pioglitazone to infer that prescribing information for ACTOS®, which includes
directions relating to the use of combinations of ACTOS® and an insulin preparation, also
applies to Watson’s generic pioglitazone-containing drug product.

123. Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful, for which plaintiffs are entitled to an award of punitive
damages to punish defendant’s, and each of them, and to make an example of them to deter
them and others from engaging in similar, future behavior.

124.  Plaintiffs will be substantially and irreparably harmed if defendants are not
enjoined from inducing the infringement of the ‘243 patent. Plaintiffs have no adequate
remedy at law.

COUNT XI
(INFRINGEMENT OF THE ‘640 PATENT UNDER 35 U.S.C. § 271(b))

125. Plaintiffs TCI and TPNA repeat and incorporate herein by reference the
allegations contained in paragraphs 1 through 124 above.

126.  On information and belief, approval of ANDA 76-798 is substantially likely to
result in the commercial use, manufacture, offer for sale, and/or sale, or importation thereof, of
a drug product which is marketed and sold for use in a methods claimed in one or more claims
of the ‘640 patent, immediately or imminently upon approval of the ANDA.

127.  Upon information and belief, Watson is aware or reasonably should be aware, of
the widespread use of pioglitazone in the methods of one or more claims of the ‘640 patents
and that use in such methods does not require a physician to co-prescribe pioglitazone with an
insulin secretion enhancer (e.g., sulfonylurea). Further, patients routinely take pioglitazone in

combination with additional active components, such as insulin secretion enhancers for use in
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methods covered by the ‘640 patent. The intended use of pioglitazone in combination therapy
and to reduce side effects of active components used in such therapy would be readily apparent
to a customer of Watson.

128.  Upon information and belief, Watson’s proposed label for its pioglitazone drug
products does not restrict the use of those products to only monotherapy. As is well known to
Watson and its customers, the majority of patients treated with pioglitazone take it in
combination with another antidiabetic drug, namely, such patients obtain treatment with
pioglitazone in combination with a biguanide such as metformin, in combination with an
insulin secretion enhancer such as a sulfonylurea, and/or in combination with an insulin
preparation. The beneficial effects of such co-administration and/or interactions are well
known to Watson and customers of Watson. On information and belief, Watson will be
marketing pioglitazone with specific intent, and/or with the desire to actively induce, aid and
abet infringement of the ‘640 patent. Watson knows or reasonably should know that its
proposed conduct will induce infringement.

129.  Upon information and belief, Watson’s generic marketing practices include
listing generic products on 1ts website and referring consumers to a corresponding brand name
product. Upon information and belief, Watson intends to do the same for any approved generic
pioglitazone, namely, Watson intends to list its generic product and refer consumers to
Takeda’s product, ACTOS®. Upon information and belief, such marketing practices are
substantially likely to lead a consumer of generic pioglitazone to infer that prescribing
information for ACTOS®, which includes directions relating to the use of combinations of
ACTOS® and an insulin secretion enhancer (e.g., a sulfonylurea), also applies to Watson’s
generic pioglitazone-containing drug product.

130.  Upon information and belief, the acts of infringement alleged above are and
have been deliberate and willful.

131.  Plaintiffs will be substantially and irreparably harmed if defendants are not

enjoined from inducing the infringement of the *640 patent.
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WHEREFORE, Plaintiffs request the following relief:

(a) a judgment that making, using, selling, offering to sell and/or importing
Watson’s drug product for which it seeks FDA approval or its active ingredient pioglitazone,
and/or inducing the same, will infringe at least one claim of the Takeda Patents;

(b) a judgment that inducing the making, using, offering for sale, selling and/or
importing of Watson’s drug product or its active ingredient pioglitazone, and/or inducing the
same, will infringe at least one claim of one or more of the Takeda Patents;

(c) a judgment and order pursuant to 35 U.S.C. § 271(e)(4 X A) providing that the
effective date of any FDA approval for Watson to commercially to make, use, sell, offer to sell
or import pioglitazone or any drug product containing pioglitazone be no earlier than the date
following the expiration date of the last to expire of the ‘584 patent or the ‘404 patent;

(d) a permanent injunction restraining and enjoining against any infringement by
defendants, their officers, agents, attorneys, and/or employees and those acting in privity or
concert with it, of the Takeda Patents through the commercial manufacture, use, sale, offer for
sale or importation into the United States of pioglitazone or any drug product containing
pioglitazone, and/or any inducement of the same;

(e) Attorneys’ fees in this action under 35 U.S.C. § 285;

(H) Such further and other relief as this Court may deem just and proper.

Dated this Z}_:'}day of October, 2003,

HUTCHISON & STEFFEN, LTD.

Ganley
Lakes Business Park
8831 West Sahara Avenue
Las Vegas, Nevada 89117
(702) 385-2500

Attorneys for plaintiffs
Takeda Chemical Industries, Inc., and Takeda
Pharmaceuticals, North America, Inc,
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PHARMACEUTICAL COMPOSITION

This is a divisicpal appiication of Ser. No. 08/667,979
filed Tun. 19, 1996 now allowed.

BACKGROUND OF THE INVENTION

1. Field of the lovention

The present ipvention relates to a phasmaceutical com-
position comprising an insulin seositivity enbancer in com-
bination with one or more other antidiabetics differing from
said enhancer in the mechamism of action.

2. Description of Related Ant

Recent years, the patbology of diabetes has become mote
and more understood and, in parallel, drugs specific for the
respective pathologic stales bave been developed. Accord-
ingly a variety of dmgs having new mechanisms of action
bave appeared one afier another.

Insulin sersitivity cobancers are also known as insvlin
resistance deblockers because they bave the action 10 por-
malize the impaired insulin recepior function, and are gath-
cring moch aticotion in these years.

Regarding such insulin sensitivity enhancers, a very use-
ful compound such as pioglilazone has been developed
[Pojita et al., Diabetes, 32, 804-810, 1983, JP-A S55(1980)-
22636 (EP-A 8203), JP-A 561(1986)-267580 (EP-A
193256)] Pioglitazone restores the impaired insulin receptor
function to pormalize the uneven distribution of ghicose
ransporters in cells, the cardinal enzyme syslcms associated
wilh glycomelabobism, such as glucokinase, 2nd enzyme
systems associaled with lpidmetabolism, such as lipopro-
iein lipase. As the results, insulin resistance are deblocked to
improve glucose tolerance, and Jower the plasma concen-
fraticos of neutral Lpids and free fatty acids. Since these
actions of pioglilazope are comparatively gradual and the
risk of side cffect in long-term administration is also low,
this compound is uscful for obese patients who are presumed
to be highly insulin-resistant.

Abso, insulin sensitivity enhapcers such as CS-045, thia-
zolidincdione desivatives and substituted thiazolidinedione
derivatives are reported to be used in combination with
insnlin [JP-A H4(1992)-66579, JP-A B4(1992)-69383, JP-A
H5(1993)-202042}. However, the pharmaceutical composi-
Hon baving a specific combipation of Ibe present invention
is unknown,

Diabetes is a chrooic discase with diverse pathofogic
manifestations and is accompanied by lipidmetabolism dis-
orders and dirculatory disorders as well as glycometabolism
disorders. As the resulis, diabetes tends 1o progress entailing
various complications in many cases. Therefore, it is pec-
essary 1o select the drog of choice for the prevailing disease
state in cach individua] case. However, this selection is oficn
dificalt in chinical seitings because single use of each
individual drug can pot bring sufficient cffects in some
disease states and there are various problems such as side
effect which is caused by an increased dose or 2 Jong-term
administration.

SUMMARY OF THE INVENTION

In view of the above state of the art, the inventors of the
Ppresent invention did uch research to develop antidiabetics
which would not virtually cause adverse reacticos even on
Jong-tcrm administration and could be effective for a large
cobort of the diabetic population. As a comsequence, they
discovered that the above object can be accomplished by
using an insulin sensitivity cnbancer, such as ibhe drug

10

s

2

described above, in combination with otber anlidiabetics
differing from said enhancer in the mechanism of action, and
accordingly have perfected the preseol invention.

The present iavention, therefore, relaies to:

1) Pharmaceutical composition which comprises an insu-
lin seasilivity eobancer in combipation with at least ope
member of the group comsisting of an a-glucosidase
inhibitor, an aldose reductase inhibitor, a bignanide, a statin
compound, a squalene synthesis inbibitor, a fbrate
compound, a LDL catabolism eohancer and an angiotensin
converting ¢cnzyme inhibitor;

2) Pbarmaceutical composition sccording to 1), wherein
the insulin sepsilivity cnbapcer is 3 compound represented
by the formula:

L]

M
! P
R_m_(w_é“v)iﬂ\;— SR T
X QN

o

wherein R represents an optionally substiteted bydrocarbon
or helerocychic group; Y represents a group represcnted by
—C0—, —CH(OH)— or —NR>— (wbercin R? represents
ap optionally substimnied alkyl grovply misOor1; nis 0, 1
or 2; X represents CH of N; A represents a bond or a €,
divalent aliphatic bydrocarbon group; Q represents oxygen
atom or sulfur atom; R’ represents hydrogen alom of an
alkyl group; ring E may optionally have 1 10 4 subsiituents,
and the substituepts may optiopally be combined with R? 10
form a ring; L and M respectively represent hydrogen atom,
or L and M may optionally be combined with each other 1o
formo a bond; or 2 pharmacologically acceptable salt thereof;

3) Pharmacentical composition according 1o 2), wherein
the compound represented by the formula (T) is pioglitazope;

4) Pharmaccutical composition according 10 1), which
comprises an insulin sensitivity enbhancer in combination
with an a-glucosidase inhibitor;

5) Pharmacevtical composition acconding 1o 4), wherein
the a-ghicosidase inhibitor is voglibose;

6) Pbarmaceutical composition according to 4), whercin
the insulin scositivity cnbancer is pioglitazone and the
a-glicosidase inhibitor is voglibose;

7) Pharmacevtical composition according to 1), which is
for prophylaxis or treatment of disbetes;

8) Pharmaceutical composition which comprises 2 com-
pound represcated by the formula: '

m

n'—or(m—i;‘/@_%go

whercin R’ represents an optionally substituted hydrocarbon
of beterocyclic group; Y represents a group represented by
—C0—, —CH{OH)— ot —NR>— (whesein R represents
an optionally substitnied alkyl groupl; misQor1;nis 0, 1
or Z; X represents CH or N; A represents a bond or a C, 4
divalent aliphatic hydrocarbon group; @ represents oxygen
alom or sulfur alom; R” represents hydrogen atom of an allyl
group; ring E may optiopally have 1 to 4 substituents, and
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1he substitvents may optionally be combined with R* to form
a ring; L and M respectively represent bydrogen atom, or L
and M may optionally be combined with cach other 1o form
a bond; with a proviso that R’ does pot represent benzopy-
ranyl group when m and o are O, X represents CH, A
represeats a bond, Q represents sulfur atom, RY, L and M
represenl bydrogen atom and ring E docs pot have further
substituents; or a pharmacologically acceptable salt thereof
in combinatiop with an insulin secietion eobancer 2nd/or an
imsulin preparation;

%) Pbarmaceutical composition according o 8), wherein
the compound represenied by the formula (I} is 1he com-
pound represcoted by the formmla:

(m)

%"Qm |
TS

o] .

10) Pbarmaccutical composition according to 8), wherein
the compound represented by the formula (f) is pioghita-
zooe;

11) Pharmaceutical composition according to 8), whercin
the insulin secretion cnhancer is ghbenclamide;

12) Phasmaceutical composition according 1o 8), whercin
the compound represented by the formula (I} is pioglitazone
and the insulin secretion enhancer is glibenclamide;

13) Pharmaccutical composition according to 8), which is
for prophylaxis or treatment of diabetcs.

DETAILED DESCRIFTION OF THE
INVENTION

The rm “insulin sensitivity enbapcer” as used in this
specification means any and all drug substances that restor
the impaired insulin receptor function to deblock insulin
resistance and consequeptly cnbance insulin sensitivity. As
examples of the insulin sensitivity cohancer, the compound
represepted by the formula (I) or a pharmacologically
acceptable saht thereof can be mentioned.

In the formula (J), as the hydrocarbon grouwp in the
optiopally substituted hydrocarbon group represented by R,
mention i made of alipbatic hydrocarbon groups, alicychic
hydrocarbon groups, alicyclic-alipbatic hydrocarbon
groups, aromatic aliphatic bydrocarbon groups and aromatic
bydrocarbon groups. Number of carbon atoms in these
hydrocarbon groups is preferably 1 10 14.

The aliphatic hydrocarbon groups are preferably those

having 1 10 8 carbon atoms. As the aliphatic hydrocarbon
groups, mention is made of C, , satarated aliphatic hydro-
carbon groups (e.g. alkyl group) as excmyplified by methyl,
cthyl, propyl, isopropyl, butyl, isobutyl, sec.-butyl, t-butyl,
peatyl, isopentyl, ncopentyl, t.-pentyl, hexyl, isohexyl, bep-
tyl and octyl, and C, , uasaturated aliphatic hydrocarbon
groups (¢.g. alkenyl group, alkadieny! group, alkyny! group,
alkadiyoyl group) as exemplified by vioyl, 1-propenyl,
2-propenyl, 1-butenyl, 2-butenyl, 3-butenyf, 2-methyl-1-
‘propenyl, 1-penteayl, 2-pentenyl, 3-pentenyl, 4-pentenyl,
3-metbyl2-butenyl, 1-bexenyl, 3-bexenyl, 2,4-bexadienyl,
5-bexenyl, I-heptenyl, l-octenyl, cthynyl, 1-propymyl,
2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl,
2-pentynyl, 3-petynyl, 4-pentyny), 1-hexynyl, 3-hexynyl,
2,4-hexadiynyl, 5-bexynyl, 1-beptynyl and 1-octynyl

10

13
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The alicyclic bydrocarbon groups are preferably those
baving 3 to 7 carbon atoms. As the alicyclic bydrocarbon
groups, meotion is made of C, , salurated alicyclic hydro-
carbon groups (e.g. cycloalkyl group) as cxemplified by
cyclopropyl, cyclobutyl, cyclopentyl, cyclobexyl aod
cyclobeptyl, and C;, uosaturated alicyclic hydrocarbon
groups (c.g. cycloakkenyl group, cycloalkadienyl group) as
cxcmplified by 1-cyclopentenyl, 2-cyclopentenyl,
3-cyclopentenyl, 1-cyclobexenyl, 2-cyclobexeoyl,
3-cyclobexenyl, 1-cyclobeplenyl, 2-cycloheptenyl,
3-cycloheptenyl and 2,4<cyclobeptadienyl.

As the alicyclic-aliphatic hydrocarbon groups, mention is
wade of, among those formed by combination of the above-
mentioved zlicyclic bydrocarbon groups with alipbatic
bydrocarbon groups (e.g. cycloalkyl-alky! group,
cycloalkenyl-alkyl group), ones baving 4 10 9 carbon aloms
as exemplified by cyclopropylmethyl, cyclopropylethyl,
cyclobutylmetbyl, cyclopentylmethyl,
2-cyclopentcnylmelbyl, 3-cyclopentienyimethyl,
cyclobhexylmethyl, 2-cyclobexenylmethyl,
3cyclobexenylmethyl, cyclobexylethyi, cyclobexylpropyl,
cyclobeptylmethyl and cycloheptylethyl.

The aromatic aliphatic bydrocarbon groups are preferably
those baving 7 1o 13 carbon atoms (¢.g. aralky] group). As
the aromatic alipbatic hydrocarbon groups, mention is made
of C,., phenylalkyl as exemplified by benzyl, pbenethyl,
1-phenylethyl, 3-phenylpropyl, 2-phenylpropyl and
1-phenylpropyl, and C,, ,, paphthylalkyl as cxemplificd by
a-naphthylmethy?, a-napbibylethyl, B-naphthylmethy! and
B-oaphthylethyl.

As tbe aromatic hydrocarbon grovps, mention is made of,
ones baving 6 1o 14 carboo aloms as exemplified by phenyl,
naphthyl (a-napbtyl, B-naphihyl).

In Ibe formula (), as the beterocyclic group in the
optionally substituted beterocyclic group represenied by R,
mention is made of, for example, 5- 10 7-membered hetero-
cyclic groups containing, as a ring compooent alom, 1 to 4
betero atoms sclected from oxygen alom, sulfur atom and
nilrogen atom, and a condensed ring group. As the con-
densed ring, mention is made of, for example, these 5- 10
7-mcmbercd beterocyclic groups condensed with
6-membered ring containing one or two mitrogen aloms,
benzene ring or 5-membered ring containiog one sulfur
alom.

Examples of these heterocyclic groups include 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyt,
S-pyrimidinyl, 6-pyrimidinyl, 3-pyridazinyl, 4-pyridazinyl,
2-pyrazioyl, 2-pyrrolyl, 3-pyrrolyl, 2-imidazolyl,
4-imidazolyl, S-imidazolyl, 3-pyrazolyl, 4-pyrazolyl,
isothiazolyl, isoxazoly), 2-thiazolyl, 4-thiazolyl, S-thiazoly!,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1,2,4-oxadiazol-5-yl,
1,2,4-triazol-3-yl, 1,2,3-triazol-4-yl, ictrazol-5-yl,
benzimidazol-2-yl, indol-3-yl, 1H-indazol-3-yl, 1H-pyrrolo

(2,3-b]pyrazin-2-yl, 1H-pyrrolo{2,3-blpyridin-6-yl,

1H-imidazc{4,5-bJpyridin-2-yl, 1H-imidazo[4,5-c)pyridin-
2-yl, 1H-imidazo{4,5-blpyrazin-2-yl and benzopyranyl.
Among them, pyridyl, oxazolyl or thiazolyl group is pref-
erable.

In the formula (1), the bydrocarbon group and beterocyclic
group represented by R may-optionally have 1 to 5, prefer-
ably 1 to 3 substitucnts at any substitutable positions.
Examples of such substituents include aliphatic bydrocarboa
group, alicyclic hydrocarbon group, aryl group, aromatic
heterocyclic -group, non-aromatic beterocyclic group, hato-
gen atom, nilro group, optionally substituted amino group,
optionally substituted acyl group, optionally substituted
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bydroxyl group, optionaily substituied 1biol group, option-
ally esterified carboxyl group, amidino group, carbamoyl
group, sulfamoy] group, sulfo group, cyano group, azdo
group and pitrose group.

Examples of tbe aliphatic bydrocarbon groups inchude
C-,.,5 siraigbt-chain or branched aliphatic bydrocarbon
groups as cxemplified by alky] group, alkeny! group, and
alkynyl group.

Preferable examples of the alkyl group include C,_,, alkyl
groups such as methyl, cthyl, propyl, isopropyl, butyl,
isobutyl, sec.-butyl, . butyl, pentyl, isopentyl, necpentyl,
t.-pentyl, 1-cthylpropyl, bexyl, isobexyl, 1,1-dimethylbutyl,
2,2-dimethybutyl, 33-dimethylbutyl, 2-ethylbutyl, bexyl,
peotyl, octyl, nonyl and decyl.

Preferable examples of the alkenyl group inchude C, ,,
alkenyl groups such as vinyl, allyl, isopropenyl, 1-propenyl,
2-methyl-1-propenyl, 1-butenyl, 2-butenyl, 3-butenyl,
2-cibyl-1-butcny], 3-methyl-2-butenyl, 1-pentenyl,
2-pentenyl, 3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl,
1-bexenyl, 2-hexenyl, 3-bexenyl, 4-bexeoy] and S-bexenyl.

Preferable examples of the alkynyl growp include C, g
alkynyl groups such as cthynyl, 1-propynyl, 2-propynyl,
1-tutyoyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentymyl,
3-pentynyl, 4-pentynyl, 1-bexynyl, 2-bexynyl, 3-bexynyl,
4-bexyoyl and 5-bexyoyl

As the alicyclic bydrocarbon group, mention s made of
G512 saturated or unsaturated alicyclic hydrocarbon groups
as exemwplified by cycloalkyl group, cycloalkenyl grovp and
cycloalkadicnyl group. .

Preferable examples of cycloalkyl growp ipclude C, ,,
cycloalkyl groups such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclobexyl, cyclobeptyl, cyclooctyl, bicyclo
[2.2.1]beptyl, bicyclo[2.2.2Joctyl, bicyclo{3.2.1Joctyl,
bicyclo{3.2.2Joonyl, bicyclo[3.3.1)nonyl, bicyclo[4.2.1]
pooyl and bicyclo[4.3.1ecyl.

Preferable examples of the cycloalkenyl group inchide
C,.y0 cycloalkenyl groups such as 2-cyclopenten-1-yl,
3=<cyclopenten-1-yl, 2-cyclobexen-1-yl and 3-cyclobexen-1-
yL

Preferable examples of the cycloalkadienyl group inchude
C. 10 cycloalkadieny] groups such as 2,4-cyclopentadien-1-
¥l 2.4-cyclobexadicn-1-yl and 2,5-cyclobexadien-1-yL

Preferable examples of tbe aryl group inchude C, ,, aryl
groups such as phenyl, naphthyl (I-papbthyl, 2-naphihyl),
anthryl, phepanthryl snd acenaphbihylenyl.

Preferable cxamples of the aromatic beterocyclic group
include aromatic monocyclic beterocyclic groups such as
furyl, thienyl, pyrrolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, imidazolyl, pyrazolyl, 1;-2,3-oxadiazolyl,
1,2r4-oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 12,3
thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 12 3.
triazolyl, 1,2,4 triazolyl, tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl and triazinyl; and aromatic con-
densed beterocyclic groups such as benzofuranyl,
isobenzofuranyl, benzofblthienyl, indolyl, isoindolyl,
1H-indazolyl, benzimidazolylr benzoxazolyl, 1,2-
benzoisoxazolyl, benzothiazolyl, 1,2-bepzoisothiazolyl,
1H-benzotriazolyl, quinolyl, isoquinolyl, rinnolinyl,
quinazolinyl, gquivoxalinylr phthalazinyl, naphthyLidinyl,
purinyl, pteridinyl, carbazolyl, a-casbolinyl, B-carbolinyl,
y-carbolinyl, acridinyl, phepoxazinyl, phencthiazinyl,
phenazinyl, phenoxathiinyl, thianthrenyl, phenathridinyl,
phenathrolinyl, indolizinyl, pyrroio{1,2-blpyridazinyi,
-pyrazolo{1,5-a Jpyridyl, imiidazo{1,2-a}pyridyl, imidazo{2,
S-a)pyridyl, imidazo{1,2-blpyridazinyl, imidazof1,2-a]
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pynimidinyl, 1,2,4-triazolo[4,3-alpyridyl and 1,2 4-triazolo
[43-blpyridazinyL

Preferable examples of the pon-aromatic beterocyclic
goup include oxirapyl, azelidinyl, oxctamyl, thietanyl,
pyrrolidinyl, 1cizabydrofuryl, thiolanyl, piperidyl,
tetrahydropyranyl, morpbolinyl, thiomorpholinyl,
piperazinyl, pyrrolidino, piperidino, morpholine and thio-
morpholino.

Examples of the balogen atom include fluorioe, chloripe,
bromine and jodine.

As (be substituted amino group ia the optiopally substi-
tuted amioe group, mention is made of, N-monosubstituted
amino group and N,N-disubstituted amino group. Examples
of the substituted amino groups inclide amino groups hav-
ing one or rwo substituents selected from C,.,0 alkyl group,
Cs.10 alkenyl group, C,.,4 alkynyl group, aromatic grovp,
beterocyclic group and C,,, acyl group (eg. methylamino,
dimetbylamino, ethylamino, diethylamino, dibutylamino,
diallylamino, cyclobexylamino, phenylamino, N-methyl-N-
pbenyl-amino, acetylamino, propionylamino, benzoylamino
and picotinoylamino).

As 1be acyl group, mention is made of C,_,, acyl groups
such as C, .4 alkanoy) grovp, C, ,, alkenoyl group, C, ,q
cycloalkanoyl group, C, ;o cycloalkenoyl group and C ,,
aromatic carbonyl group.

Preferable examples of the C,_,, alkanoyl group inchude
formyl acetyl, propionyl, butyryl, isobutyryl, valeryl,
isovaleryl, pivaloyl, bexapoyl, beptanoy! and octanoyl. Pref-
crable examples of the C, ,, alkenoyl grovp include
aayloyl, meibacryloyl, crotonoyl and isocrolonoyl. Prefer-
able cxamples of C,,, cycloalkanoyl group inciude
cyclobutanecarbonyl, cyclopentanccarbonyl, cyclobexan-
ecarbonyl and cyclobeptanccarbonyi. Preferable examples
of C,.,, cycloalkenoyl group include
2-cyclobexenecarbonyl. Preferable examples of C, ,, aro-
matic carbonyl group inchude benzoyl, naphihoyl and pico-
tinoyl

As the substituent in the substituted acyl group, mention
is made of, for example, C,, alkyl group, C, , alkoxy
group, halogen atom (e-g. chonne, fluorine, bromioe, ¢ic.),
nitro group, hydroxyl group and amino group.

As the substituted bydroxyl group in the optionally sub-
stituted bydroxyl group, mention is made of, for example,
alkoxy group, cycloalkyloxy group, alkemyloxy group,
cycloalkenyloxy group, aralkyloxy group, acyloxy group
and aryloxy group.

Preferable examples of the alkoxy group inchide C, ,,
alkoxy growps such as mecthoxy, ethoxy, propoxy,
isopropoxy, buloxy, isobutoxy, sec.-butoxy, t.-butoxy,
peatyloxy, isopentyloxy, neopentykoxy, bexyloxy, heptyloxy
and nonyloxy. Preferable examples of the cycloalkyloxy
growp inchide C, ., cycloalkyloxy groups such as
cyclobutoxy, cyclopentyloxy and cyclobexyloxy. Preferable
examples of the alkenyloxy group include C,, ,, alkenyloxy
proups such as allyloxy, crotyloxy, 2-pentenyloxy and
3-hexenyloxy. Preferable examples of the cycloalkenyloxy
group include C, ., cycloalkenyloxy gronps such as
2-cyclopentenyloxy and 2-cyclobexenyloxy. Preferable
examples of the aralkyloxy group include C,,, aryloxy
groups such as phenyl-C, alkyloxy (c.g- benzyloxy and
pheacthyloxy). Preferable cxamples of the acyloxy group
inchude C, ,, acyloxy group, more preferably C, , alkanoy-
loxy groups (c.g. acctyloxy, propionyloxy, butyryloxy and
isobutyryloxy). Preferable examples of the aryloxy group
inclide Cg-,, aryloxy groups such as phenoxy and paph-
thyloxy. The aryloxy group may optionally have obe or two
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substituents such as halogen 2tom (e.g. chlorine, Buorine,
bromine). Examples of ibe substituted aryloxy group include
4-cbloropbenexy.

As 1be substituted thic] group in the optionally substituted
thiol group, mention is made of, alkylthio group, cycloalky-
Ithio group, alkenylbio group, cycloalkenylthio group,
analkylthie group, acylthio group and arylthio group.

Preferable examples of the akkylthio group include C,
alkylthio groups such as methylithio, ethylthio, propylthio,
isopropylhbio, butylthio, iscbulylibio, sec.-bulylthio,
1.-butylibio, peotyhbio, isopentylibio, ncopentylibio,
hexylthio, beptylthio and nonylthio. Preferable examples of
the cycloalkylthio group include C,_,, cycloalkylihio groups
such as cyclobutylthio, cyclopentylihio and cyclobexylihio.
Prcferable cxamples of the alkenylthio group inchude C, |,
alkepylthio groups such as allylibio, crotylthio;
2-pentenyhhio and 3-bexenylthio. Preferable czamples of
the cycloalkenylthio group include C, ;4 cycloalkenylthio
groups such as 2-cyclopenienyltbio and 2-cyclobexenylibio.
Preferable examples of the aralkylibio inchode C,_,, aralky-
Ithio groups such as phepyl-C,- ,alkyhhio (e.g. benzylthio
and pbepetbylthio). Preferable examples of the acyltbio
goup inchide C, 5 scylthio group, more preferably C, ,
alkanoylthio groups (e.g. acetylthio, propicaylihio,
butyryhhio and isobutyryhhio).

Preferable examples of the arylthio growp inchude C,,,
arylthio groups such as pbenylibio and napbthylihio. The
arylihio group may optionally have one or two substilnents
such as balogen atom {c.g. chlorine, fiuorine, bromine).
Examples of the substituted arylthio growp include
4-chloropbenylthio.

As the optionally esterified carboxyl group, mention is
made of, for example, alkoxycarbonyl group, arakyloxy
carbonyl group and aryloxycarbonyl group.

Preferable cxamples of the alkoxycarbonyl gronp inch:de
C,.s alkoxycarbonyl groups such as mcthoxycarbonyl,
cthoxycarbooyl, propoxycarbonyl and butoxycarbonyl.
Preferable examples of the aralkyloxycarbonyl group
include C, ;, aralkcyloxycarbonyl groups such as benzyloxy-
carbonyl. Preferable examples of the aryloxycarbonyl group
inchide C; 5 aryloxycarbonyl groups such as phenoxycar-
booyl and p-tolyloxycarbonyl.

Among the substituents on the hydrocarbon group and
beterocyclic group represented by R, C, ,, akyl groups,
aromatic betcrocyclic groups and Cg ,, aryl groups are
preferable, and C, _, alkyl, furyl, thicnyl, phenyl and naph-
thyl are especially preferable.

In the formula (1), substitucnts on the hydrocarbon group
and belerocyclic group which are represenied by R, may,
when they are alicyclic bydrocarbon group, aryl group,
aromatic beterocyclic group of non-aromatic be lic
grovp, have one or more, preferably 1 w0 3, of suitable
substitocnts respectively. Examples of these substitnents
mchide C, 4 akkyl groups, C, 4 alkeayl groups, C, 4 alkyny}
groups, C, , cycloalkyl groups, Cg ,, ary! groups, aromatic
heterocyctic groups (e.g. thienyl, furyl, pyridyl, oxazolyl
and thiazolyl), pon-aromatic beterocyclic groups (e.g.
tetrabydrofaryl, morpbolino, thiomorpbolino, piperidino,
pyrolidioo and piperazino), C,., analkyl groups, amino
group, N-mooo-C, , alkylamino groups, N,N-di-C, , alky-
lamino groups, C, , acylamino groups {(c.g. acetylamino,
propionylamino and benzoylamino), amidino group, C, ,
acyl group (e.g. C, 4 alkanoyl groups), carbamoyl group,
N-mopo-C, 4 alkyl carbamoyl groups, N,N-di-C,,, alkyl
carbamoyl groups, sulfamoyl group, N-mono-C,, alkyl
sulfamoyl groups, N,N-di-C, , alkyl sulfamoy! groups, car-
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boxyl group, C, 4 akoxycarbony} groups, bydroxyl group,
C,_, alkoxy groups, C, ; alkenyloxy groups, C, , cycloalky-
loxy groups, C,., arakkyloxy groups, C ,, aryloxy groups,
mercaplo group, C,, alkylthio groups, C,, aralkylibio
groups Cg ), arylthio groups, suifo group, cyape group,
azido group, nitro group, nitroso group and balogen atom.

In the formula (I), R is preferably an optionally substi-
tuted heterocyclic group. R is more preferably pyridyl,
oxazolyl or thiazoly]l group which is optiopally substiteied
by 1 1o 3 substituents selected from C, , alkyl group, furyl
group, thienyl growp, pbepyl group and naphibyl group.

R' in the formula {I) bas tbe same definition as R except
that R’ does nol represent benzopyramyl group when m and
n are 3; X represeots CH; A represents a bond; Q represents
sulfur atom; R’, L and M represent hydrogen alom; and ring
E does pot bave further substitvents.

In tbe formulac (f) and (IT), Y represents —CO—, —CH
(OH}— or —NR®— (whercia R represents an optiopally
substituted alkyl group), preferably —CH(OH)»— or
—NR’—. As the alkyl group in the optionally substituted
alkyl group represented by R?, mention is made of, for
cuample, C,_, alkyl grovps sach as methy), ethyl, prooyl,
isopropyl, buty), isobutyl, sec.-butyl and t.-butyl. Examgles
of the substituents inchide halogen (e.g., fluorine, chiorine,
bromjpe and jodine), C, , alkoxy groups (e.z. methoxy,
cthoxy, propoxy, buloxy, iscbutoxy, scc.-butoxy and
t.-butoxy), hydroxyl group, nitro group and C, _, acyl groups
(c.g. formyl, acetyl and propionyl).

Tbe sywmbol m is 0 or 1, preferably 0.

The symbol b is 0, 1 or 2, preferably 0 or 1.

X represents CH or N, preferably CH.

In the formulac (I) 20d (1), A represents a boodor a C,
divalent aliphatic hydrocarbon group The alipbatic bydro-
carbon group may be siraight-chain or branched, and satu-
rated or uosaturated. Specific examples of the aliphatic
bydrocarbon group include saturated ooes [c.g. —CH,—,
——(:H(CH-,}——, —{CH:);—. —C"((‘?Hs)_v '—(CHT-')J'—'

—(CH)—, —(CH);—, ~{(CH,)s ~ and —(CH),—]
and upsaturated onoes [e.g. —CH=CH-—-, —C(CH,)

==CH~, —CH=CH—CH,—, —C(C;H,)=CH—,
—CH,—CH=CH—CH,—, —CH,—CH,—CH=CH—-
CH;—. —CH=CH—CH=CH—CH,— aad
—CH=CH—CH=CH—CH=CH—CH,—1] A is prefer-
ably a bond or C, , divalent aliphatic hydrocarbon groups,
the aliphatic bydrocarbon groups preferably being saturated.
A is more prefenbly a bond or —(CH),—.

As the alkyl group represented by R, substantially the
same ope as the alky] group in the above-mentioned R?, R?
is preferably hydrogen atom.

In the formulae (I) and (), the partial formela

7 .
E —— peefenbly reprocats B
Lreme— Y

Ring E has 1 10 4 substituents at any substitotable posi-
tions. Examples of soch substiments include alkyl group,
optionally substituted hydroxyl group, halogen atom,
optionally substituted acyl gronp and optionally substituted
amino group. These substituents have substantially the same
meaning as those described as substituents of the hydrocar-
boo group aod heterocyclic group represented by R.
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Ring E, pamely the partial formula:

RI
= =
E prefaably mpresents L
\x) Lbe formula: - \x/ﬂ

wherein R* represents bydrogea alom, an alkyl group, an
optionally substituted bydroxy! group, 12 halogen atom, an
optionally substituted acyl group, nitro group or an option-
ally substituted amino group.

As tbe alkyl group, optionally substituted bydroxyl group,
balogen atom, optionally substituted acyl group and option-
ally substituted amino group represented by R®, menbon is
made of those described as substituents of the bydrocarbon
grovp and beterocyclic group represented by R. R? is
preferably hydrogen atom, optionally substituted hydroxyl
group or balogen atom, more preferably hydrogen atom or
optionally substitsicd bydroxyl group, cspecially preferably
bydrogen atom or C,_, alkoxy groups.

In tbe formulae (T) and (01, L and M represent hydrogen
atom, or they may optionally be combined with each other
to form a bond. L. and M are preferably hydrogen atom.

In the compounds whesein L and M are combined with
cach otber 1o form a bood, tbere exist {(E}—and (Z2)—
isomers relative 1o the double bond at the 5-position of the
azolidinedione ring.

And, in the compounds whercin L and M respectively
represent bydrogea atom, there exist (R}— and (5)— optical
isomers duc to the asymmetric carbon at the 5-position of the
azolidinedione ring. The compounds include these R)—
apd (S)-— optical isomers and ncemic isomers.

Preferable examples of the compounds represented by the
formula () or (1) includes those in which R is pyndyl,
oxazolyl or thiazolyl group optionally baving 1 10 3 sub-
slituents selected from C,_, alkyl, furyl, thicnyl, phenyl and
naphthyl, m is O: n is 0 or 1; X s CH: Ais a bond or
—(CH,),— R' is bydrogen atom; ring E, namely the partial
formula:

and R? is hydrogen atom or C,_, alkoxy group; and L and M
are both kydrogen atom.

Preferable examples of the comopound represenied by the
formla (I) include P >
(1) the compound represeated by the formula (I} such as
5-[4-[2—(3-eth yl-2-pyridyl)ciboxylbenzyl}-2,4-
thiazolidinedione; 5-[4-[2—(4—elhyl-2-pylidyl)c!boxy]
benzyl}-2,4-thiazolidinedione; S{4{2—(5-cthyl-2-pyridyl)
cthoxy Jbenzyl]}-2,4-thiazolidinedione (generic pame:
pioglitaizooc); and 5{4-{2—(6-ctbyl-2-pyridyl)-ctboxy]
benzyl}-2,4-thiazolidinedione;

(2) (R)—(+)-5-[3-[4—[2—(2-furyl)-5-methyl-4-
onzolylmcthoxy]-3-melboxyphenlepropyi]-2,4-
oxazolidinedione; and

() SH[4—((3,4-dibydro-6-bydroxy-2,5,7 3-tetramethyl-
2H- l-benzopynn-2-yl)melhoxy]pbcnyl]melhyl]-2,4-
thiazolidinedione (generic name: troglitazo 1CS-045).

The compound represented by the formula (D is espe-
cially preferably pioglitazone.

The comrpound represented by the formula {ID) is prefer-
ably the compound represented by the formula (I} and
(R)—(+)-5-[3-[4-[2—(2-fu ryl)-5-methyl-4.-
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oXa zoly!mclboxy]—3-mclhoxypbcnyl]propyl]-2,4-
oxazolidinedione, more preferably piogliiazooe.

The pharmacologically acceptable salt of the compound
represepted by the formula (T) or (1) are exemplified by salts
with inorgapic bases, salts with organic bases, salts with
inorganic acids, salts wilh organic acids, and salts with basic
of acidic amino acids.

Preferable examples of salts with inorganic bases inchide
salts with alkali metals such as sodium, potassium, eic., salis
wilh alkaline carth metals such as calcium, magnesium, eic.,
and salts with alhuminum, ammooivm, eic.

Preferable examples of salts with organic bases include
salts with trimethylamine, trietbylamine, pyridipe, icoline,
cthanolamine, diethanolamine, (ricthano amine,

icyclohexylamine, N,N-dibenzylethylenediamine, cic.

eferable examples of salts with iborganic acids include
saits with bydrochloric acid, hydrobromic acid, nitric ackd,
sulfuric acid, phosphoric acid, ecic.

Preferable examples of salts with organic acids include
salts with formic acid, acetic acid, triflvoroacetic acid,
fumaric acid, oxalic acid, tartaric acid, malcic acid, citric
acid, succinic acid, malic acid, metbanesulfonic acid, ben-
zeoesulfooic acid, p-lohuenesulfonic acid, elc.

Preferable examplkes of salis with basic amino acids
inchide salts with arginine, lysine, ornithine, cic,, and pref-
enble examples of salts wilth acidic amipe acids include
salts with aspartic acid, ghitamic agd, etc.

The pharmacologically acceptable salt of the compound
represenied by the formoula ((:lcllxis preferably a salt with an
inorganic acid, morc preferably a salt with hydrochloric
acid. Espedially, pioglitazone is preferably used in ibe form
of salt with bydrochloric acid.

The compounds represcaled by the formula (T} or () or
a salt thereof can be produced in accordapee with, for
cxample, metbods descnbed in JPA S55(1980)-22636(EP-A
8203), JPA S60(1985)-208980(EP-A 155845), JPA S61
Q@ 9863—286376(EP-A 20842(2, JPA 561(1986)-853 -A
177353), JPA S61(1986)-267580(EP-A 193256), JPA
H5(1993)-86057(WO 92/18501), JPA H7(1995)-82269
(EP-A 605228), JPA H7(1995)-101945(EP-A 612743),
EP-A 643050, EP-A 710659, etc. or methods analogous
thereto.

Insulin scositivity enhancers include 5{[3,4-dihydro-2-
(phcoylme thyl)-2H-1-benzopyran-6-ylJmethyl}-2,4-
thiazolidinedione (generic name: englitazone) or its sodinm
salt;
5-[[4-[3—-—(5—methyl-2~pbenyl—4-oxazo]yl)—l—oxopropy]]

pbenyllmethyl}-2,4-thiazolidinedione (generic name:

darglitazone/CP-86325) or its sodium salt;
5-{2——(5-mclbyl-Z—pbcnyl—"r—oxamlyhmlhyl)benzofnrm-5-

yimeihyl}-2,4-oxazolidinedione (CP-92768)
5—(2-paphthaleoyisulfonyl)-2,4-1hiazoldinedione {AY-

31637
4-{(2-naphthalenyl)methyl}-3H-1,2,3,5-oxathiadiazol-2-

oxide (AY-30711); and
5-{I4-[2-(mcthyl—2-pyridyhmi:;o)cthoxy}pbeny]}mel.hyl]-

2,4-thiamlidinediore (BRL-49653), cic. in addition to
compounds mentioned hereinbefore.

In the present invention, examples of the drug which is
used in combination with the above-mentioned insulin sen-
sitivity eshancer inclede an a-glucosidase inhibitor, an
aldose reductase inhibitor, a biguanide, a statin compound,
a squalene synthesis inhibitor, a fibrate compound, a LDL
catabolistn enhancer and an angiotensin converting enzyme
inhibitor.

a-Glucosidase inhibitors are dmgs which inhibit digestive
cozymes such a5 amylase, mallase, a-dextrinase, sucrase,
ele. to retard digestion of starch and sugars. Examples of the _
a-glucosidase inbibitors include acarbose, N-(1,3-
dibydroxy-2-propyl)valiolamine (generic name; voglibose),
miglitol, etc. with preferance given to voglibose.
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Aldose reductase inhibitors are drugs which iohibit the
first-stage rate-limitting enzyme in the polycl pathway to
prevent or arrest diabetic complications. In the hyperglyce-
mic state of diabetes, the vlilization of glucose in tbe polyol
pathway is increased and the excess sorbitol accumulated
intracellularly as a consequence acls as a tissue loxin and
beoce evokes the onset of complicalions such as diabetic
neuropathy, retivopathy, and nephropatby. Examples of the
aldose reductase iphibitors include tolurestat; epalrestat;
3,4-dibydro-2,8-diisopropyl-3-thioxo-2H-1,4-benzoxazine -
4-acetic acid; 2,7-difluoro-spiro(9H-fluorepe-9,4'-
imidazolidine)-2',5"-dione (geperic name: imirestat);
3-{(4-bromo-2-fBuocropbeny)metbyl}-7-chloro-3,4-dibydro-

2,4-dioxo-1(2H)-quinazolive acctic acid {geperic pame:

zeparestat); :
6-fluoro-2 3-dibydro-2",5'-dioxo-spird{ 4H-1-benzopyran-4,
4'-imidazolidine } 2-carboxamide (SNK-860);, zopolr-
cstat; sorbinil, apd
1-[(3-bromo-2-benzofuranyl)sulfonyl]-2,4-
imidazolidinediooe (M-16209), clc.

Biguapides are drugs baving actions of stimulation of
apacrobic glycolysis, increase of the sensitivity o insulin in
the peripberal tissues, inhibition of ghicose absorption from
the iblestine, suppression of bepatic gluconeogenesis, and
inhibition of faity acid oxidation. Examples of the bigu-
amnides include phenformin, meformin, buformin clc.

Statin compounds are drugs baving actions of lowering
blood chelestero] levels by inhibiting bydroxymeihylgluta-
Iyl CoA (HMG—CoA) reductase. Examples of the statin
compounds include pravastatin and its sodivm salt,
simvastatip, Jovastalin, alorvastatin, fluvastalin, cic.

Squalene syntbesis inhibitors are drugs having actions of
lowering blood cholesterol levels by inhibiting synthesis of
squakpe. Examples of the squalepe sypthesis inhibitors
inchide (S)-a-{Bisf2,2-dimetbyl-1-oxopropoxy)methoxy]
phosphinyl}-3-phenoxybemzencbulanesulfonic acid, mono
polassium salt (BMS-188494).

Fibrale compounds are drugs having actions of lowering
bleod cholesterol levels by inhibiling synthesis and sccretion
of riglycerides in liver and activating a lipoprolcin lipasc.

Examples of the fibrate compounds include bezafibrate,
beclobrate, binifibrate, ciplofibrate, clipofibrate, clofibrate,
clofibric acid, ttofibrate, fenofibraie, gemfibrozil,
nicofibrate, pirifibrale, ronifibrate, simfibraie, theofibrate,
cic.

LDL catabolism enbancers are drugs having actions of
Jowering biood cholesterol levels by increasing the number
of LDL (Jow-density lipoprotein)

Examples of the LDL calabolism cobancers include the
compound which is described in JPA H7(1995)-316144, and
represenied by the formula:

pIauet
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wherein R*, R®, R® and R7 are the same or different, and

represent bydrogen atom, a halogen atom, a lower alkyl

12
group or a lower alkoxy group; ris 0-2; is 24; pis 1-2; or
a salt tbhereof; specifically N{2-[4-bis(4-Buorophenyl)
methyl-1-piperazinyllethyl}- 7, 7-dipbenyl-2,4,6-beplatricnic
2cid amide, cic.

The above-mentioped slatin compounds, squalene syn-
thesis inhibilors, fibrale compounds and LDL catabolism
cohapcers can be substituted with other drugs baving the
property 1o lower blood cholesterol and triglyceride levels.
Examples of these drugs include nicotinic acid derivatives
such as micomeol and niceritrol; antioxidapts such as probu-
col; and ion-cxchange resins such as colestyramin.

Angiolcpsin copverting enzyme inhibitors are drugs hav-
ing actions of partially lowering blood glucose levels as well
as Jowering blood pressure by inhibiting angiolensin con-
verting enzymes. Examples of the angiotensin converting
czyme inhibitors include captopril, enalapril, slacepril,
delapril, ramipril, lisinopril, imidapril, beoazepril,
ceronapnl, cilazapnl, epalaprilat, fosinopril, movelloprl,
perindopril, quinapril, spirapril, temocapril, randolapril, cic.

In the present inveotion, especially preferred is the phar-
maceutical composition which comprises an insulin sensi-
tivity enbancer in combipation with an a-ghicosidase inhibi-
tor. The insulin seosilivity enhancer is especially preferably
pioglila zope, and the a-glucosidase inhibilor is cspecially
preferably voglibose.

In the present invention, examples of the drug which is
used in combination with the compound represenied by the
formula (IT) or a pharmacologically acceptable salt thereof
ioclude an insulip secretion echancer and/or an insulin
preparation.

Insulin secretion cnbancers are drugs having the property
to promole scarclion of ipsulin from pancreatic f cells.
Examples of the insulin secretion enhancers inchide sulfo-
nylueas (SU). The sulfonylureas (SU) are drugs which
promole sccretion of insulin from pancreatic B cells by
transmitting signals of ipsulin secretion via SU receplors in
the cell mewbranves. Examples of the SU include tolbuta-
mide; chlorpropamide; tolazamide; acelobexamide;
4-chloro-N-[(1-pyrolidinylamino)carbonyl])-
benzenesulfonamide {generic name: gl ide) or its
ammonium sal; glibenclamide (giybunde); gliclazide;
1-butyl-3-mctanilylurea; carbutamide; glibonuride; glipiz-
ide; gliquidone; glisoxepid; glybuthiazole; glibuzole; gly-
hexamide; glymidine; glypinamide; pbepbutamide;
tokyclamide, clc.

Insulin secretion enbancers include N-{[4-{1-methylethyl)
cyclobexyT)carbonyl} D-pbenylalanine {AY-4166); cakcium
(2S)-2-benzyl-3—{cis-hexahydro-2-isoindolinylcarbonyl)
propiopate dibydrate TKAD-1229); and glimepiride {Hoe
490), ete. in addition 10 compounds mentioned bereinbefore.
The insulin secretion enhancer is especially preferably glib-
enclamide.

L
F
_R"

Examoples of the msulin preparations include animal insn-
hin preparations typically extracted from bovine or porcine
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papcreas and buman iosulin preparations syntbesized by
genelic engineering lechniques typically usiog Escherichia
cofi or yeasts, While insulin preparalions are available in a
variety of lypes, ¢.g. immediate-acting, bimodal-acting,
intermediate-actiog, aod loog-acting, these types of prepa-
ralions can be selectively administered accordiog to the
palieot’s condilion.

In the present invenlion, especially preferred is - the
pbarmaccutical composition which comprises tbe compound
represcoied by the forooula (1) or a pharmacologically
acceplable sall thereof in combination with an insulin secre-
tion enbancer. The compound represcoted by the formula
() or a pharmacologically acceptable salt thereof is espe-
cially preferably pioglitazooe, and 1be insulin secretion
enbancer is especially preferably ghibenclamide.

The pharmaceulica) composilion comprising an insulin
sensitivity enbaocer in combination with at least ope mem-
ber sclected from the group consisting of an a-glucosidase
inhibitor, an aldose reductase inhibitor, a biguanide, a statin
compound, a2 squalene syothesis iphibitor, a fibrate
compound, a LDL catabolisto enhancer and an apgiolensin
converting enzymwe iohibilor; and the pbarmaceutical com-
position comprising the compound represented by the for-
mula (I} or a pharmacologically acceptable salt thereof in
combipation with ap insulin secretion enhapcer and/or an
insulin preparation, both provided in accordance with the
presest iovention, can be respectively put 10 use by mixing
the respective active componeots cither all together or
indcpendently with a physiclogically acceptabke carricr,
excipicot, binder, diluent, ctc. and administering the mixture
of mixtures either orally or noo-orally as a pbarmacentical
composition. When the active components are formulated
independently, the respective formulations can be extempo-
rapcous]y admixed usiog a diluent or the like and adminis-
tered or can be administered independently of each other,
citber copcurrently or al staggered times 1o the same subject.

The dosage form for said phammaceutical composition
ipcludes soch oral dosage forms as granules, powders,
tablels, capsuks, syrups, cmulsions, suspensions, ctc. and
such non-oral dasage forms as injections (¢.g. subcutaneous,
intravenous, intramuscular and intraperitoneal injections),
drip infusions, external application forms (e.g. nasal spray
preparations, transdermal preparations, ointments, eic.), and
suppositorics (c.g. rectal and vaginal suppositories).

These dosage forms can be manufactured by the per se
known tecbrique cooveotionally used in pharmaceutical
procedures. The specific magufacturing procedures are as
foliows.

To mamufacture an oral dosage form, an cxcipient (c.g.
lactose, sucrose, starch, mannitol, eic.), a distotegrator (e.g.
calcinm carbonate, carboxymetbykzlhulose calcium, elc), a
binder (e.g. a-starch, gum arabic, carboxymethylcellujose,
polyvinylpyrrolidone, bydroxypropylcelhulose, ctc.), and a
ubricant (e.g. talc, magoesium stcanite, polyethylene glycol
6000, etc.), for instapce, are added to the active component
or componcots and the resulting composition is compressed.
‘Where pecessary, the compressed product is coated, by the
pet se known technique, for masking the taste or for enleric
dissolution or sustained release. The coating material that
can be used includes, for instance, cthylcellulose,
bydroxymethylcellulose, polyoxycthyleoe glycol, cellulose
acetate phthalate, hydroxypropylmethyleelulose phihalate,
and Endragit (Robm & Haas, Germany, metbacrylic-acrylic
copolymer).

Injections can be manufactured typically by the following
proceduse. The active component or componenls are
dissolved, suspended or emulsified in an aqueous vehicle
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(c.g. distilled water, pbysiological salioe, Ringer’s solution,
¢1¢.) or an oily vehicle (e.g. vegetable oil such as olive o,
sesame oil, coltonsced oil, corn oil, etc. or propylene glycol)
together with a dispersant (e.g. Tween 80 (Allas Powder,
U.S.A.), HCO 60 (Nikko Chemicals), polycthylene glycol,
carboxymetbylcellulose, sodium alginate, eic.), a preserva-
live (¢.g. methyl p-hydroxybenzoate, propyl
p-bydroxybenzoaie, benzyl 2lcohol, chlorobutanol, phenol,
cic.), an isotonizing agent (¢.g. sodium chioride, ghycerol,
sorbitol, ghicose, inverted sugar, ctc.) and other additives. If
desired, a solubilizer (¢.g. sodium salicylate, sodivm acetate,
cic.), a stabilizer (¢.g. human serum albumin), a soothing
agent (e.g. benzalkonium chloride, procaine bydrochloride,
etc.) and other additives can also be added.

A dosage form for cxicrpal application can be mamufac-
tured by processing Lhe active compoben! or compopents
into a solid, semi-solid or liquid composition. To mamufac-
ture a solid composition, for instance, the active component
or components, cither as they are or in admixture with an
excipicnt (c.g. lactose, mannitol, starch, microcrystalline
cellulose, sucrose, elc.), a thickener (e.g. naiuiral gums,
cellulose derivatives, aqylic polymers, cic.), etc, are pro-
cessed into powders. The liquid composition can be masu-
factured in substaptially the same manner as the injections
meptioned above. The semi-solid composition is preferably
provided in a bydrous or oily gel form or an ointment form.
These compositions-may optionally contain a pH cootro]
agenl (¢.g. carbonic acid, pbospboric acid, citric acid, hydro-
chloric acid, sodium bydroxide, eic.), and 2 preservative
{c.g. p-bydroxybenzoic acid esters, chlorobutapol, benza-
konium chloride, cic.), amoog other additives.

Supposilories can be mamufactured by processing the
aclive component of components inlo an oily or | aquecous
composition, whether sohid, semi-solid or liquid. The ole-
aginous base that can be used inchides, for instance, higher
faity acid glycerides [c.g. cacao bulter, Witepsols (Dinamit-
Nobel), e1c.], medium-chain faty acids [e.g.- Migriols
(Dinamit-Nobel), eic.], vegetable oils (e.g sesame oil, soy-
bean oil, cotton-seed oil, ¢ic), ete. The water-soluble base
uxludes, for instance, polycthylene glycols, propylenc
giyool, eic. The bydrophilic base includes, for instance,
patural gums, cellulose derivatives, vinyl polymers, and
acrylic polymers, cic.

The pharmaceutical composition of 1be present invention
15 Jow in loxicity and can be safely used in mammals (c.g.
bumaps, mice, rats, rabbits, dogs, cats, bovines, borses,
swines, monkeys).

The dosage of the pharmaceutical composition of ibe
presenl invention may be appropriately determined with
reference fo the dosages recommended for the respective
aclive components and can be selected approprialely accord-
ing to the recipient, the recipient’s age and body weight,
current climical status, administration time, dosage form,
method of administration, and combination of the active
componepts, among other factors. For example, the dosage
of the insulin sensitivity enhancer for an adult can be
sclecied from the clinical oral dose range of 0.01 to 10
mg/kg body weight (preferably 0.05 10 10 mg/kg boday
weight, more preferably 0.05 10 5 mg/kg body weight) o the
clinical parenteral dose range of 0.005 to 10 mg/kg body
weight (preferably 0.01 o 10 mg/kg body weight, more
preferably 0.01 1o 1 mg/kg body weight). The other active
component of componenis baving different modes of action
for use in combination can also be used in dose ranges
sclected by referming to the respective recommended clinical
dose ranges. The preferred frequency of administration is 1
10 3 times 1 day.
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The proportions of the active components in (he a phar-
maceutical composition of the present invention can be
approprialely sclected according 1o the recipient, the recipi-
ent’s age and body weight, current climical status, adminis-
tration time, dosage form, method of administration, and
combination of active compopents, among other factors.
When, for example, the compound represeated by the for-
mula (1) or a pharmacologically acceptable salt thereof (e.g.
pioghitazooe) which is tbhe insulin sensitivily enbancer and
voglibose which is an a-glucosidase inhibitor are to be
administered in combipation 1o a2 humman subject, voglibose
is used in a proportion of usually about 0.0001 to 0.2 weight
pants and preferably about 0.001 1o 0.02 weight parts relative
10 1 weighl part of ibe compound or a salt hereof. Whean, for
exampie, the compound represeoted by the formula (N or 2
pharmacolegically acceptable salt thereof and glibenclamide
which is an insulin sccretion enbancer are o be admwinistered
in combination to a buman subject, glibenclamide is nsed in
a proportion of usually about 0.002 10 5 weight parts and
preferably sbout 0.025 1o 05 weight parts, relative to 1
weight-part of the compound or a pharmacologically accept-
able sall thereof.

The phanpaceutical composition of the-present invention
shows a marked sypergistic effect compared with adminis-
tration of cither active component alooe. For example,
compared with cases in whick each of these active compo-
nents was administered to diabetic wistar falty rats with
genetical obsesity, administration of these active compo-
Deats in combination resulied in marked improvements in
both byperglycemia and reduced ghicose tolerance. Thus,
the pharmmaceculical composition of the present invention
lowers blood glucose in diabetics more cffectively than it is
the case with administration of each component drug alone
aod, therefore, can be vsed advantageously for the prophy-
Jaxis and treatment of diabetic complications.

Furthermere, since the pharmaceutical composition of the
present igvestion develops sufficient efficacy with reduced
doses as compared with the administration of any one of the
active components alope, the side effects of the respective
compopepts (¢ g. gastroiotestinal disorders such as diarrhea,
ctc) can be reduced.

The following working examples and experimental
cxamples are merely intended to illustrate the present inven-
ton in furtber detail bot should by po means be construed as
defining the scope of tbe invention.

The pbarmaceutical composition of the present invention
can be prepared according to the following formulations.

WORKING EXAMPLE 1

Chpsules
(1) Pioglitazone hydrochloride 30 mg
(2) Yoglibose 02mg
Laciose 50 mg
(4) Microcxystalitne cellulose 79.8 mg
{5) Megnesinm stearate 10 mp
Toul 180 mg

The whole amounts of (1), (2), (3) and (4) and balf the
amount of (5) are mixed well and gramlated in the conven-
tiopal manner. Then, the balance of (5) is added and, afier
mixing, the whole composition is filled in a gelatin bard
capsule shell.

HJ
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WORKING EXAMPLE 2
Tablets
{1) Pioglilazone hydrochioride 10 mg
{2) Glibenctamide 1.25 mg
(3) Lactcse 86.25 mg
(4) Corn starch 2 mg
{5) Poiycthylene ghycol 25 mg
(6) Hydroxypropylecliulose 4 mg
(7) Carmxetlose calciom 5.5 mg
(%) Magnesium steante 05 mg

130 mg (per tablet)

The whole amounts of (1), (2), (3), (4), and (5), %
amounts of {6) aod (7), and ¥ amount of (8) are mixed well
apd granulated in tbe conventional manner. Then, the bal-
apces of (6), (7) and (8) are added 1o the gramles, which is
mixed well and the whele compositica is compressed with
a tablet machine. The adult dosage is 3 tablets/day, to be
taken in 1 to 3 divided doses.

WORKING EXAMPLE 3

Capesnles

(1) Pioglimzone bydrochloride 10 mg

(2) Epshestat S0mg

(3) Lactose 55 mg

(4) Microcrystalline cellolose 55 mg

{5) Magzcsivm stcarate 10mg
Total 180 mg

The whole amounts of (1), (2), (3) aod (4} and % amount
of (5) are mixed well and gramulated in the conventional
manner. Then, the balance of (5) is added apd ibe whole
composition is filled in gelalin capsule shell. The adult
dasage is 3 capsules/day, lo be taken in 1 10 3 divided doses.

EXPERIMENTAL EXAMPLE 1

Effect of pioglitazone hydrochloride in combination with
a-ghicosidase inhibitor in geoetically obese and diabetic
Wistar fatty rats

Malc Wislar fatty rats aged 14-19 weeks were divided
into 4 groups of 5-6, and pioglitazone hydrochloride (1
mg/kg body wi./day, p.o.) apd/or voglibose (an
a-ghecosidase iphibitor) (031 mg/kg body wt/day; admin-
istered by mixing in commercial dict at a rate of 5 ppm) was
adminjstered for 14 days. The blood was thea collected from
the tai] vein and the plasma ghicose and hemoglobin Al were
Getermined by the enzymatic method (Encore Chemical
Sysiem, Baker) and using a commercial kit (NC-ROPET,
Nippon Chemiphar Co.), respectively. The resulls were
cxpressed in mean + standard devialion for cach
(n=5-6) and apalyzed by Dunnctt’s test, which are shown in

Table 1. The 1% level of significance was used.
TABLE 1
Plasma glocose Bemoglobia A,

Group (my/df) (%)

Coatrol 345229 57=04
Pioglinzone 215 = 50" 52«03
Voglibowe 326z 46 60x06
Floglibzone + voglibose 114 & 23° 45 x 0.4*

*F < 0.01 vs. costro} group

It is apparent from Table 1 that both the blood glucose and
bemoglobin A, levels were remarkably lowered by com-
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bined administration of pioglitazone and voglibose as com-
pared with the administration of citber drug alone.

EXPERIMENTAL EXAMPLE 2

Effect of pioglitazone hydrochloride in combination with
an insulin secretion enhancer in genetically obese aod dia-
betic Wistar fatty rats

Male Wislar faity rats aged 13-14 weeks were divided
into 4 groups of 5, and pioglitazone hydrochloride (3 mg/kg/
diy, p.o.) and/or glibenclamide (an insulin secretion
cubancer) (3 mg/kg/day, p.o.) was administered for 7 days.
Following an overnight fast, ibe oral ghicose loading test (2
g ghuicose/kg/S ml, p.o.) was carried out. Prior 1o glucose
Joading and 120 and 240 minutes afier the loading, blood
was collected from the tail vein and the plasma ghicose was
assayed by the cozymatic mcthod (Encore Chemical
System, Baker). The results were expressed in mean = SD
for each group (p=5) and analyzed by Dunnett’s test, which
are shown in Table 2,

TABLE 2
Pl e glocose (eng/dl)

Groap © min. 120 mis. 290 mia,
Coutrol 11929 241 = 58 137 2 10
Pioglitazone 102 = 12 13617 102x9
Glibenclamide 118 212 222 « 61 106 « 24*
Pioglinzone + ghibenclamids D=3 86 = 10 60 = 5
"P < 001 vz. control grovp

It is apparent from Table 2 that the increase of blood sugar
following glicose loading was remarkably inhibited by the
combined administration of pioglilazone and glibenclamide
as compared with the administration of citber drug alone.

The pharmaceutical composition of the present invention
shows a potent depressive effect oo diabetic hyperglycermia
and is useful for prophylaxis and treatmenl of diabetes.
Moreover, this phanmaceutical composition is useful for
prophylaxis and treatment of diabetic complications such as
diabetic neuropathy, oephropathy, retinopathy,
macroangiopatby, and osteopenia. In addition, by appropri-
alely selecting the kinds of component drugs, administration
route, dosage, etc. according lo clinical status, stable
hypoglycemic efficacy in Jong-term therapy can be expecied
with an extremely Jow risk of side cffect.

What is claimed is:
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1. A pbarmaceutical composition comprising an insulin

sensilivily cobancer In combination with a biguanide,
wherein the insulin sensitivity enhancer is selected from the
group consisting of: : ‘

(1) S-(4-(2-(3-:lhyl—2-pyn'dyl)elhoxy)benzy]]-2,4-
thiazolidinedione or its pharmacologically acceptable
salt, :

(2) 5—(4-(2-(4—e'lhyl-Z—pyridyl)e!hoxy)bcnzyl)—2,4-
thiazolidinedione or its pharmacologically acceptable
salt,

3) 5-(4-(2—(S~clhyl-2~pyridyl)cthoxy)benzy1)-2,4—
thiazolidivedione or its pbarmacologicaily acceptable
salt,

(4) 5-(4-(2-(6-ethyl-2-pyridyl)ciboxy)benzyl)-2,4-
thiazolidinedione or its pharmacologically acceptable
salt,

(5) (R)-(+)-5-(3-(4-(2-(2-furyl)-5-methyl-4-
oxazolylmethoxy)-3-methoxypbenyl)propyl)-2,4-
oxazolidinedione or its pharmacologically acceptable
salt

55
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(6) 54(3,4-dibydro-2{pbenylmethyl)-2H-1-benzopyran-
6-yDmethyl)-2,41hiazolidivedione or its sodium salt,

(7) 5-((4-(3-(5-methyl-2-phe oyl-4-oxazolyl)-1-
oxopropylpbenylymethyl)-2,4-thiazolidinedione or its
sodium salt.

(8) 5-(2-(5-methyl-2-phenyl-4-oxazolylmethyl)
benzofuran-5-ylmethyl)-2,4-oxazolidinedione,

(9) 5-(2-paphthalenylsulfonyl)-2,4-thiazolidinedione, apd

(10 5-((4-(2-melhy!-z-pyridylamino)ethoxy)pbcnyl)—
methyl)-2,4-thiazohdinedione or its pbarmacologically
acceplable salt.

2. The pharmaceutical composition according to claim 1,
wherein the insulin sensitivity cabancer is pioglitazone or its
bydrochlonde.

3. The pbannaccutical composition 2ccording 1o claim 1,
wherein the biguanide is selected from the group consisting
of phenformin, metformin, and buformin.

4. Tbe pbarmaceutical composition according 1o claim 1,
wherein the insulin sensitivity enbancer is pioglitazone or its
bydrochloride and the biguanide is metformin.

5. The pharmaceutical composition according to claim 1,
which is for ircatment of diabetes.

6. A method for treating diabetes in a2 mammal in need
thercof, which comprises adminislering to such mammal a
therapeutically effective amount of an insulin sensitivity
cobancer i combination with a biguanide, wherein the
insulin sensitivity enbancer js selecied from the group
copsisting of:

(1) 5-(4-(2-(3-ethyl-2-pyridyl)cthoxy)benzyl)-2,4-
thiazolidinedione or its phanmacologically accepiable
salt,

-(2) 5-(4-(2-(4-ciby)-2-pyridyl)cthoxy)benzyl)-2,4-
thiazolidivedione or its pbarmacologically acceptable
sah,

(3) 5-(4-(2-(5-¢thyl-2-pyridyl)ethoxy)benzyl)-2,4-
thiazolidinedione or its pharmacologically acceptable
sah,

(4) 5-(4-(2-(6-cthyl-2-pyridylcthoxy)benzyl)-2,4-
thiazolidinedione or its pbarmacologically acceptable
sah,

(3) (R}—(+)-5-(3-(4-(2 -(2-furyl)-5-metby!-4-
oxazolylmetboxy)-3-methoxyphenyl)propyl-2,4-
oxazolidinedione or ils pbarmacologically acceptable
sah,

(6) 5{(3,4-dihydro-2-(pbenylmethyl)-2H-1-benzopyran-
6-yDmethyl)-2,4-thiazolidinedione or its sodium salt.

(7) 5-({4-(3-(5-methyl-2-phenyl-4-oxazolyl)-1-
oxopropyl)pbenyDmethyl)-2,4-thiazotidinedione or its
sodium salt,

(8) 5-(2-(5-metbyl-2-phenyl-4-oxazolylmethyl)
benzofuran-5-ylmethyl)-2, 4-oxazolidinedione,

(9) 5{(2-naphtbalenylsulfonyl)-2,4-thiazolidinedione, and

(10) 54(4-(2-methyl-2-pyridylamino)etboxy)pbenyl)-
methyl)-2,4-thiazotidinedione or its pharmacologically
acceplable salt.

7. The metbod according to claim 6, wherein the insulin

sensitivity enbancer is pioglitazone or its hydrochloride.

8. The method according to claim 6, wherein the bigu-
amide is sckected from the group consisting of pheaformin,
metformin and buformin.

9. The metbod according to claim 6, wherein the bigu-
amide is metformin.

10. The metbod according to claim 6, wherein the insulin
scositivity enbapcer is pioglitazone or its hydrochloride apd
the biguanide is metformin.
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1. Thbe pbarmacentical composition according to claim 1,
wherein the insulin seositivity enhancer i 5{(4-(2-methyl-
2-pyridylamino)etboxy)pkenyl)-meihyl)-2,4-
thiazolidinedione or its phanmacologically acceplabk salt.

12. The metbod according to claim 6, wherein the insulin s

sensitivily enbapcer is 5-((4-(2-methyl-2-pyridylamino)
etboxy)pbenyl)-meibyl)-2,4-thiazolidinediope or its phar-
macologically acceptable salt.

13. The metbod according 1o claim 6, wherein the insulin
sensitivity enhancer and the biguanide are mixed together to
form an admixture and 1be admixture is administered to the
mammal.

20

14. The mwetbod acoording to claim 6, wherein the insulin
sensilivily enbancer and the biguanide are pot mixed
together to form an admixture but zre administered inde-
pendently to the mammal.

15. The composition according 10 claim 1, wherein the
composilion consists of the insulin sensitivity enbancer and
biguanide.

16. The method according to claim 6, with tbe proviso that

10 the mammal is pot admibistered a sulfonylurea agent.

* » L » L]
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Column 5, line 51, change "1;-2,3" to -=1,2,3~~;

line 52, change "1,2r4" to --1,2,4--;

line 60, change "rinnolinyl” to
--cinnolinyl--;

line 61, change "quinoxalinylx” to
--quinoxalinyl--;

line 66, delete the dash {~) before "pyrazolo"”;
change "imiidazo” to --imidazo--.

Column 8, line 16, change the term "R'" to —-R'--;
line 19, change "R represents” to --R’

represents—-—;

Column 9, 1ine 58, change "methoxyphenylJpropyl®™ to read
--methoxyphenyl]propyl--;
line 60, change "(({3,4" to read -—{(3,4-—;
line 62, change "troglitazo tCS-045" to read
-—-troglitazone/CS-045--,
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-~8 is 2-4-~;
line 23, change "ploglita zone” to
--picglitazone--;
line 48, change "TRAD" to --(KAD~~.

Column 13, line 8, delete the dash (-) after the term
nigw,

Column 14, 1line 27, delete the dash (-) after the term
"compositions”®; |
line 33, delete "I" before "aqueous";
line 58, change "boday" to --body--.

Column 15, line 24, delete the dash (-) before "present”.

Column 16, line 49, change "hemoglobin A1"” to
—hemoglobin A,—-;
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PHARMACEUTICAL COMPOSITION

This application is a divisionral of application Ser. No.
09/280,710, filed Mar. 30, 1999 now U.S. Pat. No. 6,150,383
which is a divisional of Ser. No. 09/057,465, filed Apr. 9,
1998, pow U.S. Pat. No. 5,965,584, which is a divisiona] of
application Ser. No. 08/667,979, filed Jun. 19, 19965, now
U.S. Pal. No. 5,952,356.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention relales to a pbarmaceutical com-
position comprising an insulin sepsitivity enbancer in com-
bination with onc or more other zntidiabetics differing from
said enhancer in the mechamsm of action.

Recenl years, the pathology of diabetes bas become more
and more understood and, in parallel, drugs specific for the
respective pathologic stales bave been developed. Accord-
ingly a varicty of drugs baving ncw mechanisins of action
bave appeared ope aficr anolber.

Insulin sensilivily cobancers are also known as iosulin
resistance deblockers because they have ihe action to por-
malize the impaired insulin recepior function, and are gath-
ering much aticntion in these years.

Regardipg such insulin sensitivily enbancers, a very use-
ful compound such as pioghtazone bas been developed
[Pujita et al,, Diabetes, 32, 804810, 1983, JP-A S55(1980)-

22636 (EP-A 8203), JP-A 561(1986)-267580 (EP-A 30

193256)). Pioglitazone restores the impaired insulin receptor
function 1o pormalize tbe uneven distribution of glucose
transporiess in cells, the cardinal enzyme systems associated
with glycometlabolism, such as glicokinase, and enzyre
systems associaled with lipidmetabolism, such as Lipopro-
tein lipase. As the results, insulin resistance are deblocked to
improve glucose tokerance, and Jower the plasma concen-
trations of pcutral Lipids and free fany acids. Since these
actions of pioglitazope are comparatively graduval and the
risk of side effect in long-term administration is also low,
this compound is useful for obese patients who are presomed
to be highly insulin-resistant.

Also, insulin scositivity enbancers such as CS-(45, thazo-
lidinedione derivatives and substituted thiazolidinedione
derivatives are 1o be used in combipation with
msulin [JP-A H4(1992)-66579, JP-A H4(1992)-69383, JP-A
H5(1993)-202042]. However, the pharmaceutical composi-
tion having a specific combination of the present ipvention
is mnknown.

Diabetes is a chronic discase with diverse pathologic
manifestations and is accompanied by lipidmetabobsm dis-

" orders and circulatory disorders as well as glycometabolism
disorders. As the results, diabetes lends 1o progress entailing
various complications in many cases. Therefore, it is pec-
essary 1o sekect the drug of choice for the prevailing discase
staie io cach individual case. However, this selection is ofien
difficuht in clinical seitings because single use of cach
individval drug can pot bring sufficient cffects in some
discase slates and there are vatious problems such as side
effect which is caused by ap increased dose or a Jong-lerm
administration.

SUMMARY OF THE INVENTION

In view of the above state of the arn, the inventors of the
prescnl invention did much research to develop antidiabetics
which would pot virtually cause adverse reactions ¢ves on
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long-term adminisiration and could be effective for a large

cohort of Ihe diabetic populalion. As a consequence, they

discovered Ihal the above object can be accomplished by
using an insulin seasitivity cohancer, such as the drug
described above, in combination wilh other antidiabetics
differing from said enhancer in the mechanism of action, and
accordingly bave perfected tbe present invention.

The present invention, therefore, relates to:

1) Pharmaceutical composition which comprises an insulin
scositivilty enhapcer in combipation with at lcast ope
member of the group consisting of an a-glocosidase
inhibitor, an aldose reductase iohibitor, a biguanide, a
statin compound, a squalene syptbesis inhibilor, a fibrate
compound, 2 LDL catabolism cnhancer and an angio-
lcnsin converting cnzyme inbibitor;

2) Pharmaceutical composition according 1o 1), wherein the
insulin sensitivity enbancer is a compound represented by
ibe formula:

M

]

R— (Y (CH—CH :)_A_ 1:0

M
i
o

wherein R represents an optionally substituted bydrocarbon

or heterocyclic group; Y represents a group represcoled by

—CO—, —CH(OH)— or —NR*— (wherein R® represents

an optionally substituied alkyt group); misOor I;nis 0,1

or 2; X represents CH or N; A represents abond ora G, ,

divalent aliphatic hydrocarbon group; Q represents oxygen

alom or sulfur atom; R' represents hydrogen atom or an
akkyl group; ring B may optionally have 1 o 4 substitucnts,

and Lhe substituents may optionally be combined with R? 10

form a ring; L and M respectively represent hydrogen alom,

or L and M may optionally be combined with cach otber to
form a bond; or a pharmacologically acceplable salt thercof;

3) Phammacrutical composition according to 2), wherein the
compound represented by the formula (I) is. pioglitazone;

4) Pbharmaceutical composition accordieg to 1), which com-
prises an insulin sepsitivity enbancer in combination with
an a-glicosidase iphibitor;

5) Phanmaceutical composition according to 4), wherein the
a-glucosidase inhibitor is voglibose;

6) Pharmaccutical composition according 1o 4), wherein the
insulin sepsitivity enbancer is pioglitazone and the
a-ghuicosidase intabitor is voglibose;

7) Pharmaceutical composition according 1o 1), which is for

is or reatment of diabetes;

8) Pharmaceutical composition which comprises a com-
pound represented by the formula:

I
B)—'m—?_-?
h

wherein R? represents an optionally substituted hydrocarbon
or beterocyclic group; Y represents a group represenied by

R— () (Ol —CH
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—C0—, —CH{OH)— or —NR>— (wberein R? represcnts
an optionally substituted alkyl group); misOor 1; 015 0, 1
or 2, X represents CH or N; A represeots abond or a C 4
divalent alipbatic bydrocarbon group; Q represents oxygen
atom or sulfur atom; R’ represents hydrogen alom or ap
alkyl group; ring E may optiomally bave 1 1o 4 substituents,
and the substituents may optionally be combined with R 1o
form a ring; L and M respectively represent bydrogen atom,
or L and M may opticnally be combined with each other 1o
form a bond; with a proviso that R' does nol represeot
benzopyranyl group when m and o are O, X represents CH,
A represents a bood, Q represents sulfor atom, R*, L and M
represent bydrogen ators and ring E does pot bave farther
substitucnts; or 2 pharmacologically acceptable salt thereof
in combination with an nsulin secretion cobancer andfor an
insulin preparation;
9) Phanmaccutical composition according 10 8), wherein the

compound represented by tbe formula (I1) is the com-

pound represcoted by the formula:

(I

c,;,_Qm
*O_ﬂ.r,\_ﬂ/(;

Q

10) Pharmaccutical composition according to 8), wherein
the compound represented by the formula (M) is pogli-
tazope;

11) Pharmaceutical composilion according 1o 8), whercin
the insulin secretion enbancer is glibenclamide;

1Z) Pharmaceutical composition according to 8), wherein
the compound represented by the formmla (II) is pioghi-
tazope apd the insulin searction cnhancer is glibencla-

mide;
13) Pharmaceutical composition according to 8), which is
for prophylaxis or treatmeant of diabetes.

DETAILED DESCRIPTION OF THE
INVENTION

Thbe term “insulin sensitivily eobancer™ as used in this
specification means any and all drg substances that restore
Ibe:mpa:redusuhnmocplorftmchonlodcbbckmhn
resistance and consequently enhance insulin sensitivity. As
examples of the insulin sensitivity enhancer, the compound
represenied by the fommla () or a pharmacologically
acceptable salf thereof can be mentioned.

In the formula (J), as tbe bydrocarbon group in the
optionally substituted hydrocarbon group represented by R,
mention 3 made of alipbatic hydrocarbon groups, alicyclic
bydrocarbon groups, alicyclic-aliphatic hydrocarbon
groups, aromatic aliphatic bydrocarbon groups and aromatic
bydrocarbon groups. Number of carbon atoms in these
bydrocarbon groups is preferably 1 to 14.

The aliphatic hydrocarbon groups are preferably those
having 1 1o 8 carbon atoms. As the aliphatic hydrocarbon
groups, meotion is made of C, , saturaled akiphatic brydro-
carbon groups (e.g. alkyl group) as excmplified by methyl,
cthyl, propyl, isopropyl, butyl, isobutyl, sec.-butyl, t-butyl,
pentyl, isopentyl, ncopentyl, t.-pentyl, bexyl, isohexyl, hep-
" tyl and octyl, and C, ; unsaturated aliphatic hydrocarbon
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groups {(e.g. alkenyl group, alkadienyl group, alkyny! group,
alkadiynyl group) as exemplified by vinyl, 1-propenyl,
2-propenyl, 1-butenyl, 2-bulenyl, 3-buienyl, 2-meihyl-1-
propenyl, 1l-penlepyl, 2-peolenyl, 3-pentenyl, 4-penlenyl,
3-methyl-2-butenyl, 1-hexenyl, 3-bexenyl, 2,4-bexadicoyl,
5-hexenyl, 1-hepteny!, l-oclenyl, cthynyl, 1-propynyl,
2-propynyl, 1-butynyl, Z-butynyl, 3-butynyl, 1-pecntynyl,
2-pentynyl, 3-pentynyl, 4-pentynyl, 1-bexynyl, 3-hexyoyl,
2,4-bexadiynyl, 5-hexyoyl, 1-beptynyl and 1-octynyl.

The alicyclic hydrocarbon groups are preferably 1hose
having 3 1o 7 carbon atoms. As tbe alicyclic hydrocarbon
groups, menticn is made of C, , saturated alicyclic hydro-
carbon groups (e.g. cycloalkyl group) as excmplified by
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cyclobeptyl, and C;, unsaturaled alicychic bhydrocarbon
groups {e.g. cycloalkenyl group, cycloalkadienyl group) as
cicmplified by 1-cyclopenienyl, 2-cyclopentenyl,
3-cyclopentenyl, 1-cyclohexenyl, 2-cyclobexenyl,
3-cyclobexenyl, 1-cyclobepicoyl, 2-cyclobepienyl,
3-cyclobeptenyl and 2,4-cycloheptadienyl.

As e alicyclic-aliphatic bydrocarbon groups, mention is
made of, among those formed by combination of the above-
mentioned abicyclic hydrocarbon groups with aliphatic
hydrocarbon groups (¢.g. cycloalkyl-alkyl growp,
cycloalkenyl-alky] group), ooes having 4 lo 9 carbon aloms
as exemplified by cyclopropylmetbyl, cyclopropylethyl,
cyclobulylmethyl, cyclopentylmetbyl,
2-cyclopentenylmethyl, 3-cyclopentenylmethyl,
cyclohexylmetbyl, 2-cyclobexenylmethyl,
3-cyclohexenylmelhyl, cyclobexylethyl, cyclobexylpropyl,
cyclobeptylmethyl and cyclobeptylethyl.

The aromatic aliphatic hydrocarbon groups are preferably
those having 7 10 13 carbon alows (e.g. aralkyl group). As
the aromatic aliphatic hydrocarbon groups, mention is made
of C,, pbenylalkyl as exemplified by benzyl, phenetbyl,
1-phenylethyl, 3-phenylpropyl, 2-phenylpropyl and
1-pbenylpropyl, and C,,_;, naphthylalkyl as exemplified by
a-naphthylmethyl, a-paphthylethyl, B-nzphthyknethyl and
B-paphthylethyl.

As the aromatic hydrocarboa groups, mention is made of,
opes baving 6 to 14 carbon aioms as excmplified by phenyl,
paphtbyl (a-naphtyl, B-naphihyl).

In the formula (1), as the beterocyclic group in the
optiopally substituted beterocyclic group represented by R,
menhion is made of, for example, 5 to 7-membered betero-
cyclic groups containing, as a ring component atom, 1 to 4
betero aloms selected from oxygen atom, sulfur atom and
nitrogen atom, and a condensed ring group. As the con-
densed ring, menbon is made of, for example, these 5- 1o
7-membered beterocyclic groups condeased with
6-membered ring conlaining one of two nitrogen atoms,
benzene ring or S-membered ring containing one sulfor
alom. .

Fxamples of these beterocyclic groups include 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pynm1dmyl
5-pyrimidinyl, 5-pyrimidinyl, 3-pyridazinyl, 4-p

2-pyrazinyl, 2-pyrrolyl, 3-pyrrolyl, 2- umdazolyl,
4-imidazolyl, 5-imidazolyl, 3-pyrazolyl, 4-pyrazolyl,
othiazolyl, isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1,2,4-oxadiazol-5-yl,
1,2,4-triazol-3-yl, 1,2,3-triazol-4-yl, tetrazoil-5-yl,
benzimidazol-2-yl, indol-3-yl, 1H-indazol-3-yl, 1H-pymoio
{2,3-blpyrazin-2-yl, 1H-pyrrolo[2,3-blpyridin-6-yl,
1H-imidazo4,5-bJpynidin-2-yl, 1H-imidazo[4,5-c)}pyridin-
2-yl, 1H-imidazo{4,5-blpyrazin-2-yl and benzopyranyl.
Among them, pyridy), oxazolyl or Lhnmlyl group is pref-

erable.
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In tbe formula (1), the hydrocarbon group and beterocychc
group represeoted by R may optiopally have 1 10 5, prefer-
ably 1 to 3 substituents al any substitulable positions.
Examples of such substituents include alipbatic hydrocarbon
group, alicyclic bydrocarbon group, aryl grovp, aromabic
beterocyclic group, non-aromalic heterocyclic group, balo-
gen atom, nitro group, optiopally substituted amioo group,
optionally substituted acyl group, optiopally substituled
bydroxyl group, optionally substituied thiol group, option-
ally esterified carboxyl group, amidino group, carbamoyl
group, sulfamoyl group, sulfo group, cyapo group, azido
group and nitroso group.

Exampies of the alipbatic hydrocarbon growps include
C,.,s sirzight-chain or branched aliphatic bydrocarbon
groups as exemplificd by alky) group, alkeoyl growp, and
alkynyl grovp. _

Preferable examples of e alkyl group inchude C,_,, alkyl
groups such as mecthyl, cthyl, propyl, isopropyl, butyl,
isobutyl, sec.-butyl, t.-butyl, pentyl, isopentyl, neopentyl,
L-peotyl, 1-cthylpropyl, bexyl, isobexyl, 1,1-dimecthylbutyl,
2,2-dimethybutyl, 3,3-dimethylbuiyl, 2-cthylbutyl, hexyl,
pentyl, octyl, ponyl and decyl.

Preferable examples of the alkenyl group inchde C, ,,
alkenyl groups such as vinyl, allyl, isopropenyl, 1-propenyl,
2-methyl-1-propenyl, 1-bulenyl, 2-buleny), 3-buleayl,
2-cthyl-1-butenyl, 3-methyl-2-buteoyl, 1-pentenyl,
2-penienyl, 3-penikenyl, 4-penlenyl, 4-methyl-3-penienyl,
1-bexenyl, 2-bexenyl, 3-bexenyl, 4-bexepyl and 5-bexenyl.

Preferable examples of the alkynyl group-inchide Cy 5o
alkyny) groups such as ethynyl, 1-propynyl, 2-propynyl,
1-butynyl, 2-butynyl, 3-butynyl, 1-peniynyl, 2-pentynyl,
3-pentynyl, 4-pentynyl, 1-bexynyl, 2-bexyunyl, 3-bexynyl,
4-hexypyl and 5-bexynyl

As the alicyclic bydrocarbon group, mention is made of
C,.,, saturated of unsaturaied alicyclic hydrocarbon groups
as exemplified by cycloalkyl group, cycloalkenyl group and
cycloalikadicny] group.

Preferable examples of cycloalkyl growp include C, ;4
cycloalkyl groups such as cyclopropyl, cyclobutyl,
cyclopenlyl, cyclobexyl, cyclobeptyl, cyclooctyl, bicyclo
[2.2.1]heptyl, bicyclo[2.2.2]Joctyl, bicyclof3.2.1]octyl,
bicyclo[3.2.2)nonyl, bicyclo[3.3.1Jnonyl, bicyclo{4.2.1}
nonyl and bicyclo[4.3.1)decyl.

Preferable examples of the cycloalkenyl groop include
C, 10 cycloalkenyl groups such as 2-cyclopenten-1-yl,
3-cyclopenien-1-yl, 2-cyclobexen-1-yl and 3-cyclohexen-1-
yL

Preferable examples of the cycloalkadienyl group include
C,_,0 cycloalkadienyl groups such as 2,4-cyclopentadicn-1-
yl, Z4-cyclobexadien-1-yl and 2,5-cyclobexadicn-1-yL

Preferable examples of the aryl group include C, ,, aryl
groups such as phenyl, paphtbyl (1-papbtbyl, 2-papbibry]),
anthryl, pbepanthryl and accpaphthylenyl.

Preferable examples of the aromatic beterocychic group
inclnde aromatic monocyclic heterocyclic groups such as
furyl, thienyl, pymrolyl, oxazolyl, isoxazolyl, thiazolyl,
isothazolyl, imidazolyl, pyrazolyl, 1,2,.3-oxadiazolyl, 1,2,4-
oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-
triazolyl, 1,2,4-tniazolyl, tctrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl and triazinyl; and aromatic con-
densed betcrocyclic groups such as beozofuranyl,
isobenzofurapyl, bepzo{bjthienyl, indolyl, isoindolyl,
1H-indazolyl, benzimidazolyl, benzoxazolyl, 1,2-
benzoisoxazolyl, benzothiazolyl, 1,2-benzoisothiazolyl,
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i1H-benzotriazolyl, quinclyl, isoquinolyl, pinnolinyl,
quinazolinyl, quinoxabinyl, phbibalazioy], naplthylidinyl,
purinyl, pieridinyl, carbazolyl, a-carbolinyl, B-carbolioyl,
y-carbolinyl, acridinyl, pbenoxazinyl, pbepothiazinyl,
phenazinyl, phepoxathiiny), thianthreoyl, pbenathridinyl,
phenathrolinyl, indolizinyl, pyrrolo{1,2-b]pyridazinyl,
pyrazolo{1,5-aJpyridy), imidazo{1,2-a Jpyridyl, imidazo{1,5-
a]pyridyl, imidazo[1,2-blpyridazioyl, imidazo{1,2-a}
pyrimidinyl, 1,2,4-triazolo{4,3-a]pyridyl and 1,2,4-inazolo
[4.3-blpyridazioyl

Preferable examples of the pon-aromatic heterocyclic
gioup include oxiranyl, azetidioyl, oxetanyl, thictanyl,
pyrrolidiny}, tetrabydrofuryl, thiolanyl, piperidyl,
tetrahydropyranyl, morphbolinyl, 1biomorpbolinyl,
piperazinyl, pyrrolidinor piperidino, morpholino and thio-
morpbolipo.

Examples of the halogen atom include fluorioe, chlorioe,
bromine and iodine.

As the substiluied amipo group in ibe oplicnally r sub-
stituled amino group, mention is made of,
N-monosubstituied amino group and N,N-disubstituted
amivo group. Examples of the substituted amino groups
include amino groups baving one or two substituents
selected from C, ,, alkyl group, C, ;5 alkenyl group, G, 0
alkynyl group, sromatic group, heterocychic group and C, 4
acyl group (e.g. methylamino, dimetbylamino, ethylamino,
diethylamino, dibutylamino, diallylamino,
cyclobexylamino, phenylamino, N-methyl-N-pbenyl-
amipo, acctylamino, propionylamino, bepzoylamioo and
nicotinoylamino). .

As the acyl group, mentioa is made of C; ,, acyl groups
such as C, ,, alkanoyl group, C, ,, alkenoyl grovp, C, 5o
cycloalkanoyl group, C,_,, cycloalkenoyl grovp and C, ;,
aromatic carbory! group.

Preferable examples of the C,_,; alkanoyl group inchuide
formyl acetyl, propionyl, butyryl, isobutyryl, valeryl,
isovaleryl, pivaloy], hexanoyl, beptanoyl and octapoyl. Pref-
crable examples of the C,,, alkenoyl group ioclude
acryloyl, methacryloyl, crotonoyl and isocrotoooyl. Prefer-
able examples of C,,, cycloaikanoyl group include
cyclobutanecarbonyl, cyclopentanecarbonyl, cyclohexan-
ecarbonyl and cyclobeptanccarbonyl. Preferable examples
of C,.,0 cycloalkesoyl group include
2-cyclobexenecarbonyl. Preferable examples of C, ,, aro-
matic carbonyl group include benzoyl, naphthoyl and nico-
tinoyl

As the substituent in the substituted acyl group, mention
is made of, for cxample, C, 5 akyl grovp, C, 5 alkoxy
group, balogen atom (c.g. chlorine, fluorine, bromipe, etc.),
nitro group, hydroxy! group and amino group.

As the substituted hydroxyl group in the optionally sub-
stituted hydroxyl group, mention is made of, for example,
alkcoxy group, cycloalkyloxy group, alkenyloxy growp,
cycloalkenyloxy group, aralkyloxy group, acyloxy group
and aryloxy group.

Preferable examples of the alkoxy group include C, ,,
alkoxy groups such as metboxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec.-butoxy, L.-butoxy,
pentyloxy, isopentyloxy, neopentyloxy, bexyloxy, beptyloxy
and ponyloxy. Preferable exampies of the cycloalkyloxy
group inchide C, ,o cycloalkyloxy groups such as
cyclobutoxy, cyclopentyloxy and cyclobexyloxy. Preferable
examples of the alkenyloxy group inchide C; 4 alkenyloxy
groups such as allyloxy, crotyloxy, 2-pentenyloxy and
3-hexenyloxy. Prcferable examples of 1be cycloalicenyloxy
group include C, ,, cycloalkenyloxy groups such as



Case 2:03-cv-01335-RCJ -RJJ Document 1-2222700 Filed 10/23/03 Page 50 of 162

—

US 6,329,404 Bl

7

2-cyclopentenyloxy and 2-cyclobexenyloxy. Preferable
examples of ibe analkyloxy group ioclude C, ,, aryloxy
groups such as pbenyl-C, ,alkyloxy {c.g. benzyloxy and
phepetbyloxy). Preferable examples of ibe acyloxy group
inchide C, | ; acyloxy group, more preferably C, , alkanoy-
loxy groups (e.g. acetyloxy, propicoyloxy, butyryloxy and
isobutyryloxy). Preferable examples of tbe aryloxy group
inchude Cg ,, aryloxy groups such as pbepoxy and paphthy-
Joxy. The aryloxy group may optiopally have onc or two
subslituents such as balogen alom (e.g. chionne, fuorine,
bromine). Examples of the substituted aryloxy group include
4chloropbenoxy.

As 1be substituted thiol group in the optionally substituted

10

thiol group, mention is made of, alkylthio group, cycloalky- -

Ithie group, alkenylthio group, cycloalkenylthio group,
analkylthio groep, acyhhio group and aryhhio group.

Preferable examples of thealkylthio group include C, ,,
alkylibio groups such as methyhhio, cthylibio, propylthio,
isopropylthio, buiykhio, isobutylthio, sec.-butylthio,
L.-butylibio, pentylthio, isopentylihio, ncopentylihio,
bexylibio, beptylthio and nonylthio. Preferable examples of
the cycloalrylihio group include C3-10 cycloalkylithio
groups such as cyclobulylibio, cyclopentyhino and cyclo-
bexylthio. Preferable examples of the atkenylthio group
include C, o alkenylihio groups such as allylihio,
crotylthio, 2-pepienyhbio and 3-hexenylthio. Preferable
examples of tbe cycloalkenylthio group include C, 4
cycloalkenylihio poups such as 2-cyclopeptenylibio and
2-cyclohexenyl thio. Preferable examples of the aralkyhhio
ioclude C, 5 aralkylthio groups such as phenyl-C,
salkylthio (c.g. Benzylthio and phencthyloxy). Preferable
examples of the acylihio group include C,_, , scylthio group,
more preferably C, , alkanoyl thio groups (e.g. Acetylthio,
propionyl thio, butyryl thio and isobutyryl thio).

Preferable examples of the arylthio group inchude C, |,
arylihio groups such as pbepylthio and paphthylthio. The
arylihio group may optionally have one or two substitucnts
such as halogen alom (e.g. Chlorine, fluorine, brominc).
Examples of the substituted arylthio group inchide
4-chloropbenyl thio.

As the optionally esterified carboxyl group, mention is
made of, for example, alkoxycarbonyl group, aralkyloxy-
carbonyl group and aryloxycarbonyl group.

" Preferable examples of the alkoxycarbony! group inchide
C, s alkoxycarbonyl groups such as metboxycarbonyl,
cthoxycarbonyl, propoxycarbonyl and butoxycarbonyl.
Preferable examples of he aralkyloxycarbonyl group
inchude Cy ,q arakyloxycarbonyl groups such as benzyloxy-
carbonyl Preferable examples of tbe aryloxycarbonyl group
inclede C, ¢ aryloxycarbony! groups such as phenoxycar-
bonyl and p-tolyloxycarbonyl.

Among the substitvents on the bydrocarbon group and
beterocyclic group represented by R, C, ;o afkyl groups,
aromatic beterocyclic groups and Cg,, aryl groups are
preferable, aod C, , alkyl, faryl, thieayl, phenyl and naph-
thyl are especially preferable.

In the formala (T), substitueots on the hydrocarbon group
and helerocyclic group which are represented by R, may,
when they are abicyclic bydrocarbon group, aryl group,
aromatic beterocyclic group or pon-aromatic beterocychic
group, have ope or more, prefenably 1 1o 3, of suitable
substiteents respectively. Examples of these snbstituents
include C, 4 alkyl groups, C, ; alkeny! groups, C, ¢ alkynyl
groups, C,.; cycloalkyl groups, Cg ,, aryl groups, aromatic
beterocyclic groups (e.g. thienyl, furyl, pyridyl, oxazoly)
apd thiazolyl), pon-arematic beterocyclic groups (e.g.
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tetrabydrofury), morpbolino, thiomorpholino, piperidino,
pymehdine and piperazino), C,p aralkyl groups, amino
group, N-mooo-C, , alkylamino groups, N.N-dj-C, , alky-
lamino groups, C, , acylamino groups (e.g. acciylamino,
propionylamine and benzoylamino), amidine group, C,
acyl group (c.g. C; 4 alkanoyl groups), carbamoyl group,
N-mone-C, , alkyl carbamoyl groups, NN-di-C, , akyl
carbamoyl groups, sulfamoyl group, N-mopo-C,, alkyl
sulfamwoy! growps, NN-di-C, , alkyl sulfamoyl groups, car-
boxyl group, C, , alkoxycasbonyl groups, bydroxyl group,
C,. alkoxy groups, C, 4 alkenyloxy groups, C, , cycloalky-
loxy groups, C; 5 aralkyloxy groups, C,, aryloxy groups,
mercapto group, C,, alkyltbio groups, C,, anlkylthio
groups C, ,, arylthio groups, sulfo group, cyano group,
azido group, nitro grovp, nitroso group and halogen atom.

In the fompula (T), R is preferably an optiopally substi-
toted heterocyclic grovp. R is more preferably pyridyl,
oxazolyl or thiazolyl grovp which is optionally substituted
by 1 to 3 substilments sclected from C, 4 alkyl group, furyl
group, thicnyl group, pbenyl group and paphthyl group.

R' in the formula (II) has the same definition as R excepl
that R' does not represent benzopyranyl grovp when m and
n are O; X represents CH; A represents a bond; Q represents
sulfur atom; R’, L and M represent bydrogen atom; and ring
E does not bave furber substituents.

In the formulac (I) and (II), Y represents —CO—, —CH
(OH)— or —NR— (wherein R? represents an optionally
substituted alkyl group), preferably —CH(OH)— or
—NR?>—, As the aiky} group in the optiopally substituted
alkyl group rcpresented by R, mention is made of, for
example, C,., alkyl groups such as metbyl, ctbyl, propyl,
isapropyl, butyl, isobutyl, sec.-butyl and t.-butyl Examples
of the substitucnis inchade halogen (e.g., fluorine, chloripe,
bromine and iodinc), C, , alkoxy groups (¢.g. metboxy,
cthoxy, propoxy, butoxy, isobutoxy, sec.-butoxy and
t.-butoxy), bydroxyl group, nilro group and C, , acyl groups
(c.g. formyl, acetyl and propionyl).

The symbol m is Q@ or 1, preferably 0.

The symbol n is 0, 1 or 2, preferably § or 1.

X represents CH or N, preferably CHL

In the formulae (I} and (1), A represents a bond or 2 C,
divalent aliphatic hydrocarbon group, The aliphatic hydro-
carbon gronp may be straight-chain or branched, and satu-
rated or unsaturated. Specific examples of the aliphatic
hydrocarbon group include saturated ones [e.g. —CH,—,
_G!(al:)_'! —(Cﬂz)z—- -‘-CH(CJ'I’}—, -(CH'));_v
—((H)— —(CH)—, —(CH)s— and —(CH,)—)
and unsaturated ones [e.g. —CH=CH—, —C(CH,)

=CH--, —CH=CH—CH,—, —C(C,H5)=CH—,
:": _— "Cl!z' alz—Cll=Cl'l——-
CH;—. —CH=CH—~CH=CH-—CH,— and
. A 15 prefer-

ably a bond or C,_, divalent aliphatic hydrocarbon groups,
the alipbatic hydrocarbon groups preferably being saterated.
A is more preferably a bond or —(CH,),—. As the alkyl
gioup represented by R?, substantially the same one as the
akkyl group in the above-mentioned R? R? is preferably
bydrogen atom.
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In the formulae (T} and (IT), the partial formula:

Z

E |.
.

X

Ring E has 1 1o 4 substituents at any substitutable posi-
tions. Examples of such substituents include alkyl group,
optionally substituted hydroxyl group, halogen alom,
optionally substituted acyl group and optionally substituted
amino group. These substitucots have substaotially the same

as those described as substituents of the hydrocar-
bon group and beterocyclic group represenied by R.
Ring E, namely ihe partial formula:

E N_  prefenbly represents
the forpoula:

K
“ v
E —- preferably represents L
tbe formula:
\x ) x)

wherein R? represents bydrogen atom, an alkyl group, an
opbonally substituted bydroxyl group, a balogen atom, an
optionally substituted acy] group, nitre group or an option-
ally substituted amino group.

As the alkyl group, optionally substituted hydroxyl group,
halogen atom, opuona]}y substituled acyl group and opuon-
ally substituted amino group represcoted by R?, mention is
made of those described as substituents of the hydrocarbon
goup and belerocyclic group represented by R. R? is
preferably hydrogen atom, optionally substituted bydroxyl
group or balogen alom, more preferably hydrogen atom or
optionally substituted bydroxyl group, especially preferably
hydrogen atom or C,_, alkoxy groups.

In the formulae (I) and (1), L and M represent bydrogen
atom, or they may optionally be combined with each otber
1o form a bond. L and M are preferably bydrogen atom.

In the compounds wherein L and M are combined with
cach other to form a bood, there exist (E)- and (Z)-isomers
refative 10 the double bond at the 5-position of the azo-
Lidinedione ring.

And, in the compounds wherein L and M respectively
represent hydrogen alom, there exist (R)- and (S)-optical
isomers due to the asymmetric carbon at the 5-position of the
azolidinedione ring. The compounds include these (R)- and
(S)-optical isomers apd racemic isomers.

Preferable cxamples of the compounds represented by the
formula () or (II) includes those in which R s pyridyl,
oxazolyl or iliazolyl group optionally baving 1 to 3 sub-
stituents sclected from C, 4 alkyl, furyl, thienyl, pbenyl and
naphlhyLmuO'ur.sOorl XnCH,Axsnbondor
—CH),—R'is hydmgcn stom; ring E, namely the partial

formula;

and R? is hydrogen atom or C,_, alkoxy group; and L. and M
are both hydrogen atom.
Preferable examples of the compound represented by the
formula (T) include
(1) the compound represented by the formula (II]) such as
5-[4-[2-(3-cthyl-2-pyridyl)ethoxyJbenzyl])-2,4-
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thiazolidinedione; 5{4{2-{4-cthyl-2-pyridyl)ethoxy]
beozyl}-2,4-thiazolidinedione; 5-[4-[2-(5-cthyl-2-
pyndylethoxy Jbenzy!}-2,4-thiazohdinedione {generic
pame: pioglitazone), and 5{4{2-(6-cthyl-2-pyridyl}-
cthoxy Jpeozyl}2,4-thiazolidipedione;

(2) (R)-(+)-5-[3-[4-[2-(2-furyl)-5-methyl-4-
oxazelylmelboxy]-3-metboxyphenyl]propyi]-2,4-
oxazolidinedione; and

(3) 5{[44(3,4-dibydro-6-hydroxy-2,5,7,8-tciramethyl-
2H-1-benzopyran-2-yl)mmethoxy lphenyl knetbyl]-2,4-
thiazolidinedione (generic pame: troglitazone/CS-045).

The compound represenied by the formula (J) is espe-
cially preferably pioglitazone.

The compound represented by the formula (II) is prefer-
ably tbe compound represenied by the formula (11} and
(R} +)-5{3-[4{2-(2-furyl)-5-methyl-4-oxazolylmethoxy]
3-metboxypbenyllpropyi}-2,4-oxazolidinediooe, more pref-
erably pioglitazooe.

The pharmacologically acceptable salt of the compound
represepled by the formula (1) or (i) are excmphﬁcd by salts
with morgamc bases, salts with organic bases, salts with
inorganic acids, salts with organic acids, and salts with basic
or acidic amipo acids.

Preferable examples of salts with inorganic bases inchude
salts with alkali metals such as sodium, potassium, ¢ic., salts
with alkaline earth metals such as calcium, magoesium, cte.,
and salis with alumioum, ammonium, cic.

Preferable examples of salts with organic bases include
salts with trimethylamioe, tricthylamine, pyridine, picolioe,
cthanolamioe, dicthanolamine, tricthanolamioe,
dicyclobexylamipe, N N-dibenzylethylencdiamine, ctc.

Preferable examples of salts with iporganic acids inclhude
salts with bydrochloric acid, bydrobsomic acid, nitric acid,
sulfuric acid, pbosphoric acid, etc,

Prcferable exampks of salts with organic acids inchude
salts with formic aad, acetic acid, triflvorcacetic acid,
fumaric acid, oxalic acid, tartaric acid, maleic acid, cilnc
aad, succinic acid, malic acid, methanesulfonic acids ben-
zenesulfonic acid, p-iolienesulfonic acid, clc.

Prclerable examples of salts with basic amino acids
include salts with arginine, lysine, ormithine, cic., and pref-
erable cxamplkes of salis with acidic amino acids include
salts with aspartic acid, glutamic acid, etc.

Tbe pharmacologically acceptable salt of the compound
represented by the formula (IIT) is preferably a sali with an
inorganic acid, more prefcrably a salt with hydrochloric
acid. Especially, pioglitazone is preferably used in the form
of salt with hydrochloric acid.

The compounds represented by the formula (I) or (i) or
a salt thereof can be produced in accordance with, for
example, methods described in JPA S55(1980)-22636(EP-A
8203), JFA S60(1985)-208980(EP-A 155845), JPA S61
(1986)-286376(EP-A 208420), JPA S61(1986)-853T2(EP-A
177353), JPA S61(1986)-267580(EP-A 193256), JPA
H5(1993)-86057(WO 92/18501), JPA H7(19 9
(EP-A 605228), JPA H7(1995)-101945(EP-A 612743),
EP-A 643050, EP-A 710659, cic. or methods analogous
thercto.

Insalin sensitivity enbancers include 5{(3,4-dihydro-2-
(pbenylmethyl)-2H-1-benzopyran-6-yljmethy!])-2,4-
thiazohidinedione (generic name: englitazone) or its sodinm
salt;
5-{[4{3-(5-methy}-2-phenyl-4-oxazolyl)-1-oxopropyl]

pbenyllmethyl}-2,4-thiazolidinedione (generic name:

darglitazope/CP-86325) or its sodivm salt;
54{2-(5-meihyl-2-pbenyl-4-oxazolylmethyl)benzofuran-5-

ylmethyl}-2,4-oxazolidinedione (CP-92768); a5-(2-

naphibalenylsulfonyl)-2,4-thiazolidinedione (AY-31637)
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4.J(2-paphtbhalenyl}methyl])-3H-1,2,3,5-0xatbkiadiazol-2-
oxxde (AY-30711); and
5{[4-[2{methyl-2-pyridylaminc)cthoxy Jphenyl}- methyi],
2,4-thiazolidinedione (BRIL-49653), cic. in addition to
compounds mentioned bereinbefore.

In 1be present jovention, examples of the drug which is
used in combination with the above-mentioned insulig sen-
sitivity ¢ubancer inchude an a-ghicosidase inhibitor, an
aldose reductase inhibitor, a biguanide, a stalin compound,
a squalepe synthesis inhibitor, a fibrate compound, a LDL
catabolism ¢nhancer and an angiolensin converling enzyme
inlobitor. a-Glucosidase inhobitors are drugs which inbibit
digestive enzymes such as amylase, maltase, a-dextrinase,
sucnise, cic. o retard digestion of starch and sugars.
Examples of the a-ghicosidase inhibitors include acarbose,
N«1,3-dihydroxy-2-propylyvaliolamioe (generic nape;
voglibose), miglitol, cic. with preference given lo voglhibose.

Alose reductase inhibitors are drugs which inhibit the
first-stage rate-limitting enzyme in the polycl pathway to
prevent or arrest diabetic complications. In the hyperglyce-
mic state of diabetes, the ntilization of ghicose in the polyol
pathway is increased and the excess sorbitol accumulated
intracellularly as a consequence acts as 2 lissuc toxin and
hence evokes the onset of complications such as diabetic
ncuropathy, retinopathy, and nephropathy. Examples of the
aldosc reductase iphibitors include lolurestat; epalrestat;
3,4-dihydro-2 8-diisopropyl-3-thioxo-2H-1,4-benzoxazine-
4-acetic acid; 2,7-diflvoro-spiro(9H-fluorene-9,4'-
upidazolidine}-2',5"-diope (geperic name: imireslat); 3-{(4-
bromo-2-fuoropbenyl) meibyl}-7-chloro-3,4-dibydro-2.4-
dioxo-1(2H)-quinazoline acetic acid (geoeric name:
zenarestat); 6-fluoro-2,3-dihydro-2',5'-dioxo-spiro{ 4H-1-
benzopyran-4,4'-imidazobidine }- 2-carboxamide (SNK-860);
zopolrestat; sorbinil; and 1-{(3-bromo-2-benzofuranyl)
sulfonyl}-2,4-imidazolidinedione (M-16209), ctc.

Biguanides are drugs having actions of stimulation of
anacrobic glycolysis, increase of the sensitivity to insalin in
the peripberal tissues, inhibition of glucose absorption from
the intestine, suppression of bhepatic gluconcogenesis, and
inhibition of fatty acid oxidation. Examples of the bigu-
apides inchide phenformin, metformin, buformin etc.

Statin compounds arc drugs having actions of lowering
blocd cholesterol levels by inhibiting hydroxymethylghuta-
Iyl CoA (HMG-CoA) reductase. Examples of the statin
compounds ioclude pravastatin and its sodivm salt,
simvastatin, lovastatin, slorvasiatin, fruvastatin, elc.

Squalene synthesis iphibitors are drugs having actions of
Jowering blood cholesterol levels by inhibiting synthesis of
squalene. Examples of the squalene syntbesis inhibitors
inchide (S)-o{Bif2,2-dimethyl-1-oxopropoxy)methoxy]
phosphinyl}-3-pbenoxybenzencbutanesulfonic acid, mooo
polassinm salt (BMS-188494).

Fibrate compounds are drugs having actions of lowering
blood cholesterol levelks by inhibiting synthesis and secretion
of triglycerides in hiver and activating a lipoproicin Bpase.

Examples of the fibrate compounds include bezafibrate,
beclobrate, binifibrate, ciplofibrate, clinofibrate, clofibrate,
clofibric acid, ctofibrate, fenofibrate, gemfibrozil,
nicofibrate, pirifibrate, ronifibrate, simfibrate, theofibrate,
elc.
LDL catabolism enhancers are drugs having actions of
lowering blood cholestero] Jevels by increasing-the mumber
of LDL (Jow-density lipoprotein) receplors.

Examples of the LDL catabolism enhancers include the
compound which is described in JPA H7(1995)-316144 and
represented by the formula:
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R—

JeL

‘ /

wherein R*, R>, R® and R” are the same or different, and
represent bydrogen atom, a balogen alom, a lower alkyl
group or a Jower alkoxy group; ris 0-2; s is 2-4; p is 1-2;
or a sall tbereof; specifically N{2{4-bis{4-Boorophenyl)
methyl-1-piperazinyl]ethyl])-7, 7-diphenyl-2,4,6-
beptatrienic acid amide, cic.

The above-mentioned statin compounds, squalene syn-
thesis inhibitors, fibrale compounds and LDL catabolism
cohancers can be substituted with otber drugs having 1he
property to lIower blood cholesterol and triglyceride levels.
Examples of these drugs include nicotinge acid derivatives
such as nicomol and niceritrol; antioxidants such as probu-
col; and ion-exchange resins such as colestyramin

Angiolensin converting enzyme inhibitors are drgs bav-
ing actions of partially lowering blood glucose kevels as well
as Jowering blood pressare by inhibiting angiotensin con-
verting enzymes. Examples of the apgiolensin converting
cuzyme inhibitors include captopril, enalapril, alacepril,
delapril, ramipril, lisinopril, imidapnl, bepazepril,
ceropapril, cilazapril, coalaprilat, fosinopril, moveltopril,
perindopril, quinapnl, spirapril, Iemocapril, trandolapril, elc.

In the present invention, especially preferred is the phar-
maceutical composition which comprises an iosulin sensi-
tivity cnhancer in combination with an a-ghicosidase inhite-
tor. The insulin sensilivity cobancer is especially preferably
pioglitazone, and the a-glucosklase inhibitor is especially
preferably voglibose.

In the preseot invention, examples of the drug which is
used in combination with the comrpound represented by the
formula (1T} or 2 pbarmacologically acceptable salt thereof
include an insulin secction e¢nbancer apnd/or an insubin
preparation.

Insulin secretion enhancers are drugs having the property
o promote seaction of insulin from pancreatic B cells.
Examples of the insulin sccretion enbancers include sulfo-
nylureas {(SU). The sulfonylureas (SU) are drugs which
promoie secrction of insulin from pancreatic i cells by
ransmitting signals of insulin secretion via SU receplors in
the cell membranes. Examples of the SU inclade-
olbolamide; chlorpropamide; tolazamide; acetohexamide;
4-chlore-N-[(1-pyrolidinylaminc)carbonyl]-
benzenesulfonamide (generic name: gl ide) or ils
ammonium salt; ghbenclamide (glyburide); gliclazide;
1-butyl-3-metanilylures; carbutamide; glibonuride; ghipiz-
ide; gliquidone; glisoxcpid; glybuthiazole; ghibuzole; gly-
hexamide; glymidine; glypivamide; phenbutamide;
tolcyclamide, elc.

Insulin secretion enbancers include N{[4-(1-methylethyl)
cyclobexyl)carbonyl } D-pbenylalanine (AY-4166); calcium
(25)-2-bepzyl-3-{cis-bexabydro-2-isoindolinylcarbonyi)
propionate dihydrate KAD-1229); and glimepiride (Hoe
490), etc. in addition to compounds mentioned bereinbefore.
The insulin secretion enhancer is especially preferably glib-
enclamide.

Examples of the insulin preparations include animal inso-
lin preparations typically extracted from bovine or porcine
pancreas and bumap insulin, preparations synthesized by
genetic engineering lechniques typically using Escherichia
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cofi or yeasts. While insulio preparations are available in a
variety of Iypes, c.g. immediate-acting, bimodal-acting,
iotermediate-acting, and long-acting, these lypes of prepa-
rations can be sclectively admibistered according 1o the
palicot’s condition.

In the present invention, especially preferred is the phar-
maceutical composition which comprises the compound
represenied by the formula (I} o a pharmacologically
acceplable salt thereof in combination with ap insulin secre-
tion enhancer. The compound represented by the formula
(I) or a pharmacologically acceptable salt thereof is espe-
cially pmfenbly pioglitazope, and tbe msulin secretion
enbancer is especially prcfcnbly glibcnclamxdc

The pbammaccutical composition comprising an insulin
sensitivity eobancer in combination with at Jeast ope mem-
ber sclected from the group consisting of an a-glucosidase
inhibitor, an aldose reductase inhibilor, a biguanide, a slatin
compound, a squalene sypthesis inhibitor, a fibrate
compound, 2 LDE catabolism enbancer and ap angiotensin
converting cnzyme iohibitor; and the pharmaceutical com-
position comprisipg the compound represented by the for-
mula (II) or a pharmacologically accepiable salt thereof in
combibation with an insulin secretion enhancer and/or an
insulin preparation, both provided in accordance with the
prescat igvention, can be respectively put to use by mixing
the respective active compopents citber all togetber or
independentdy with a physiologically accecpiable carmier,
excipicnt, binder, duent, ctc. and adminisiering the mixture
or mixtures cither orally or pon-orally as a phammaccutical
composition. When the active componeots are formulated
independently, the respective formulations can be exiempo-
ranecusly admixed using a diluent or the Bke and adminis-
tered or can be administered independently of each otber,
citber concurrenily or at staggered Hipes 1o he same subject.

The dosage form for said pbanmaccutical composition
inclades such oral dosage forms as gramules, powders,
tablets, capsules, syrups, emulsions, suspensions, etc. and
such non-oral dosage forms as injections (¢.g. subcutlaneous,
intravenous, intramuscular and iniraperitoneal injections),
drip infusions, external application forms {(e.g. pasal spray
preparations, transdermal preparations, ointipents, eic.), and
supposilonies (c.g. rectal and vaginal supposilorics).

These dosage forms can be maoufactured by the per sc
kpown techmique comventionally used in pharmaceutical
procedures. The specific mapufacturing procedures arc as
follows.

To marufacture an oral dosage form, an excipient (c.g.
lactose, sucrose, starch, mannitol, cte.), a dis-integrator (e.g.
calcinm carbopate, carboxymeibyleehleose calcium, ¢tc.), 2
binder (e.g. a-starch, gum arabic, carboxymethylcelhulose,
polyvinylpymrolidone, bydroxypropylecllulose, etc.), and a
ubricant (e.g. lake, magnesium stearale, polyethylene glycol
6000, cic.), for instance, are added to the active component
or components and the resulting composition is compressed.
Where nccessary, the compressed product is coated, by Lhe
_ per se kmown technique, for masking the taste or for enienc

dissolution or sustained release. The coating malerial that
can be nsed includes, for instance, ethyl-cellulose,
hydroxymethylcellulose, polyoxyethylene glycol, cellulose
acctaic phibalate, hydroxypropylmethylcellulose phthalate,
and Endragit (Rohm & Haas, Germany, methacrylic-acrylic
copolymer).

Injections can be mapufactured typically by the following
procedure. The active component or componcnls are
dissolved, suspended or emulsified in in aqueous vehicle
(c.g distilled water, physiological salive., Ringer’s solution,
eic.) or an oily vehicle (e.g. vegetable ol such as olive oil,
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sesame o0il; cottonseed oil, com oil, eic. orpropylene glycol)
together with a dispersant (e.g. Tween 80 (Atlas Powder,
U.S.A), HCO 60 (Nikko Cbemicals), polycibylene glycol,
carboxymeibylcellulose, sodium alginate, clc.), a3 prescrva-
tive (c.g. mclhyl p-bydroxybenzoatle, propyi
p-bydroxybenzoate, benzyl alcobol, chlorcbutanel, phenol,
¢lc.), an molonizZiog agent (e.g. sodium chloride, glycerol,
sorbitol, glucose, inveried sugar, ¢i1c.) and olber additives. If
desired, a solubilizer {c.g. sodium salicylate, sodivm acclate,
cic), a stabilizer {¢.g. bumar scrum albumin), a soothing
agent (e.g. benzalkonium chloride, procaine hydrochloride,
cic) and other additives can also be added.

A dosage form for external 2pplication can be mamfac-
tured by processing the active component or components
into a solid, scmi-solid or hiquid composition. To maounfac-
ture a solid composition, for instance, the active componenl
or cogiponents, either as they are or in admixture with an
excipient {e.g. lactose, mannilol, starch, microcrystallive
cellulose, sucrose, cic), a thickener (c.g. patral gums,

' cellujose denivalives, acrybic polymers, eic.), cic, are pro-

cessed into powders. The liquid composition can be mams-
factured in substantially tbe same manner as the injections
mentioned above. The semi-solid composition is preferably
provided in a hydrous or oily gel form or an cintent form.
These compositions may optionally contain a2 pH control
agenl (¢.g. carbonic acid, phospboric acid, ditric acid, bydro-
chloric acid, sodium hydroxide, etc.), and a preservative
(c.g. p-bydroxybenzoic acid esters, chlorobutanol, benza-
Ikonium chloride, etc.), among other additives.

Suppositories can be mamfactured by processing Lhe
active component of components iolo an oily of aqueous
composition, whether solid, semi-solid or liquid. The ole-
aginous base that can be used inchudes, for instance, bigher
fatty acid glycerides [c.g. cacao bulter, Witepsols (Dinamit-
Nobel), cic.], medium-chain fatty acids [e.g. Migriols
(Dinamit-Nobel), etc.], vegetable oils {c.g. sesame oil, soy-
bean oil, cotion-seed oil, etc.), elc. The water-sohuble base
inchades, for instance, polyethylene glycols, propylenc
glycol, cic. The bydrophilic base inchudes, for jsstance,
patural gums, cellulose derivatives, vinyl polymers, and
acrylic polymers, cic.

The pbarmaccutical composition of the present invention
is low in toxicity and can be safely used in mammals (e.g.
bumans, mice, rats, rabbits, dogs, cats, bovines, borses,
swines, monkeys).

The dosage of the pharmaceulical composition of ibe
present invention may be appropriately determined with
reference to the dosages recommended for the respective
active compopents and can be sclected appropriately accord-
ing lo the recipient, the recipient’s age and body weight,
current clinical status, administration tie, dosage form,
method of administration, apd combination of the active
components, among other factors. For example, the dosage
of 1he insulin sensitivity enbancer for an adult can be
sclected from the dlinical oral dose range of 0.01 to 10
mg/kg body weight (preferably 0.05 to 10 mg/kg body
weight, more preferably 0.05 10 5 mg/kg body weight) or the
chinical parenteral dose range of 0.005 to 10 mg/kg body
weight (preferably 0.01 1o 10 mg/kg body weight, more
prefenably 0.01 10 1 mg/kg body weight). The otber active
component or components having different modes of action
for use m combination can also be used in dose ranges
selected by referring 1o the respective recommended climical
dose ranges. The preferred frequency of adminisiration is 1
to 3 bhmes a day.

The proportions of the active componeats in the pharma-
ceutical composition of the present invention can be appro-
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priately sclected according 1o the recipient, the recipient’s
age and body weight, cumment clinical status, administration
time, dosage form, method of administration, and combina-
tion of active componcols, among other factors. When, for
example, the compound represented by the formula (T) or a
pharmacologically acceptable salt thereof (e g. pioglitazone)
which is the insulin sensitivily enbapcer and voglibose
which is an a-glucosidase iphibitor are 10 be administered in
combipation to a buman subject, voglibose is used in a
proportion of usually about 0.000 to 02 weight parts and
preferably about 0.001 10 0.02 weight parts relative to 1
weight part of the compound or a salt thereofl When, for
example, the compound represcnted by the formula (IF) or a
pharmacologically acceplable salt (hereof and glibenclamide
which is an insulin secretion enbancer are 1o be administered
in combination 1o 3 buman subject, glibeoclamide is used in
a proportion of usually about 0.002 1o 5 weight paris and
preferably about 0.025 lo 0.5 weight paris, relative 1o 1
weight-part of the compound or a pharmacologically accepl-
able salt thereof.

The pbarmaceutical composition of the present inveation
shows a marked synergistic cHect compared with adminis-
tration of either active component alone. For example,
compared with cases in which cach of these active compo-
pents was administered to diabetic Wistar fatly rats with
genetical obsesity, administration of these active copo-
pents in combination resulted in marked improvements in
both byperglycemia aod reduced ghicose tokrance. Thus,
tbe pbarmacecutical composition of the present invention
Jowers blood glucose in diabetics more cffectively than it 15
the case with administration of cach component drog alone
and, therefore, can be used advantageously for the prophy-
Jaxis and treatment of diabetic complications.

Purtbertoore, since the pharmaceutical composition of the
present invenlion develops sufficient ¢ficacy with reduced
doses as compared with the administration of any one of the
active components alone, the side effects of the respective
components (¢.g. gastrointestinal disorders such as diarrhea,
cic.) can be reduced.

The following working examples aod cxperimental
examples are mercly intended to illustrate the present inven-
tion in further detail but should by oo means be construed as
defining the scope of the invention.

The pharmaceutical composition of the presept invention
can be prepared according lo the following formulations,

WORKING EXAMPLE 1

Caprules

(1) Pioglinzone hydrochloride 0 mg
(2) Voglibose D2 mg
(3) Lactose 0 mng
{4) Microcrystafline cxltolose 98 mg
(%) Magnesinm stcarase 10 mg
Thta) 180 mg

The wholke amounts of (1), (2), (3) and (4) and half the
amount of (5} are mixed well and grapulated in the conven-
tional manner. Then, the balance of (5) is added and, afier
mixing, the whole composition is filled in a gelatin hard
capsule shell
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WORKING EXAMPLE 2

Tablkets )

{1) Proglitazone bydrocMornide 10 mg
{2) Glibeoclamide 125 mg
{3) Lactose 8625 mg
{4) Cor sturch 0 rg
(5) Polyeibylene gtycol 15 =g
(6) Hydroaypropylceliuiose 4 g
) Caroxcllae calciom 55 mg
(8) Magoesinm sicanaie 05 mg

130 my {per tablet)

The whole amounts of (1), (2}, (3), (4), and (5), %
amounts of {6) and (7), and % amount of (8) are mixed well
and gramulated in the cogventional manner. Then, the bal-
ances of (6), (7) and (8) are added to the graules, which is
mixcd well and the whole composition is compressed with
a tablet machine. The adult dosage is 3 tablets/day, 1o be
taken in 1 1o 3 divided doses. -

WORKING EXAMPLE 3

Capsules

(1) Pioghtazone bydrochloride 10 mg
(2) Epalreatat 50 mg
(3) Laciose 55 mg
(4) Microcrystallioe cellnlose 35 mg
(5) Magoesiom stearate 10 mg
Totl 180 mg

The whole amounts of (1), (2), (3) 20d (4) and %5 amount -
of (5) are mixed well and graoulated in the cogventional
mamner. Then, the balance of (5) is added and the whole
composition is filled in gelatin capsule, shell. The adult
dosage is 3 capsules/day, to be laken in 1 to 3 divided doses.

EXPERIMENTAL EXAMPLE 1

Effext of pioglitazone hydrochloride in combination with
a-ghicosidase inkibitor in gepctically obese and diabetic
Wistar fatty nats

Male Wistar falty rats aged 1419 weeks were divided
into 4 groups of 5-6, and pioglitazone hydrochloride (1
mg/xg body wt./day, po.) and/or voglibose (am
a-ghcosidase inhibitor) (031 mg/kg body wi/day; admin-
istcred by mixing in commercial dict at 3 rate of 5 ppn) was
administered for 14 days. The blood was then collected from
tbe tail vein and the plasma ghacose and bemoglobin A, were
determined by the enzymatic method re Chemical
System, Baker) and using a commercial kit (NC-ROPET,
Nippon Chemipbar Co.), respectively. The resulls were
expressed in means standard deviation for each group
{o=5-6) and apatyzed by Dunnett’s lest, which are shown in
Table 1. The 1% level of significance was used.
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TABLE 1

Plasma glocose Hemoglobin A,
Growp (mg/aT) %)
Conuol 345 £ 29 57204
Pioglitazone 215 = 50" 52203
Voglibose 326 = 46 60206
Piogliazone + voglibose 114 2 23" 45 x 0.4

"P < 0.01 vi. control group

I is apparent from Table 1 that both the blood glucose and
hemoglobin A, levels were remarkably lowered by com-
bined administration of pioglilazone and voplibose as com-
pared with the administration of cither drog alope.

EXPERIMENTAL EXAMPLE 2

Effect of pioglitazone bydrochloride in combination with
an insulin secretion enbancer in geoctically obese and
diabetic Wistar fatty rats Male Wistar fatty rats aged 13-14
weeks were divided inlo 4 groups of 5, and pioglitazope
hydrochloride (3 mg/kgiay, p.o.) and/or glibenclamide (an
msulin secretion enhancer) (3 mg/kg/day, p.o.) was admin-
istered for 7 days. FoBowing an overnight fast, the oral
ghicose Joading test (2 g glucose/kg/S mi, p.o) was carried
out. Prior to ghicose Joading and 120 and 240 minutes afier
1he loading, blood was collecied from the 121l vein and the
plasma glucese was assayed by ibe enzymatic method
(Encore Chemical System, Baker). The results were
expressed in meantSD for each gronp (o=5) and analyzed
by Dunnet’s test, which are shown in Table 2.

TABLE 2
aama glu m,
Group 0 orin, 120 min 240 min.
Costrol n9 =9 241 = 58 137 = 10
Piogliazone 102 £12 13617 10229
Glibenchmide 118 =12 122 = 61 106 = 24~
Pioglitazone + glibenclannde 108 =3 86 x 10" 60 = 5*

*P < 0.01 vs. control group

It is apparent from Table 2 that the increase of blood sugar
following glucose loading was remarkably inhibited by the
combined administration of pioglitazone and glibenclamide
as compared with Lhe administration of cither drng alone.

The pharmaceutical composition of the present invention
shows a poient depressive effect on diabetic hyperglycemia
and is useful for prophylaxis and treatment of diabeics.
Morcover, this pharmaceutical composition is useful for

prophrylaxis and treatment of diabetic complications such as s

diabetic ocuropathy, ncpbropathy, rehnop:thy,
macroangiopathy, and osteopenia. In addition, by appropri-
alely selecting the kinds of component drugs, administration
route, dosage, clc. according to clinical statms, stable.
bypoglycemic efficacy in Jong-term lbcnpyc:nbcexpecled
with an cmmcly low risk of side cffect.

What is claimed is:

1. A pbarmaceutical composition comprising an insalin
sensitivity enhancer in combination with an insulin secretion
enhapcer, wherein the insalin sensitivity enbancer is selected
from the group consisting of:

(1) 5-(4-(2-(3-e1byl-2-pyridyl)ciboxy)benzyl)-2,4-
thiazolidinedione or its pharmacologically acceptable
salt,

(2) 5-(4-(2-(4-ctbyl-2-pyridyl)ethoxy)benzyl)-2,4-
thiazolidinedione or its pharmacologically acceptable
salt,
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(3) 5-(4-(2-(5-ethyl-2-pyridylethoxy)benzyl)-2,4-
thiazohdinedione or ils pharmacologically acoeptable
salt, and
(4) 5-(4-(2-(6-ctbyl-2-pyridyl)ethoxy)benzyl)-2,4-
tbiazolidinedione or its pharmacologically acceplable
sah.

2. The pharmacentical composilion according o claim 1,
wherein the insulin sensitivity enbaocer is pioghlazone or its
hydrochloride.

3. The phamnaceutical composition according 1o claim 1,
whercin the insulin secretion enbancer is a sulfonylurea.

4. The pharmaceutical composition accordiog to claim 3,
wherein the sulfonylurea is selected from tolbutamide,
chlorpropamide, tolazamide, actiobexamide, 4-chloro-N-
[(1-pyrolidinylamino)carbonyl)-benzenesulfonamde or its
ammonivm salt, glibenclamide, gliclazide, 1-butyl-3-
mehanilylirea, carbutamide, glibopuride, glipizide,
gliquidone, glisoxepid, glybuthiazole, glibuzole,
glybexamide, glymidipe, glypinamide, pbenbutanude and
tolcyclamide.

5. The pharmaceatical composition according o claim 1,
wherein the insulin secretion enbancer is glibenclamide.

6. The pharmaceutical composition according 1o claim 1,
wherein the insulin sensitivity eobancer is pioghtazonce or its
bydrochloride and the insubin secretion ephaocer is glib-
enclamide.

7. The pbarmaceutical composition according to claim 1,
which is for the treatment of diabetes.

8. The pharmaceutical composition according o claim 1,
wherein the amounl of the insulin secretion enhapcer is
about 0.002 to 5 weight parts relative 1o ope weight part of
tbe insulin semsitivity enbancer.

9. The pharmaccutical composition according 1o claim 1,
whercin the amount of the insulin seaetion enbancer is
about 0.025 to 0.5 weight parts relative to one weight part of
the insulin sensitivity enhancer.

10. The pharmaceutical composition according lo claim 1,
which bas a synergistic effect for the treatment of diabetes
in bumans.

11. The pharmaceutical composition according to claim 8,
which bas a synergistic cffect for the treatment of diabetes
in bumans.

12. The pharmaceutical composition according to claim 9,
which bas a syncrgistic cffect for the treaiment of diabetes
in bemans.

13. A mctbod for treating diabetes in 2 mammal in peed
thereof, which comprises admioisiering 1o such mamimal a
therapcutically effective amount of an ipsulin seositivity
cnhancer in combination with an ipsulin secretion enbancer,
wherein the insulin sensitivity cubancer is selected from the
growp consisting of

(1) 5- (4-(2{3-clhyl-2 pyridyDethoxy)berzyl)-2 4-

thiazolidinedione or its phanmacologically aeecplable
salt,

(2) 5-(4-(2«(4-c1byl-2-pyridyl)ethoxy)benzyl)-2,4-
thiazolidinedione or its pbarmacolog:ca]ly acceptable
salt,

{3) 5-(4-(2A(5-cthyl-2-pyridyD}ethoxy)benzyl)-2,4-
thiazolidinedione or its pharmacologically acoeptable
salt,

(4) 5-(4-(2-(6-cthyl- 2-pyndyl)elhoxy)benzyl) -2,4-
thiazolidinedione or its pharmacologically acceptable
salt.

14. The method according to claio 13, whercin the insulin

sensitivity enbancer is pioglitazone of its hydrochloride.

15. The method according to claim 13, wherein the insulin

sccretion enhancer is a sutfonylurea.
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16. The metbod according to claim 15, wberein the
sulfonylurea is selected from lolbutamide, chiorpropamide,
tolazamide, acetohexamide, 4-chloro-N-[(1-
pyrolidinylamino)carbonyl]-benzenesutfonamide or its
ammonium salt, glibenclamide, gliclazide, 1-butyl-3-
metapilylurea, carbutamide, gliboouride, glipizide,
gliquidone, glisoxepid, glybuthiazole, glibuzole,
glyhexamide, glymidine, glypinamide, phenbutamide and
tolcyclamide.

17. The method according 16 claim 13, wherein the insulin
secretion enhancer is glibenclamide.

18. Tbe method according 1o claim 13, wherein the insulin
seasitivity cabancer is pioglilazone or its hydrochloride and
the insulin secretion enhancer is glibenclamide.

19. The mxthod according to claim 13, wherein the
amouni of the jusulin secreticn enbancer is about 0.002 10 5
weight parts relative to ope weight part of the insulin
scositivity enhancer.

20. The metbod according to claim 13, wherein the
amoupl of the insulin secretion enbancer is about 0.025 10

5

10

15

20
0.5 weight parts relative 10 one weight part of the insulin
sensitivity enbancer.

21. The method according to claim 13, which provides a
synergistic effect for the treatment of diabetes in humans,

22. The metbod according to claim 19, which provides a
syncrgistic effect for tbe treatment of diabeles in bumans.

23. The metbod according to claim 28, which provides a
synergistic effect for the treatment of diabetes in bumans.

24. The method according lo claim 13, wherein the igsulin
sensitivity enhancer apd the insulin secretion enhancer are
mixed together 10 form an admixture and the admixtore is
adminisiered lo the mamial.

25. The method according 1o claim 13, wherein the insulio
sensitivily enhancer and the insulin secretion ephancer are
oot mixed togetber to form an admixture bt are adminis--
tered independently lo the mammal.

* & L L] »
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PHARMACEUTICAL COMPOSITION

This application is a divisional of application Ser. No.
09/057,465, filed Apr. 9, 1998, now U.S. Pat. Na. 5,965,584
which is a divisional of application Ser. No. 08/667,979,
filed Jun. 19, 1996, now U.S. Pat. No. 5,952,356.

FIE1 D OF THE INVENTION

The prescot invention relales lo a pharmaceutical com-
position comprisiog an insulin sensitivity esbancer in com-
binatios with one or more other antidiabetics differing from
said enhaocer in lbe mechbanism of action.

BACKGROUND OF THE INVENTION

Recent years, the patbelogy of diabetes bas become more
and more nodersiood and, in parallel, drugs specific for the
respective pathologic states bave beea developed. Accord-
ingly a variety of drogs having new mechanisis of action
have appeared one afier another.

Iosulin scasitivity enbaocers are also known as insulin
resistance deblockers because they have the action to nor-
malize the impaired insulin recepior function, aud are gath-
ering much atteption in these years.

Regarding such insnlin sepsitivity enhancers, a very use-
ful compound such as pioglilazone has been developed
[Fujita cf al., Diabetcs, 32, 804810, 1983, JP-A S55(1980)-
22636 (EP-A 8203), JP-A S561(1986)-267580 (EP-A
193256)) Pioglilazope restores the unpaired insulin receptor
function to pormalize the upeven distribution of ghucose
iransporters in cells, the cardinal enzyme systems associated
with glycometabolism, such as glicokinase, and enzyme
systems associsted with lipidmetabolism, such as lipopro-
tcin lipase. As Ibe results, insulin resistance are deblocked 10
improve glucose tolerance, and lower the plasma concen-
trations of peutral hipids and free fatty acids. Since these
actions of pioglitazooe are comparatively gradual and the
risk of side cffect In loog-term administration is also low,
this compound is useful for obese paticnts who are presumed
to be highly insulin-resistant.

Also, insulin sensitivity enbancers such as CS-045, thazo-
lidiedione derivatives and substituted thiazolidinedione
derivatives are reported 10 be used in combination with
insulin [JP-A H4(1992)-66579, JP-A H4(1992)-69383, JP-A
}15(1993)-202042] However, the pharmaccutical composi-
tion having a specific combination of tbe present invention
is unknown.

Diabeles is a clwonic disease with diverse pathologic
manifestations and is accompanied by Epidmetabolism dis-
orders and circalatory disorders as well as glycometabolism
disorders. As the results, diabetes teods to progress entailing
various complicalions i many cases. Thercfore, il is nec-
essary to select the drug of choice for the prevailing disease
state in each individual case. However, this sclection is often
difficalt in clinical settings because single use of cach
individual drog can nol bring sufficient cffects in some
discase states and there are various problems such as side
effect which is caused by an increased dose or 2 long-term
administration

SUMMARY OF THE INVENTION

In view of the above stale of the art, the inventors of the
present invention did much rescarch to develop antidiabetics
which would pot virtually cause adverse reactions even on
long-tcym administration and coukd be effective for a large
cobort of the diabetic population. As a consequence, they
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discovered thal the above object can be accomplished by

using an insulin sensitivity eohancer, such as the drug

described above, In combination with other antidiabelics
differiog from said enhancer in the mecbhanism of acticn, and
accordingly have perfected the preseot invention.

The present invention, therefore, relates to:

1) Pharmaccutical composition which comprises an insulin
sensitivilty enbancer in combipation with at least one
member of the group consisting of an a-glucosidase
inhibitor, an aldose reductase inhibitor, a biguanide, a
statin compound, a squalepe synibesis inhibitor, a fibrate
compoupd, 2 LDL catabolism enhapcer and an angio-
tensin converting ¢azyme inhibitor;

2) Phasmaceutical composition according to 1), wherein the
insulin sepsitivity cobancer is a compound represented by
the formula:

@O
b
] i /TA—CIr-i.\—NHi:o
f

O

wherein R represents an optionally substituled bydrocar-

bon or beterocyclic group; Y represents a P'onp repre-
sepled by —CO—, —CH(OH)— or — (whercin
R? represents an optionally substituted alkyl group); w is
Oor1;nis 0, 1 or 2; X represents CH or N; A represents
2 bond or a C,_, divalent aliphatic bydrocarbon group; Q
represeots oxygea atom or sulfur atom; R represents
hydrogen atom or 2n alky! group; ring E may optiopally
bave 1 to 4 substituents, and the substituents may option-
ally be combined with R' to form 2 ring; L and M
respectively represent hydrogen atom, or L and M may
optionally be combined with cach other 10 form 2 bond;
ot a pbarmacologically acceptable salt thereof;

3) Pharmacentical composition according to 2), wherein the
compound represented by the formula () is pioglilazone;

4) Phamnaceutical composition according to 1), which com-
prises an insulin sensitivity enbancer in combination with
an a-ghicosidase inhibitor;

5) Pharmacentical compasition according to 4), wherein the
a-ghicosidase inhibitor is voglibose;

6) Pharmaceutical composition according to 4), wherein the
insulin sensitivity enbancer is pioglitazone and the
a-glicosidase inhibilor is voglibose;

7) Phannaceatical composition according to 1), which is for

rophylaxis or trestment of diabetes;
Pbarmaceutical composition which comprises a com-
pound represented by the formmula:

am

‘, M
n)—n—ai—{:—f=o
Q\i/""

0

Rt

wherein R' represents an optionally sabstituted hydmar
bon or beterocyclic group; Y represents a 3gm'up
sented by —(C0-——, ——CH(OH)— or — (wbcrem
R? represents an optionally substituted alkyl group); m is
Oor1;nis 0,1 or 2 X rcpresents CH or N; A represents
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a bond or a C,_, divalent aliphatic bydrocarbon group; Q
represeots oxygen atom of sulfur atom; R? represents
bydrogen atom or an alkyl growp; ring E may optionally
have 1 1o 4 subshivents, and the subshituents may option-
ally be combiped with R! to form a ring; L and M
respectively represent hydrogen atom, or L and M may
optionally be combined with ¢ach otber 10 form a bond;
with a proviso that R' does pot represent benzopyranyl
group when m and 1 are O, X represcnts CH, Arcpresents
a bond, Q represents sulfur alom, R?, L and M represent
bydrogen alom and ring E does oot have furtber substitu-
cots; or a pharmacologically acceptable salt thereof in
combination with ap insulin secretion enbancer and/or an
insulin preparation;

9) Pbarmaceutical composition according to 8), wherein the
compound represepted by the formula (1) is the com-
pound represepted by the formula:

()

CﬁT\ CBzCHr‘O—< >—cu17—-< ’
S\rNH

O

10) Pharmacentical composition according to 8), wherein
the compound represented by the formula (H) is piogli-
tazone,

11) Pharmaceutical composition according to 8), wherein
the insulin secretion enbancer is glibenclamide;

12) Pharmaceutical composition acconding to 8), wherein
the compound represented by the formula (A1) is pioghi-
tazone and the insulin secretion enbancer is glibencla-
miade;

13) Pharmaceutical composition according 1o 8), which is
for propbylaxis or treatment of diabetes.

DETAILED DESCRIPTION OF THE
INYENTION

The term “insulin sensitivity. enhancer” as used in this
specification means any 2od all drog substances that restore
the impaired imsulin receptor function to deblock insalin
resistance and consequently enhance insulin seositivity. As
examples of the insulin sepsitivity enbancer, the compound
represended by the formula (I) or a pharmacologically
acceptable salt thereof can be mentioned.

In the formula (I), as the hydrocarbon group in the
optionally substituted hydrocarbon group represcoted by R,
meotion is made of aliphatic hydrocarbon groups, alicyclic
hydrocarbon grovps, alicyclic-alipbatic hydrocarbon
groups, aromatic aliphatic bydrocarbon gronps and aromatic
hydrocarbon growps. Number of carbon atoms in ibese
hydrocarbon groups is preferably 1 to 14.

The aliphatic bydrocarbon groups are preferably those
having 1 to 8 carbon atoms. As the alipbatic hydrocarbon
groups, mention is made of C, 4 saturated aliphatic bydro-
carbon groups (e.g. alkyl group) as exemplified by methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec.-butyl, t.-butyl,
pentyl, isopentyl, ncopentyl, L-pentyl, bexyl, isobexyl, bep-
tyl and octyl, and C, , vnsaturated alipbatic hydrocarbon
groups (¢.g. alkenyl group, alkadieayl group, alkynyl group,
alkadiynyl group) as exemplificd by vinyl, 1-propenyl,
2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methyl-1-

10

15

35

45

55

[

4

propeoyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl,
3-meihyl-2-butenyl, 1-hexeoyl, 3-bexenyl, 2,4-bexadicoyl,
5-bexenyl, 1-beptenyl, 1-ocienyl, ctbynyl, 1-propynyl,
2-propynyl, 1-butyoyl, 2-butynyl, 3-butynyl, 1-pentynyl,
2-pentynyl, 3-pentynyl, 4-peatynyl, -bexynyl, 3-bexynyl,
2,4-bexadiynyl, 5-hexynyl, 1-heptynyl and 1-octynyl.

The alicyclic bydrocarbon groups are preferably 1hose
having 3 10 7 carbon atoms. As the alicyclic hydrocarbon
groups, mention is made of C, , saturated alicyclic hydro-
carbon groups (e.g. cycloalkyl group) as exemplified by
cyclopropyl, cyclobutyl, cyclopentyl, cyclobexyl and
cyclobeptyl, and C;_, unsaturated alicyclic hydrocarbon
groups (e.g. cycloalkenyl group, cycloalkadienyl group) as
exemplified by 1-cyclopentenyl, 2-cyclopentenyl,
3-cyclopentenyl, 1-cyclobexenyl, 2-cyclobexenyl,
3-cyclobexcayl, 1-cyclobeptenyl, 2-cycloheptenyl,
3-cycloheplenyl and 2,4-cyclobeptadienyl.

As the alicyclic-alipbatic hydrocarbon groups, mentioa is
made of, among those formed by combipation of the above-
meplioned alicyclic hydrocarbon groups with aliphatic
hydrocarbon groups (e.g. cycloalkyl-alkyl group,
cycloalkenyl-alkyl group), ones having 4 to 9 carbon aloms
as excmplified by cyclopropylmethyl, cyclopropylethyl,
cyclobutylmethyl, cyclopentylmethyl,
2-cyclopentenylmethyl, 3-cyclopenicoylmetbyl,
cyclohexylmethyl, 2-cyclobcxcnylmethyl,
3<cyclobexenylmethyl, cyclobexylkethy!, cyclobexylpropyl,
cyclobeptylmethyl and cyclobeptylethyl.

The arowatic alipbatic hydrocarbon groups are preferably
those baving 7 10 13 carbon atoms (e.g. aralkyl group). As
the aromatic alipbatic hydrocarbon gronps, mention is made
of C,, phenylalkyl as exemplified by benzyl, phepethyl,
1-phenylethyl, 3-phenylpropyl, 2-phenylpropyl and
1-phenylpropyl, and C,,_,, napbthylaikyl as exemplified by
a-naphthylmethyl, a-naphthylethyl, f-paphithyimethyl and
B-naphthylethyl.

As the aromatic hydrocarbon groups, mention is made of,
opes having 6 1o 14 carbon atoms as exemplified by phenyl,
naphthyl (a-saphtyl, B-naphthyl).

In the fonpula (I), as the beterocyclic group in the
optionally substituted heterocychc group represented by R,
meotion is made of, for cxample, 5- 10 7-membered hetero-
cyclic groups coptaining, as a ring component atom, 1 1o 4
betero atoms sclected from oxygen atom, sulfur atom and
nirogen alom, and a condensed ring group. As the con-
densed ring, mention is made of, for example, these 5- to
7-membered heterocyclic groups condensed with
6-membered ring containing one or wo nitrogen aloms,
benzenc ring or 5-membered ring containing one sulfor
alom.

Examples of these heterocyclic groups inchude 2-pyridyl,
3-pynidyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl,
3-pyrimidinyl, 6-pyrimidinyl, 3 -pyridazinyl, 4-pyridazinyl,
2-pyrazinyl, 2-pyrrolyl,, 3-pyrrolyl, 2-imidazolyl,
4-imidazolyl, 5-imidazolyl, 3-pyrazoly), 4-pyrazolyl,
isothiazolyl, isoxazolyl, 2-ihiazotyl, 4-thiazolyl, S-thiazolyl,
Z-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1,2 4-oxadiazol-5-yl,
1,2,4-triaz0)-3-y), 1,2,3-iHazol-4-yl, tctrazol-5-yl,
benzimidazol-2-yl, indol-3-yl, 1H-indazol-3-yl, 1H-pyrrolo
[2,3-blpyrazin-2-yl, 1H-pyrrolo[2,3-blpyridin-6-yl,
1H-imidazof4,5-blpyridin-2-yl, 1H-imidazo{4,5-cJpyridin-
2-y]l, 1H-imidazo{4,5-blpyrazin-2-yl and benzopyranyl
Among them, pynridyl, oxazolyl or thiazolyl group is pref-
crable.

In ibe formula (T), the bydrocarbon group and beterocyclic
gronp represented by R may optionally have 1 1o 5, prefer-
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ably 1 to 3 subslivents at any substittable positions.
Examples of such substituents include alipbatic bydrocarbon
group, alicyclic hydrocarbon group, aryl group, aromatic
heterocyclic group, noo-aromatic heterocychic group, hale-
gen atom, nitro group, oplionally substituted amino group,
optionally substituted acyl group, optiopally substituted
hydroxyl group, optionally substituted thiol group, opbion-
ally esienfied carboxyl group, amidino group, carbamoyl
group, sulfamoyl group, sulfo group, cyano group, azido
group and nityoso group.

Examples of the aliphatic bydrocarbor groups include
C,.1s straight-chain or branched aliphatic hydrocarbon
groups as exemplificd by alkyl group, alkenyl group, and
alkynyl group.

Preferable cxamples of the alky! group include C,_, , alky!
grovps such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec.-butyl, L-butyl, pentyl, isopentyl, pecopentyl,
L.-pentyl, 1-cthylpropyl, bexyl, ischexyl, 1,1-dimethyburyl,
22-dimcthylbutyl, 3,3-dimetbyibutyl, 2-cthyibutyl, bexyl,
peotyl, octyl, nonyl aod decyl.

Preferable cxamples of the alkeny] group include Ci0
alkeny! groups such as vinyl, allyl, isopropenyl, 1-propenyl,
2-metbyl-1-propenyl, 1-butenyl, 2-butenyl, 3-buicoyl,
2-cthyl-1-butenyl, 3-methyl-2-butenyl, 1-pentenyl,
2-penienyl, 3-pentenyl, 4-penienyl, 4-methyl-3-pentenyl,
1-bexenyl, 2-bexenyl, 3-bexenyl, 4-bexenyl and 5-bexenyl

Preferable examples of the alkynyl group include Ciio
alkynyl groups such as ethyoyl, 1-propynyl, 2-propynyl,
1-butyoyl, 2-buiynyl, 3-butynyl, 1-pentynyl, 2-pentynyl,
3-pentynyl, 4-pentynyl, 1-bexynyl, 2-hexyvy), 3-bexynyl,
4-bexynyl and 5-bexynyl.

As the alicyclic hydrocarbon group, mention & made of
G, 12 saturated or unsaturated alicyclic bydrocarbon groups
as exemplificd by cycloalkyl grounp, cycloalkenyl group and
cycloallcadicny] group.

Preferable examples of cycloalkyl group include C, o
cycloalkyl groups such as cyclopropyl, cyclobulyl,
cyclopentyl, cyclobexyl, cyclobeptyl, cyclooctyl, bicyclo
[2-2.1]beptyl, bicyclo[2.2.2)octyl, bicyclo{3.2.1]Joctyl,
bicyclo{3.2.2Joonyl, bicyclo{3.3.1Jponyl, bicyclo[4.2.1]
nonyl and bicyclo[4.3.1 ecyl.

Preferable examples of the cycloalkenyl group include
C;.,0 cycloalkenyl groups such as 2-cyclopenten-1-yl,
3<cyclopenten-1-yl, 2-cyclobexea-1-yl and 3cyclobexen-1-
yl

Preferable examples of the cycloalkadienyi group include
Ca30 cycloalkadicnyl groups such as 2,4cyckpentadicn-1-
yL Z,4cyclobexadien-1-yl and 2,5cyclobexadien-1-yl.

Preferable cxamples of the aryl group include C, ,, aryl
groups such as pbenyl, naphtbyl (1-naphthyl, 2-naphthyl),
anthry], phepanthryl and acenaphtbylenyl.

Preferable exampks of the aromatic beterocychic group
inchde aromatic mopocyclic heterocyclic groups soch as
furyl, thienyl, pymolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, imidazolyl, pyrazolyl, 1,2.3-oxadiazolyl, 1,2,4-
oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 12,3-thiadiazolyl,
1,2,4-hiadiazolyl, 1,3,4-thiadiazolyl, 1,23-triazolyl, 1,2,4-
triazolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrzinyl and triazinyl; and aromatic condensed beterocy-
clic groups such as benzofuranyl, isobenzofurapyl, benzo
[b]tbienyl, indolyl, isoindolyl, 1H-indazolyl,
benzimidazolyl, benzoxazolyl, 1,2-benzoisoxazolyl,
benzothiazolyl, 1,2-benzoisothiazolyl, 1H-benzotriazolyl,
quinolyl, isoquinolyl, cinnolinyl, quinazolinyt, quinoxalinyl,
phthalazinyl, naphtbylidinyl, puriny}, pteridinyl, carbazolyl,
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a-carbolinyl, B-carbolinyl, y-carbolinyl, acridinyl,
pbenoxazinyl, phenothiazinyl, pbenazinyl, pbepoxatbiipyl,
thianthrenyl, phenaibridinyl, pbenathrolinyl, indoliziayl,
pymolo{1,2-blpyridazinyl, pyrazolof1,5-alpyndyl, imidazo
[1,2-alpyridyl, imidazo[1,5-alpyridyl, imidazo{1,2-b]
pynidazinyl, imidazo{1,2-alpyrimidinyl, 1,2,4-triazolo{4,3-
alpyridyl and 1,2,4-triazolo{4,3-blpyridazinyl.

Preferable examples of the non-aromatic beterocyclic
group include oxiranyl, azetidinyl, oxelanyl, thietanyl,
pyrrolidinyl, tctrabydrofuryl, ibiolanyl, piperidyl,
tetrabydropyranyl, morphbolinyl, thiomorpholinyl,
piperazinyl, pyrrolidino, piperidino, morpholine and thio-
morpbolioo.

Examples of the halogen atom include foorine, chiorine,
bromine and jodine.

As the substituted amino group in the optionaily substi-
tled amino group, meotion is made of, N-monosubstituted
amino group and N,N.disubstituted amino group. Examples
of the substituled armino groups inchide amino groups hav-
ing one or two substituents selected from C, _, alkyl group,
Cy.20 alkenyl group, C, ,, alkynyl group, aromatic group,
beterocyclic group and C, 4 acyl group (c.g. metbylamino,
dimecthylamivo, cibylamino, dicthylamino, dibutylamino,
diallylamino, cyclobexylamino, pbenylamino, N-methyl-N-
pbenyl-amino, acetylamino, propionylamino, benzoylamino
and nicotinoylamino) As the acyl group, mention is made of
Cy13 3yl groups such as C, ,, alkanoyl group, Caso
alkenoyl group, C, ;, cycloalkanoyl group, C, o cycloalk-
enoyl group and C, ,, aromatic carbonyl group.

Preferable cxamples of the C, ,,, alkanoyl group inchide
formyl acetyl, propionyl, butyryl, isobutyryl, valeryl,
isovalery), pivaloyl, bexanoyl, beptapoy! and octanoyl Pref-
erable cxamples of the C, ,, alkcnoyl group include
zayloyl, methaaryloyl, aotopoyl and isocrotonoyl Prefer-
able examples of C,,, cycloalkanoyl group include
cyclobutanecarbonyl, cyclopeptanccarbonyl, cyclobexan-
ecasbonyl and cyclobeptanecarbonyl. Preferable examples
of C,,o c¢ycloalkenoy! group include
2cyclohcxepecarbonyl. Preferable examples of Coyp aro-
matic carbonyl grovp include benzoyl, naphthoyl and nico-
tinoyl

As the substituent in the substihied acyl group, mention
is made of, for example, C, , alkyl group, C, , alkoxy -
group, halogen atom (e.g. chlorine, fuorine, bromine, clic.),
nitro group, hydroxyl group and amino group.

As the substituted hydroxyl group in the optionaBy sub-
stituted hydroxyl group, mention is made of, for example,
alkoxy group, cycloalkyloxy group, alkenyloxy group,
cycloakenyloxy group, analkyloxy group, acyloxy group
and aryloxy group. '

Preferable examples of tbe alkoxy group inchide C, ;o
alkoxy groups such as mecthoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec.-butoxy, t.-butoxy,
pentyloxy, isopentyloxy, ncopentyloxy, bexyloxy, beptyloxy
and nonyloxy. Prcferable examples of the cycloalkyloxy
grovp inclede C,,, cycloalkyloxy groups such as
cyclobutoxy, cyclopentyloxy and cyclohexyloxy. Preferable
examples of the alkenyloxy group include C, ,, alkenyloxy
groups such as allyloxy, crotyloxy, 2-pentenyloxy and
3-hexenyloxy. Preferable examples of the cycloalkenyloxy
group include C,,, cycloalkenyloxy groups such as
Zcyclopentenyloxy and 2-cyclobexenyloxy. Preferable
cxamples of the aralkyloxy group inchde C,,, aryloxy
proups such as phenyl-C; ,akyloxy (e2. benzyloxy and
phencthyloxy). Preferable examples of the acyloxy group
include C, ;5 acyloxy group, more preferably C, , alkanoy-
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loxy groups (e g. acetyloxy, propionyloxy, butyryloxy aod
isobutyryloxy). Preferable examples of tbe aryloxy group
inchude Cg ,, aryloxy groups such as pbenoxy and papbihy-
loxy. The aryloxy group may optiopally bave one or two
subslitucols such as balogen atom {e.g. chlorine, Buoripe,
bromine). Examples of ibe substituted aryloxy group include
4-chloropbe noxy.

As the substineted thiol group in the optionally substituted
thicl group, meatjon is made of, alkylthio group, cycloalky-
Ithio group, alkenylthio group, cycloalkenylthio group,
aralkylihio group, acyhhio group and arylthio group.

Preferabie examples of the alkylthio group include C,_,q
alicylthio groups such as methylihio, ethylibio, propylibio,
isopropylthio, butylthio, isobutylihio, sec.-butylihio,
L.-bulylthio, pentylthio, isopentylihio, ncopentylthio,
bexylthio, heptylthio and nonyhhio. Preferable examples of
the cycloalkylthio group include C,_,, cycloalkylthio groups
such as cyclobutylthio, cyclopentylthio and cyclohexylthio.
Preferable examples of tbe alkenylthio group include C, ,,
alkenylthio groups such as allylibio, crotylibio,
2-pentcoyhthio and 3-bexenylthio. Preferable cxamples of
the cycloalkenylthio group include C, ,4 cycloalkenyhbio
groups such as 2-cyclopentenylthio and 2-cyclobexenylthio.
Preferable examples of the analkylthio include C, ,, aralky-
Iihio groups such as pheny)-C, ,alkyhhio (e.g. benzyhhio
and phepethylthio). Preferable examples of the acyhhio
group inchide C, 4 acylthio gronp, more preferably C, ,
alkanoylthie groups (c.g. acelylthio, propionylthio,
butyrylthio and isobutyrylthio).

Preferable examples of the arylthio group inchide C, ,,
arylthio groups such as phenylthio and papbthylthio. The
arylihio group may opticnally have one or two substituents
such as halogen atom (c.g. chlorine, Ruorine, bromine).
Examples of the substituted arylthio group inchide
4-chlorophenylthio.

As the opniopally esterified carboxyl group, meotion is
made of, for example, alkoxycarbonyl group, aralkyloxy-
carbonyl group and aryloxycarbonyl group.

Preferable examples of the alkoxycasbonyl group include
C, s alkoxycarbonyl groups such as metboxycarbonyl,
ctboxycarbonyl, propoxycarbonyl and butoxycarbonyl.
Preferable examples of the aralkyloxycarbonyl group
inchide Cy ,, aralkyloxycarbonyl groups such as benzyloxy-
carbonyl. Preferable examples of the aryloxycarbonyl group
inchde C, ,, aryloxycarbonyl groups such as phenoxycar-
bonyl and p-tolyloxycarbonyl.

Among the substitucnts on the hydrocarbon group and
beterocyclic group represented by R, C, ,, alkyl groups,
aromatic beterocyclic groups and C, ., aryl groups are
preferable, and C, , alkyl, furyl, thienyl, phenyl and naph-
thyl are especially preferable.

1a the formulz (I), substituents on the hydrocarbon group
and heterocyclic group which are represented by R, may,
when they are alicyclic hydrocarbon group, aryl group,
aromatic beterocyclic group or pon-aromatic beterocyclic
group, have one or more, preferably 1 1o 3, of suitable
substituents respectively. Examples of these substituents
inchode C, 4 alkyl groups, C, 4 alkenyl groups, C, ¢ alkynyl
groups, G, ; cydlealkyl groups, C ,, aryl groups, aromatic
beterocyclic groups (e.g. thienyl, faryl, pyridyl, oxazolyl
and thiazolyl), non-aromatic heterocyclic groups (e.g.
tetrahydrofury], morpbolino, thiomorpboline, piperidino,.
pyrrolidine and piperazino), C,, aralkyl groups, amino
group, N-mono-C,_, alkylamino groups, NN-di-C,_, alky-
Jamino groups, C, 4 acylamino groups (e.g. acctylamino,
propionylamino apd benzoylamino), amidino group, C,,
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acyl growp (e.g. C, , alkanoyl groups), carbamoyl group,
N-mono-C, , alkyl carbamoyl groups, NN-di-C, , alkyl
catbamoyl groups, sulfamoyl grovp, N-mono-C,, alkyl
sulfamoyl groups, N.N-di-C, , alkyl sulfamoy] groups, car-
boxyl group, C, 4 alkoxycarbooyl groups, hydroxyl group,
C,.4 alkoxy groups, C, ; alkenyloxy groups, C; , cycloalky-
loxy groups, C,, aralkyloxy groups, Cy ;, aryboxy groups,
mercaplo groap, C, , alkylthio groups, C,, aralkylthio
groups C, \, arylthio groups, sulfo growp, cyano group,
azido group, nitro group, nitroso group and balogen atom.

In the formula (J), R is preferably an optionally substi-
tuted belerocyclic group. R is more preferably pyridyl,
oxazoly! or thiazolyl group which is optionaily substituted
by 1 10 3 substitucnts selected from C, 4 alkyl group, foryl
group, thienyl group, pbenyl group and naphthyl group.

R' in the formula (II) has the same definition as R exocpt
that R’ dees ol represent benzopyranyl group when m and
o are O; X represents CH; A represeots a bond; Q represents
sulfur atom; R*, L and M represent bydrogen atoos; and ring
E does pot bave further substituents.

In the formulae (T) and (), Y represents —CO—, —CH
(OH)— or —NR’~- (whercin R? represents an optionally
substitated alkyl gromp), preferably —CH(OH)— or
—NR*—. As tbe alkyl group in the optionally substituted
alkyl grovp represented by R?, mention is made of, for
example, C;_, aky! groups such as metbyl, ethyl, propyl,
isopropyl, buty, isobutyl, sec.-butyl and 1.-butyl. Examples
of the substituenis include halogen (c.g., flvorine, chlorine,
bromine and iodine}, C,, alkoxy groups (eg. methoxy,
ethoxy, propoxy, buloxy, isobuloxy, scc.-butoxy and
t.-butoxy), hydroxyl group, nitro group and C, , acyl groups
{c.g. formyl, acetyl and propionyl).

The symbol m is 0 or 1, preferably 0.

The symbol nis 0, 1 or 2, preferably 0 or 1.

X represents CH or N, preferably CH.

To the formulae (I) and (ID), A represents a bond or 2 C, ,
divalent alipbatic bydrocarbon group. The aliphatic hydro-
carbon group may be straight-chain or branched, and satu-
rated or unsaturated. Specific examples of the alipbatic
bydrocarbon group include saturated opes [e.g. —CH,—,
—CH(CH)—, —(CH,),—, —CH(CH)—, —{(CH,),—,
—(CH)—, —(CH,);—, —~(CHy)y— and —(CH),—]
apd upsaturated omes {e.g. —CH=CH—, —C{CH,)
=CH—, —CH=CH—CH,—, —C(C,H,)—CH—,
—CH,—CH=CH—CH,—, —CH,—CH,—CH=CH—
CH,—. —CH=CH—CH=CH—CH,— and
~LCH=CH—CH=CH - A is prefer-
ably a bond or C,_, divalent aliphatic hydrocarbon groups,
tbe aliphatic hydrocarbon groups preferably being saturated.
A is more prefenably a bond of —(CH,),—.

As the alkyl group represented by R, substantially the
same ons as the alkyl group in the above-mentioned R, R*
is preferably hydrogen atom. ,

In the formulae (T) and (I), the partial formela:

/@_

Ring E has 1 1o 4 substitucots at any substitutable posi-
tions. Examples of such substituents include alkyl group,
opticnally substituted hydroxyl group, halogen atom,
optionally substituted acyl group and optionally substituted
amino group. These substituents have substantially the same

prefenably represents
the fororale: .
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meaping as those described as substituents of the hydrocar-
bob group and helerocyclic group represented by R.
Ring E, pamely the partia} formula:

wherein R? represents hydrogen atom, an alkyl group, an
optionally substituied hydroxyl group, a halogen atom, an
optionally substituled 2cyl group, nitso group or an option-
aflly substituted amino group.

As the alkyl group, optionally substituted bydroxy? group,
halogen atom, opticnaily substituted acyl grovp and oplion-
ally substituted amino group represented by R?, meation is
made of those described as substitucnts of the hydrocarbon
group and heterocyclic group represented by R. R? is
preferably hydrogen atom, optionally substituted hydroxyl
group or halogen atom, more preferably hydrogen atom or
optionally substituted bydroxy} group, especiatly preferably
bydrogen atom or C,_, alkoxy groups.

fo the formulae (1) and (1), L and M represent hydrogen
atom, or lbey may oplicnally be combined with each other
o form 2 bond. L and M are preferably hydrogen atom.

Io the compounds wherein L and M are combined with
cach otber to form a bond, there exist (E) and (Z)-isomers
relative 1o the double bond at the 5-position of the azo-
lidinedione ring.

And, in the compounds whercin L and M respectively
represent hydrogen alom, there exist (R)- and (S)-optical
isomers due 10 the asymmetric carbon al the 5-position of the
azolidinedione ring. The compounds include these (R)- and
(S)-optical isomers and racemic isomers.

Preferable examples of the compounds represenied by the
formula (T) or (U) includes those in-which R is pyndyl,
oxazolyl or thiazoly] group opticnally baving 1 to 3 sub-
stituents sclected from C, , alkyl, fury], thienyl, phenyl and
paphtbyb m s O; nis Qor 1; X is CH; A is 2 bood or
—(CHy),—; R’ is hydrogen atom; ring E, namely the partial
formula:

R
e =
/G} the fwm:l.: Ij/
\x X

and R? is bydrogen atom or C,_, alkoxy group; and L and M

are both bydrogen atom.

Preferable examples of the compound represented by the
formula () include

(1) the compound represented by the formula (1) such as
5-{4-[2-(3-¢thyl-2-pyridyl)ethoxyJbenzyl]-2,4-
thiazolidinedjone; 5-{4-{2(4-cthyl-2-pyridyl)etboxy}-
benzyl)-2,4-thiazolidinedione; 5-[4-[2-(5-¢thy)-2-
pyridyl)cthoxy Joenzyl}-2,4-thiazolidinedione (generic
name: pioglitazone); and 5{4-[2-(6-cthyl-2-pyridyl)
ethoxybenzyl} 2, 4-thiazolidinedione;

(2) (R)-(+)-5-[3-[4-[2-(2-furyl)-5-mecthyl-4-
oxazolylmecthoxy]-3-methoxyphenyllpropyl}-2,4-
oxazolidinedione; and

(3) 5-{[4-f(3,4-dihydro-6-hydroxy-2,5,7,8-tetrameihyl-2H-
1-benzopyran-2-yl)methoxylphenylJmethyl)-2,4
-thiazolidinedione (generic pame: troghitazone/CS-045).
The compound represented by the formula (1) is espe-

cially preferably pioglitazone.

preferably represents
the formula:
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The cornpound represeoted by the formula (1) is prefer-
ably the compound represented by the formula (111) and
(R}-(+)-54{3-{4{2-(2-furyl)-5-mcthyl4-oxazolylmecihoxy}-
3-methoxypbenyllpropyl}-2,4-0xazolidinedione, more pref-
crably pioglitazooe.

The pharmacologically acceptable sah of the compound
represented by e formula (1) or (IT) are exemplified by salts
wilth inorganic bases, salls with organic bases, salts with
inorganic acids, salts with organic acids, and salts with basic
or acidic amino acids.

Preferable examples of salls with inorganic bases include
salts with alkali melals such as sodium, potassium, cic., salts
with alkaline carth metals such as calcium, magnesivm, cic.,
aod sajts with alumirurm, smmoniom, ete.

Preferable examples of salts with organic bases include
salts with irimethylamipe, tricthylamipe, pyridioe, picoline,
cthanolamine, dicthanolamine, iricthanolamine,
dicyclobexylamine, N,N-dibenzylethylenediamine, cic.

Preferable examples of salts with inorganic acids include
salts with hydrochloric acid, hydrobromic acid, nilric acid,
sulfuric acid, phosphoric acid, etc.

Preferable examples of salts with organic acids inchude
salis with formic acid, acetic acid, triflucroacetic acid,
fumaric acid, oxalic acid, tartaric acid, maleic acd, oitne
acid, svccinic acid, malbic acid, methanesulfonic acid., ben-
zenesulfonic acid, p-toluiencsulfonic acid, cic.

Preferable examples of sahs with basic amino acids
include salts with arginine, lysine, ornithine, etc., and prel-
erable cxamples of salts with acidic amino acids include
salis with aspartic acid, ghitamic agd, cic.

The pharmacologically acceptable salt of the compound
represented by the formula (1H) is preferably a salt with an
inorganic acid, more preferably a salt with hydrochlornic
acid. Especially, pioghitazone is preferably used in the form
of salt with bydrochloric acid.

The compounds represeoted by the formmula (F) or (IT) or
a salt thereof can be produced in accordance with, for
example, methods described in JPA S55(1980)-22636(EP-A
8203), JPA S60(1985)-208980(EP-A 155845), JPA S61
(1986)-286376(EP-A 208420), JPA S61(1986)-85372(EP-A
177353), JPA S61(1986)-267SSO(EP-A 193256), JPA
H5(1993)-86057(WO 92/18501), JPA H7(1995)-82269
(EP-A 605228), JPA H7(1995)-101945(EP-A 612743),
EP-A 643050, EP-A 710659, ¢tc. or methods analogous
thereto.

Ipsulin seosilivity enhancers include 5{[3,4-dibydro-2-
(phecnylmethyl)-ZH-1-benzopyran-6-ylJmetbyl}-2,4-
thiazolidinedione (generic name: englilazone) or its sodivm
salt;
5-{[4-{3-(5-me1byl-2-phenyl-4-oxazolyl)-1-oxopropyl]

pbenyljmethyl}-2,4-thiazolidinedione (generic name:

darglitazone/CP-86325) or its sodinm salt: )
5-{2-(5-meihyl-2-phenyl-4-oxazolylmethyi)benzoforan-5-

yimethryl}-2,4-oxazolidinedione (CP-92768);
5-(2-naphthalenylsvlfonyl)-2,4-thiazolidinedione (AY-

31637);
4{(2-naphthalenyDmetby!}-3H-1,2,3,5-0xathiadiazol-2-

oxide (AY-30711); and
5{[4{2-(methyl-2-pyridylamino)ecthoxy Jphenyl} methyl}-

2,4-thiazolidivedione (BRL49653), cic. in addition o

compounds mentioned bereinbefore.

In the present inveption, examples of the drug which is
used in combination with the above-mentioned insulin sen-
sitivity enbancer include an a-ghicosidase inhibitor, an
aldose reductase inhibitor, a biguanide, a statin compound,
2 squalene synthesis inhibitor, a fibrate compound, a LDL
catabolism enhancer and an angiotensin converting enzyme
inhibitor.



Case 2:03-cv-01335-RCJ -RJJ Document 1-2222700 Filed 10/23/03 Page 66 of 162

——

6,150,383

11

a-Glucosidase inhibitors are drugs which inhibit digestive
cnzymes such as amylase, mallase, a-dextrinase, sucrase,
elc. lo-retard digestion of starch and sugars. Examples of the
a-glucosidase iohibilors include acarbose, N-(1,3-
dibydroxy-2-propyl)valiolamine (generic pame; voglibose),
miglilol, elc. with preferance given to voglibose.

Aldose reduciase inhibitors are drugs which inhibit the
firsi-stage rate-limitting cazyme in the polyol pathway to
prevent or arrest diabetic complications. In the byperglyce-
mic slate of diabetes, the utilization of ghicose in ibe polyol
pathway is increased and the excess sorbito] accumulated
intracellularly as a consequence acts a5 a tissue toxin and
bence evokes the onset of complications such as diabetic
neuropathy, retinopathy, 20d nephropathy. Examples of the
aldose reductase inhibitors include tolurestat; cpalrestal;
3,4-dihydro-2 8-diisopropyl-3-thioxo-2H-1,4-benzoxazne-
4-acetic acid; 2,7-difluorospiro(9H-fluorene-9,4'-
imidazolidine)-2',5'-dione (generic pame: imirestat);
3-{(4-bmmo-2-ﬂuorophcnyf)melbyl]-?-cbloro-3,4—dihydro—

2,4-dioxo-1(ZH)-quinazoline acetic acid (generic pame:

zeparestat);
6-fluoro-2,3-dihydro-2',5’-dioxo-spiro[ 4H-1-benzopyran-4,
4'-imidazolidine}-2-carboxamide (SNK-860);
zopolrestat; sorbinil; and
1-{(3-bromo-2-benzofuranyl)sulfonyl]-2,4-
imidazolidinedione (M-16209), etc.

Biguanides are drugs baving actions of stimulation of
2naerobic glycolysis, increase of the sensitivity 1d insulin in
the periphenal tissues, iphibition of ghicase absorption from
tbe intestine, suppression of bepatic gluconeogenesis, and
inhibition of fatty acid oxidalion. Examplcs of the bigu-
amides inchade phenformin, metformin, buformin ctc.

Stalin compounds are drugs having actions of lowering
blood cholestercl levels by inhibiting bydroxymeihylghta-
Iyl CoA (HMG-CoA) reductase. Examples of the statin
compounds include pravastatin and its sodium salt,
simvastatin, Jovastatin, atorvastatin, fluvastatin, etc.

Squalene synthesis inhibitors are dregs having actions of
Jlowering blood cholesterol kevels by inhibiting systhesis of
squalene. Examples of the squakne synthesis inhibitors
include (S)a{Bis2,2-dimethyl-1-ox0propoxy)methoxy]
phosphinyl}-3-phenoxybenzencbutanesulfonic acid, mono
potassium salt (BMS-188494),

Fibrate compounds are drugs having actions of lowering
blood cholesterol levels by inhibiting syntbesis and secretion
of triglycerides in liver and activating a lipoprotein lipase.

Examples of the fibrate compounds include bezafibrate,
beclobrate, binifibrate, ciplofibrate, clinofibrate, clofibrate,
clofibric acid, ctofibrate, fenofibrate, gemfibrozil,
nicofibrate, pirifibrate, ronifibrate, simfibrate, theofibrate,
etc.

LDL catabolism epbancers are drugs baving actions of
lowering blood cholesterol kevels by increasing the pumber
of LDL (low-density lipoprotein) recepiors.

Examples of the LDL catabolism conbancers include the_
compound which is described in JPA H7(1995)-316144 and
represented by the formula:
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wherein RY, R% R® and R” are the same or different, and
represent bydrogen atom, a balogen atom, a Jower alkyl
group of a lower alkoxy group; ris 0~2; s is 2-4; p is 1-2;
or a salt thereof; specifically N{2-{4-bis(4-fuoropbenyl)
mclhyl-1—pipenzinyl]elhyl]-'l,?—diphcnyl—2.4,6-bcpuln'cuic
acid amide, cic,

The above-mentioned statin compounds, squalene syn-
thesis iphibitors, fibrate compounds and LDL catabolism
enhancers can be substituted with other drugs baving the
property 1o lower blood cholesterol and trighyceride Jevels.
Examples of these dmgs include nicotinic acid derivatives
such 25 micomol and niceritrol; antioxidants such as proba-
col; and ion-exchange resins such a3 colestyramin.

Angiotensin converting enzyme inhibilors are drugs hav-
ing actiors of partially lowering blood glucose Jevels as well
as Jowcring blood pressure by inhibiting angiolkensin con-
verting cozymes. Examples of the angiotensin converting
czyme inbubitors include caplopril, cnalapril, alacepril,
delapril, ramipril, lisinopril, imidapril, benazepril,
ceronapril, cilazapril, enalaprilat, fosinopril, movellopril,
perindopril, quinapril, spirapril, termocapril, trandolapril, elc.

In the present invention, especially preferred is, the phar-
maceutical composition which comprises an insulin sensi-
tivity enhapcer in combination with an a-ghicosidase inhibi-
tor. The insulin sensitivity enhancer is especially preferably
pioglitazone, and 1be B-glucosidase inhibilor is especially
preferably voglibose.

Ip the present igvention, examples of the drug which is
used in combipation with the compound represented by the
formula (1) or 2 pharmacologically acceptabie salt thereof
include an insulin sccretion enbancer andfor an insulin
preparation.

Insulin secretion enbancers are drugs having the property
lo promolc scoretion of insulin from pancreatic § cells.
Examples of the insulin scoretion enhancers include sulfo-
oylureas (SU). The sulfonylureas (SU) are drugs which
promoie secretion of insulin from pancreatic § cells by
transmitting signals of insulin scaretion via SU receptors in
the ccll membranes. Examples of the SU inclode lokuta-
midc; chlorpropamide; tolazamide; acetohexamide;
4-chloro-N-[(1-pyrolidinylamino)carbonyl])-
benzencsulfonamide (generic name: glycopyramide) oy its
ammonium salt; glibenclamide (glyburide); gliclazide;
1-butyl-3-metanilylures; carbutamide; gliboguride; glipiz-
ide; gliquidone; glisoxepid; glybuthiazole; ghbuzoke; gly-
hexamide; glymidine; glypinamide; phenbutamide;
olcyclamide, etc.

Jnsulin secretion enbancers include N-{[4(1-methylethyl)
cyclobexyl)carbonyl}D-phenylalanine (AY-4166); calcinm
(25)-2-benzyl-3-{cis-bexahydro-2-isoindolinylcarbonyl)
propionale dibydrate (KAD-1229% and glimepiride (Hoe
490), ete. in addition to compounds mentioned bereinbefore,
The insulin secretion enhancer is especially preferably glib-
enclamide.

Examples of ihe insulin preparations inclode animal insa-
bn preparations typically extracted from bovine or porcine
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pancreas and buman ipsulin preparations syolbesized by
geoelic engineering lechniques typically using Escherichia
coli or yeasts, While insulin preparations are availabk in a
vanely of types, e.g. immediate-acting, bimodal-acting,
intermediate-acting, and long-acting, these types of prepa-
ralions can be selectively administered according 1o the
patient’s condition.

In the present invenlion, especially preferred is the phar-
maceutical composition which comprises the compound
represenled by the formula (I) or a pbammacologically
acceptable salt thereof in combination with an insulin secre-
tion enbancer. The compound represenied by the formula
(II) or a pbarmacologically acceptable salt tbereof is espe-
cially preferably pioglitazooe, and the insulin secretion
enhancer is especially prefenably glibenclamide.

The pharmaccutical composilion comprising an insulin
sensilivity enhancer in combination with at least one mem-
ber sclecied from tbe group consisting of an a-glucosidase
inhibitor, an aldose reductasc inhibitor, a bignanide, a statin
compound, a squalene sypthesis inhibitor, a fibrate
compound, a LDL catabolism enbancer and ap angiolensin
cogverting enzyme inbibitor; and the pharmaceutical com-
position comprising the compound represented by tbe for-
mula () or a pharmacologically acceptable salt thereof in
combipation wilh an insulin secretion enbapcer and/or an
mnsulin preparation, both provided in accordapce with the
present invention, can be respectively put to use by mixing
be respective active components either all together or
independently with a physiologically acceptable carrier,
excipicnt, bmder, diluent, <ic. and adminislering the mixture
or mixtres citber orally or non-orally as a pharmaceutical
composition. When the active components are formulated
independently, the respective formulations can be exiempo-
rancously admixed using a ditucot or the like and adminis-
lered or can be admimistered independently of each other,
eitber concurrently or at staggered times to the same subject.

The dosage form for said phanmaceutical composition
inclides such oral dosage forms as grapules, powders,
labicts, capsules, syrups, cooulsions, suspensions, ctc. and
such non-oral dosage forms as injections (¢.g. subcutancons,
intravenous, intramuscular and intraperitoncal injections),
drip infusions, exiernal application forms (e.g. nasal spray
preparations, transdermal preparations, ointments, etc.), and
suppositories (e.g. rectal and vaginal suppositories).

These dosage forms can be mamufactured by the per se
known lechnique conventionaily used in pbarmaccutical
procedures. The specific mamufacturing procedures are as
follows.

To mapufacture an oral dosage form, an cxcipient (e.g.
lactose, sucrose, slarch, mannitol, eic.), a disintegrator (e.g.
calciun carbonate, carboxymethykethilose calcium, cic.), a
binder (e.g. a-starch, gum arabie, carboxymethylcellulose,
polyvinylpymrobidone, hydroxypropylcellulose, ¢te.), and a
Tubricant (¢.g. e, magnesium stearate, polyethykene glycol
6000, cic.), for instance, are added to the active component
or compovepts and the resulting composition is compressed.
Where pecessary, the compressed product is coated, by the
per sc known techmique, for masking the taste or for enteric
dissolution or sustaioed release. The coating material that
can be used includes, for instance, cthylcellulose,
bydroxymethylceltulose, polyoxyethylene glycol, celllose
acclale phthalate, bydroxypropylmethylcellulose phthalate,
and Eudragit (Robm & Haas, Germany, metbacrylic-acrylic
copolymer).

Injections can be manufactured typically by the following
procedure. The aclive compopent or components are
dissolved, suspended or emulsified in ap aguecus vehicle
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{e.g. distilled waler, physiological saline, Ringer’s solvbion,
etc.} or an oily vehicle (¢ g. vegetable oil such as olive oil,
sesame oil, collonseed oil, comn oil, cte. or propylene glycol)
together with a dispersant {e.g. Tween 80 (Atlas Powder,
U.S.A), HCO 60 (Nikko Chemicals), polyetbylene glycol,
carboxymelbylcellulose, sodium alginate, cte.), a preserva-
tive (c.g. methyl p-bydroxybenzoate, propyl
p-hydroxybenzoate, benzyl alcobol, chlorobulanol, pheool,
eic.), an isolonizing agent (e.g. sodivm chloride, glycerol,
sorbitol, glucose, inverted sugar, ctc.) and otber additives. If
desired, a sohubilizer (e g. sodium salicylate, sodium aceltate,
cic), a stabilizer (¢.g. buman serum albumin), a soothing
agent (c.g. benzalkonium chloride, procaine bydrochlonide,
cic.} and other additives can also be added.

A dosage form for external application can be mamufac-
lured by processing the active component or components
into a solid, semi-solid or liquid composition. To mamfac-
ture a solid composition, for instance, the active component
or componcols, cither as they are or in admixre with an
excipicnt (¢.g. lactose, manmitol, starch, microcrystalline
celhlose, sucrose, cic), a thickener (e.g. patral gums,
cellulose derivatives, acrylic polymers, ekc), etc, are pro-
cessed inlo powders. The liquid composition can be mazn-
factured in substantially the same manner as the injections
mentioped above. The semi-solid composition is preferably
provided in a bydrous or oily gel form or an oiptment form.
These compositicns-may oplionally contain a pH coptrol
agent (e.g. carbonic acid, phosphoric acid, citric acid, hydro-
chloric acid, sodium bydroxide, cic.), and a prescrvative
{(cg- p-bydroxybenzoic acid esters, chiorobutanol, benza-
komium chloride, elc.), amoog other additives.

Suppositories can be mamufactured by processing the
active componest or components inlo an oily or aqreous
composition, whelber solid, scmi-solid or Bquid. The ole-
aginous base that can be used inchudes, for instance, higher
faity acid glycerides {¢.g. cacao butter, Witepsols (Disamit-
Nobel), tic.], medinm-chain fany acids [e.g. Migriols
(Dipamil-Nobel), cte.], vegetable oils (e.g sesame oil, soy-
bean oil, colton-seed oil, etc), ctc. The waler-soluble base
inclides, for instance, polyelbylenc glycols, propykne
glycol, etc. The hydrophilic base includes, for instapce,
natural gums, cellulose derivatives, vinyl polymers, and
acryhic polymers, cte.

The pharmaceutical composition of the present invention
is low in toxicity and can be safely used in mammals {e.g.
bumans, mice, rats, rabbits, dogs, cats, bovines, borses,
swines, monkeys),

The dosage of the pharmaceutical composition of ihe
present invention may be appropratcly delermined with
reference to the dosages recommended for the respective
active components and can be sclected appropriately accord-
ing to the recipient, the recipicnt’s age and body weight,
corrent climical slatus, administration time, dosage form,
method of administration, and combination of the active
componcats, among other factors. For example, the dosage
of the insulin seesitivity cobancer for an adult can be
selected from (he clinical oral dose range of 0.01 o 10
wg/kg body weight (preferably 0.05 1o 10 mg/kg body
weight, more preferably 0.05 to 5 mg/kg body weight) of the
chinical parenicyal dose range of 0.005 to 10 mg/kg body
weight (preferably 0.01 t0 10 mg/kg body weight, more
preferably 0.01 to 1 mg/kg body weight). The other active
component of compooents having different modes of action
for use in combination can also be used in dose ranges
selected by referring to the respective recommended clinical
dose ranges. The preferred frequency of administration is 1
1o 3 times a day.
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The proportions of the active components io the pharma-
ceutical compositioa of tbe present invention can be appro-
priately sclected according 1o the recipicnt, the recipient’s
age and body weight, cumrent clinical stats, administration
time, dosage form, method of administration, and combina-
tion of active components, among other factors. When, for
example, tbe compound represenied by the formula (I} or a
pbarmacologically acceplable salt thereof (c.g. pioglitazone)
which is Ibe insubin seosilivity enhancer and voglibose
which is an a-ghicosidase inhibitor are 1o be administered in
combination lo 2 buman subject, voglibose is used in a
proportion of usually about 0.0001 to 0.2 weight parts and
preferably about 0.001 1o 0.02 weight pans rclative to 1
weight part of the compound or a salt thereof. When, for
¢xample, lhe componnd represented by the formula (IF) or a
pharmacologically acceptable salt thereof and glibenclamide
which is an insulin secretion enbancer are to be administered
i combination to a buman subject, glibenclamide is used in
2 proportion of usually about 0.002 to 5 weight parts and
preferably about 0.025 i0 0.5 weight parts, relative to 1
weight part of Ibe compound of a pbarmacologically accept-
able sali thereof

The pharmaceutical composition of the present invention
shows a marked synergistic cffect compared with adminis-
tration of cither active component alone. For example,
compared with cases in which each of these active compo-
pents was administered 1o diabetic Wistar fatty rats with
geoctical obsesity, adminisiration of these active compo-
nepls in combination resulted in marked improvements in
both hyperglycemia and reduced ghicose tokerance. Thus,
the pharmaceutical composition of the present invention
lowers blood glucose in diabetics more cffectively than it is
the case with administration of each component drug aloe
and, therefore, can be used advantageously for the prophy-
laxis and treatment of diabetic complications.

Funtbermore, since tbe pharmacentical composition of the
preseot invention develops sufficient efficacy with reduced
doscs as compared with the administration of any ope of the
active components alone, tbe side effects of the respective
components (¢.g. gastroiatestinal disorders such as diarrhes,
cic.) can be reduced.

The following working cxamples and experimental
examples are merely intended to ustrate the present inven-
tion in further detail but should by no means be construed as
defining the scope of the invention. ‘

The pharmaceutical composition of the present invention
can be prepared according to the following formulations.

WORKING EXAMPILE t

Capsules
(1) Fioglitazone Frydrochlonide 30 mg
(2) Vogliboss 02 mg
(3) Lactosa 60 mg
(L)) )uﬁm:crylhlhm cellolose 9.8 mg
(%) Magnesivm stearate 10 mg
Toal 180 mg

The whole amounts of (1), (2), (3) and (4) and balf the
amount of (5) are mixed well and gramlated in the conven-
tional manner. Then, the balance of (5) is added and, afler
mixing, the whole composition is filled in a gelatin hard
capsule shell.
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WORKING EXAMPLE 2

Tablets
(1) Pioglitazose hydrochloride 10 mg
{2) Glibeaclamide 125 mg
(3} Lactose 8525 mg
{4) Corn sarch 20 mg
(5) Polycibylene glycol 25 mg
(6) Hydraxypropylecitilose 4 mg
() Qarmedione alcum 55 mg
{5) Magnesiom stcarate 0.5 mg

130 g (per tablet)

Tbe whole amounts of (1), (2), (3), (4), and (5), %
amounts of (6) and (7), and % amount of (8) are mixed well
and grapulted in the conventional manner. Then, the bal-
apces of (6), (7) and (8) are added to the granules, which is
mixed well and the whole composition is compressed with
a tablet machine. The adukt dosage is 3 tableis/day, 10 be
taken jn 1 to 3 divided doses.

WORKING EXAMPLE 3

Capsules
(1) Pioglimzone bydrochloride 18 mg
(3) Laciose 55 mg
)] H:cma.ylhlhm cellulosc 55 myg
(5) Magnesium stcarate 10 mg
Total 180 mg

The whole amouats of (1), (2), (3) and (4) and % amount
of (5) are mixed well aod granulated in the conventional
manner. Then, the balance of (5) is added and the whole
composition is filled in gelatin capsule shell. The adult
dosage is 3 capsules/day, to be taken i 1 to 3 divided doscs.

EXPERIMENTAL EXAMPLE 1

Effect of pioglitazone hydrochloride in combination with
a-glacosidase inhibitor in gepetically obese and diabetic
Wistar falty rats

Male Wistar faity rats aged 14-19 weeks were divided
inio 4 groups of 5-6, and pioglitazone hydrochloride (1
mg/kg body wt./day, p.o.) and/or voglibose (an
a-glocosidase inhibitor) (031 mg/kg body wt.Mday; admin-
istercd by mixing in commercial diet at a rate of 5 ppm) was
administered for 14 days. The blood was then collecied from
ibe tail vein and the plasma glucose and bemoglobin A, were
determined by the enzymatic metbod (Ppcore Chemical
System, Baker) and using a commercial kit (NC-ROPET,
Nippon Chemipbar Co.), respectively. The resuds were
expressed in meansstandard deviation for cach group

(0=5-6) and analyzed by Dunnett’s test, which are shown in
Table 1. The 1% level of significance was nsed.
TABLE 1
Plasaa Hemoglobin A,
Groop {mgdl) (%)
Comtrol 345 = 29 57204
Pioglinaxne 215 + 50" 52203
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TABLE 1-ontioued m
Plastra pl Hemoglobin A, M
Grovp mga) @ N ]' J
s | E ——A—CH—C——C=0
Voglitose 126 1+ 46 6.0 206 R—=(Y)i—(CH)—CH_ S | |
Pioglinzone + voglibose N4+ 2" 45 04" X Q\rm

*P < 0.01 v. cootro) group

Itis apparent from Table 1 that both the blood glucose and
bemoglobin A, Jevels were remarkably Jowered by com-
bined admieisination of pioglitazone and voglibose as com-
parcd with the administration of citber drug alone,

EXPERIMENTAL EXAMPLE 2

Effect of pioglilazone bydrochloride in combination with
an insulin secretion cnhancer in genctically obese and dia-
betic Wistar fatty rats

Male Wistar fatty rats aged 13-14 weeks were divided
into 4 groups of 5, and pioglilazone hydrochloride (3 mg/kg/
day, p.o.) apd/or glibenclamide (an insulin secretion
enbancer) (3 mg/kg/day, p.o) was adminisiered for 7 days.
Following 20 overnight fast, tbe oral glucose loading test (2
g glucose/kg/5 ml, p.0.) was carried out. Prior to ghicose
loading and 120 and 240 miouies after the loading, blood
was collected from the tail vein and the plasma glucose was
assayed by ibe enzymatic method (Encore Chemical
System, Baker). The resuits were expressed in meansSD for
tach group (0=5) and analyzed by Dmneit’s test, which are
sbown in Table 2.

TABLE 2
———Plasma ghocose (mpfdl)

120 o, 240 min

0 min.

137 = 10
1029
106 = 24*
60 = 5°

241 = 58
136 = 17
222 x 61
86 = 10~

1199
102 = 12
118 = 12
J08 = 3

Group

Conuol

Poglinzcne

Glibenclamide

Pogliazone + glibeachumids
*: P01 va. contrad provp

The pharmaceutical composition of the prescot invention
shows a potent depressive clect on diabetic hyperglycemia
and is useful for prophylaxis and treatment of diabeics.
Moreover, this pharmaceutical composition is usefal for
prophylaxis and treatment of disbetic complications such as

diabetic peuropathy, nephropathy, retinopatby,

macroangiopathy, and ostcopenia. Tn addition, by appropri-
alely sclecting the kinds of componcnt drgs, sdministration
route dosage, eic. according lo clinical status, siable
bypoglycemic efficacy in loog-term therapy can be expected
with an extremely Jow risk of side effect.

What is claimed ix:

1. A metbod for treating lipid metabolism disorders in a
mammal in peed thereof, which comprises adminisiering to
suoch mammal a therapeutically cffective amount of a com-
pound represenied by the formula:

10

15

s

45

55

wherein R’ represents an optionally substituted hydrocarbon
or heterocyclic group; Y represents a group represented by
~C0—, —CH(OH)— or —NR>— wherein R? represents
an optionally substituted alkyl grovp; misOor 1;n is O, 1
or 2; X represents CH o:N;ArcptmnlslbondoraC,_-,
divalent aliphatic bydrocarbon group; Q represents oxygen
atom of sulfor atom; R’ represcots bydrogen atom or an
alky]l group; ring E may oplionally have 1 1 4 furiber
subslitvents, and the substituents may optiopally be com-
bined with R* to form a ring; L and M respectively represent
bydrogen atom, or L and M may optionally be combined
with each other to form a bood; with a proviso that R’ does
Dot represent benzopyranyl group when m and n are O, X
represents CH, A represents a3 bood, Q represents sulfur
ators, R’, L and M represent hydrogen atoms and ring E docs
not have further substituents; or a pbarmacologically accept-
able salt tbereof, in combipation with an insulin secretion
cnhapcer.

2. The method according to claim 1, wherein the com-
pound represented by the formula (IT) is the compound
represenied by the formula;

Qun

C%@\mmﬂ—q,@

0

3. The method according 1o claim 1, wherein the com-
pound represeated by the formula () is pioglitazone.

4. The method according to claim 1, wherein the insulin
secretion ¢nhancer is glibenclamide.

5. The metbod according to claim 1, wherein the com-
pound represeated by the fornrula (I1) i pioglitazone and the
insulin secretion enhancer is glibenclamide.,

6. The method according (o claim 1, wherein the com-
pound is 5{[4-2-(methy)-2-pyridylamino) etboxyJphenyl}
methyl}-2,4, -thiazobidinedione or its pharmacologically
acceptable salt thereof. ,

7. The method according lo claim 1, wherein the com-
pound represented by the formula (IF) is troglitazone.

8. The method according to claim 1, wherein the insulin
sccretion enbancer is a sufonyharea,

9. The method according to claim 8, whercin the saifo-
oylirea is selected from tolbutamide, chlorpropamide,
lolazamide, acelobexamide, 4-chloro-N-[(1-
pyrolidinylaminc)carbonyl} benzenesulfonamide or its
ammoginm salt, glibenclamide, gliclazide, 1-butyl-3-
metapilylures, carbutamide, glibonuride, glipizide,
gliquidone, glisoxepid, glybutbiazole, glibuzole,
glybexamide, glymidive, glypinamide, pbenbulamide and
tolcyclamide.
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10. A meibod for treating glycomelabolism disorders in a
mammal ip need thereof, which comprises administering lo
such mammal a therapeutically effective amount of a com-
pound represented by the formula

&

E —A—ca—f——r_o
Y

o

R

]
R (CHH—

wherein R’ represents an optionally substituted hydrocarbon
or beterocyclic group; Y represents a grovp represented by
—Q0—, —CH(OH)— or —NR>— whberein R* represents
an optionally substituted alkyl group; mis O or 1; nis 0, 1
or 2; X rcpresents CH or N; A represents a bond or 3 C, ,
divalent aliphatic hydrocarbon group; Q represeats oxygen
atom or sulfur atom; R' represents bydrogen atom or an
alkyl group; ring E may optionally have 1 to 4 furtber
substitueats, and the substituents may optionally be com-
bioed with R? to form a ring; L and M respectively represent
hydrogen atom, or L and M may optionally be combined
with cach other to form a bond; with a proviso that R' does
nol represent benzopyranyl grovp when m and o are O, X
represents CH, A represents a bond, Q represents sulfur
atom, R*, L and M represent hydrogen aloms apd ring E does
not have funtber substituenis; or 2 pharmacologically aceept-
able salt thereof, in combination with an insulin secretion
cnbapcer.

11. Tbe method according to claim 10, wherein the
compound represcoted by the forroula (11) is the compound
represenied by the formula:

15

35

20

Ol

12. The metbod according to claim 10, whberein the
compound represenied by the forroula (1) is pioglitazone.

13. The method according to claim 19, wherein the insulin
secretion enbaocer is glibenclamide.

14. The mctbod according to daim 10, wherein the
compound represenied by the formula (II) is pioglitazone
and the insulin secretion enhancer is glibenclamide.

15. The mecthod according 10 claim 10, wherein the
compound is 5-{[4-2-(mecthyl-2-pyridylamino) cthoxy]
phbenyl} methyl}- 2,4, -thiazobdinedione or its pharmaco-
logically acceptable salt tbercol.

16. The method according to claim 10, wherein the
compound represented by the formula (II) is troglitazone.

17. The method according to claim 10, wherein the insulin
secretion cobancer is a sulfonyhurea.

18. The meibod according to daim 17, whercin ibe
sulfonylurea is selected from tofbutamide, chlorpropamide,
tolazamide, acetobexamide, 4-chloro-N-[(1-
pyrolidinylaminojcarbonyl} beozenesuifonamide or its
ammonivm salt, glibenclamide, gliclazide, 1-butyl-3-
melanilylurea, carbetamide, glibopuride, glipizide,
gliquidone, glisoxepid, glybuthiazole, glibuzole,
glybexamide, glymidine, glypinamide, phenbwlamide and
okyclamide,

0
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. :6,150383 Page 1 of }
DATED : November 21, 2000

INVENTOR(S) : lkedaetal

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Colurnn 18,

Line 23, change “m and n are O” to ~ m and n are 0 —;
Line 52, change “4-2-" 10 -- 4-{2- —; ~
Line 53, change “2,4,-" to - 2.4- —.

Columnn 19,
Line 29, change “m and n are O” 10 — m and n are 0 —.

Column 20
Line 21, change “4-2-" 10 -- 4-[2- —;
Line 22, change *2,4-"t0 — 2,4 —.

Signed and Sealed this

Twenty-sixth Day of February, 2002

JAMES E. ROGAN
Anesting Officer ) Direcror of the United States Porent ond Trodemark Office
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PHARMACEUTICAL COMPOSITION

This is a divisional application of Ser. No. 09/457,465,
filed Apr. 9, 1998, pow U.S. Pat. No. 5,965,584 which was
a divisional application of Ser. No. 08/667,979, filed Jun. 19,
1996, pow U.S. Pal. No. 5,952,356.

BACKGROUND OF THE INVENTION

Ficld of tbe Invention

The preseot invention relates lo a pharmaceutical com-
position comprising an iosulin semsilivily enbancer in com-
binatios with ope or more otber antidiabetics differing from
sadd enbancer in the mechanism of action.

Recent years, the patbology of diabetes has become more
and more undersicod and, in parallel, drugs specific for the
respective pathologic slates have been developed. Accord-
ingly a variety of drugs baving new mechanisims of action
have appeared one after apother.

Insulin sepsitivily cokancers are also known as insulin
resistance deblockers because they bave the action to por-
malize the impaired insulin receptor function, and are gath-
ering much atiention in these years.

Regarding such insulin sensitivity enhancers, a very use-
ful compound such as pioglitazone has been deveioped
[Pujita et al.,, Diabetes, 32, 804810, 1983, JP-A S55(1980)-
22636 (EP-A 8203), JP-A S561(1986)-267580 (EP-A
193256)] Pioglilazone restores the impaired insulin receplor
function 10 pormalize the uneven distribution of ghicose
transporters in cells, the cardinal enzyme systems associated
witk glycometabolism, sach as ghicokinase, and enzyme
sysiems associaied with lipidmelsbolism, such as lipopro-
1cin Lpase. As the resuits, insulin resistance are deblocked to
improve glucose tolerance, and Jower tbe plasma concen-
trations of pcutral lipids and free fatty acids. Since these
actions of pioglitazone are comparatively gradual and the
risk of side effect in Jong-lerm administration is also low,
this compound is useful for obese patients who are presumed
to be highly insulin-resistant.

Also, insulin sensitivity enhancers such as CS-045, thazo-
lidinediope derivatives and substituted thiazolidipediooe
derivatives are reporied 10 be used in combination with
iosulin [JP-A H4(1992)-66579, JP-A H4(1992)-69383, JP-A
H5{(1993)-202042]. Howcver, the pharmaceutical composi-
tion baving a specific combination of the present invention
is unknown.

Diabetes is a clrouic discase with diverse patbologic
manifestations and is accompanied by Lipidmetabolism dis-
orders and circalatory disorders as well as glycometabolism
disorders. As the results, diabeles tends to progress entailing
varicus complications in many cases. Therefore, it is nec-
essary lo select the drug of choice for the prevailing disease
state in each individnal case. However, this selection is ofien
difficolt in clinical scttings because single use of ecach
individual drug can not bring snfficient effects in some
disease states and there are various problems such as side
effect which is caused by an increased dose or 2 Jong-term
administration.

SUMMARY OF THE INVENTION

In view of Lbe above state of the art, the inveniors of the
present invention did much research to develop antidiabetics
which would pot virtvally cause adverse reactions cven on
long-term admipistration and could be effective for a large
cohort of the diabetic population. As a consequence, they
discovered 1bat the above object can be accomplished by
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using an insulin scositivity eobhancer, such as the drug

described above, in combinalion with other antidiabetics

differing from said enbancer in the mechanism of aclion, and
accordingly bave perfected tbe present invention.
The present invention, therefore, relates to:

1) Pharmacceutical composition which comprises an insulin
sensitivily enbancer in combination with at least ope
member of the group consisting of an a-glucosidase
inhibitor, an aldose rechictase inhibitor, a biguanide, a
slatin compound, a squalepe syotbesis inhibitor, a fibrale
compound, a LDL catabolism e¢nhancer and an angio-
tensin converting enZyme inbibitor;

2) Pharmaceutical composition according to 1), wherein the
insuhin sensitivity enbapcer is a compound represented by
the formrula:

»

R P
R— (V) (1 :)_ A_CH—T—T:?

-

wherein R represents an optionally substituted hydrocarbon

or belerocyclic group; Y represents a group represented by

—CO—, —CH(OH)— or —NR>— (whercin R? represents

ae optiopally substituted alkyl group, misOor1;nis 0, 1

or 2; X represents CH or N; A represents a bond or a C,_,

divalent alipbatic bydrocarbon group; (Q represents oxygen

atom or sulfur atom; R? represents hydrogen atom or an
alkyl group; ring E may optionally have | io 4 subsijtuents,

and the substituenis may optionally be combined with R? 1o

form a ring; L and M respectively represent bydrogen atom,

or L and M may optionally be combined with each other 1o

form a bood; or a phammacologically acceptable salt thereof;

3) Pharmaceutical composition according to 2), wherein the
compound represepted by the formula (F) is pioglitazone;

4) Pharmaceutical composition according to 1), which com-
prises an insulin sensilivity eohancer in combipation with
an a-ghicosidase inhibitor;

5) Phamaceutical composition according to 4), wherein the
a-glucosidase inhibilor is voglibose;

6) Phannaceutical composition socording to 4), wherein the
insulin sensitivity enbancer is pioglitazope and the
a-glucosidase inhibitor is voglibose;

7} Pharmaceutical composition according to 1), which is for
propbylaxis or treatment of diabeles;

8) Pharmaceutical composition which comprises a com-
pounnd represented by the formula:

m

M
R? 'f
I E o4
R— (N~ {(CH - Q\i/m
0

_ wherein R’ represents an optionally substituted hydrocarbon

or beterocyclic group; Y represents a group represcnted by
—CO—, —CH(OH)— or —NR*— (wherein R? represents
an optionally substituted alkyl groupk mis Qor1; nis 0,1
or 2; X represents CH or N; Arcpresents abond or a G,
divalent alipbatic hydrocarbon group; Q represents oxygen



p—

Case 2:03-cv-01335-RCJ -RJJ Document 1-2222700 Filed 10/23/03 Page 77 of 162

—

6,166,042

3

alom or sulfur atom; R*® represents hydrogen alom or an
aiky! group; ring E may optionaily bave 1 to 4 subslituents,
and the substilents may oplionally be combined with R? to
form a ring; L and M respectively represent bydrogen atom,
or L and M may optionally be combined with cach other 1o
form a bood; with a proviso that R' does pot represent
benzopyranyl group when m and b are O, X represents CH,
A represents a bood, Q represents sulfur atlom, R*, L and M
represent hydrogen atom and ring E docs pot have further
substitueals; or 2 pbarmacologically acceptable salt thereof
in combination with an insulin secretion enhancer and/or an
insulin preparation;
9) Pbarmaceutical composition according to 8), wherein the
compound represented by the formula (IT) is the com-

pound represeated by the formula:
(m
=
Czﬂs—& : p
g

o

10) Pharmaceutical composition according to 8), wherein
the compound represented by the formula (IT) is pioghi-
Iazope;

11) Pharmacentical composition according to 8), wherein
the insulin sccrction enbancer is glibenclamide;

12) Pharmaccutical composition according 1o 8), whercin
the compound represented by the formula () is pioglhi-
lazope and the insulin sccretion enbancer i glibencla-

mide;
13) Pharmaceutical composition according to 8), which is
for prophylaxis or treatment of diabeles.

DETAILED DESCRIFTION OF THE
INVENTION

The term “insulin sensitivity cnbancer” as used in this
specification means any and all drog substances that restore
the impaired insulin receptor fanction to deblock inselin
resistance and consequently enbance josulin sensitivity. As
examples of the insulin sensitivity enhancer, the compound
represenied by the formula () or a pbarmacologically
acccplable salt thereof can be mentioned.

In the formula (1), as the hydrocarbon growp in the
optionally substituted hydrocarbon group represented by R,
meption is made of alipbatic groups, alicyclic
hydrocarbon groups, alicyclic-aliphatic bydrocarbon
groups, aromatic aliphatic bydrocarbon groups and aromatic
hydrocarbon groups. Number of carbon atoms in these
bydrocarbon groups is preferably 1 to 14.

The aliphatic hydrocarbon groups are preferably those
baving 1 to 8 carbon aloms. As the alipbatic hydrocarbon
groups, mention is made of C,_, saturated aliphatic bydro-
carbon groups (e.g. alkyl group) as exemplificd by methyl,
cthyl, propyl, isopropyl, buty), isobutyl, sec.-butyl, t-butyl,
peotyl, isopentyl, peopeatyl, t.-pentyl, bexyl, isobexyl, bep-
tyl and octyl, and C, , unsatarated aliphatic hydrocarbon
groups (¢.g. alkeny] group, alkadieay] growp, alkynyl group,
alkadiynyl group) as excmplificd by vinyl, 1-propenyl,
2-propeny), 1-butenyl, 2-bulenyl, 3-butenyl, 2-methyl-1-
propenyl, 1-pentenyl, 2-peatenyl, 3-pentenyl, 4-peatenyl,
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3-methyl-2-butenyl, 1-bexenyl, 3-hexenyl, 2,4-hexadicnyl,
5-bexenyl, 1-beptenyl, 1-ocienyl, cthynyl, 1-propynyl,
2-propynyl, 1-butynyl, 2-bulynyl, 3-butynyl, 1-pcotynyl,
Z-pentynyl, 3-pentynyl, 4-pentynyl, 1-bexynyi, 3-hexynyl,
2,4-bexadiynyl, 5-bexynyl, 1-beptynyl and 1-octynyl.

The abicyclic bydrocarbon groups are preferably those
having 3 10 7 carbon atoms. As the alicyclic hydrocarbon
groups, mention is made of C, ; saturaled alicyclic bydro-
catbon grips (c.g. cycloalkyl group) as exemplified by
cyclopropyl, cyclobutyl, cyclopentyl, cyclobexyi and
cyclobeptyl, and C,; ; unsaturated alicyclic hydrocarbon
groups (e.g. cycloalkenyl group, cycloalkadienyl group) as
exemplified by 1-cyclopentenyl, 2-cyclopentenyl, 3-
cyclopentenyl, 1-cyclobexenyl, 2-cyclohexenyl,
3-cyclobexenyl, 1-cycloheptenyl, 2-cycloheptenyl,
3cyclobeptenyl and 2,4-cyclobeptadicnyl.

As the alicyclic-aliphatic bydrocarbon groups, mention is
made of, among those formed by combination of tbe above-
mentioped alicyclic bydrocarbon groups with aliphatic
bydrocarbon growps (e.g. cycloaikyl-alkyl group,
cycloalkenyl-alkyl group), ones having 4 10 9 carbon atoms
as cxemplified by cyclopropylmethyl, cyclopropylethyl,
cyclobutylmethyl, cyclopentylmethyl,
2-cyclopentenylmethyl, 3-cyclopentenylmethyl,
cyclohexylmethyl, 2-cyclobexenylmethyl,
3-cyclobexenylmethyl, cyclobexylethyl, cyclohexylpropyl,
cyclobeptylmethyl and cyclobeptylethyt.

Thbe aromatic alipbalic bydrocarbon groups are preferably
those baving 7 to 13 carbon atorns {e.g. aralkyl group). As
e aromatic aliphatic hydrocarbon groups, mention is made
of C,_, phenylaikyl as exemplified by benzyl, phenethyl,
1-pbenylethyl, 3-phenylpropyl, 2-pbenylpropy!l and
1-pbenylpropyl, and C,,_,, naphthylalkyl as exemplified by
a-naphthylmethyl, a-napbthylethy), f-naphthylmethyi and
pB-paphthylethyl.

As the aromatic bydrocarbon groups, mention is made of,
ones baving 6 to 14 carbon atoms as exemplified by pbenyl,
paphthyl (a-paphtyl, f-naphthyl).

o ibe formula (I), as the beterocyclic group in the
optionally substituted heterocyclic group represented by R,
mention is made of, for ¢xample, 5- to 7-membered belero-
cyclic groups containing, as a ring component atom, 1 to 4
betero atoms selected from oxygen atom, sulfur atom and
nitrogen alom, and a condensed ring group. As the con-
densed ring, mention is made of, for example, these 5- 10
7-membered heterocyclic groups condensed with
6-membered ring conlaining one or two pitrogen atoms,
benzene ring or 5-membered ring coutaining ope sulfur
alom.

Examples of these heterocyclic groups include 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl,
5-pyrimidinyl, 6-pyrimidinyl, 3-pyridaziny}, 4-pyridazinyl,
2-pyrazinyl, 2-pyrrolyl, 3-pyrrolyl, 2-imidazolyl,
4-imidazolyl, ‘S-imidazolyl, 3-pyrazolyl, 4-pyrazolyl,
othiazolyl, soxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1,2,4-oxadiazol-5-yl,
1,2,4-triazol-3-yl, 1,2,3-triazol-4-yl, tetrazol-5-yl,
benzimidazol-2-yl, indol-3-yl, 1 H-indazol-3-yl, 1
H-pymrolo[2,3-blpyrazin-2-yl, 1 H-pymrolo{2,3-b)}pyridin-6-
¥l, 1 H-imidazo[4,5-b]pyridin-2-yl, 1 H-imidazo[4,5-c)
pyridin-2-yL, 1 H-imidazo{4,5 blpyrazin-2-yl and benzopy-
rapyl. Ameng them, pyridyl, oxazolyl or thiazolyl group is
preferable.

In the formula (1), the bydrocarbon group and heterocyclic
group represcoted by R may optionally bave 1 to 5, prefer-
ably 1 to 3 substituents at any substitutable positions.
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Examples of such substituents include aliphatic bydrocarbon
group, alicyclic bydrocarbon group, aryl group, aromanbe
beterocyclic group, pop-aromatic beterocyclic group, balo-
gen atom, mitro group, optionally substituted amino group,
optiopally substituled acyl group, optiopally substituted
hydroxyl grovp, optionally substituted thiol group, option-
ally esterified carboxyl group, amidine group, carbamoyl
group, sulfamoyl group, sulfo group, cyano group, azido
group and gitroso group.

Examples of the aliphatic bydrocarbon groups include
C,..5 straight-chain or branched aliphatic hydrocarbon
groups as exemplified by alkyl group, alkeonyl group, and
allcynyl group.

Preferable examples of the alkyl group inclde C,_,,
alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec.-butyl, L.-butyl, pentyl, isopentyl, peopentyl,
L-pentyl, 1-cibylpropy), bexyl, isobexyl, 1,1-dimethylbutyl,
2,2-dimethylbutyl, 33-dimethyibutyl, 2-ctbylburyl, bexyl,
peoiyl, octyl, nonyl and decyl.

Preferable examples of the alkenyl group inchide C, ,,
alkenyl groups such as vinyl, allyl, isopropenyl, 1-propenyl,
2-methyl-1-propenyl, 1-butenyl, 2-buienyl, 3-butenyl,
2-ethyl-1-butenyl, 3-methyl-2-butenyl, 1-pentenyl,
Z-pentenyl, 3-peplenyl, 4-pentenyl, 4-methyl-3-pentenyl,
1-bexenyl, 2-bexenyl, 3-bexenyl, 4-hexenyl and 5-bexenyl

Preferable examples of the alkyayl group include C,_,,
alkynyl groups such as cihymyl, 1-propynyl, 2-propynyl,
1-butynyl, 2-butynyl, 3-butynyl, 1-pentymyl, 2-pentynyl,
3-pentynyl, 4-pentynyl, 1-bexynyl, 2-bexyoyl, 3-hexynyl,
4-hexynyl and 5-bexynyL

As 1he alicyclic hydrocarbon group, mention is made of
C, .,z saturated or unsaturated alicyclic hydrocarbon groups
as excmwplified by cycloalkyl group, cycloalkenyl group and
cycloalkadicny] group.

Preferable cxamples of cycloalkyl group include C,_,,
cycloalky} groups such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclobeptyl, cyclooctyl, bicyclo
{2.2.1]heptyl, bicyclo[2.2.2]Joctyl, bicyclo[32.1)octyl,
bicyclo[3.2.2]nonyl, bicyclo[3.3.1Jnonyl, bicyclo[4.2.1]
nony] and bicyclof{4.3.1]decyl.

Preferable examples of the cycloalkenyl group include
C,5 ;0 cycloalkenyl groups such as 2-cyclopenten-1-yl,
3-cyclopenten-1-yl, 2<cyclobexen-1-y1 and 3-cyclobexen-1-
yL

Preferable examoples of the cycloalkadienyl group include
C_;0 cycloalkadieny} groups such as 2, 4-cyclopentadien-1-
¥L 2,4-cyclobexadien-1-yl and 2,5-cyclobexadien-1-yL

Preferable examples of the aryl group inclade Cq_,, aryl
groups such as pbenyl, paphibyl (1-naphthyl, 2-naphthyl),

anthryl, phenanthryl and acenaphtirylenyl.
Preferable examples of the aromatic beterocyclic group
include aromatic monocyclic beterocyclic grovps such as

furyl, thienyl, pyrrolyl, oxazolyl, monmlyl. thiazolyl,
wsothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl, 1,2,4-
oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiszolyl, 1,2,3-
triazolyl, 1,2,4-triazolyl, ictrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl and triazinyk and aromatic con-
depsed heterocyclic groups such as benzofwranyl,
isobenzofunanyl, benzo[blthienyl, indolyl, isoindolyl, I
H-ipdazolyl, benzimidazolyl, benzoxazolyl, 1,2-
benzoisoxazolyl, benzothiazolyl, 1,2-benzoisothiazolyl, 1
H-benzotriazolyl, quinolyl, isoquinolyl, cianolinyl,
quinazolinyl, quincxalinyl, phthalazinyl, naphihylidinyl,
purinyl, pterdinyl, carbazolyl, a-carbolinyl, B-carbolinyl,
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y-carbolinyl, acridinyl, pbepoxazinyl, pbepothiazinyl,
pbenazinyl, pbenoxathiinyl, thianthrenyl, pbenathridioyl,
pbenathrolinyl, idolizinyl, pyrrolof1,2-blpyridazinyl,
pyrazelof1,5-alpyridyl, imidazof1,2-2 pyridy!, imidazo{1,5-
alpyridy), imidazo(},2-blpyridazinyl, imidazo{1,2-a]
pyrimidinyl, 1,2,4-mazolo[4,3-alpyridyl and 1,2, 4-trazolo
[4,3-blpyridazinyl

Preferable examples of the non-aromatic heterocyclic
group include oxiranyl, azetidinyl, oxethanyl, thietanyl,
pyrrolidinyl, tetrabydrofuryl, ibiolany}, piperidyl,
tetrahydropyranyl, morpbolinyl, thiomorpholinyl,
piperazinyl, pyrrelidino, piperidino, morpholino and 1bio-
morpbolino.

Examples of the balogen atom include fluorine, chlorine,

As the substituted amino group in the optionally substi-
tuted amino group, mention is made of, N-monosubstituted
amino group and N N-disubstituted amino grovp. Examples
of the substituted amino groups include amino groups bav-
ing one or two substituents selected from C,_,,, alkyl group,
Gy 50 alkenyl group, G, alkynyl group, aromatic grovp,
beterocyclic group and C,_,, acyl growp (c.g. methylamino,
dimethylamino, cibylamino, dicthylamino, dibutylamino,
diallylamino, cyclobexylamino, pbenylamino, N-metbyl-N-
phenyl-amino, acetylamino, propicnylamino, benzoylamino
and nicotinoylamino).

As tbe acyl group, mention is made of C,_,, acyl groups
such as C,_,, alkanoyl group, C, ,, alkenoyl group, C, ,,
cycloalkanoyl group, C,_,, cycloalkenoyl group and Cy_,,
aromatic carbonyl groop.

Preferable examples of the C,_,, alkanoyl group include
formyl acctyl, propionyl, butyryl, isobutyryl, valeryl,
isovaleryl, pivaloyl, bexapoyl, beptanoyl and oclanoyl. Pref-
erable examples of tbe C, ,; alkenoyl group inchide
acryloyl, methacryloyl, crotonoyl and isocrotopoyl. Prefer-
able examples of C,_,, cycloalkanoyl group include
cyclobutanecarbonyl, cyclopentanccarbonyl, cyclobexan-
ccarbonyl and cyclobeptanecarbonyl. Preferable examples
of C,_,0 cycloalkenoyl pgroup include
Zcyclohexenecarbonyl Preferable examples of C,_,, aro-
matic carbonyl group include benzoyl, napbthoyl and nico-
tiooyl.

As the substituent in the substituted acyl group, mention
is made of, for example, C, ; alkyl group, C, ; alkoxy
group, halogen atom {¢.g. chlorine, -fluorine, bromine, etc.),
nitro group, hydroxyl group and amino group.

As the substitated bydroxyl group in the optiopally sub-
stituled bydroxyl group, mention is made of, for example,
alkoxy group, cycloalkyloxy group, alkeoyloxy group,
cycloakenyloxy group, aralkyloxy group, acyloxy group
and aryloxy group.

Preferable examples of the alkoxy group include C,
alkoxy groups such as methoxy, cthoxy, propoxy,
isopropoxy, butoxy, isobuloxy, scc.-butoxy, t.-butoxy,
peotyloxy, isopentylory, ncopentyloxy, hexyloxy, beptyloxy
and ponyloxy. Preferble examples of the cycloakyloxy
gronp include C, ,, cycloalkyloxy groups such as
cyclobutoxy, cyclopentyloxy and cyclohexyloxy. Preferable
examples of the alkenyloxy group include C,_,, alkenyloxy
groups such as allyloxy, crotyloxy, 2-peptenyloxy and
3-bexenyloxy. Preferable examrples of the cycloalkenyloxy
group include C, ,, cycloalkenyloxy groups such as
2cyclopentenyloxy and 2-cyclohexenyloxy. Preferable
exampks of the aralkyloxy group inchide C,_,, aryloxy
groups such as pbenyl-C;_, alkkyloxy (c.g. benzyloxy and
pbenethyloxy). Preferabke examples of the acyloxy group
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inchude C,_,, acyloxy grovp, more preferably C, , alkanoy-
loxy groups (e g. acetyloxy, propionyloxy, bulyryloxy and
isobulyryloxy). Preferable examples of the aryloxy group
inchide C_,, aryloxy groups such as phenoxy and paph-
byloxy. The aryloxy group may optioally have one or two
substituents such as halogen atom (e.g. chlorine, fuoripe,
bromine). Examples of tbe substituled aryloxy group include
4-chloropbenoxy.

As the substinned thiol group in the optionally substituted
thiol group, mention is made of, alkylthio grovp, cycloalky-
lihio group, alkenylthio group, cycloalkenyhbio group,
aralkylthio group, acylihio group and aryhbio group.

Preferable examples of the alkylikio group inchude C, _,,
alkylthio groups such as methylthio, ebtylthio, propylthio,
isopropylibio, butylthio, isobutylthio, sec.-butylthio,
t.-butyhbio, pentyltbio, isopentylthio, neopentylihio,
bexylihio, heptylthio and nonyhihio. Preferable examples of
tbe cycloalkylthio group include C; ,, cycloalkylthio
groups such as cyclobutylihio, cyclopentylthio and cyclo-
bexylthio. Preferable examples of the alkeaylthio group
include C,_,, alkenylibio groups such as allylibio,
crotylthio, 2-pentenylthio and 3-hexenylthio. Preferable
examples of the cycloalkenylthio growp inchude C, ,,
cycloalkenyhthio groups such as 2-cyclopentenyhhio and
2-cyclobexenyltbio. Preferable examples of the aralkylthio
include C,_,, aralkylihio groups such as phenyl-
C,_salkylthio {c.g. benzylthio and phencthylthic). Prefer-
able cxamples of the acylthio group include C,_,, acyithio
group, more preferably C, , alkanoylthio groups (cg.
acetylthio, propionylihio, butyrylthio and isobutyrylihio).

Preferable cxamples of the arylthio group inchide C, ,,
aryhthio groups such as phenylibio and papbibyhibio. The
arylthio group may optionally have ope or two substituents
such as balogen atom (c.g. chlorive, Auorine, bromine).
Exawmples of the substituted arylthio group inchude
4-chloropbenylthio.

As the optionally esterified carboxyl group, meation is
made of, for cxample, alkoxycarbonyl group, aralkyloxry-
carbony! group and aryloxycarbonyl group.

Preferable cxamples of the alkoxycarbony! group include
C, 5 alkoxycarbonyl groups such as methoxycarbonyl,
cthoxycarbonyi, propoxycarbonyl and butoxycarbonyl.
Preferable examples of the aralkyloxycarbonyl group
inchide C, ,, analkyloxycarbonyl groups such as benzy-
loxycarbonyl. Preferable examples of the aryloxycarboayl
group inchide C,_,; aryloxycarbonyl groups such as phe-
poxycarbonyl and p-tolylexycarbonyl.

Among the substituents on the hydrocarbon group and
beterocyclic grovp represented by R, C,_,q alkyl groups,
aromatic beterocyclic groups and C, ,, aryl groups are
preferable, and C,_, alkyl, furyl, thicnyl, phenyl and paph-
thyl are espectally preferable.

ln:heformuh(l),snbstihznlsonlbehydroarbongmnp
and belerocyclic group which are represented by R, may,
when they are alicyclic hydrocarbon group, aryl group,
aromatic heserocyclic group or non-aromatic heterocyclic
group, bave onc or more, preferably 1 to 3, of suitable
subshituents respectively. Examples of these substituents
include C,_, alkyl groups, C, ¢ alkenyl groups, C, 4 alkynyl
groups, G,_, cycloalkyl groups, Cy_,, aryl groups, aromatic
beterocyclic groups (e.g. thienyl, foryl, pyridyl, oxazolyl
and thiazolyl), pon-aromatic beterocyclic groups (e.g.
tetrahydrofuryl, morpholino, thiomorpholino, piperidino,
pyrrolidino and piperazino), C, 5 analkyl groups, amino
group, N-mono-C,_, alkylamino groups, N,N-4i-C, _, alky-
lamino groups, C, , acylamino groups {e.g. acctylamino,
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propionylamino and benzoylamino), amidioo group, C,_,
acyl group (eg. C, 4 alkanoyl groups), carbamoyl group,
N-mono-C,_, alkyl carbamoyl groups, NN-di-C,_, alkyl
carbamoyl groups, sulfamoyl group, N-mono-C,_, akyl
sulfamoyl groups, N,N-di-C,_, alkyl sulfamoy) groups, car-
boxyl group, C, 4 alkoxycarbony! groups, hydroxyl group,
C,s alkoxy groups, C, s alkeayloxy groups, C,,
cycloalkyloxy groups, C,_, aralkyloxy groups, C,_,, ary-
loxy groups, mercapto group, C,_, alkylthio groups, C,_,
anlkylibio groups Cy_,, arylthio groups, sulfo group, cyano
group, azido group, nitro group, nitroso group and halogen
atom.

In formula (T), R is preferably an optionally substituted
beterocyclic group. R is more preferably pyridyl, oxazolyl or
thiazolyl group which is optionally substituied by 1 to 3
substituents selecled from C,_, alkyl group, furyl group,
thienyl group, pbenyl group and naphihyl group.

R’ in the formula (IT) bas the same definition as R except
that R’ docs pol represent benzopyranyl group when m and
o are O; X represents CH; A represents a bond; Q represents
sulfur atom; R’, L and M represent bydrogen stom; and ring
E docs not have further substituepts.

In the formulae (T) and (IT), Y represents —CO—, —CH
(OH)— or —NR>— (wberein R* represents an optionally
substinsied alkyl grouwp), preferably —CH(OH)— or
—NR?—. As ibe alkyl group in the optionally substituted
alkyl group represenied by R, mention is made of, for
example, C,_, alkyl groups such as methyl, cthyl, propyl,
sopropyl, buty, isobutyl, sec.-butyl and t.-butyl. Examples
of the substitueols inchude halogen (e.g., fuorioe, chlorine,
bromive and jodine), C, , alkoxy groups (c.g. methoxy,
cthoxy, propoxy, butoxy, isobutoxy, scc.-butoxy and
L.-butory), bydroxyl group, aitro group and C,_, acyl groups
(c.g. formyl, acetyl and propionyl).

The symbol m is 0 or 1, preferably 0.

The symbol n is 0, 1 or 2, preferably 0 or 1.

X represeots CH or N, preferably CH.

In the formula (T) and (1), A represents a bood or a C, _,
divalent aliphatic hydrocarbon group. The akiphatic
hydrocarbon group may be straight-chain or branched,
and saturated or unsaturated. Specific examples of the
aliphatic bydrocarbon group include satenated ones
[e.g. —CH;—, —CH(CH)}--, —(CH,},—, —CH
(CH)— —(CHYy—, —(CH,),—, —(CH)s—,
—(CH-,)‘— and —(G'l7)1—] apd unsaturated ones
[c.g —CH-CH—, —C(CH,)=CH—, —CH=CH—
CH;—, —C(C,;H,)=CH—, —CH,—CH=-CH—
CH,—, —CH,—CH,—CH=CH—CH,—,
CH—CH-CH—CH,— and —CH-CH—CH=-CH—
CH=CH—CH;~—. A is preferably 2 bond or C;,
divalent aliphatic hydrocarbon groups, the alipbatic
hydrocarbon groups preferably being saturated A is
more preferably a bond or —( —

As the alkyl group represented by RY, substantially the

same ope as the alkyl group in the above-mentioned R>. R?

is preferably hydrogen atom.
In the formmulae (T) and (II), the partial formuls:

=
B
S

Ring E bas 1 to 4 substitucnts at any substitutable posi-
tons. Examples of such substiments inctude alkyl group,

=
E - prefersbly represents
. the formala:
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optiopally substituted hydroxyl group, halogen atom,
optionally substituled acyl group and optionally substituted
amine group. These substituents have substantially 1he same
meaning as those descnbed as substituents of the hydrocar-
boo group and beterocyclic group represented by R.

Ring E, namecly the partial formula:

R
//E preferably represents / |
\x) the formmula: \x/“

wherein R? represents hydrogen atom, an alkyl group, an
optiopally substitmted bydroxyl group, a halogen atom, an
optionally substituled acyl group, nitro group or an oplion-
ally substihnied 2mino group.

As tbe alkyl group, opticoally substituied hydroxyl grovp,
balogen atom, optionally substituted acyl group apd opticn-
ally substituicd amino group represented by R%, menhion is
made of those described as substitocnts of the bydroarbon
group and heterocyclic group represepied by R. RP is
preferably hydrogen atom, optionally substituted bydroxyl

" group or halogen atom, more preferably hydrogen alom or
optionally substiluted bydroxyl group, especially preferably
bydrogen atom or C,_, alkoxy groups.

In the formula (1) and (IT), L and M represent hydrogen
alom, or they may optionally be combioed with each other
to form a bopd. L and M are preferably bydrogen alom.

In the compounds wherein L and M are combined with
each other 1o form a bond, there exist (E}— and (Z)—
isomers relative to the double bond at the 5-position of the
azolidinedione ring.

And, in the compounds wherein L and M respectively
represent hydrogen alom, there exist (R)}— 20d (S)— optical
isomers due to the asymmelric carboa at the 5-position of the
azohidincdione ring. The compovnds include these (R)—
and (S)— optical isomers and racemic isomers.

Preferable cxamples of ihe compounds represeoted by the
formula (I) or (IN) includes those in which R is pyndyl,
oxazolyl or thiazolyl group optionally haviog 1 to 3 sub-
stituepts selected from C,_, alkyl, faryl, thieny), pheayl and
naphlhyl,mu&n:sl)orl X s CH; Ais a bood or
—{(CH;),—; R’ is bydrogen atom; ring E, namely tbe parlul
formula:

& N
E I represcots
. ) the formrala: \x

and R? is hydrogen atom or C,_, alkoxy group; and L and

M are both bydrogen alom.

Preferable examples of the compound represented by the
formula (1) include

(1) the represented by the formula (TI) soch as
5-{4-{2-(3-cthyl-2-pyridyl)cthoxyJbenzyl]-2,4-
thiazolidinedione; 5{4{2-(4-¢tbyl-2-pyridyl)etboxy}-
benzyl}-2,4-thiazolidinedione; 5-f4-[2-(5-ethyl-2-
pyridyl)ethoxy Jbenzyl} 2,4-thiszolidinedione (generic
pame: pioghitazone); and 5{4{2-(6-cthyl-2-pyndyl)-
ctboxy Jbenzyl}2,4-thiazolidinedione;

(2) (R)-(+)-5-[3-[4-[2-(2-fury])-5-methyl-4-
oxazolylmethoxy}-3-methoxyphenyl]propyl]-2,4-
oxazolichoedione; and

(3) 5{[4{(3,4-dihydro-6-hydroxy-2,5,7,8-tctramethyl-2
H-1-benzopyran-2-yl)metboxy)pbheoyl]methyl]-2,4-
thiazolidinedione (generic name: troglitazone/CS-045).

10

15

20

30

as

45

50

10

The compound represepted by the formula (I) 15 espe-
cially preferably pioglitazooe.

The compound represented by the formula (II) is prefes-
ably the compound represented by the formula (IIT) and
R +)-5{3{4{2«2-furyl)-5-me1hyl-4-oxazolylmethoxy}-
3-metboxyphenyllpropyl}-2,4-oxazolidinedione, more pref-
erably pioglitazone.

The pbarmacoiogically acceptable salt of the compound
represented by the formula (1) or (1) are exemplified by sahis
with inorganic bases, salts with organic bases, salts with
organic acids, salts with organic acids, and salts with basic
or acidic amino acids.

Preferable examples of salts with inorganic bases inclnde
salts with alkali metals such as sodium, potassivm, eic., salts
with alkaline earth metals such as calcium, magpesivm, cic,
and salts with alumipum, ammonium, clc.

Preferable examples of salts with organic bases include
salts with rimethylamine, triethylamine, pyridipe, picoline,
cthanolamine, dicthanolamine, tricthancolamine,
dicyclobexylamine, N,N-dibenzylethylencdiamioe, elc.

Preferable examples of salts with inorganic acids include
salts with hydrochloric acid, hydrobromic acid, nitric acid,
sulfuric acid, phospboric acid, cte.

Preferable examples of salts with organic acids inchide
salts with formic acid, acetic acid, trifluorcacetic acid,
fumaric acid, oxalic acid, tartaric acid, maleic acid, citnc
acid, succimic acid, malic acid, methapesulfonic acd, ben-
zepesulfonic acid, p-tolucoesulfonic acid, clc,

Preferable examples of salts with basic amino acids
include salis with arginine, lysine, ormithine, eic, and pref-
erable cxamples of salts with acidic amino acids inclide
salts with aspartic acid, ghitamic acid, ctc.

The pharmacologically acceptable salt of the compound
represepled by the formula (IIT) is preferably a salt with an
iporganic acid, more preferably a salt with hydsochloric
acid Especially, pioglitazone is preferably used in the form
of salt with hydrochloric acid.

The compounds represented by the formuta () or (I} or
a sall thereof can be produced in accordance with, for
example, metbods described in JPA S55(1980)-22636{EP-A
8203), JPA S60(1985)-208980(EP-A 155845), JPA 561
(1986)-286376(EP-A 208420), JPA S61(1986)-85372(EP-A
177353), JPA S61(1986)-2675S80(EP-A 193256), JPA
H5(1993)-86057(WO 92/18501), JPA H7(1995)-82269
(EP-A 605228), JPA H7(1995)-101945(EP-A 6512743),
EP-A 643050, EP-A 710659, etc. or metbods apalogous
thereto, )

Insulin seosilivity enbancers include 5{]3,4-dibydro-2-
(phenylmethyl)-2 H-1-benzopyran-6-yllmethyl)-2,4-
thiazolidinedicne (generic name: englitazone) of its sodinm
salt;

5-{]4-{3-(5-methyl-2-phenyl-4-oxazolyl)-1-oxopropyl]

phenyl}methyl}2,4-thiazolidinedione (geperic pame:
darglitazoneCP-86325) or its sodium salt;
5{24(5-methyl-2-phenyl-4-oxazolylmethyl)benzoforan-
5-ylmethyl}2,4-0xazolidinedione (CP-92768);
5-(2-naphthalenylsulfonyl)-2,4-thiazolidinedione (AY-
31637),
4{(2-paphthalenylymethyl}3 H-1,2,3,5-oxathiadiazol-2-
oxide (AY-30711}); and
5{[4-{2-(nethyl-2-pyridylamino)ethoxy]phenyl]-
methyl}-2,4-thiazolidinedione (BRL-49653), ctc. in
addition to conrpounds meatioped bereinbefore.

65  In the prescot invention, examples of the drug which is

esed in combination with the above-mentioned insulin sen-
sitivity enhancer inclode an a-glucosidase inhibitor, an
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aldose reductase inhibitor, a biguanide, 3 statin compound,
a squaleve synthesis inhibitor, a fibrate compound, 2 LDL
catabolism enbancer and an angiolensin couverting enzyme
inhibitor.

a-Glucosidase inhibitors are drugs which inbibit digestive
cozymes such as amylase, maltase, a-dextrinase, sucrase,
cic. 1o relard digestion of starch and sugars. Examples of the
a-glucosidase inhibitors jnclude acarbose, N-(1,3-

dihydroxy-2-propyl)valiolamine (geperic pawe; voglibose),
miglitol, cte. with preferance given 1o voglibose. '
Aldose reductase inhibitors are drugs which inhibit the
first-stage rate-limiting cnzyme in the polyol pathway to
prevent or artest diabetic complications. Ia the hyperglyce-
mic slate of diabetes, the utilization of glucose in the polyol
pathway is increased and the excess sorbitol accomulated
intracellularly as a consequence acts as 2 tissve loxin and
hence evokes the onset of complications such as diabetic
neuropathy, retivopatby, and nephropathy. Examples of the
aldose reductase inhibitors include tolurestat; cpalrestat;
3,4-dihydro-2,8-diisopropyl-3-thioxo-2H-1,4-benzoxazine-
4-acetic acid; 2,7-diflvero-spiro(9H-fluorcne-9,4'-
imidazolidinc)-2',5'-diope (generic pame: imirestat); 3-{(4-
bromo-2-AuorophenyDmetbyl} 7-chloro-3,4-dibydro-2,4-
dioxo-1(2H)-quinazoline acetic acid (generic pame:
zenarestar); 6-fluoro-2,3-dihydro-2',5'dioxo-spiro[4H-1-
benzopyran-4,4'-imidazolidine } 2-carboxamide (SNK-860);
zopolrestat; sorbinil; and 1{(3-bromo-2-benzofaranyl)
sulfonyl}2,4-imidazolidine dione {M-16209), cic.
Biguanides are drugs having actions of stimulation of
anaerobic glycolysis, increase of the sensitivity to insulin in
the peripberal tissues, inhibition of ghicose absorption from
the intestine, suppression of bepatic gluconecogenesis, and
inhibition of fatty acid oxidation. Examples of the bign-
anides include phenformin, metformin, buformin etc,
Statin compounds are drugs havipg actions of lowering
blood cholesierol Jevels by inhibiting bydroxymethylghta-
Iyl CoA (HMG-CoA) reductase. Examples of the static
compounds include pravastatin and its sodiom salt,
simvastatin, Jovastatin, atorvastatin, flavasiatin, ctc.
Squalene synthesis ishibitors are drugs having actions of
Jowering blood cholesterol levels by inhibiting synthesis of
squakene. Examples of the squakne synthesis inhibitors
inclede ("S)-a-{Bis[2,2-dimetbyl-1-oxopropoxy)mctboxy]
pbosphinyl}-3-phenoxybenzenebutanesulfonic acid, mono
potassium salt (BMS-188494). '
Fibrale compounds are drugs having actions of lowering
blood cholesterol levels by inhibiling synthesis and secretion
of triglycerides in liver and activating a lipoprotein Bpase.
Examples of the fibrate compounds include bezafibrate,
beclobrate, binifibrate, ciplofibrate, clivofibrate, clofibrate,
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clofibric acid, etofibrate, fenofibrae, gemfibrozil, picofibrate,
pinfibrate, ronifibrate, simfibrate, theofibrate, cle.

LDL catabolism enbancers are drugs baving actions of
lowering blood cholestcrol levels by increasing the number
of LDL (low-density lipoprotein) receptors.

Examples of the LDL calabolism enbancers include the
compound which is described in JPA H7(1995)-316144, and
represented by the formula:

wherein R*, R, R® and R7 are 1be sape or different, and
represent bydrogen atom, a balogen atom, 2 lower alkyl
group or a Jower alkoxy group; r is 0-2; s is 2-4; p is 1-2;
of 2 salt thercof; specifically N-{2-{4-bis(4-fluorophenyl)
methyl-1-piperazinyljethyl} 7,7-dipbeuyl-2,4,6-beptatrienic
acid amide, clc.

The above-mentioned statin compounds, squalene syn-
thesis inhibitors, fibrate compounds and LDL calabolism
cobapcers can be substituted wilh other drugs having the
property to Jower blood cholesterol and triglyceride levels.
Examples of these drugs include nicotinic acid derivatives
such as nicomol and piceritrol; antioxidants such as probu-
col; and jon-exchange resins such as colestyramin.

Angiotensin converting enzyme inhibitors are drugs hav-
ing actions of partially lowering blood glucose levels as well
2s lowering blood pressure by inhibiting angiotensin con-
verting enzymes. Examples of the angiotensin converting
crzyme inhubitors include caplopril, enalapril, alacepril,
delapril, ramipril, lisinopril, imidapril, benazepril,
ceronapril, cilazapril, enalaprilat, fosinopril, movelopril,
perindopril, quinapril, spirapril, temocapril, trandolapril, etc.

In the present invention, especially preferred is the phar-
maceutical composition which comprises an insulin sensi-
tivity enbancer in combination with an a-ghicosidase inhibi-
tor. The insulin sewsitivity enhancer is especially preferably
pioglitazooe, and the a-ghicosidase inhibitor is especially
preferably voglibose.

In the present invention, examples of the drug which is
used in combination with the compound represented by the
foroyula (IT) or a pbarmacologically acceptable salt thereof
inclede an insubin secretion enhabcer andfor an insulin
prepanation.

Insulin secretion enhancers are drugs baving the propenty
© promoic searetion of insulin from pancreatic § cells.
Examples of the insulin secretion enbancers include sulfo-
oylureas (SU). The sulfonylureas (SUare drugs which pro-
mote secretion of insulin from pancreatic B cells by trans-
mitting signals of insalin sccretion via SU receptors in the
cell membrapes. Examples of the SU include tolbutamide;
chlorpropamide; tolazamide; acciohexamide; 4-chloro-N-
[(1-pyrolidinylamino)carbonyl]-benzenesulfonamide
(generic name: glycopyramide) o its ammonium salt; glib~
enclamide (glyburide); gliclazide; 1-butyl-3-metanilyhurea;
carbutamide; glibonuride; glipizide; gliquidone; glisoxepid;
glybuthiazole; glibuzole; glybexamide; glymidioe; glypina-
mide; phenbutamide; tolcyclamide, eic.
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Insulia secretion enhancers inchide N{[4-(1-methylethyl)
cyclobexyl)carbonyl} D-phenylalanine (AY-4166); calcum
(25)-2-benzyl-3-(cis-bexabydro-2-isoindolinylearbonyl)
propionate dibydrate (KAD-1229); and glimepinde (Hoe
490), cic. in addition to compounds menticoed hereinbe fore.,
The insulin secretion enhancer is especially preferably glib-
epclamide.

Examples of the insulin preparations include animal insu-
Lin preparations typically extracted from bovine or procine
pancreas and humap insubin preparations synthesized by
geoetic engineering techniques typically usiog Escherichia
coli or yeasts. While insulin preparations are available in a
variety of types, eg. immediale-acting, bimodal-acting
inlermediate-acting, and Jong-acling, these types of prepa-
ratioos can be seclectively administered according 1o the
patient’s condition.

Io the present ioveption, especially preferred is the pbar-
maceutical iion which comprises the compound
represenied by the formula (II) or a pharmacologically
acceptable salt Ibereof in combinatioa with an insulin secre-
tion enhancer. The compound represepled by the formula
(I} or a pbarmacologically acceptable salt thereof is espe-
clally preferably pioglitazone, and the insulin secretion
cnbancer is especially preferably glibenclamide.

The pharmaceutical composition comprising an insulin
sensitivity cobancef in combination wilh at least ooe mem-
ber selected from the group consisting of an a-glucosidase
iohibitor, an aldose reductase inbibitor, a biguanide, a statin
compound, a squalene syothesis inhibitor, a fibrate
compound, a LDL catabolism ephapcer and an angiotensin
copverting cozyme inhibilor; and tbe pharmaceutical com-
position comprising the compound represenied by the for-
mula (1T) or a phanmacolegically acceptable salt thercof in
combination with an insubin sccretion enhapcer and/or an
insulin preparation, both provided in accordance with the
present invention, can be respectively put 1o use by mixing
the respective active compopents citber all together or
independently with a physiclogically accepiable carrier,
excipicnt, binder, diluent, ctc. and administering the mixture
or mixtures cither orally or non-orally as a phammaceutical
composition. When the active components are formulated
independently, ibe respective formulations can be extempo-
rapeously admixed using a dilueat or the like and adminis-
tered or can be administered independently of cach other,
cither copcurrently or at staggered times to the same subject.

Tbe dosage form for said pbanpaceuntical composition
inclndes such oral dosage forms as grapules, powders,
tablcts, capsules, syrups, emulsions, suspensions, cic. and
such aon-oral dosage forms as injections (¢.g. subcutancous,
intravenous, intramuscular and intraperitoneal injections),
drip infusions, external application forms {¢.g. pasal spray
preparations, iransdermal preparations ointmeants, eic.), and
suppositories (¢.g. rectal and vaginal suppositorics).

These dosage forms can be manufactured by the per se
Incwn technique cooventionally used in pbammaceutical
procedures. The specific marufactaring procedures are as
follows.

To mapufacture an oral dosage form, an excipicnt (c.g.
lactose, sucrose, starch, manuitol, etc.), a disintegrator (e.g.
calcinm carbonate, carboxymethyleellulose calcium, cic.), a
binder (¢.g. a-starch, gum arabic, carboxymethylcellulose,
polyvinylpymolidone, bydroxypropylceliulose, ¢ic.), and a
Iubricant {e.g. tale, magnesinm sicanate, polyethylene glycol
6000, ctc.), for instance, are added to the active compopent
or components and the resulting composition s compressed.
Where pecessary, the compressed product is coated, by the
pee se known technique, for masking the 1aste or for enteric
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dissolution or sustained release. The coating wmaterial that
can be used includes, for inslance, ethylcellulose,
bydroxymetbylcellulose, polyoxyetbylene glycol, cellulose
acetale phibalate, bydroxypropylmetbylceltutose phthalate,
aond Eudragil {Robm & Haas, Germaoy, methacrylic-acrylic
copolymer).

Injections can be maoufactured typically by the following
procedure. The active component or cowmpopenls are
dissolved, suspended or emulsified in an aqueous vehicle
(c.g. dishlled water, pbysiological saline, Ringer’s solution,
cic.) or an oily vehicle (e.g. vegetable oil such as olive odl,
sesame oil, cottonseed oil, corn oil, etc. or propylene ghycol)
together with a dispersant (¢.g. Tween 80 (Atlas Powder,
U.5.A), HCO 60 (Nikko Chemicals), polyethylene glycol,
carboxymethykcellulose, sodivm alginate, cic.), a preserva-
tive (c.g. melhy) p-hydroxybenzoale, propyl
p-hydroxybenzoate, benzyl alcohol, chlorcbutanol, pbepol,
eic.), an isotonizing agent {¢.g. sodium chloride, glycerol,
sorbitol, glucose, inverted sugar, cic.) and other addibives. If
desired, a solubilizer (¢.g. sodium salicylate, sodium acetate,
cic.), a stabilizer (¢.g. buman serum albumin), a scothing
agent (e.g. benzalkoxium chloride, procaine bydrochloride,
ctc.) and olber additives can also be added.

A dosage form for cxicmal application can be mapuiac-
tured by processing tbe active component or componcats
into 2 solid, semi-solid or liquid composition. To mamfac-
ture a solid compositions, for instance, the active component
or componcnts, cither as they are or in admixture with an
excipicnt (c.g. lxlose, mannilol, starch, microcrystalline
cellulose, suctose, etc)), a thicknener (c.g. natural pums,
cellulose derivatives, acrylic polymers, cic.), elc., are pro-
cessed ioto powders. The lignid composition can be manu-
factured in substantially the same manner as the injections
meationed above. The semi-solid composition is preferably
provided in a bydrous or oily gel form or an ointment form.
These compositions may oplionally contain a pH conlrol
agent (¢ g. carbonic acid, phosphoric acid, citric acid, bydro-
chloric acid, sodium bydroxide, etc.), and a preservative
(c.g. p-hydroxybenzoic acid esiers, chlorobutanc}, benza-
konium chloride, etc.), among other additives.

Suppositories can be mamufactured by processing Ihe
aclive component of componests into an oily or agueous
composition, whether solid, semi-solid or bquid. The ole-
agioous base thal can be used inchudes, for instance, bigher
fatty acid glycerides [e.g. cacao butter, Witepsols (Dinamit-
Nobel), clc.), medivm<chain fatty acids [e.g. Migriols
(Dipamit-Nobel), ¢ic.] vegetable oils {(e.g. sesame oil, soy-
bean oil, cottonseed oil, cic), cic. The water-soluble base
includes, for instance, polyethylene glycols, proplylene
glycol, cic. The hydrophilic base inchudes, for instance,
nalural gums, cellulose derivatives, viny] polymers, and
acrylic polymers, cic.

The pharmaceutical composition of the present iotention
is Jow in toxicity and can be safely used in mammals (e.g.
humans, mice, rats, rabbits, dogs, cats, bovincs, borses,
swines, monkeys).

The dosage of the pharmaceutical composition of the

prescnt iovention may be appropriately determined with

reference 10 the dosages recommended for the respective
active components and can be selected appropriately accord-
ing to the recipient, the recipient’s age and body weight,
current climcal states, administration tme, dosage form,
method of administration, and combination of the active
componcnts, among other factors. For cxample, the dosage
of the insulin sensitivity enhancer for an adult can be
sclected from the clinical oral dose range of 0.01 10 10

mg/kg body weight (preferably 0.05 to 10 mghg body
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weight, more preferably 0.05 1o 5 mg/kg body weight) or the
clinical parenleral dose range of 0.005 1o 10 mg/kg body
weight (preferably 0.01 10 10 mg/kg body weight, more
preferably 0.01 to 1 mg/kg body weight). The other active
component of compopents having different modes of action
for use in combipation can also be used in dose ranges
selected by refeming 1o the respective recommended clinical
dose rapges. The preferrcd frequency of administration is 1
10 3 tmes 2 day.

The proportions of the active components in the pharma-
centical composition of the present invention can be appro-
priately sclected according 1o the recipient, the recipient’s
age and body weight, current clinical status, administration
time, dosage fonm, method of adminisiration, and corbina-
tiop of active comporents, among other factors. When, for
exawple, the compound represented by the formula (T) or a
pbarmacologically acocptable salt thereof (e.g. pioglitazone)
which is Ibe insulin sensitivity enbancer and voglibose
which is an a-ghicosidase inhibitor are 10 be administered in
combination 1o a buman subject, voglibose is used in a
proportion of usually about 0.001 10 0.2 weight parts apd
preferably about 0.001 1o 0.02 weight parts relative 10 1
weight part of the compound or a salt tbereof. When, for
example, the compound represented by the formula (11) or a
pbarmacologically acceptable salt thereof and glibenclamide
which is an insulin secretion enbancer are 1o be administered
in combipation 1o a buman sabject, glibenclamide is used in
a proportion of usvally about 0.002 10 5§ weight pans and
preferably about 0.025 1o 0.5 weight pants, relative to 1
weight part of the compound or a pharmacologically accept-
able salt tbereof.

The pharmaceutical composition of the present invenlion
shows a marked synergistic cffect compared with adminis-
tration of either active component alope. For example,
compared with cases in which each of these active compo-
nepts was admiristered to diabetic Wistar falty rals wilh
genetical obesity, administration of these active component
sin combination resulted in marked improvements in both
hyperglycemia and reduced ghicose tolerance. Thus, the
phbarmaceutical composition of the present invention lowers
blood ghicose in diabetics more cffectively than it is the case
with admimsiration of cach component drug along and,
thercfore, can be used advantageously for the prophylaxis
and treatment of diabetic complications.

Furtbermore, since the pharmaceutical composition of the
present invention develops sufficient efficacy with reduced
doses as compared with the administration of any ope of the
active components along, the side effects of the respective
components (¢.g. gastroiptestinal disorders such as diarrhea,
etc.) can be reduced.

The following working examples and experimental
exampks are merely intended 1o iltustrate the present inven-
tion in further detail but should by po means be construed as
defining the scope of the invention.

The pbarmaceutical composition of the present imveation
can be prepared according to the following formulations.

WORKING EXAMPLE 1
Crpsules
(1) Pioglitazone hydrochloride 30 mg
(2) VWoplibose 02Img
(3) Lactcss 60 mg
{4) Microcrysiailine cellalose 54 mg
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-coptipued

Capsules

(5} Magmesiom stearate 10 mg

Tota) 180 mg

The whole amousts of (1), (2), (3) and (4) and balf the
amount of (5) are mixed well and grasulated in the conven-
tional manner. Then, 1be balance of (5) is added and, after
mixing, the whole composition is filled in a gelatin bard
capsule shell.

WORKING EXAMPLE 2

Tabders
(1) Poglitxrone hydrochloride 10 g
(2) Glibeaclaniide 125 ;g
{D Laciose 8625 mg
{4) Cora sarch 20 mg
(5) Polycthylese glycol 2.5mg
(6} HydraxypropylocTiulose: 4mg
(7) Carmdlose calcium 55mg
(8) Magnesinm stearate 0.5 mg
130 mg (per tablet)

The wholc amounts of (1), (2), (3), (4), and (5), %
amounts of (6) aod (7), and ¥ amount of (8) arc mixed weil
and granulated ip the conventional manner. Then, the bal-
ances of (6), (7) and (8) are added 10 the granules, which is
mixed well and the whole composition is compressed with
2 lablet machipe, The adult dosage is 3 tablets/day, to be
taken in 1 o 3 divided doses.

WORKING EXAMPLE 3

Capsules

(1) Pioglitazone hydrochloride Wog
{2) Epabrestat 50 mg
(3) Laciose 55 mg
{4) Mrocrysialline cellulose 55 mg
(5) Magnesium stearate 10 mg
Total 180 mg

The whole amounts of (1), (2), (3) and (4) and % amount
of (5} are mixed well and grapulated in the conveational
manoer Then, the balance of (5) is added and the whole
composition is filled in gelatin capsule shell. The adult
dosage is 3 capsules/day, 1o be taken in 1 10 3 divided doses.

EXPERIMENTAL EXAMPLE 1

Effect of pioghitazone hydrochloride in combination with
a-glucosidase inhibitor in gepetically obese and diabetic
Wistar faity rats, .

Male Wistar fatty rates aged 14-19 weeks were divided
into 4 groups of 5-6, and piogliazone hydrochloride (1
wg/kg body wt./day, p.o.) and/or voglibose (an
a-ghacosidase inhibitor) (031 mg/kg body wt./day; admin-
iskrcdbymixinginmmmcrdﬂdidatanlzofSppm)m
administered for 14 days. The blood was then collected from
the tail vein and the plasma ghicose and hemoglobin A, were
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determined by the enzymatic method (Epcore Chemical
System, Baker) and using a2 commercial ot (NC-ROPET,
Nippor Chemiphar Co.), rospectively. The results were
expressed iz meanzstandard deviation for cach group
(0=5—6) and analyzed by Dunneit’s test, which are shown in
Table 1. Tbe 1% level of significance was used.

TABLE 1
Plasma Hemoglotan A,
Groop {mg/dl) (%)
Control 35229 57=x04
Pioghitazone 215 = 50° 52203
Vogliboss N6 x 46 60 = 0.6
Pioglinzone + vogliboos 114 2 23* 45 2 0.4

“F < 0.0 vs. control grovp

It is apparent from Table 1 that both the blood glucose and
bemoglobin A, lcvels were remarkably Jowered by com-
bined adminisiration of pioglitazone and voglibose as com-
pared with the administration of eitber drug along,

EXPERIMENTAL EXAMPLE 2

Effect of pioglitazone bydrochloride in combination with
an insulin secretion enbapcer in genctically obese and dia-
betic Wistar faity rats.

Male Wistar fatty rats aged 13-14 weeks were divided
into 4 groups of 5, and pioglitazone hydrochloride (3 mg/kg/
day, p.o.) and/or glibenclamide (an insulin sccrction
enhancer) (3 mg/kg/day, p.o.) was adminisiered for 7 days.
Following an ovemight fast, tbe oral glucose loading test (2
g ghocose/kg/S ml, p.o.) was camried oul Prior 1o glucose
Joading and 120 and 240 minutes after the loading, blood
was collected from the tail vein and the plasma glucose was
assayed by the cnzymatic method (Encore Chemical
System, Baker). The resulls were ¢xpressed in mean+SD for
each gronp (n=5) and analyzed by Dunnett’s test, which are
shown in Table 2.

TABLE 2
Plasms m
Groop 0 min. 120 min. 240 min.
Contro] 11929 241 :58 137 = 10
Pioglinzoee 0212 136217 102z
Glibeaclamide 118212 X261 106 = 24
Piogltazone 2 glibeaclhunnde 10823 86210 60 = 5°

*F < 0.0] vu. control group

It is apparent from Table 2 that the increase of blood sngar
following ghicose Joading was remarkably inhibited by the
combined administration of pioglitazone and glibenclamide
as compared with the administration of cither drug along.

The phanmaceutical composition of the present invention

sbows a potent depressive cffect on diabetic byperglycemia
and is useful for prophylaxis and treatment of diabetes,
Morcover, this pharmaceutical composition is usefol for
prophylaxis and treatment of diabetic complications such as
diabetic necuropathy, nephropathy, retinopathy,
macyoangiopathy, and ostcopenia. In addition, by appropri-
ately sclecting the kinds of component drugs, administration
route, dosage, ¢ic. according to clinical status, stable
hypoglycemic efficacy in lopg-term therapy can be expected
with an extremely low risk of side effect.

What is claimed is:

1L A method for treating glycometabolista disorders ip a
mammal in need thereof, which comprises administering to
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such mammal a therapeuntically effective amount of an
ipsulin sensilivily enhancer in combination with a bigu-
apide.

2. The method according to claim 1, wherein the insulin
sensitivity cnhancer is a2 compound represcoted by the
formula:

o

7 Py
R (Y (i, D/G} 7 °
x Q\rNH

O

whercin R represents an optionally substituted hydrocarbon
or heterocyclic group; Y represents a group represented by
—C0—, —CH(OH)— or —NR>— whercin R? represents
an optiopally substituted alkyl group; misOor 1; nis 0, 1-
or 2; X represents CH or N; A represents abond or a2 C,_,
divalent alipbatic bydrocarbon group; Q represents oxygen
alom or sulfur atom; R? rcpresents hydrogen alom or an
alkyl group; ring E may optionally have 1 10 4 further
substitoents, and the substilcats may optiomlly be com-
bined with R* to form a ring; L and M respectively represent
hydrogen stom, or L and M may optionally be combined
with each otber lo form a bond; or a pbarmacologically
acceplable sali thereof.

3. The metbod according lo claim 2, wherein R is an
optionally substituled beterocyclic group.

4. Tbe method according to claim 2, wherein m is 0.

5. The metbod sccordiog to claim 2, wherein X is CH.

6. The method according to claim 2, wherein R? is
bydrogen atom.

7. The mcibod according 1o claim 2, wherein ibe partial
formula:

/@' represeots the foroula: I}}

whereip R represents hydrogen atom, an alkyl group, an
optiopally substituted bydroxyl group, a halogen atom, an
optionally substituted acy] group, nitro group or an option-
ally substituted amino group,

8. The metbod according to claim 2, wherein L and M are
hydrogen atoms.

9. The metbod according to claim 2, wherein R is pyridyl,
oxazolyl or thiazotyl group opticmally baving 1 1o 3 sub-
stitueots selected from C,_, akky, furyl, thienyl, phenyl and
paphthy, m is ; n s Qor 1; X is CH; A is 2 bond or
—(CH,);— R' i bydrogen atom; wherein the partial
formula:

v R -
E —— rcprocns —_
N the fornmla: "\x)

and wherein R? is hydrogen atom or C,_, alkoxy group; apd
L and M are both hydrogen atoms,

10. The metbod according 1o chaim 2, wherein the com-
pound represented by the formoula (J) is pioglitazone or its
hydrochloride.
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11. The wetbod accordiog to claim 1, wherein the bige-
anide is selected from the growp consisting of phenformin,
metformin and buformin.
12. The method according to claim 1, wherein the bigu-
amde is mectformin.
13. The metbod according 1o claim 1, wherein the insulin

sensitivity enbancer is pioghitazope or its hydrochloride 2pd )

the biguanide is metformin.

14. The metbod according to claim 1, wherein the insulin
sensitivity cnhancer is troglitazone.

15. The metbod according to claim 1, wherein the insulin
sensitivity cobancer is S{[4{2-(metbyl-2-pyridylamino)

20
etboxy Jpbenyl]-methyl} 2,4-thiazokidinedione or its phar-
macologically acceptable salt.

16. The method according to claim 1, wherein the insulin
sensitivity enbancer and biguanide are mixed togetber 10
form an admixture and the admixture is administered 1o the
mammal.

17. The metbod according lo claim 1, wherein the insulin
sensitivity enbancer and biguanide are pot mixed togetbher

10 but are administered independently to the mammal.

L * - » »
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lycemia and is uwseful for prophylaxis and treatment of
diabetes.

17 Clalms, No Drawings



Case 2:03-cv-01335-RCJ -RJJ Document 1-2222700 Filed 10/23/03 Page 88 of 162

_wn——

.

6,166,043
Page 2

OTHER PUBLICATIONS

Hofmann et al, “New Oral Thiazolidinedione Antidiabetic
Agents Act as Insulin Seositizers,” Diabetes Care, vol. 15,
pp- 1075-1078 (Avg. 1992).

Hofmann «t al., “Treatmeot of Insulin-Resistant Mice wilth
the Oral Astidiabetic Agent Ploglitazone: Evalvation of
Liver GLUT2 and Phosphoenolpyruvate Carboxykinase
Expression,” Endocrinology, vol. 130, pp. 735-740 (Fcb.
1992).

Twanishi et al., “Effect of Pioglilazone on Insulin Receptors
of Skeletal Muscles from High Fat-Fed Rats,” Metabolism,
vol. 42, pp. 1017-1021 (Aug. 1993).

Iwapishi et al., *New Oral Agent to locrease losulin Sensi-
tivity by Activating Kipase Activity of Insulin Recepiors,”
Diabetes, vol. 39, abstract 474 (Jun. 1990).

Kobayashi ct al.,, “Pioglitazone Increases Insulin Sepsitivity
by Activating Insulin Receplor Kinase,” Diabetes, vol 41,
pp- 476483 (Apr. 1992).

Hofmana et al, “Insulin Sensitization in Diabetic Rat Liver
by an Antihyperglyccmic Agent,” Metabolism, vol. 44, pp.
384-389 (Mar. 1995).

de Souza et al, “Insulin Secretory Defect in Zucker fafa
Rats is Improved by Ameliorating Insalin Resistance,” Dia-
betes, vol. 44, pp. 984-991 {(Ang. 1995).

Hofmann e al., “Ghucose Transport Deficiency in Diabetic
Animals is Corrected by Treatment with the Oral Antihy-
perglycemic Agent Pioglitazone,” Endocrinology, vol. 129,
pp- 1915-1925 (Mar. 1991)

Colca ct al., “Antbyperglycaemic Thiazolidinedicnes:
Ciglitazone aod its Analogues,” New Antidiabetic Drugs,
pp. 255-261 (1990).

Tominaga et al, “Thiazolidinediones (AD-4833 and
C5-045) Improve Hepatic Insulin Resistance in Streptozo-
tocin-Induced Diabetic Rats,” Endocrine Journal, vol. 40,
PP. 343-349 (Jun. 1993).

Weinsiock et al, “Pioglitazone: In Vio Effects on Rat
Hepatoma Cells and in vivo Liver Hypertrophy in KKA'
Mice,” Pharmacology, vol. 54, pp. 169-178 (Apr. 1997).
El-Kcbbi e1 al., “Regulation of Glucose Transport by Piogli-
tazone in BC3H-1 Myocyies,” Clinical Resarch, vol. 39, p.
337A (Dec. 1991).

Kemnitz ct al., “Pioglitazone Increases Insulin Sensitivity,
Reduces Blood Glucose, Insulin, and Lipid Levels, and
Lowers Blood Pressoe in Obese, Insulin—Resistant Rhesus
Monkeys,” Diabetes, vol. 43, pp. 204-211 (Feb. 1994).
Mechan ct al., “Pioglitazone Reduces Blood Pressure and
Improves Insulin Sensitivity in Froctose-Fed Rats,” Clinical
Research, vol. 41, p. 21A (Feb. 1993).

Colca et al, “Pioglitazone Hydrochloride Inhibits Choles-
terol Absorption and Lowers Plasma Cholesterol Cooncen-
trations in Cholesterol-Fed Rats,™ Diabetes, vol. 40, pp.
1669-1674 {Dec. 1991).

Sobda <t al, “Studics on Antidabetic Agents, 11. Novel
Thiazolidinedione Derivatives as Potent Hypoglycemic and
Hypolipidemic Agents,” Joumal of Medicinal Chemustry,
vol. 35, pp. 2617-2626 (Jul 1992).

Sugiyama el al, “Pathogenesis Hyperglycemia in Geneti-
cally Obese-Hyperglycemic Rats, Wistar Fatty: Presence of
Bepatic Insalin Resistance,” Endocrinologia Japonica, vol
36, pp. 6573 (Feb. 1989).

Suter ct al,, “Metabolic Effects of New Oral Hypoglycemic
Ageot C5-045 in NIDDM Subjects,” Diabetes Care, vol. 15,
pp- 193-203 (Feb. 1992).

Fwamoto et al., “Effect of New Oral Antidiabelic Ageot
C5-045 on Glucose Tolerance and Ilosulin Secrelion in
Patiepts with NIDDM,” Diabetes Care, vol. 14, pp.
10831086 (Nov. 1991).

Norris ¢t al. Comparison of Troglitazone (C1991) Dosiog
Regimens and Placebo in tbe Treatment of Patiepts with
NIDDM, Diabetes, vol. 42, Supp. I, Abstract 188 (Jup.
1993).

Fukuda ct al,, “Results of a Pilot Study in which Troglita-
zone apd Josulin were Jointly Administered to NIDDM
Patients,” Journal of Clinical Therapeutics & Medicines,
vol. 11, pp. 2055-2062 {Oct. 1995) (with translation, based
on abstract published at 15th Diabetes Fed. Coog., Nov.
6-11, 1994, Kobe).

Kanazawa, “Ageot for Lowering Insulin Resistance—
CS-045," Diabetes Frontier, vol. 3, pp. 570-574 (1992).
Onuma ct al, “The Effect of a New Oral Hypoglycemic
Drug, CS-045, on Ghicose Tokerance aod Serum Lipids in
Nonobese Japancse Paticnts with Non-Iosulin-Dependent
Diabetes Mellilns: A Pilot Stady,” Cument Therapeutic
Research, vol. 55, pp. 416421 (Apr. 1994).

Kuzuya ot al, “A Pilot Clinical ‘Trial of a New Onl
Hypoglycemic Agent, CS-045, in Paticnts with Noo—Insulin
Dependent Diabetes Mellitus,” Diabetes Research apd Clini-
cal Practice, vol. 11, pp. 147-154 {(1991).

Takipo ¢t al, “Increased Insulin Responsiveness After
CS-045 Trealment in Diabetes Associated with Werner's
Syndrome,” Diabetes Research and Clinical Practice, vol.
24, pp- 167-172 (Jul. 1994).

Fujiwara et al,, “Characterization of New Oral Antidiabetic
Agent CS-045," Dnabetes, vol. 37, pp. 1549-1558 (Sep.
1988).

Lee et al, “Metabolic Effects of Troglitazooe on Froc-
tose~Induced Iusulin Resistance in the Rat,” Diabeles, vol.
43, pp. 1435-1439 (Dec. 1994).

Kboursheed ct al., “Mctabolic Effects of Troglilazone on
Fat-Induced Insvlin Resistance in the Rat,® Meiabolism,
vol. 44, pp. 1489-1494 (Nov. 1995).

Valiquett et al, “Troglitazone Dose-Response Study in
Patients with Noginsulin Dependent Diabetes,” Clinical
Resarch, vol. 42, p. 400A (Oct. 1994).

Nolan et al, “Improvement in Glucose Tolerance and Iosulin
Resistance in Obese Subjects Treated with Troglitazone,”
The New Fngland Journal of Medicine, vol. 331, pp.
1188-1193 (Nov. 19%4).

Claraldi et al,, “In Vitro Studics on the Action of C5-045, 2
New Antidiabetic Ageot,” Metabolism, vol. 39, pp.
1056-1062 (Oct. 1990).

Oakes ct al, A New Anhtidiabetic Agent, BRL 49653,
Reduces Lipid Availability and Improves Insulis Action and
GhmregﬂaﬁmmtbeRaB,Dube!cs,voL43,pp
1203-1210 (Oct. 1954).

Eldershaw et al, “Treatment with the Thiazolidinedione
(BRL 49653) Decyeases Insulin Resistance in Obese Zocker
Hindlimb,” Hormone and Metabolic Research, vol. 27, pp-
169-172 (Apr. 1995).

Cawthoroe ¢t al, “Anti-Hyperglycaemic Efficacy of
BRIL-49653, a Highly Potent Thiazobdinedione, in Animal
Models of Non-Insulin Dependent Diabetes,” vol. 42, Supp.
1, Abstract 654 (Jun. 1993).

Kraegen 1 al, “Effects of BRL 49653 ino Normal and Insulin
Resistant (High—Fat-Fed) Rats; New Information on the
Mode of Action of Thiazolidinediones,” Diabetes, vol. 42,
Supp. 1, Abstract 257 (Jun. 1993).



Case 2:03-cv-01335-RCJ -RJJ Document 1-2222700 Filed 10/23/03 Page 89 of 162

p——

S~

6,166,043
Page 3

Smith ct al., “BRL 49653 Normalises Glycacmic Control in
Zucker fa/fa Rats by Improving Hepatic and Peripbenal
Tissue Sensitivity to Insulin,” Diabetologia, vol. 36,
Abstract 707 (Avg. 1993).

Young et al_, “Chronic Treatment of OB/OB Mice with BRL
49653 Enbapces Insulin-Stimulated Translocation of
GLUT—4 to be Adipocyte Cell Surface,” Diabetologia, vol.
36, Abstract 285 (Aug. 1993).

Young et al., “Repeal Treatmenl of Obese Mice with BRL
49653, a New apd Poleot Insulin Sensitizer, Enbances
Jusulin Action in White Adipocytes,” Diabetes, vol. 44, pp.
1087-1092 (Scp. 1995).

Fujita et al, “Redoction of losulin Resistance in Obese
and/or Diabetic Animals by 5-{4-(1-Mecthylcyclohexyl-
metboxy)benzyl}-Thiazolidine—2, 4-Dione (ADD-3878,
U-63,287 Ciglitazone), 2 New Antidabetic Agent,™ Diabe-
tes, vol. 32, pp. 804810 (Sep. 1983).

Diani et al, “Ciglitazone, a New Hypoglycaemic Agent. 4.
Effect oo Pancreatic Islets of C57BL/6J-ob/ob and C57BL/
KsJ-db/d Mice,” Diabetologia, vol. 27 (Ang. 1984).
Sievenson ¢t al, “Actions of Novel Antidiabetic Agent
Englitazone in H ic Hyperinsulinemic ob/ob
Mice,” Diabetes, vob 39, pp. 1218-1227 (Oct. 1990).

Adams ct al., “Effects of the Aptidiabetic Agent Englitazone

on Hepatic Gluconeogenesis and Glycosis,” FASEB Jour-

pal, vol. 9, Abstract 5800 (Apr. 1995).

Clark ct al, “Englitazone Sodinm,” Drugs of the Future, vol.

17, pp. 182--184 (Mar. 1992).

Yoshicka et al., Tonyobyou (Diabetes), vol. 34, Supplement

1 (1991) item H320 (with English translation).

Sakamoto ¢t al., Tonyobyou (Diabetes), vol. 36, Supplement

1 (1993) itemn 3Q08 (with English translation).

Tapaka et al, Tonyobyou (Diabetes), vol. 37, No. 2 (1994)

stes 6 (with English translation).

Fwamoto et al., Tooyobyou (Diabcics), vol. 38, Supplement

1 (1995) item 2159 (with Eoglish translation).

Thbe Pink Sheet, vol. 57, kssue 16, Re: FDC Accession No.

00570160005,Apr. 17, 1995.

Mantindale, The Exira Pharmacopoeia, Thirticth Bdition,

Edited by Reypolds, James E.F, The Pharmaceutical Press,

London, pp. 276-291, 1993.

Foot, E.A. et al., “Improved Metabolic Control by Addition

of Troglitazome to Glibenclamide Therapy in Non-In-
i : Diabetics™, 31st Aomual Meeting of the

Association for the Study of Diabetes, Stockholm,
Sweden, Sep. 12-16, 1995 (absiract only).



Case 2:03-cv-01335-RCJ -RJJ Document 1-2222700 Filed 10/23/03 Page 90 of 162

—

R

6,166,043

1
PHARMACEUTICAL COMPOSITION

This is a divisional application of Ser. No. 09/4057,465,
filed Apr. 9, 1998, now U.S. Pal. No. 5,965,584 which was
a divisional application of Ser. No. 08/667,979, filed Jug. 19,
1996, pow U.S. Pai. No. 5,952,356.

BACKGROUND OF THE INVENTION

1. Field of the Tovention

The preseot invenbon relales to a pharmacevtical com-
position comprising an insulio seositivity enbancer in com-
bination with ope or more other aptidiabetics differing from
said enbancer in the mechanism of action.

2. Description of Related Ant

Recent years, the pathology of diabeles bas become more
and more undersiood and, in paralle], drugs specific for the
respective pathologic states have been developed. Accord-
ingly a vaniety of drugs having new mechanisms of action
bave appeared ope after anotber.

Insulin sensitivity eohancers are also known as insulin
resistance deblockers because they have the action 10 por-
makize the impaired insulin receptor function, and are gath-
ering moch atieption in these years.

Regarding such insulin sensitivily enhancers, a very use-
ful compound such as pioglitazone bas been developed
[Pujila ct al., Diabetes, 32, 804-810, 1983, JP-A S55(1980)-
22636 (EP-A 8203), JP-A S61(1986)-267580 (EP-A
193256)] Pioglitazope restores the impaired insulin receptor
function to normalize the uneven distribution of glucose
transporicrs in cells, the cardibal enzyme systems associated
with glycometabolism, such as glucokinase, and cozyme
sysiems associaled with lipidmetabolism, such as Lipopro-
iein lipase. As the resulis, insulin resistance are deblocked 1o
improve glucose lolerapce, and lower the plasma concen-
trations of peutral lipids and free fany acids. Sioce these
actions of pioglitazone are comparatively gradual and the
risk of side cffect in long-term administration is also low,
this compound is useful for obese patients who are presumed
to be highly insulin-resistant.

Also, insulin seositivity enhancers such as CS-045, thazo-
lidivedione derivatives and substituted thiazolidinedione
derivatives are reported 10 be used in combination with
insulin [JP-A H4(1992)-66579, JP-A H4(1992)- 69383, JP-A
H5(1993}-202042]. However, the pbarmaceutical composi-
tion baving a specific combination of tbe present invention
is unknown.

Diabeles is a chromic discase with diverse pathologic
mapifestations and is accompanied by lipidmetabolism dis-
orders and crenlatory disorders as well as glycometabolism
disorders. As the results, diabetes tends to progress entailing
various complications in magy cases. Thercfore, il is nee-
essary 1o select the drug of choice for the prevailing discase
stale in each individual case. However, this selection is oflen
difficult in clinical seitings because single use of each
individual drug can nol bring sufficicnt effects in some
disease states apd there are various problems such as side
cffect which is caused by an increased dose or a Jong-term
administration.

SUMMARY OF THE INVENTION

In view of the above state of the art, the ipventors of the
present invention did much research to develop antidiabetics
which would not virtually cause adverse reactions cven on
long-term administration and could be effective for a large
cobort of the diabetic population. As a copsequence, they
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discovered that the above object can be acoomplisbed by

using an iosulin sensilivily eohancer, such as the drug

described above, in combination wilth other antidiabelics
differing from said echancer ip the mechanism of action, and
accordingly bave perfected the present invention.

The present invention, therefore, relates 1o:

1) Pharmaceutical composition which comprises an insulin
sensilivity enbapcer in combination with at least one
member of the group coosistiog of an a-glucosidase
inhibilor, an aldose reductasc inhibitor, a biguanide, a
statin compound, a squalene syntbesis iphibitor, a fibrate
compound, 3 LDL catabolism enhapcer and an angio-
tensin converting enZyme inhibilor;

2) Pharmaccutical composition according to 1), wherein the
insulin sensitivity enbancer is 2 compound represented by
1he formula:

o

P
r. —A—cn—ti—z:
Y

R (Na—(CH:—CH

wherein R represents ap optionally substiteted bydrocarbon

or helerocyclic group; Y represents a group represented by

—C0O—, —CH(OH)— or —NR>- (wherein R? represcats

an optionally substituted alkyl group), mis Qor1;nis 0, 1

or 2; X represents CH or N; A represents abond ora C, ,

divalent aliphatic hydrocarbon group; Q represents oxygen

atom or sulfur alom; R? represents hydrogen atom or an
alkyl group; ring E may optionally bave 1 to 4 substitvents,

and the substituents may optionally be combined with R* o

form a ring; L and M respectively represent hydrogen atom,

or L and M may optiopally be combined with each other 10

form a bood; or 2 pbarmacologically acceptable salt thercof;

3) Pharmaceutical composition according to 2), wherein the
compound represepted by the formula (I) is pioglitazone;

4) Pharmaceutical composition according to 1), which com-
priscs an insulin sensitivity cnhancer in combipation with
an a-ghucosidase inhibitor;

5) Pharmaccutical composition according to 4), wherein the
a-glucosidase inhibitor is voglibose;

6) Pharmacrutical composition according to 4), wherein the
insulin sensitivity enbancer is pioglitazone and the
a-glucosidase inhibitor is voglibose;

7) Pharmaceutical composition according o 1), which is for
prophylaxis or treatment of diabeles;

8) Pbarmacentical composition which comprises a com-
pound represented by the fornmla:

an

—mﬁm»-w‘f“—“’m?

wherein R’ represents an optionally substitoied hydrocarbon
of beterocyclic group; Y represents a group represented by
—Q0—-, —CH(OH)— or —NR? (wherein R? represents
an optionally substituted alkyl grovpl, mis Oor1;nis 0, 1
or ; X represents CH or N; A represents abond or 2 G,
divalent aliphatic bydrocarbon group; Q represents oxygen
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atom or sulfur atom; R’ represents bydrogen atom or an
alkyl group; ring E may optionally bave 1 to 4 substituents,
and 1he substituents may opliopally be combined with R’ 1o
form a ring; L and M respectively represent bydrogen atom,
or L and M may opticnally be combined with each otber to
form a bond; with a proviso 1bat R' does not represent
benzopyranyl group wheo m and o are O, X represents CH,
A represents a bond, Q represents sulfur atom, R*, L and M
represent bydrogen alom aod ring E does not have further
subshtuents; or a pbarmacologically acceptable salt thercof
m combination with an insulin secretion enhancer and/or an
insulin preparation;
9) Pharmaceutical composition according to 8), wherein the
compound represented by the formula (II) is the com-
pound represented by the formula;

(s

SO

(o]

10) Pharmacentical composition according 10 8), wherein
the compound represented by the formula (IT) is piogli-
fazone;

11) Pharmaccutical composition according 1o 8), wherein
the insulin secretion enhancer is glibenclamide;

12) Pharmaceutical composition according 1o 8), wherein
the compound represented by the formula (II) is pioghi-
tazope and the insulin secrelion enbancer is glibencla-
mide;

13) Pharmaceutical composilion according to 8), which is
for prophylaxis or Lreatment of diabetes.

DETAILED DESCRIPTION OF THE
INVENTION

The term “insulin sensitivity enbancer” as used in this
specification means any and all drug substances that restore
the impaired ipsulin receptor function lo deblock insulin
resistance and comsequently enbance insulin seositivily. As
examples of the insulin sepsitivity enhancer, the compound
represented by the formula () or a pharmacologically
acceptable salt thercof can be mentioned.

In the formula (J), as the hydrocarbon group in the
optionally substituled bydrocarbon group represented by R,
mention is made of alipbatic hydrocarbon groups, alicyclic
hydrocarbon groups, alicyclic-alipbatic hydrocasbon
groups, aromatic aliphatic bydrocarbon groups and aromatic
bydrocarbon groups. Number of carbon atoms in these
hydrocarbon groups is preferably 1 10 14, _

The aliphatic hydrocarbon groups are preferably those
bhaving 1 to 8 carbon atoms. As the alipbatic bydrocarbon
groups, mention is made of C, , saturated alipbatic bydro-
carbon groups (e.g. alkyl group) as excmplified by meithyl,
cthyl, propyl, isopropyl, butyl, isobutyl, sec.-butyl, t.-butyl,
peatyl, isopentyl, neopentyl, L-pentyl, bexyl, isobexyl, bep-
tyl and octyl, and C, ; unsaturated aliphatic bydrocarbon

groups (c.g. alkeayl group, alkadicayl group, alkynyl group,

alkadiynyl group) as cxemplified by vinyl, 1-propemyl,
2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methyl-1-
propenyl, 1-pentenyl, 2-pentenyl, 3-pentemyl, 4-pentenyl,
3-methy!-2-butenyl, 1-bexenyl, 3-bexenyl, 2,4-bexadienyl,
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5-bexenyl, 1-beplenyl, 1-octenyl, etbynyl, 1-propynyl,
2-propynyl, 1-butynyl, 2-butynyl, 3-butyoyl, 1-pestynyl,
2-pentyoyl, 3-pentynyl, 4-pentynyl, 1-bexynyl, 3-bexyny),
2,4-hexadiynyl, 5-hexyny), 1-beplynyl and l-octynyl

The alicyclic bydrocarbon groups are preferably those
baving 3 to 7 carbon atoms. As the alicyclic hydrocarbon
grovps, menltion s made of C, , saluraled alicyclic hydro-
carbon groups {eg. cycloalkyl group) as exemplified by
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cyclobeplyl, and C,, unsaturated alicyclic hydrocarbon
groups (e.g. cycloalkenyl group, cycloalkadieny) group) as
exemplified by 1-cyclopentenyl, 2-cyclopentenyl,
3-cyclopenteny!, 1-cyclohexeayl, 2-cyclobexenyl,
3-cyclobexenyl, 1-cyclohepienyl, 2-cyclohepienyl,
3-cyclobeptenyl and 2,4-cyclcheptadicnyl.

As the alicyclic-aliphatic hydrocarbon groups, meption is

- made of, among those formed by combipation of the above-
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mentioned alicyclic bydrocarbon growps with alipbatic
bydrocarbon groups (e.g. cycloalkyl-alkyl group,
cycloalkenyl-alkyl group), ones baving 4 to 9 carbon afoms
as cxcmplified by cyclopropylmethyl, cyclopropylethyl,
cyclobutylmethyl, cyclopentylmethyl,
2-cyclopentenylmelbyl, 3-cyclopenienylmethyl,
cyclohexylmethyl, 2-cyclobexcaylmethyl,
Jcyclobexenylmethyl, cyclobexylktbyl, cyclobexylpropyl,
cyclobeptylmethyl and cyclcheptylethyl,

The aromatic aliphatic hydrocarbon groups are preferably
those baving 7 1o 13 carbon atoms (c.g. aralky] group). As
the aromatic alipbatic bydrocarbon groups, mention is made
of C, ; phenylalkyl as exemplified by benzyl, phenethyl,
1-phenyletby], 3-phenylpropy), 2-pbenylpropyl and
1-phenylpropyl, and C,, ,, napbibylalkyl as exemplificd by
a-paphihylmeihyl, a-papbihylkihyl, B-naphthylmethy] and
f-naphthylethyl.

As the aromatic hydrocarbon groups, mention is made of,
ones having 6 to 14 carbon atoms as exemplified by phenyl,
paphthyl (a-oaphtyl, f-naphihyl).

In the formula (I), as the beterocyclic group in ibe
optiopally substitated beterocychic group represented by R,
meption is made of, for exampk, 5- 1o 7-membercd belero-
cyclic groups coptaining, as a ring componept atom, 1 to 4
betero atoms selected from oxygen atom, sulfur atom and
nitrogen atom, and a condensed ring group. As the con-
densed ring, meotion is made of, for example, these 5- 1o
7-rnembered heterocyclic groups condensed wilh
6-membered ring containing ope or two milrogen atoms,
benzene ring or S-membered ring contaiming one sulfur
alom.

Examples of these beterocyclic groups inchde 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl,
S-pyrimidinyl, 6-pyrimidicyl, 3-pyridazinyl, 4-pyridazinyl,
2-pyrazinyl, 2-pymolyl,, 3-pyrrolyl, 2-imidazolyl,
4-imidazolyl, 5-imidazolyl, 3-pyrazolyl, 4-pyrazolyl,
isothiazolyl, isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1,24-oxadiazol-5-yl,
1,2,4-triazol-3-yl, 1,2,3-1riazol4-yl, tetrazol-5-yl,
benzimidazol-2-yl, indol-3-yl, 1H-indazol-3-yl, 1H-pyrrolo
[2,3-blpyrazin-2-yl, 1H-pyrrolo[2,3-blpyridio-6-yl,
1H-imidazo{4,5-bJpyridin-2-yl, 1H-imidazo[4,5-c)pyridin-
2-yl, 1H-imidazo{4,5-blpyrazin-2-yl and benzopyranyl.
Among them, pyridyl, oxazolyl or thiazolyl group is pref-
erable.

In the formula (), the bydrocarbon group and beterocyclic
group represented by R may optionally bave 110 5, prefer-
ably 1 10 3 substitucals at any substitutable positions.
Examples of such substitucats include aliphatic bydrocarbon
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group, alicyclic hydrocarbon group, aryl group, aromatic
beterocyclic group, non-aromalic beterecychic group, balo-
gen atom, nitro group, optionally substituted amine group,
optionally substituted acyl! group, optiopally substituted
hydroxyl group, optiopally substituted thiol group, option-
ally estenified carboxyl group, amidino grouwp, carbamoy)
group, sulfamoyl group, sulfo group, cyano group, azido
grovp and nitroso group.

Examples of the aliphatic bydrocarbon groups include
C,.;s straight-chain or branched alipbatic hydrocarboan
groups as exemplified by alkyl group, alkenyl group, and
alkyny] group.

Preferable examples of the alky] group include C, , alkyl
groups such as methyl, ctbyl, propyl, isopropyl, butyl,
isobutyl, sec.-butyl, 1.-butyl, peotyl, isopentyl, ncopentyl,
t.-peatyl, 1-cthylpropyl, bexyl, isobexyl, 1,1-dimethylbutyl,
2,2-dimethylbutyl, 33-dimethylbutyl, 2-cthylbutyl, bexyl,
pentyl, octyl, nonyl and decyl.

Preferable examples of the alkenyl group include C, 4
alkenyl groups such as vinyl, allyl, isopropenyl, 1-propeayl,
2-methyl-1-propenyl, 1-butenyl, 2-butenyl, 3-buienyl,
2-cthyl-1-butenyl, 3-methyl-2-butenyl, 1-pentenyl,
2-peolenyl, 3-pentenyl, 4-peplenyl, 4-methyl-3-pentenyl,
1-hexenyl, 2-bexenyl, 3-bexenyl, 4-hexenyl and 5-bexenyl

Preferable examples of ibe alkynyl group include C, ,,
alkynyl groups such as cibynyl, 1-propynyl, 2-propynyl,
1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl,
3-pentynyl, 4-pentynyl, 1-bexynyl, 2-bexynyl, 3-hexynyl,
4-bexynyl and 5-bexyoyl.

As tbe alicydic hydrocarbon group, meotion is made of
C,.12 saturated or upsaturated alicyclic bydrocarbon groups
as exemplified by cycloalkyl group, cycloalkenyl group and
cycloalkadicnyl group.

Preferable examples of cycloalkyl group include C, ,,
cycloalkyl groups such as cyclopropyl, cyclobuiyl,
cyclopentyl, cyclobexyl, cyclobeptyl, cyclooctyl, bicyclo
[2.2.1]beptyl, bicyclo[2.2.2]octy], bicyciof3.2.1Joctyl,
bicyclo[3.2.2}ponyl, bicyclo{3.3.1Jnonyl, bicyclof4.2.1]
nonyl and bicyclo[4.3.1)decyL

Preferable examples of the cycloalkenyl group include
C, ;0 cycloalkenyl groups such as 2-cyclopenten-1-yl,
3-cyclopenten-1-yl, 2cyclobexen-1-y1 and 3-cyclobexen-1-
yL

Preferable examples of the cycloalkadienyl group inciude
C,4 10 cycloalkadienyl groups such as 2,4-cyclopentadien-1-
yl, 2,4cyclobexadien-1-yl and 2,5-cyclobexadien-1-yL

Preferabie examples of the aryl group inchade Cy 4, aryl
groops such as phenyl, naphthyl (1-napbthyl, 2-naphthryl),
anthryl, phenanthryl and acenaphthylenyl.

Preferable examples of the aromatic beterocyclic group
include aromatic mopocyclic beterocyclic groups such as
furyl, bienyl, pymrolyl, oxazolyl, isoxazolyl, thiazolyl,
- isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl, 1,2,4-
oxadiazolyl, 1,3,4-oxadiazolyl, furazapoyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazoly), 1,2,3-
triazolyl, 1,2,4-triazolyl, tctrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl and triazinyl; and aromatic con-
densed heterocyclic groups such as benzofuranyl,
isobenzofuranyl, benzo[bltbicnyl, indolyl, isoindolyl,
1H-indazolyl, benzimidazolyl, benzoxazolyl, 1,2-
benzoisoxazoly!, bepzothiazolyl, 1,2-benzoisotbiazolyl,
1H-benzotriazolyl, quinolyl, isoquinolyl, cinnolinyl,
quinazolioyl, quinoxalinyl, phthalazinyl, naphibylidinyl,
purinyl, pteridinyl, carbazolyl, a-carbolinyl, p-carbolinyl,
y-carboliny), acridinyl, phenoxazioyl, phepothiazinyl,
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pbenaziny), phbenoxathiinyl, tbiaotbrenyl, phbenathridinyl,
phenatbrolinyl, iodolizinyl, pyrrolo{l,2-blpyridazinyl,
pyrazolo{1,5-alpyridyl, imidazo{1,2-aJpyndyl, imidazo{1,5-
alpyridyl, imidazo[1,2-b]pyridazinyl, imidazo[1,2-a]
pyrimidioyl, 1,2,4-tniazolo{4,3-alpyndy! aod 1,2,4-triazolo
(4,3-blpyridazinyl.

Preferable examples of the pop-asomalic heterocyclic
group ioclude oxiranyl, azetidioyl, oxctanyl, ihictanyl,
pyrrolidinyl, tetrabydrofuryl, thiolanyl, piperidyl,
tetrahydropyranyl, morpboliny!, thiomorpholinyl,
piperazinyl, pyrrolidioo, piperidino, morpbolino and thio-
morpholino.

Examples of the halogen atom include Buoripe, chloripe,
bromioe and iodipe.

As the substituted amino group in the optionally substi-
huted amine group, mention is made of, N-monosubstituled
amino group and N,N-disubstituied amino group. Examples
of the substituted amino groups inchude amino groups bav-
ipg one or two substilucnts selected from C,_,, alkyl group,
C.30 alkenyl group, C, ;o alkynyl group, aromatic group,
beterocyclic group and C,_,4 acyl group (e.g. methylamino,
dimethylamino, cthylamino, dicthylamino, dibutylamino,
diallylamino, cyclobexylamino, pbenylamino, N-methy)-N-
phenyl-amino, acttylamino, propionylamino, benzoylamioo
and nicotinoylamino).

As tbe acyl group, mention is made of C,_,, syl groups
such as G,y alkanoyl group, C,,, alkenoyl group, C, ,,
cycloalkanoyl group, C, ., cycloalkenoyl group and C,,,
aromatic carbony! group.

Prefcrable examples of the C,_,, alkanoyl group inchude
formyl acetyl, propionyl, butyryl, isobutyryl, valeryl,
isovaleryl, pivaloyl, bexanoyl, beptanoy! and octanoyl. Pref-
erable examples of the C,,, alkenoyl group include
acryloyl, metbacryloy!, crotonoyl and isocrotonoyl. Prefer-
able examples of C,,, cycloalkanoyl group include
cyclobutapecarbonyl, cyclopentanecarbonyl, cyclobexan-
ccarbonyl and cyclobeptanecarbonyl. Preferable examples
of C,.;o cycloalkenoyl growp include
2-cyclobexenecarbonyl. Preferable examples of C, ,, aro-
matic carbonyl group inclide benzoyl, paphthoyl and aico-
tinoyL '

As the substituent in the substituted acyl group, mention
is made of, for example, C, , akyl group, C,, alkoxy
group, halogen atom (¢.g. chlorine, fluorine, bromine, cic.),
nitro group, hydroxyl group and amino group.

As the substituted hydroxyl group in the optionally sub-
stituted bydroxyl group, mention is made of, for example,
alkoxy group, cycloalkyloxy group, alkenyloxy group,
cycloalkenyloxy group, aralkyloxy group, acyloxy group
and aryloxy group.

Preferable examples of the alkoxy group inchide C,,,
alkoxy groups such as methoxy, ctboxy, propoxy,
isopropoxy, butoxy, isobutoxy, scc.-butoxy, t.-butoxy,
peatykoxy, isopeatyloxy, ncopentyloxy, bexyloxy, beptyloxy
and pouyloxy. Preferable cxamples of the cycloalkyloxy
group inchide C, ;, cycloalkyloxy groups such as
cyclobutoxy, cyclopentyloxy and cyclohexyloxy. Preferable
examples of the alkenyloxy group inclede C, ,, alkenyloxy
groups such as allyloxy, crotyloxy, 2-pentenyloxy and
3-bexenyloxy. Preferable examples of the cycloalkenyloxy
goup include C,,, cycloalkenyloxy groups such as
2-cyclopentenyloxy and 2-cyclobexenyloxy. Preferable
cxamples of the aralkyloxy group include C,,, aryloxy
groups such as pbenyl-C, akkyloxy (e.g. benzyloxy and
phenethyloxy). Preferable examples of the acyloxy group
inchide C, ;, acyloxy group, more preferably C,_, alkanoy-
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loxy groups (eg. acetyloxy, propionyloxy, butyryloxy and
isobuiyryloxy). Preferable examples of 1be aryloxy group
include Cg |, aryloxy groups such as phenoxy aod naphihy-
loxy. The aryloxy group may optionally have opne or two
substiluents such 25 balogen atom (e.g. chlorine, fuoripe,
bromine). Examples of the subsiituted aryloxy group include
4-chloropbencxy.

As the substituted thiol growp in the opticnally substituted
thiol group, mention is made of, alkyithio group, cycloalky-
Ithio group, alkenylibio group, cycloalkemylthio group,
aralkylthio group, acyithio group and arylihio group.

Preferable examples of the allcyhthio group include C, ,,
alkylthio groups such as methylthio, ethylilio, propyltbio,
isopropyltbio, butylihio, isobutylthie, sec.-butylthio,
t.-butylibio, pentylihio, isopentylthio, neopentylthio,
bexyltlso, heptylibio and ponyhhio. Preferable examples of
the cycloalkyhhio group include C, ,, cycloalkylthio grovps
such as cyclobutylibio, cyclopentylthio and cyciobexylthio,
Preferable examples of the alkenylthio group include C, ,,
alkenyltbio groups such as allylthio, crotylthio,
2-pentenyhthio and 3-bexenylthio. Preferable examples of
the cycloalkemylthio group include C, ,, cycloalkenylthio
groups such as 2-cyclopentenylthio and 2-cyclohexenylihio.
Preferable examples of the aralkylihio include C, 4 aralky-
hthio groups such as pheny!l-C, ,alkylthio (e.g. benzylthio
and phenethylihic). Preferable examples of the acylthio
group include C, 5 acylthio group, more preferably C, ,
alkanoylthio groups (c.g. acelylthio, propionylthio,
butyrylthio and isobutyrylthio).

Preferable examples of the arylihio group inchuide Cg ,,
arylthio groups such as phenylthio and paphthylthio. The
aryhhio group may optionally have one or two substiments
such as balogen atom (cg. chlorine, flvorine, bromine).
Examples of tbe substituted arylthio group include
4-chlorophenylihio.

As the optionally eslerified carboxyl group, mestion is
made of, for example, alkoxycarbonyl group, aralkyloxy-
carbonyl growp and aryloxycarbonyl group.

Preferable examples of the alkoxycarbony] group include
C, s alkoxycartbonyl groups such as mciboxycarbonyl,
ctboxycarboayl, propoxycarbonyl and butoxycarbonyl.
Prefcrable examples of the aralkyloxyearbonyl group
iochude C, ), aralkcyloxycarbonyl groups such as benzyloxy-
carbonyl. Preferable examples of the aryloxycarbonyl group
include C, 5 aryloxycarbony] groups such as pbenoxycar-
bony! and p-tolyloxycarbonyl.

Among the substituents on the hydrocarbon group and
beterocyclic group represented by R, C, ,, akyl groups,
aromatic beterocyclic grovps and Cq,, aryl groups are
prefenable, and C, , alkyl, furyl, thienyl, pbenyl and naph-
thyl are especiaily preferable.

In the fornvula (J), substitucots on the bydrocarbon group
and heterocyclic group which are represented by R, may,
when they are alicyclic bydrocarbon group, ary! group,
aromatic beterocyclic group of non-aromatic beterocyclic
group, bave one or more, preferably 1 1o 3, of suitable
substilucots respectively. Examples of these substiluents
include C, ¢ alkyl gromps, C, ¢ alkenyl groups, C, 4 alkyny!
groups, C,_; cycloalkyl groups, Cg , , aryl groups, aromatic
beterocychic groups (e.g. thienyl, furyl, pyridyl, oxazolyl
and thiazolyl), pon-aromatic beterocyclic groups (e.g.
tetrahydrofuryl, morpbolino, thiomorpbolino, piperidino,
pymolidivo and piperazino), C,, aralkyl groups, amino
group, N-mopo-C, 4 alkylamino groups, NN-d&i-C, , alky-
lamino groups, C, 4 acylamino gronps (e.g. acetylamino,
propionylamino and benzoylamino), amidine group, Cs.e
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acyl group (e.g. C;4 2lkanoyl groups), carbamoyl group,
N-mono-C, , alkyl carbamoyl groups, NN-di-C, , alkyl
carbamoyl proups, sulfamoyl group, N-mooo-C,, alkyl
sulfamoyl groups, N,N-di-C, , alkyl sulfamoyl groups, car-
boxyl group, C; 4 alkoxycarboayl groups, hydroxyl group,
C,.. alkoxy groups, C,.; alkenyloxy groups, C,., cycloalky-
loxy groups, C, ; aralkyloxy groups, C, ,, aryloxy groups,
mercapto group, €, , alkylthio groups, C,, aralkylthio
groups Cg ,, arylthio groups, sulfo group, cyano group,
azido grovp, nilro growp, nilroso group and halogen atom.

In the formula (I), R is preferably an optionally substi-
luted belcrocyclic group. R is more preferably pyridy),
oxazolyl or thiazolyl group which is optiopally substituted
by 1 to 3 substituents selecied from C, , alkyl group, furyl
group, thicayl group, phenyl group and napbibiyl group.

R' in the formula () has the same definition as R except
that R’ does not represent benzopyranyl group when m and
n are O; X represents CH; A represents a bond; Q represents
sulfur 2tom; R, L and M represent hydrogen atom; and ring
E does not bave furtber substituents.

In the formulae (T) and (), Y represents —CO—, —CH
(OH)— or —NR>- (wherein R represcots an optionally
substituted aikyl group), preferably —CH(OH)— or
—NR>-. As tbe alkyl group in the optionally substituted
alkyl group represenied by R>, mention is made of, for
example, C, , alkyl groups such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec.-butyl and t.-butyL Examples
of the substitucnis include balogen (c.g., fluorine, chlorine,
bromine and iodine), C,, alkoxy groups {e¢.g. methoxy,
cthoxy, propoxy, buloxy, isobutoxy, scc.-butoxy and
L.-butoxy), hydroxyl group, nitro group and C,_, acyl groups
{c.g. formy!, acetyl and propionyl).

The symbol m is 0 or 1, preferably 0.

Tbe symbol n is 0, 1 or 2, preferably 0 or 1.

X represents CH or N, prefersbly CH.

In the formulae (1) and (IN), A represents a bond ot 3 C,_,
divalent aliphatic hydrocarbon group. The aliphatic hydro-
carbon group may be straight-chain or branched, and sam-
rated or unsaturated. Specific examples of the aliphatic
hydrocarbon group inchude saturated ones [e.g. —CH,—,
—CH(CH,)—, —(CH,),—, ~CH(CH,)—, —(CH,),—,
—(CH).—, —~(CH)—, —(CH,)— 0d —(CH,),—]
and unsaturated ones [e.g. —CH=CH—, —C(CH,)
=CH—, —CH=CH—CH,—, —C(C,H,)=CH—,
—CH,—CH=CH—CH,—, —CH,—CH,~—CH=CH—
CH,—. —CH=CH—CH=CH—CH,— and
—(H=CH—CH=CH—CH= —. A is prefer-
ably a bond or C, _, divalent aliphatic hydrocarbon groups,
the aliphatic bydrocarbon groups preferably being saturated.
A is more preferably a bond or —(CH,),—.

As the alkyl group represented by R?, substantially the
same one as the alky] group in the above-mentioned R, R?
is preferably hydrogen atom.

In the formulae (T) and (1), the partial formula:
r

E ——  prefenably rpracn B
S ) the formula: S

X

Ring E bas 1 10 4 substituents at any substitutable posi-
tions. Examples of such substituents inclde alkyl group,
optionally substituted bydroxyl group, halogen atom,
optionally substituted acy! group and optionally substituted
amino group. These substituents bave substantizlly the same
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meaping as those described as substituents of the hydrocar-
bon group and heterocyclic group represented by R.
Ring E, namely the partial formula:

Z &
P ——  prefersbly epresents —_
\x ) the formula: \x )

wherein R? represents hydrogen atom, an alkyl group, an
opticpally substitated bydroxyl group, a halogen atom, an
optionally substituted acyl group, nitro group or an optiog-
ally substituted amino group.

As lbe alkyl group, opticnally substituted hydroxyl group,
balogen atom, opuona.l]y substifuted acyl group and 0pbon-
alty substitoted amino group represented by R*, mention is
made of those desardbed usubstmxnlsoflbehydmcaxbon
group and beterocyclic group represented by R. R? is
prefenbly hydrogen atom, opticnally substimied bydroxyl
group of balogen alom, more preferably hydrogen atom or
optionally substituted bydroxyl group, especially preferably
hydrogen atom or C,_, alkoxy groups.

In the formulae (I) and (1), L and M represent bydrogen
alom, or thcy may optionally be combined wilh each other
1o forn a bond. L and M are preferably hydrogen atom.

In tbe compounds wherein L and M are combined with
each other to form a bond, there exist (E)- and (Z)-isomers
relative 1o the double bond at the 5-position of tbe azo-
lidinedione ring.

And, in the compounds wherein L and M respectively
represent hydrogen atom, there exist (R} and (S)-optical
isomers due to the asymmetric carbon at the S-position of the
azolidivedione ring. The compounds include these (R)- and
(S)-optical isomers and racemic isomers.

Preferable examples of the compounds represented by the
formula (I) or (II) includes 1bose in which R is pyridyt,
oxazolyl or ihiazolyl group optionally baviog 1 to 3 sub-
stituents selected from C,_; alkyl, foryl, thienyl, pbeny] and
paphthy, m is ; nis O or I; X is CH; A is a bond or
—{(CH,),—; R is bydrogen atom; ring E, namely the partial
formula: .

/ .
B - mw
\x /I‘ the formmula: S

and R? is hydrogen atom or C,  alkoxy group; and L and M

are both hydrogen atom.

Preferable examples of the compound represented by the
formmla (J) inclode

(1) the compound represented by the formula (I) such as
5-[4-[2-(3-cthyl-2-pyridyl)ethoxy]benzyl]-2,4-
thiazolidinedione; 5-[4—[2—{4—cthyl-2-pyndyl)elhoxy]
benzyl}-2,4-thiazolidinedione; 5-[4-{2-(5-cthyl-2-
pyridyletboxyJbenzyl}-2,4-thiazolidinedione (generic
name: pioglitazone); and 5{4{2-{G-cthyl-2-pyridyl)
cthoxyJbenzyl}-2,4-thiazolidinedione;

(2) (R)-(+)-5-[3-[4-[2-(2-fury])-5-methyl-4-
oxazolylmethoxy]-3-methoxypheayl]propyl}-2,4-
oxazolidipedione; and

(3) SHI4(3.4dibydro-6-hydroxy-2,5,7,8-tctramethy!-2H-
1-benzopyran-2-yl)methoxylpbenylJmeihyi}-2,4-
thiazolidinedione (generic name: lmghhmne,lCS-MS)
The compound represcoied by the formula (J) is espe-

cially preferably pioglitazone.

10
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The compound represented by the formula (A1) is prefer-
ably the compound represented by the formula (111) and
(R)-(+)-5{3-[4{2-(2-fury])-5-meibyl-4-oxazolylmelboxy}-
3-wethoxypheoyllpropyl}-2,4-0xazolidinedione, more pref-
erably pioglitazooe.

The pbarmacologically acceptable salt of tbe compound
represented by the formwla (1) or () are exemplified by salis
with inorganic bascs, salts with orgapic bascs, salls with
inorganic acids, salis with organic acids, and salis with basic
or acidic amine acids.

Preferable examples of szlts with inorganic bases include
salts with alkaki metals such as sodivm, potassium, eic., salts
with 2lkaline carth metals such as calcium, magnesium, ¢ic.,
and salts with alumioum, ammonium, etc.

Preferable examples of salts with organic bases include
salts with trimethylamine, triethylamine, pyridine, picokipe,
cthanolamine, dicthanolamine, triclbanolamine,
dicyclobexylamine, N,N-dibenzylcthylencdiamine, cic.

Preferable examples of salts wilh iporganic acids inchude
salts with hydrochloric acid, hydrobromic acid, nitric acid,
sulfuric acid, phosphoric acid, etc.

Preferable examples of salts with organi: acids inchide
salts with formic acid, acetic acid, triflvoroacetic acid,
fumaric acid, oxalic acid, tartaric acid, maleic acid, citric
acid, succinic acid, malic acid, metbanesulfonic acid., ben-
zenesulfonic acid, p-tolienesulfonic acid, eic.

Preferable examples of salts with basic amino acids
include salts with arginioe, lysine, ormnithine, etc., and pref-
crable examples of salis with acidic amino acids include
salts with aspartic acid, ghiamic acid, cic.

The pharmacologically acceptable salt of the compound
represented by the formula (11) is preferably a salt with an
inorganic acid, more preferably a salt with hydrochloric
acid. Especially, pioglitazone is preferably used i the form
of salt with hydrochloric 2cid.

The compounds represented by the formula (I) or (IT) or
a salt thereof can be produced in accordance with, for
example, metbods described in JPA S55(1980)-22636(EP-A
8203), JPA S60(1985)-208980(EP-A 155845), JPA S61
(1986)-286375(EP-A 208420), JPA S61(1986)-85372(EP-A
177353), JPA 561{1986)-267580(EP-A 193256), JPA
H5(1993)-86057(WO 92/18501), JPA H7(1995)-82269
(EP-A 605228), JPA H7(1995)-101945(EP-A 612743),
EP-A 643050, EP-A 710659, ctc. or methods analogous
thercto.

Insulip scpsitivity enbapcers include 5{[3,4-dihydro-2-
(pbenylmethyl)-2ZH-1-benzopyran-6-yljmethyl]-2,4-
thiazolidinedione (generic name: englitazonc) or its sodivm
salt;
5{[4{3A5-metbyl-2-pbenyl-4-oxazolyl)-1-oxopropyl]

phenyl}methyl}-2,4-thiazolidinedione (generic name:

darglitazone/CP-86325) or its sodium sali;
5{2-(5-methyl-2-pheny)-4-oxazolylmethyl)benzofuran-5-

ylmethyl)-2,4-oxazolidinedione (CP-92768);
5-(2-napbthalenylsulfonyl)-2,4-thiazolidinedione (AY-

31637y .
4{(2-naphibaleny)methyl}-3H-1,2,3,5-oxathiadiazol-2-

oxide (AY-20711); and
S{[4{2-(methyl-2-pyridylamino)etboxy Jphenyl } methyl}

2,4-thiazolidinedione (BRL-49653), cic. in addition to
compounds mentioned bereinbefore.

In the present invention, examples of the drug which is
used in combination with the above-mentioned inculin sen-
sitivily enhancer include an a-ghicosidase inhibitor, an
aklose reductase inhubitor, a biguanide, a statin compound,
a squalepe syptbesis inhibitor, a fibrate compound, a LDL
calabolism enbancer and an angiotensin converting ¢enzyme
inhibitor. ‘
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a-Glucosidase inhibitors are drugs which inhibit digestive LDL catabolism enbancers are drugs having actions of
cnzymes such as amylase, maltase, a-dextrinase, sucrase, lowering blood cholesterol levels by increasiog the oumber
cic. 1o retard digestion of starch and sugars. Examples of the  of LDL (low-demsity lipoprotein) receptors.
a-glucosidase inhibitors include acarbose, N-(1,3- Exatoples of tbe LDL catabolism eohancers include the
dibydroxy-2-propylvaliolamine (generic pame; voglibose), 5 compound which is described in JPA H7(1995)-316144 and
miglitol, ¢t¢. with preferance given to voglibose. represented by the formula:

Aldose reductase inhibilors are drogs which inhibit the = wherein R, R®, R® and R7 are tbe same or different, apd
firsi-stage rake-limitting enzyme in the polyol pathway to  represent hl)‘r)dmgeskatom, a bﬂo_gcg_ ;'lom_, ;j)wu’ lllkgf
arrest diabetic complicats rglyce grovp or a lower alkoxy grovp; ris 0-2; s is 2-4; p is 1-2;
e state of dnhe‘Ih:e e nﬁﬁu;:?fmm polyol O 3 sat thereofy specifically N{2{4-bis(4-flvoropbenyl)
o : 1-1-piperazinyljethyl} 7,7-diphenyl-2,4,6-beptatrienic
patbway is increased and the excess sorbitol accumolated 25 mhymdz'lp:w‘
intraceTularly as a consequence acts as a nssue loxin M The above-mentioned statin compounds, squalene syn-
hence cvokes the onset of complications such as diabetic thesis inhibitors, fibrate compounds aod LDL. catabolism
neuropathy, retinopathy, 20d pephropaihy. Examples of the  enhancers can be substituted with otber drugs having ibe
2ldose reductase inhubitors inchuide tolurestat; epalrestat,  property 1o lower blood cholesterol and triglyceride Jevels.
3,4-dibydro-2,8-diisopropyl-3-thioxo-2H-1,4-benzoxazine- @ Examples of these drugs include nicolinic acid derivatives

4-acetic acid; 2,7-diflucrospiro(9H-fuorene-9,4'-  such as nicomol and miceritrol; antioxidants sach as probu-
imidazolidine)-2',5'-dione (generic name: imirestat); col; and ion-cxchange resios such as colestyramin.
3-{(4-bromo-2-fluoropbenyTmethyl - 7 —chloro-3,4-dibydro- Angjotensin converting enzyme inhibitors are drugs hav-

: . 4 L. . . ing actions of partially fowering blood glucose jcvels as well
i‘”"""‘:"l‘;m’)ﬂ“‘”“"h"‘ 2octic acid (geoaric name: o\ owering blood pressure by inkibiting angictensie con-
narestaiy; . . verting cozymes. Examples of the angiotensin converting
&ﬂ?o'rorz,}dih?rdro-Z',S' ~dioxo-spiro(4H-1-benzopyran-4, enzyme inhibilors include caplopril, enalapril, alacepril,
4-1midazolidie}-2-carboxamide (SNK-860); zopolr- delapril, ramipril, lisinopril, imidapril, benazepril,

estat; sorbinil; and ceronapril, cilazapril, epalaprilat, fosinopril, movehopsil,
I-[(3-hromo-2-benzofnranyl)sulfonyl]-2.4- o perindopril, quinapril, spirapril, temocapril, trandolapril, cic.
imidazolidivedione (M-16209), cic. In the present invention, especially preferred is the phar-

Biguanides are drugs baving actions of stimulation of ~ macentical composition which comprses an insulin sensi-
anacrobic glycolysis, increase of the seasitivity 1o fnsalinja  fivity cabancer in combination wilh an @ ghicasidase (b
the peripberal tissues, inhibition of ghicose absorption from o @mmmmjn& a-zl:@mmmr g preferably
the Intestine, soppression of bepatic gluconeogenesis, and 5 FUE IS0 AL d
ml}ibm?n of fatty acid fmdahon. Enm-plcs ‘f‘ the bigu- In the present invention, examples of the drug which is
mdes'mclnde phenformin, mett'om_:lm, but'ormm cte. used in combination with the compound represented by the

Statin compounds are drogs baving actions of lowering  formula (1) or a pharmacologically acceplable salt thercof
blood cholesterol levels by inhibiting hydroxymethylghita-  inchade an insulin secretion enbancer apd/or an insulin
Iyl CoA (HMG-CoA) reductase. Examples of the statin % preparation.
compounds include pravastatin and its sodinm salt, Insulin sccretion enbancers are drugs baving the property
simvastatin, lovastatin, atorvastatin, fluvastatin, etc. lo promole secretion of insulin from pancreatic f cells.

Squalene synthesis iphibitors are drogs having actions of Examplu of the insulin secretion enbancers inchide Slﬂ.fi)-
Jowering blood cholesierol levels by iahibiting synthesis of _ DYlweas (SU). The sulfonylureas (SU) arc drugs which

lene. E les of the pe thesis inhibitors >° Promole secretion of insulin from pancreatic  cells by
. . - _] transmitting signals of insulin secretion via SU receptors in
include (S)-a{Bis{2,2-dimethyl-1-oxopropoxy)metboxy] =T 8 SE S Examples of the SU include tofbuta-
Ph@h“ﬂs};i-l’ km” acid, mono mide; chlorpropamide; 1olazamide; acctohexamide;
F @ - . . . 4-chloro-N-[(1-pyrolidinylamino)carbonyl}-

Fibrate compounds are drugs having actions of owering ¢ pepzeneciifonamide (generic pame: glycopyramide) or its
blood cholesicrol levels by inhsbiting synthesis andsecretion o onium salt: glibenclamide (glyburide); gliclazide;
of triglycerides in liver and activating a lipoprotein lipase. 1 4ury) 3 metanilylures; carbutamide; glibonuride; glipiz-

Examples of the ﬁban oomponnds inclode bezafibnate, 34, gliquidone; glisoxepid; glybuthiazole; glibuzole; gly-
beclobrate, binifibrate, ciplofibrate, clinofibrate, clofibrate, hexamide; glymidine; glypinamide; phenbutamide;
clefibric acid, etofibrate, fepofibrate, gemfibrozil, g5 tolcyclamide, etc.
wicofibrate, pirifibrate, ronifibrate, simfibrate, theofibrate, Insulin secretion enhancers include N-{[4-(1-methylethyl)
elc. - cyclobexyl)carbonyl}D-pbenylalanine (AY-4166); calcinm
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(25)-2-benzyl-3-(cis-bexabydro-2-isoindolinylcarbooyl)
propionale dibydnate (KAD-1229); and glimepiride (Hoe
490, clc. i additica to compounds mentioned hereinbefore.
The ipsulin secretion enbancer is especially preferably glib-
enclamide.

Examples of tbe insulin preparations include apnimal insu-
liz preparations typically extracted from bovine or porcine
paocreas and buman iosulin preparations synthesized by
geoctic engineering techniques typically using Escherichia
coli or yeasts. While insulin preparations are available in a
vanety of types, ¢ g. immediste-acting, bimodal-adling,
intermediale-acting, and Jong-acting, these types of prepa-
rations can be sclectively administered according to the
paticol’s condition.

1g 1be present invention, especially preferred is the phar-
maceulical composition which comprises the compound
represented by the formula (1I) or a pbarmacologically
acecplable salt thereof in cobipation with an insulin secre-
tion enhancer. The compound represented by tbe formula
(1) or a pharmacologically acceptable salt thereof is espe-
cully preferably pioglilazone, snd the insulin secretion
enhancer is especially preferably glibenclamide.

The pharmaceutical composition comprising an insulin
seosilivity enbancer in combination with at least ope mem-
ber selected from the group consisting of an a-glicosidase
inhibitor, an aldose reductase inhibilor, a biguanide, a statin
compound, a squalene synthesis inhibitor, a fibrate
compound, a LDL catabolism epbapcer and an angiolensin
convertipg enzyme inhibitor; and the pharmaceutical com-
position comprising the compound represepied by the for-
mula (1) or 2 pharmacologically acceplable salt thereof in
combination with an insulin secretion enbancer and/or an
insulin preparation, both provided in accordance with the
present ipvention, can be respectively put to use by mixing
the respective achive componeots cither all together or
independently wilth a physiologically acceptable carrier,
excipient, binder, diluent, ctc. and administering the mixture
or mixtures ¢ither orally or non-orally as a pharmacentical
composition. When the active components are formulated
independently, the respective formulations can be ¢xiempo-
rancously admixed using a diluent or the like and adminis-
tered or can be administered independently of cach oiber,
citber concwently or at staggered times 1o the same subject.

The dosage form for said pbarmaccutical composition
includes such oral dosage forms as grapules, powders,
lablels, czpsules, syrups, emulsions, suspensions, eic. and
such non-oral dosage forms as injections (e.g. subcutancous,
iniravenous, intramuscular and intraperitoneal injections),
drip infusions, external application forms (c.g. pasal spray
preparations, transdermal preparations, ointments, efc.), and
suppositories (c.g. rectal and vaginal suppositories).

These dosage forms can be mamufactured by the per se
koown technique conventionally used in phammaceutical
procedures. The specific manufacturing procedures are as
follows.

To mamufacture an oral dosage form, an cxcipient (c.g.
lactose, sucrose, starch, mannitol, cic.), a disintegrator (e.g-
calcium carbonate, carboxymethylcellulose caleium, eic.), a
binder (e.g. a-starch, gum arabic, carboxymethykelnlose,
polyvinylpyrrolidone, hydroxypropylcellulose, cte.), and a
lubricant (¢.g. talc, magpesium sicarate, polyethylene glycol
6000, ¢ic ), for instance, are added to the active componcat
or conrponents and the resulting composition is compressed.
Where necessary, the compressed product is coated, by the
et se known techmique, for masking the taste or for enteric
dissolution or sustained release. The coating material ihat
can be used includes, for imstance, ¢thylcellulose,
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hydroxymethylcellulose, polyoxyethylene glycol, celiulose
acciate phibalate, hydroxypropylmethylcellulose phthalate,
and Eudragit (Robm & Haas, Germany, methacrylic-acrylic
copolymer).

Injections can be mapufactured typically by the following
procedure. The aclive component or componenis are
dissolved, suspeoded or emulsified in an aqueous vehicle
(e.g. distilled waler, physiological saline, Ringer's sofulion,
eic.) or an oily vehicle (c.g. vegetable oil such as olive oil,
sesarme oil, cottonseed oil, corn oil, ¢ic. or propylene glycol)
togeiber with a dispersant (e.g. Tween B0 (Atlas Powder,
USA), HCO 60 (Nikko Chemicals), polycthylene glycol,
carboxymethylcellulose, sodium alginate, cic.), a preserva-
tive (¢.g. methyl p-bydroxybenzoate, propyl
p-hydroxybenzoate, benzyl alcohol, chierobutapol, phenol,
eic.), an isolonizing agent (c.g. sodium chlorde, glycerol,
sorbilol, glucose, inverted sugar, etc.) and otber additives. If
desired, a solubilizer (e.g. sodium salicylate, sodium acctate,
elc.), a stabilizer (¢.g. human serum albumin), a soothing
agent {c.g. benzalkoninm chloride, procaine bydrochloride,
eic.) and otber additives can also be added.

A dosage form for external application can be mamufac-
tored by processing the active component or components
into a solid, semi-solid or Hiquid composition. To mamfac-
ture a solid composition, for instance, the active compopent
of components, cither as they are or ip admixture witk an
excipient (c.g. laciose, manmilol, starch, microcrysiallipe
cellulose, sucrose, eic), a thickener (e.g. patural gums,
cellulose derivatives, acrylic polymers, eic)), ctc., are pro-
cessed ipto powders. The liquid composition can be maou-
factured jp substantially the same manper as the injections
mentioned above. The semi-solid composition is preferably
provided in a bydrous or oily gel form or an ointment form.
These compositions may optionally contain a pH cootrol
agent (e g. carbonic acid, phospboric acid, citric acid, hydro-
chloric acid, sodinm bydroxide, ctc.), and 2 preservative
(¢.g. p-hydroxybemzoic acid esters, chiorobutanol, benza-
Ikomum chloride, etc.), among other additives.

Suppositorics can be manufiactured by processing the
active component of components inlo an oily or aqueouns
composition, whether solid, semi-solid or liquid. The ole-
aginous base that can be used includes, for instance, higher
fatty acid glycerides [e.g. cacao butter, Witepsols (Dinamit-
Nobel), ctc.] mediomchain faity acids [e.g. Migriols
{(Dinamil-Nobel), etc.] vegetable oils {(e.g. sesame oil, soy-
bean oil, cofton-seed oil, ctc), etc. The waler-soluble base
includes, for instance, polycthylene glycols, propylene
glycol, cic. The hydrophilic base includes, for instance,
natural gums, cclulose derivatives, vinyl polymers, and
acrylic polymers, ete.

The pharmaceatical composition of 1be present invention
is Jow in toxicity and can be safely used in mammals {c.g.
bumans, mice, rats, rabbits, dogs, cats, bovines, borses,
swines, monkeys).

The dosage of the pharmaceutical composition of the
present invention may be appropriatcly detcrmined with
reference 1o the dosages recommended for the respective
active components and can be selected appropriately accord-
ing 10 the recipicnt, the recipient’s age and body weight,
carent clinical status, administration time, dosage form,
method of administration, and combination of the active
components, among other factors. For example, the dosage
of the insulin sengtivity eshancer for an adult can be
sclected from the clinical oral dose range of 0.01 10 10
mg/kg body weight (preferably 0.05 1o 10 mg/kg body
weight, more preferably 0.05 to 5 mg/kg body weight) or the
chinical parenteral dose range of 0.005 to 10 mg/kg body
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weight (preferably 0.01 to 10 mg/kg body weight, more
preferably 0.01 to 1 mg/kg body weight). The other active -contimued
compopenl or componeots baviog diferent modes of action (5) Magocsiom sicaraie 0
for usc in combination can also be used in dose ranges pen —t
selected by referring to the respective rcommended chinical $ Tonl 180 mg

dose ranges. The preferred frequency of administration is 1
to 3 times a day.

Thbe proportions of the active components in the pharma-
cevlical composition of the present invention can be appro-
prialely selected according 1o the recipient, the recipient’s
age and body weight, current clinical status, administration
time, dosage form, method of administration, and combina-
tion of active componcots, among other factors. When, for
example, the compound represented by the formula (F) or a
pharmacologically acceptable salt thereof (¢.8. pioglilazone)
which is Lbe insulin sepsitivity enbancer and voglibose
which is an a-glucosidase inhibilor are 1o be administered in
combination to 2 buman subject, voglibose is used in a
proportion of usually about 0.0001 to 0.2 weight parts and
preferably about 0.001 to 0.02 weight panis relative 1o 1
weight part of the compound or a salt thercof. When, for
example, the compound represented by tbe formula (N or a
pharmacologically acceptable salt thereof and glibenclamide
which is an insulin secretion enhancer are 1o be adminjstered
in combination o 2 buman subjecy, glibenclamide is used in
a proportion of usvally about 0.002 to 5 weight parts and
preferably aboutl 0.025 to 0.5 weight pasts, relative 10 1
weight part of the compound or a pharmacologically accept-
able salt thereof.

The phanmaceutical composition of the present invention
shows a marked sypergistic effect compared with adminis-
lration of cither active componeot alope. For example,
compared with cases io which each of these active compo-
neats was administered to diabetic Wistar fany rats with
geoctical obsesity, administration of these active compo-
neots in combination resulted in marked improvements in
both hyperglycemia and reduced ghicose tokrance. Thus,
the pbarmacentical composition of the present mvention
Jowers blood glucose in diabetics more effectively than it is
the case with administration of ¢ach component drug alone
and, therefore, can be used advantageously for the prophy-
Jaxis and treatment of diabetic complications.

Furthermore, since the pharmaceutical composition of the
present invention develops sufficient effcacy with reduced
doses as compared with the administraticn of any one of the
active componcots alone, the side cffects of the respective
componeots (¢.g. gastrointestinal disorders such as diarrhea,
cic)} can be reduced.

The following working examples and experimental
examples are merely intended to illustrate the present inven-
tion in fortber detail but should by no means be construed as
defining the scope of the invention.

The pharmaceutical composition of the present invention
can be prepared according lo the following formulations.

WORKING EXAMPLE 1

Capsules
(1) Pioglitazoae hydrochorde 0 mg
(2) Voglibose 02 mg
(3) Lactose 60 mg
{4) Micsocrystalline celfulose 8 mg

19

5

45

5%

The wholc amounts of (1), (2), (3) and (4) and baif the
amount of (5} are mixed well and granulated in the conven-
Honal maaner. Then, the balance of (5) is added and, after
mixing, the whole composition is filled in a gelatin bard
capsule shell

WORKING EXAMFLE 2
Tablets

{1) Poglitamroe hydrochloride 10 mg
{2) GBbeachmide 125 mg
(3) Lacicee 8625 mg
(4) Cora starch 20 mg
(5) Polyethylens glycol 25 mg
(6) Hydreacypropylee inkows 4 mg
{7} Carmeline calcium 55 mg
(8) Magoesiom sicansie 0S5 mg

130 mg

(pex tables)

The whole amounts of (1), (2), (3), (4), and (5), %
amounts of (6) and (7), and % amount of (8) are mixed well
and grapulaied in the conventional manper. Then, the bal-
ances of (6), (7) and (8) are added 1o the grammles, which is
mixed well and the whole composition is compressed with
3 tablet machine. The adult dosage is 3 tablets/day, to be
taken in 1 to 3 divided doscs.

WORKING EXAMPFLE 3
Capsules
(1) Pioghibaone hydrochlonide 10 mg
(2) Epalrestat 50 mg
(3) Lactwe 55 mg
(#) Microcrystallins celinlose 55 g
(5) Magoesivm stearals .10 mg
Totad 180 mg

The whole amounts of (1), (2), (3) and (4) and % amount
of (5) are mixed well and grasulaied in the conventional
manner. Then, the balance of (5) is added and the whole
composition is filled in gelatin capsule shell. The adult
dosage is 3 capsules/day, 1o be taken in 1 o 3 divided doses.

EXPERIMENTAL EXAMPLE 1

Effect of pioglitazone hydrochloride in combination with
a-ghocosidase inhibitor in genctically obess and diabetic
Wistar fatty rats

Male Wistar faity rats aged 14-19 weeks were divided
into 4 groups of 5-6, and pioghitazone hydrochloride (1
mg/kg body wt./day, p.o.) andfor voglibose (an
a-ghicosidase inhibitor) (0.31 mg/kg body wt./iday; admin-
istered by mixing in commercial dict at a rate of 5 ppm) was
admimisiered for 14 days. The blood was then collected from
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the tail vein and the plasma glucose and hemoglobin A, were
defermined by the cnzymalic meibod (Encore Chemical
System, Baker) and using a commercial kit (NC-ROPET,
Nippon Chemipbar Co.), respectively. The resulls were
cxpressed ip meanstandard deviation for cach group
(0=5-6) aod apalyzed by Dunnelt’s 1est, which are shown in
Table 1. The 1% level of significance was used.

TABLE 1

Plama glheose  Hemoglobin A,
Gronp (gD (%)
Coatrol 345 229 57204
Pioglitazone 215 = 50* 52203
Vogliboss 326 = 46 60206
Ploghiazone + voglibose 114 z 23 45+ 0.4*

*:P < 001 vx. control group

Ttis apparent from Table 1 that both the blood glucose and
hiemoglobin A, levels were remarkably lowered by com-
bined admibistration of pioglitazone and voglibose as com-
pared with the administration of cither drug alome.

EXPERIMENTAL EXAMPLE 2

Effect of pioglitazone hydrochloride in combination with

an insulin secretion cohancer in genctically obese and dia-
betic Wistar faity rats

Male Wistar fally rals aged 13-14 wecks were divided
into 4 groups of 5, and pioghitazone hydrochloride (3 mg/kg/
day, p.o.) apd/or glibenclamide {an insulin secrction
cnhancer) (3 mg/kg/day, p.o.) was administered for 7 days.
Following an overnight fast, the oral ghicose loading test (2
g glucose/kg/S ml, p.o.) was carried ont. Prior 1o ghicose
leading and 120 and 240 minutes after the loading, blood
was collected from the 12il vein and the plasma ghicose was
assayed by the cnzymatic method (Encore Chemical
System, Baker). The results were expressed in meantSD for
each group (o=5) and analyzed by Dunpell’s test, which are
shown in Table 2.

TABLE 2

—— . Plagma ghicose (mp/dl)
Group 0 min. 120 min. 240 min.
Control 119z 9 241 = 58 137 = 10
Piogliarone 102 £12 1617 10229
Glibenclamide 118 £ 12 7 = 61 106 = 24*
Pioglitazons + ghbesclamide 108 = 3 86 = 10 60 £ 5°

*: P < (.01 va. control gronp

It is apparent from Table 2 that the increase of blood sugar
following glucose Joading was remarkably inhibited by the
combined administration of pioghitazone and glibenclamide
as compared with the administration of eitber drug alope.

The pharmaceutical composition of the present invention
shows a potent depressive effect on diabetic byperglycemia
and is uscful for prophylazis and treatment of diabeles.
Moreover, this pharmaccutical composition is usefu] for
prophylaxis and treatment of diabetic complications such as
diabetic pewropathy, nephropatby, retinopathy,
macroangiopathy, and osteopenia. In addition, by appropri-
ately selecting the kinds of component drgs, dministration
route, dosage, ¢ic. according to clinical status, stable
hypoglycemic efficacy in Jong-term therapy can be expected
with an extremely low risk of side cffect.

What is claimed isc
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1. A metbod for reducing the amount of adtive compo-
nents adminisicred to a diabetic patient, which compnises
administering 1o said patient a therapeutically cffective
amount of an insulin sepsitivilty cobancer ip combipation
with a biguapide as said active components.

2. The metbod according to claim 1, wherein the insulin
sepsilivily enbancer is a compound represented by the
formula:

M
M

0

NH

wherein R represents an optionally substituted hydrocarbon
or beterocychic group; Y represents a group represented by
—CO—, —CH(OH)~— or —NR>- wherein R? represents an
optionally substituted alkyl group; mis O or I; ris 0, 1 or
2; X represents CH or N; A represents a bood or a C,,
divalent alipbatic bydrocarbon group; Q represents oxygea
alom or sulfur atom; R’ represents bydrogen atom or an
alkyl group; ring E may optiopally bave 1 to 4 furtber
substituents, and the substituents may optionally be com-
bined with R? 1o form a ring; L and M respectively represent
hydrogen atom, or L and M may optionally be combined
with cach other o form a bond; or a phammacologically
acceptable salt thercof.

3. The method according 1o claim 2, wherein R is an
optionally substituled beterocyclic group.

4. The method according 1o claim 2, wherein m is 0.

5. The metbod acoording to claim 2, wherein X is CH.

6. The method according to claim 2, wherein R? is
bydrogen atom.

7. The method accordipg lo claim 2, whezein the partial
formula:

p | v
P -3 represents the formmla: L.
\X) \)

whercin R? represeots hydrogen atom, an alkyl group, an
optionally substituted hydroxyl group, a halogen atom, an
optionally substituted acyl group, nitro group or an option-
ally substitoted amino group.

8. The method according to claim 2, wherein L and M are
hydrogen atoms.

9. The method according to claim 2, wherein R is pyridyl,
oxazolyl ot thiazolyl group optiopaily having 1 to 3 sub-
stituents sclected from C,_, alkyl, foryl, thicnyl, pbeayl and
paphthy, m is O; nis QO or 1; X is CH; A 55 a bond or
—{(CH,),—; R' is hydrogen atom; wherein the pastial
formula;

@Wmm I]/

and wherein R? is hydrogen atom or C,_, alkoxy group; and
L and M are both hydrogen atoms.

10. The method according to claim 2, wherein the com-
pound represented by the formula (I) is pioglitazone or its
hydrochloride.
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11. Tbe method according to claim 1, wherein the bigu-
anide is selected from the group consisting of pbenformin,
metformin and buformin.

12. The method according to claim 1, whereia the bigu-
anide is metformin.

13. The metbod according 1o claim 1, wherzin the insulin
sepsitivity enbancer is pioglilazone or its hydrochloride and
the biguanide is metformin.

14. The method according 1o claim 1, whertin the insulin
semsitivity enbancer is troglitazooc.

15. The method according to claim 1, wherein the insulin
sensitivity enhancer is 54[4-{2-(metbyl-2-pyridylaminc)

20
ethoxy Jpbeoyl]-methy1) 2 4-1hiazolidinedione or jts phar-
macologically acceplable sali.

16. The metbod according 1o claim 1, wherein the insulin
seositivity enhancer and biguanide are mixed logetber 1o
form an admixture and the admixture is administered 1o the
mammal.

17. The method according to cJaim 1, wherein the insulin
sensilivity enhancer and biguanide are aot mixed together

10 but are administered independeatly to the mammal.

» » * L 3 L
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PHARMACEUTICAL COMPOSITION

This is a divisional application of Ser. No. 09/057,465,
bled Apr. 9, 1998, US. Pal. No. 5,965,584 which was a
divisional application of Ser. No. 08/667,979, filed Jun. 19,
1996 now 1).S. Pat. No. 5,956,356.

BACKGROUND OF THE INVENTION

1. Field of the Jovention

The present invention relates to a pharmaceutical com-
position comprising an insulin sensitivily enbapncer in com-
bination with ope or more otber antidiabetics differing from
said enhaocer in the mwechanism of action.

2 Description of Related Art

Recent years, the patbology of diabetes has become more
and more wndersiood and, in parallel, drugs specific for the
respective pathologic stales bave been developed. Accord-
ingly a vanicety of drugs baving ncw mechanism of action
have appeared one after apotber

losulin sensitivity enbancers are also known as insulin
resistance deblockers because they bave the action 1o por-
malize the impaired insulin receptor function, and arc gath-
cring much atteption in these years.

Regarding such insulin sensitivity enhancers, a very use-
ful compound such as pioglitazone has been developed
[Fujita et aL, Diabetes 32, 804-810, 1983, FP-A S55(1980)-
22636 (EP-A 8203), JP-A 561(1986)-267580 (EP-A
193256)} Pioglilazope restores the impaired insulin receptor
function 1o normalize the wneven distribution of ghicose
transporters in cells, the cardinal enzyme systems associated
with glycometabolism, such as ghicokioase, and enzyme
sysiems associated with lipidmetabolism, such as lipopro-
teip lipase. As the results, insulin resistance are deblocked to
improve glucose lolerance, and lower the plasma concen-
trations of ncutral Jipids and free farty acids, Since these
actions of pioglitazooe are comparatively gradual and the
risk of side effcct in Jong-term administration is also Jow,
this compound is useful for obese paticnts who are presumed
to be bighly insulin-resistant,

Also, insulin seasitivity enbancers such as CS-045, thazo-
lidincdione derivatives and substituted thiazolidinedione
derivatives are reporied t be used in combination with
insulin [JP-A H4(1992)-66579, JP-A H4(1992)-69383, JP-A
H5(1993)-202042]. However, the pharmacentical composi-
tion baving a specific combination of the present inveation
is unknown,

Diabetes is a chronic discase with diverse pathologic
manifestations and is accompanied by lipidmetabolism dis-
orders and circolatory disorders as well as glycometabolism
dlsordmAsthemuhs,dnbm:lcnds mpmgrmcuhihng
various complications in many cases. Therefore, it is pec-
essary 0 sclect the drug of choice for the prevailing disease
staie in cach individual case, However, this selection is oficn
difficult in clinical settings becawse single use of each
individual drug can not bring sufficient effects in some
disease states and there are various problems such as side
eﬁedwhxchncanscdbyanmcn:ascddoseoralong-krm
administration.

SUMMARY OF THE INVENTION

In view of the above state of the art, the inventors of the
present invention did mach research to develop antidiabetics
which would not virtually cause adverse reactions cven on
Jong-term adminisiration and could be effective for a large
cohort of the diabetic population. As a consequence, they

5

10

15

30

s

43

55

2

discovered that the above object can be accomplished by
usipg an iosulio seasitivily enhancer, such as the drug
desaribed above, in combination wilh other antidiabetics
differing from said enbancer in the mechanism of action, and
accordingly have perfected the presenl invention.

The present invention, therefore, relates 1o:

1) Pbarmaceutical composilion which comprises an insa-
kin sensitivity enbancer in combination with at least ooe
member of the group consisting of an a-glucosidase
inhibitor, an aldose reductase inhibitor, a biguanide, a
slatin compound, a squalene synthesis inhibitor, a
fibrate compound, a LDL catabolism enbhancer and an
angiolensin copverting enzyme iphibitor;

2) Pbarmaceutical compasition acoordmg to 1), wherein
the insulin sensitivity enhancer is a compound repre-
senled by the formula:

m

R}

T
R (@Pﬁ\r—r;’

o

whezein R represents an optionally substiuted hydro-
carbon or belerocyclic group; Y represeots 2 group
represented by —CO0—, —CH(OH)— or —NR?—
(wherein R? represepts an optionally substituted alkyl
group); m is 0 or 1; nis 0, 1 or 2; X represents CH or
N; A represents a bond or a C,_, divalent aliphatic
hydrocarbon group; Q represents oxygen alom or sulfur
alom; R? represents bydrogen atom or an akkyl group;
ring E may optiopally have 1 to 4 substitucnts, and the
substiluents may optionally be combined with R!
form a ring; L and M respectively represent hydrogen
atom, or L and M may optionally be combined with
cach other to form a bond; or a pharmacologically
acceptable salt thercof:

3) Pharmaceutical composition according to 2), wherein
the compoand represented by the formula (1) is piogh-
1azone;

4) Pharmaccutical composition acconding to 1), which
comprises an insulia sensitivity enbancer in combina-
tion with an a-ghicosidase inhibitor;

5) Pharmaceutical composition according 10 4), wherein
the a-ghicosidase inhibitor is voghbose;

6) Pharmaceutical composition according 10 4), wherein
the ipsulin scositivity enbancer is pioglitazone and the
a-ghicosidase mhibitor is voglibose;

7) Pharmacentical composition according to 1), which is
for prophylaxis or treatment of diabetes;

8) Pharmaccutical composition which comprises a com-
pound represented by the formula:

(m
Py
} B 5—A—CH—
R— (Vg (O CH_ a

(¢}

NH

wherein R’ represents an optionally substituted hydro-
carbon or heterocyclic group; Y represeots a group
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represented by —C0O—, —CH{OH)— or —NR>—
(wherein R? represents an optionally substituted alkyl
group); mis0or 1;01s 0,1 or 2; X represents CH or
N; A represcnts a bond or 2 C,, divalent alipbatic
hydrocarbon group; Q represents oxygen atom or sulfur
atom; R’ represents hydrogen atom or an alkyl group;
ring E may optionally bave 1 to 4 substiteenis, and the
substituents may optionaily be combined with R? 1o
form a ring; L and M respectively represent bydrogen
atom, or L and M may optionally be combined with
cach other 10 form a bond; with a proviso that R’ does
pol represent benzopyranyl group when m and o are O,
X represents CH, A represents a bond, Q represents
sulfur atom, R?, L and M represent hydrogen atora and
riog E does pot have further substituenis; or a pharma-
cologically acceptable salt thereof in combination with
an insulin secretion enhancer and/or an insulin prepa-
ration;

9) Pharmaceutical composition according 1o B), wherein
the compound represented by the formula () is the
compound represenied by the formula:

-

()

10) Pharmacentical compesition according o 8), wherein
the compound represented by the formula (IT) is piogli-
Lazope;

11) Pharmaceutical composition according to 8), whercin
the insulin seqetion enhapcer is ghbenclamide;

12) Pharmaceutical composition according 10 8), wherein
the compound represented by the formula (II) is piogh-
tazone and the insulin sccretion enhancer is glibencla-
mide;

13) Pbarmaceutical compositioo accordiog 10 8), which is
for prophyhaxis or treatment of diabetes.

DETAILED DESCRIFTION OF THE
INYENTION

The term “insolin sensitivity enhancer” as used in this
specification means any and all drug substances that restore
the impaired insulin receplor function to deblock insulin
resistance and consequently cohance josulin sensitivity. As
exampks of the insulin sepsitivity enbavcer, the compound
represepied by the formula () or a pharmacologically
acceptable salt thereof can be mentioned.

In the formula (I), as the hydrocarbon group in the
ophonally substitsied bydrocarbon grovp represented by R,
mention is made of aliphatic hydrocarbon groups, alicyclic
hydrocarbon grouwps, alicyclic- allphahc hydrocarbon
groups, aromatic aliphatic hydrocarbon groups and aromatic
hydrocarbon groups. Number of carbon atoms in these
hydrocarbon groups is preferably 1 1o 14.

The alipbatic bydrocarbon groups are preferably those
having 1 to 8 carbon atoms. As the alipbatic hydrocarbon
groups, mention is made of C,_, saturated aliphatic hydro-
carbon groups (c.g. alkyl group) as excwplified by methyl,
ethyl, propyl, isopropyl, butyl, sobutyl, sec.-butyl, t.-butyl,
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pentyl, isopentyl, neopentyl, t.-pentyl, bexyl, isobhexyl, bep-
1yl and octyl, and C, , unsaturated aliphatic bydrocarbon
groups (e.g. alkenyl group, alkadicayl group, alkyoyl group,
alkadiynyl group) as exemplificd by vinyl, 1-propeoyl,
2-propeoy!, 1-butenyl, Z-buienyl, 3-bulenyl, 2-methyl-1-
propeny]; 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-penicnyl;
3-methyl-2-butenyl, 1-hexenyl, 3-bexenyl, 2,4-hexadicnyl,
S-hexenyl, 1-bepienyl, l-octenyl, etbynyl, 1-propyoyl,
2-propyoyl, 1-butynyl, 2-butynyl, 3-butyoyl, 1-pentynyl,
2-peatynyl, 3-pentynyl, 4-pentyny), 1-bexynyl, }-hexynyl,
2 4-bexadiynyl, 5-bexynyl, 1-beptyny! and 1-octynyl.

The alicyclic bydrocarbon groups are preferably those
baviog 3 10 7 carbon atoms. As the abeyclic hydrocarbon
groups, mention is made of C, 4 saturated alicyclic hydro-
carbon groups {c.g. cycloalkyl group) as exemplified by
cyclopropyl, cyclobutyl, cyclopentyl, cyclobexyl and
cyclobeptyl, and C, , unsaturated alicyclic hydrocarbon
groups (¢e.g. cycloalkenyl group, cycloalkadicayl group) as
exemplified by 1-cyclopentenyl, 2-cyclopentenyl,
3-cyclopentenyl, 1-cyclobexenyl, 2-cyclobexenyl,
3-cyclobhexenyl, 1l-cyclobepienyl, 2-cyclohepienyl,
3cyclobeptenyl and 2,4-cyclobepiadienyl.

As the alicyclic-alipbatic bydrocarbon groups, mention is
made of, among those formed by combination of the above-
meptioned alicyclic hydrocarbon groups with aliphatic
hydrocarbon groups (e.g. cycloalkyl-aikyl group,
cycloalkenyl-alkyl group), ones having 4 10 9 carbon atoms
as exemplified by cyclopropylmethyl, cyclopropylethyl,

cyclobutylmethyl, cyclopentylmelbyl,
2-cyclopenicoylmethyl, 3-cyclopenienylmethyl,
cyclobexylmethyl, 2-cyclobexenylmethyl,

3cyclobexenylmethyl, cyclobexyletbyl, cyclobexylpropyl,
cyclobeptylmethyl and cyciobeptylkthyl.

The aromatic alipbatic bydrocarbon groups are preferably
those having 7 to 13 carbon aloms (c.g. aralky! group). As
the aromatic alipbatic bydrocarbon groups, meotion is made
of C, , phenylalkyl as excmplificd by benzyl, pbenethyl,
1-phenylethyl, 3-phenylpropyl, 2-pbepylpropyl and
1-pbenylpropyl, and C,,_,, naphthylalky] as exemplificd by
a-paphthylmethyl, a-paphibyletbyl, p-napbtbylmethyl and

B-paphtbylethyl.

As the aromatic hydrocarbon groups, mention is made of,
ones having 6 10 14 carbon atoms as excmplificd by phenyl,
paphthyl (a-naphtyl, B-naphthyl).

In the formula (I}, as the beterocyclic group in the
optiopally substituted beterocyclic group represented by R,
mention is made of, for example, 5- to 7-membered betero-
cychic groups containing, as a ring componcnt atom, 1 to 4
betero alowms selected from oxygen atom, sulfur alom and
nitrogen atom, and a condensed ring group. As the con-
denscd ring, mention s made of, for example, these 5- o
7-membered belerocyclic groups condensed with
6-membered ring conlaining one of two mirogen aloms,
benzene ring of S-membered ring conlaining one sulfur
atom.

Examples of these heterocyclic groups inchude 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl,
5-pyrimidinyl, 6-pyrimidinyl, 3-pyridazinyl, 4-pyridazinyl,
2-pyrazinyl, 2-pyrrolyl, 3-pyrrolyl, 2-imidazolyl,
4-imidazolyl, S-imidazolyl, 3-pyrazolyl, 4-pyrazolyl,
isothiazolyl, ssoxazolyl, 2-thiazolyl, 4-ihiazolyl, 5-thiazolyl,
2-oxazolyl, 4-oxazolyl, S-oxazolyl, 1,2,4-oxadiazol-5-yl,
1,2,4-triazol-3-yl, 1,2 3-1riazol-4-yl, 1etrazol-5-yl,

§5 benrimidazol-2-yl, indol-3-yl, 1H-indazol-3-y1, 1H-pyrrole

[2,3-b]pyrazin-2-yl, 1H-pyrrolo[2,3-blpyridin-6-y},
1H-imidazo[4,5-blpyridio-2-yl, 1H-imidazo4,5-c]pyridin-
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2-yl, 1H-imidazo{4,5-bJpyrazin-2-yl and benzopyranyl.
Among them, pyridyl, oxazoly! or thiazoly! group is pref-
¢rable.

In the formula (I), the hydrocarbon group and heterocyclic
group represenied by R may optiopally have 1 to 5, prefer-
ably 1 1o 3 substituents a1 any substitutable positions.
Examples of such substiments iochade aliphatic bydrocarbon
group, alicyclic hydrocarbon group, aryl group, aromatic
helerocyclic group, pon-aromatic beterocyclic group, balo-
gen atom, nilro group, optionally substituted amino group,
optionally substimted acy! group, optionally substituied
bydroxyl group, optionally substituted thiol group, option-
ally eslerified carboxyl group, amidino group, carbamoyl
group, sulfamoy] group, sulfo group, cyano group, azido
group and pitroso group.

Examples of the alipbatic bydrocarbon groups inchude
C,.;s straight-chain or brancbed akipbatic hydrocarbon
groups as excmplificd by alkyl group, alkenyl group, and
alkynyl group.

Preferable examples of ibe alky] group include C, 4 alkyl
grovps such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec.-butyl, t-butyl, pentyl, isopentyl, neopentyl,
t.-pentyl, 1-cthylpropyl, bexyl, isobexyl, 1,1-dimethyibutyl,
2.2-dimethylbutyl, 33-dimethylbutyl, 2-cthylbuty), bexyl,
pentyl, octyl, nonyl and decyl,

Preferable examples of the alkeny] group inchude C,
alkenyl groups such as vinyl, allyl, isopropenyl, 1-propenyl,
2-mcthyl-1-propenyl, 1-butenyl, 2-butcnyl, 3-buitenyl,
2-cthyl-1-butenyl, 3-mcthyi-2-butenyl, 1-pentenyl,
2-penicnyl, 3-pentenyl, 4-penienyl, 4-methyl-3-penieny),
1-bexenyl, 2-hexenyl, 3-bexenyl, 4-hexcnyl and 5-hexenyl.

Preferable examples of the alkynyl group include C,
alkynyl groups such as cthynyl, 1-propynyl, 2-propynyl,
1-butyny), 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl,
3-pentynyl, 4-peniynyl, 1-bexynyl, 2-bexynyl, 3-bexynyl,
4-bexynyl and 5-bexynyl.

As the alicyclic hydrocarbon group, mention is made of
C,.12 saturated or unsaturated alicychic bydrocarbon groups
as exemplificd by cycloalkyl group, cycloalkeny! group and
cycloalkadienyi group. _

Preferable examples of cycloalkyl growp include Cyio
cycloalkyl groups such as cyclopropyl, cyclobutyl,
cyclopeatyl, cyclobexyl, cyclobeptyl, cyclooctyl, bicyclo
[2-2.1]bepty), bicyclo[2.2.2Joctyl, bicyclo{3.2.1Joctyl,
bicyclo{3.2.2Jnonyl, bicyclo[3.3.1Juony), bicyclo[4.2.1}
pooyl and bicyclo{4.3.1decyl

Preferable examples of the cycloalkenyl group inchude
Cs10 Sycloalkenyl groups such as 2-cyclopenten-1-yl,
3-cyclopenten-1-yl, 2-cyclobexen-1-yl and 3<cyclohexcn-1-
yL

Preferable examples of the cycloalkadienyl groop include
C. 0 cycloalkadienyl groups such as 2, tadien-1-
YL, 2,4-cyclobexadicn-1-yl and 2,5-cyclohexadien-1-yL

Preferable examples of the aryl group include C, ,, ary)
groups such as pbenyl, maphthyl (1-naphthyl, 2-naphtbyl),
anthryl, pheoanihryl and acenaphthylenyl.

Preferable examples of the aromatic beterocyclic group
mchide aromatic monocyclic beterocyclic groups such as
furyl, thicnyl, pymolyl, oxazolyl, isoxazolyl, thiazoly},
isothiszolyl, imidazolyl, pyrazolyl, 1,2,3-0xadiazolyl, 1,2,4-
oxadiazolyl, 1,3,4-oxadiazolyl, furazanmyl, 1,23-
thiadiazolyl, 1,2,4-ihiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-
triazolyl, 1,2,4-triazolyl, tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl and triazioyl, apd aromatic con-
densed heterocyclic groups such as benzofuranyl,
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isobenzofuranyl, benzo[blthienyl, indolyl, isoindolyl,
1H-indazolyl, benzimidazolyl, benzoxazolyl, 1,2-
benzoisoxazolyl, benzothiazolyl, 1,2-benzoisothiazolyl,
1H-benzotriazolyl, quinolyl, isoquinolyl, ciopolinyl,
quinazolinyl, quinoxalinyl, pbthalazinyl, papbibylidinyl,
punoyl, ptendinyl, carbazolyl, a-carbolinyl, B-carbolinyl,
Y-carbolinyl, acridinyl, pbenoxazinyl, pbepothiaziny),
phenazinyl, phepoxathiinyl, thianthreny), phepatbridinyl,
pbepatbrolinyl, indelizioyl, pymolo{1,2-b}pyridazinyl,
pyrazolof1,5-alpyridyl, imidazo[1,2-aJpyridyl, imidazo{1,5-
aJpyridyl, imidazof1,2-bJpyridazioyl, imidazof1,2-a]
pyrimidioyl, 1,2, 4-triazolo{4,3-aJpyridyl and 1,2, 4-triazole
[4,3-b)pyridazinyL

Preferable examples of the pon-aromatic heterocychc
group include oxiranyl, azetidinyl, oxctanyl, thictanyl,
pyrrolidinyl, teirabydrofuryl, thiolany), piperidyl,
tetrabydropyranyl, morpbolinyl, tbiomorpbolioyl,
piperazinyl, pyrrolidino, piperidine, morpbolioo and thio-
morpholino.

Examples of the balogen atom inchude fiuorine, chlorine,

As the substiluled amino group in the optiopally substi-
tuted amino group, mention is made of, N-monosubstitoted
amino group and N,N-disubstituled amsipo group. Examples
of the substituted amioo groups include amino groups hay-
ing one or two substituents selected from C,_,, alkyl group,
C, ;0 akkenyl group, C, ,, alkynyl group, aromatic group,
beterocyclic group and C, ,, acyl group (c.g. methylamino,
dimetbylamivo, cthylamino, diethylamino, dibulylamino,
diallylamino, cyclobexylamino, phenylamino, N-methyl-N-
phenyl-amino, acetylamino, propionylamino, benzoylamino
and nicotinoylamino).

As the acyl group, mentiop is made of C,_,, acyl groups
such as C, ,, alkanoyl group, C, ;4 alkenoyl grouwp, C, ,,
cycloalkacoyl group, C, .4 cycloalkenoyl group and C, ),
aromatic carbonyl group.

Preferable examples of the C,_, alkapoyl group inchude
formyl acetyl, propionyl, butyryl, isobutyryl, valeryl,
isovaleryl, pivaloyl, bexanoy), heptanoyl and octanoyl. Pref-
crable examples of the C,,, alkcooyl group include
acryloyl, methacryloyl, crotonoy] and isocrotonoyl. Prefer-
able examples of C,,, cycloalkanoyl growp include
cyclobutanecarbonyl, cyclopentanecarbonyl, cyclobexan-
ecarbonyl and cyclobeptanecarbopyl. Preferable examples
of C,,, cycloalkesoyl growp include
2-cyclobexenccarbonyl Preferable examples of C ;, aro-
matic carbonyl group inchude benzoyl, naphtboyl and nico-
tinoyl.

As the substituent in the substituted acyl group, mention
is made of, for example, C, , akkyl group, C, , alkoxy
group, balogen atom (e.g. chlorine, fluorine, bromioe, eic.),
nitro group, hydroxyl group and amino group.

As the substituted bydroxyl group in the optionally sub-
stitated bydroxyl group, mention is made of, for example,
alkoxy growp, cycloalkyloxy group, alkenyloxy group,
cycloalkenyloxy group, aralkyloxy group, acyloxy group
and aryloxy group.

Preferable cxamples of the alkoxy group inchude C, ,,
alkoxy groups such as methoxy, ctboxy, propoxy,
isopropoxy, butoxy, isobuloxy, scc.-butoxy, t.-butoxy,
peatyloxy, isopeatyloxy, neopentyloxy, bexyloxy, beptyloxy
and ponyloxy. Preferable exsmples of the cycloalkyloxy
grovp inchde C, ,, cycloalkyloxy groups such as
cyclobuloxy, cyclopentyloxy and cyclobexyloxy. Preferable
examples of the alkenyloxy group include C, ,, alkenyloxy
groups such as allyloxy, crotyloxy, 2-pentcuyloxy and
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3-bexenyloxy. Preferable examples of the cycloalkenyloxy
group include C, ,, cycloalkenyloxy groups such as
2-cyclopenicnyloxy and Z-cyclobexenyloxy. Preferable
examples of the aralkyloxy group include C, ,, aryloxy
groups such as pbenyl-C, ,alkyloxy (c.g. benzyloxy and
phenethyloxy). Preferable examples of 1be acyloxy group
inchude C, |, acyloxy group, more preferably C, , alkaooy-
loxy groups (e.g. acetyloxy, propionyloxy, bulyryloxy and
isobutyryloxy). Preferable examples of the aryloxy group
inchude Cg ), aryloxy groups such as pbenoxy and napbihy-
Joxy. The aryloxy group may optiopally have one or two
subslituents soch as halogen atom (e.g. chlorine, fhuorine,
bromine). Examples of the substituted aryloxy group inclhude
4-chlorophenoxy.

As the substituted thiol grovp in the optionally substituled
thiol group, mention is made of, alkylthio group, cycloalky-
lthio group, alkenylthio group, cycloalkenylthio group,
analkylihio group, acyhhio group and arylihio group.

Preferable examples of the alkylthio group inchude C, ,,
alkylthio groups such as methylthio, ethylihio, propyithio,
isopropylihio, butylihio, iscbutylthio, sec.-butylthio,
1.-butylthio, pentylihio, isopentylhihio, neopentylthio,
hexylihio, beplylibio and nocylihio. Preferable examples of
tbe cycloalkyhhio group inchode C,_, 4 cycloalkylthio groups
such as cyclobutylthio, cyclopentylthio and cyclobexyithio.
Preferable examples of the alkenyhhio group inchude C, ,,
alkenylthio groups swch as allylthio, cretylthio,
2-peplenylthio and 3-bexenylthio. Preferable examples of
the cycloalkenylthio grovp inchude C, |, cycloalkenylthio
groups such as 2-cyclopentenylthio and 2-cyclobexenylthio.
Preferable examples of the aralkylthio inchide C, ,, aralky-
Ithio groups such as pbenyl-C, ,alkyltbio (c.g. benzylthio
apd phepcthylthio). Preferable examples of the acyhhio
group inchude C, ,, acylthio group, more preferably C, ,
alkanoylthio groups (c.g. acctylthio, propionylihio,
butyrylthio and isobutyrylthio).

Preferable examples of the arylthio group inchude C, ,,
arylthio groups such as pbenylthio and paphtbylthio. The
aryhthio group may optionally bave one or two substituenls
such as halogen atom (e.g. chlorine, fluorine, bromine).
Examples of the subsiitvted arylhthio group inchide
4-chlorophenylthio.

As the optionally esterified carboxyl group, mention is
made of, for example, alkoxycarbonyl group, aralkyloxy-
carbonyl group and aryloxycirbonyl group.

Preferable examples of the alkoxycarbonyl group include
C, 5 alkoxycarbonyl groups such as methoxycarbonyl,
etboxycarbonyl, propoxycarbonyl and butoxycarbonyl
Preferable examples of the arnalkyloxycarbonyl group
include G, 4 aralkyloxycarbonyl groups such as benzyloxy-
cabonyl Preferable examples of the aryloxycarbony] group
include C, ,, aryloxycarbony] groups such as phenoxycar-
booyl and p-totyloxycarbonyl

Among the substituents on the hydrocarbon group and
beterocyclic group represented by R, C, ,, alkyl groups,
ajomatic heterocyclic groups and C,,, aryl groups are
preferable, and C, , alkyl, furyl, thienyl, phenyl and naph-
thy] are especially preferable.

In the formula (T), substituents on the hydrocarbon group

and heterocyclic group which are represeated by R, may,
when they are alicyclic bydrocarbon group, aryl group,
aromatic beterocyclic group or pon-aromatic beterocychic
group, have ope or more, preferably 1 10 3, of suitable
substituepts respectively. Examples of these substituents
inclade C, ¢ alkyl groups, C, ¢ alkenyl groups, C, 4 alkynyl
groups, C,., cycloalkyl groups, C,_,, aryl groups, aromatic
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beterocyclic groups {e.g. thieayl, furyl, pyridyl, oxazolyl
apd (biazolyl), non-aromatic belerocyclic groups (e.g.
tetrabydrofuryl, merpholino, Ihiomorpboline, piperidino,
pyrrobdino 2od piperazing), C,, aralkyl groups, amino
group, N-mwono-C, , alkylamino groups, N, N—d&i—C,
alkylamino groups, C, , acylamino groups (e.g.
acctylamioo, propionylamino and benzoylamino), amidino
group, C, , acyl group (e.g. C, , alkanoyl groups), carbam-
oyl group, N-mopo-C, , alkyl carbamoy! groups, NN—
di—C, , alkyl carbamoyl groups, sulfamoyl group,
N-wono-C, , alky! sulfamoyl groups, NNN—di—C, , alkyl
sulfamoyl groups, carboxyl group, C,, alkoxycarbonyl
groups, bydroxyl group, C, , alkoxy groups, C, 5 alkeny-
loxy groups, Cy, cycloakyloxy groups, C,, anlkyloxy
groups, Cy ;, aryloxy groups, mercapto group, C, , alky-
Ithio groups, C,_ o aralkylihio groups C ,, arylihio groups,
sulfo group, cyano group, azido group, nitro group, nitroso
group and balogen atom.

In the formula (I), R is preferably an optionally substi-
mied bekerocyclic group. R is more preferably pyridyl,
oxazolyl or thiazolyl group which is optionally substituted
by 1 10 3 substituents selected from C, , alkyl group, furyl
group, thienyl group, phenyl growp and naphthyl group.

R’ in the formula (I1) bas tbe same definition as R except
that R' does not represeot benzopyranyl group when m and
o are O; X represents CH; A represents a bond; Q represents
sulfur atom; R*, L and M represent hydrogen alom; and ring
E docs pot bave further substinuents,

In the formulae (T} and (IT), Y represents —CO—, —CH
(OH)— or —NR>— (wherein R? represents an optionally
substitoted alkyl group), preferably —CH(OH)— or
—NR*—. As the alkyl group in the optionally substituted
alkyl group represented by R?, mention is made of, for
example, C, , alky] groups such as methy}, cthyl, propyl,
isopropyl, butyl, isobutyl, sec.-butyl and 1-butyl Exampks
of the subslitucats include halogen (c.g., fucrine, chlorine,
bromine and iodinc), C, , alkoxy groups (eg. metboxy,
cthoxy, propoxy, buloxy, iscbuloxy, scc.-butoxy and
L.-butoxy), hydroxyl group, nitro group and C, _, acyl groups
(c.g. formyl, acety] and propionyl).

The symbol m is 0 or 1, preferably 0.
The symbol o is 0, 1 or 2, preferably 0 or 1.
X represents CH or N, preferably CHL

In the formulae (I) and (1), A represents a bond or 2 C;
divalent aliphatic bydrocarbon group. The aliphatic hydro-
carbon group may be straight-chain or branched, and sato-
rated or unsaturated. Specific examples of the aliphatic
bydrocarbon group inchxde saturated ones [e.g. —CH,—,
—CH(CH)—, —{(CH,),—, —CH(CH)—, —(CH)—,

—(C)—, —(CH)y—, —(CH)¢— and —(CH)—])
and unsaturated opes [e.g. —CH—CH—, —C(CH,)

=CH—, —CH==CH—CH,—, —C(C,;H;)=CH—,
—CH, —, —CH~—CH,—CH=CH—
CH,—. —CH=CH—CH=CH-—CH,— and
—CH=CH—CH=(H—CH=CH—CH,—. A is prefer-
ably a bond or C,_, divalent aliphatic hydrocarbon groups,
the aliphatic bydrocarbon groups preferably being saturated.
A is more preferably a bond or —(CH,),—.

As the alkyl group represented by R, substantially the
same one as the alkyl group in the above-mentioned R, R?
is preferably hydrogen atom.
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In the formulae (T) and (11), the partia] formula:

/I =

Ring E has 1 to 4 substituents al any substitutable posi-
tions. Examples of such substituents include alkyl group,
optionally substituted hydroxyl group, halogen alom,
optionally substituted acy! group and optionally substituted
amino group. These substituents bave substantially the same
meaping as those described as substituents of the hydrocar-
bon group and heterocyclic group represenied by R.

Ring E, namely the partial formula:

N
):il 3

wherein R? represcnts hydrogen atom, an alkyl group, an
optionally substituted bydroxyl group, a balogen alom, an
optionally substituted acyl group, nitro group or an opticn-
ally substitoted amino group.

As tbe alkyl group, opticnally substituted hydroxyl group,
halogen alom, opbomIly substitoted acyl group and ophon-—
ally substituled amino group represcnted by R?, mention is
made of those described as substituents of the hydrocarbon
group and helerocyclic group represented by R. R? is
preferably bydrogen atom, optionally substituied hydroxyl
group or balogen atom, more preferably hydrogen atom or
optionally substituted hydroxyl group, especially preferably
hydrogen atom or C,_, alkoxy groups.

In the formulac () and (H), L and M represenl hydrogen
atorm, or they may oplionally be combined with each otber
10 form a bond. L aod M are preferably bydrogen atom.

In the compounds wherein L and M are combined with
cach other to form a bond, there exist (E)- and (Z)- isomtrs
relative to the double bond at the 5-pasition of ibe azo-
hdinecdione ring.

And, iz the compounds wherein L and M respectively
represent bydrogen atom, there exist (R)- and (S)- optical
isomers due to the asymmetnic carbon at the 5-position of the
azolidinedione ring, The compounds jochide these (R)- and
(S) optical isomers and racemic isomers.

Preferable examples of the compounds represented by the
formula (I) or () incledes those in which R is pyridyl,
oxazolyl or thiazolyl group optiopally having 1 to 3 sub-
stitucots selected from C,_; alky), furyl, thieny?, phenyl and
paphthy, m is O; nis O or 1; X is CH; A is a2 bond or
—{CH.),—; R" is hydrogen atom; ring E, namely the partial
formula:

L= XY

and R? is hydrogen atom or C; _, alkoxy group; and L and M
are both hydrogen atom.
Preferable examples of the compound represented by the
formula () include
(1) the nd represented by the formula (II) such as
5-{4-[2-(3-e1byl-2-pyridyl)eiboxy Jbenzyl])-2,4-

preferably represents
the formula:

prefersbly represenis
the fornrla:
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tbiazolidinedione;, 5{4{2-4-cthyl-2-pyridyDethoxy}-
beopzyl}-2,4-thiazolidinedione; 5-{4-[2-(5-ethyl-2-
pyridyDethoxy benzyl]-2,4-biazolidinedione (gencric
name: pioghtazooe); aod 5{4{246-¢tbyl-2-pyridyl}-
ctboxy benzyl} 2, 4-thiazolidipedicne;

{2) (R)-(+)-3-[3-[9-[2-(2-fury])-5-methyl-4-
oxazolylmethoxy]-3-methoxyphenyl]propyl]-2,4-
oxazolidinedione; and

{3) 5{{4{(3,4-dihydro-6-hydroxy-2,5,7,8-iciramethyl-
2H-1-benzopyran-2-ylmethoxy Jphe oyl Jmethyl}-2,4-
thiazolidinedione (generic name: roglitazone/CS-045).

The compound represented by the formula (I) is espe-
cially preferably pioglitazope.

Thbe compound represented by the formulz (IT) is prefer-
ably the compound represenled by the formula (11T} and
(RH{+)-5{3-{4{2(2-furyl)-5-me1hyl-4-ox2z0lylmerhoxy]-
3methoxypbenyllpropyl}-2,4-oxazolidinedione, more pref-
erably pioglitazone.

The pbarmacologically acceptable salt of the compound
represented by tbe formula (1) or (IT) are cxcmphﬁed by salis
with morgamc bases, salis with organic bases, salts with
iporganic aads, salts with organic acids, and salts with basic
or acidic amino acids.

Preferable examples of salts with inorganic bases inclade
salis with alkali metals such as sodjum, potassium, eic., salts
with alkalinc carth metals such as calcium, magpesium, eic.,
and salts with alomipum, :mmooium, ¢tc.

Preferable examples of salts with organic bases include
salts with trimethylamioe, tricthylamine, pynidioe, picoline,
ctbanolamine, diethanolamine, tricthanolamine,
dicyclobexylamine, N N-dibenzylethylenediamine, etc.

Preferable examples of salis with inorganic acids include
salts with bydrochloric acid, bydrobromic acd, nitric acid,
sutfuric acid, phosphoric acid, cte.

Preferable examples of salts with organic acids inchide
salts with formic acid, acetic acid, triluorcacetic acid,
fumaric acid, oxalic 'acid, tartanc acid, maleic acid, cilric
acid, suecinic acid, malic acid, methapesulfonic acid, ben-
z2enesulfonic acid, p-tolucpesulfonic add, cte.

Preferable cxamples of salls with basic amino acids
include saits with arginine, lysine, ormthine, cic., and pref-
erable cxamples of salts with acidic amino acids include
salts with aspartic acid, glhitamic acid, ¢ic.

The pharmacologically acceptable salt of the compound
represented by the formula (III) is preferably a salt with an
inorganic acid, more preferably a salt with hydrochloric
acid. Espedially, pioglitazone is preferably used in the form
of salt with hydrochloric acid.

The compounds represenied by the formuda (T) or (IT) or
a salt thereof can be produced in accordance with, for
example, mwetbods described in JPA S55(1980)-22636(EP-A
8203), JPA S60(1985)-208980(EP-A 155845), JPA S61
(1986)-286376(EP-A 208420), JPA S61(1986)-85372(EP-A
177353), JPA S61(1986)-267580(EP-A 193256), JPA
H5(1993)-86057(WO 92/18501), JPA H7(1995)-82269
(EP-A 605228), JPA H7(1995)-101945(EP-A 612743),
EP-A 643050, EP-A 710659, ctc. or methods analogous
thereto.

Insulin sensitivity ephancers include 5H{[3,4-dihydro-2-
(pbenylmethyl)-2H-1-benzopyran-6yl]methyl]-2,4-
thiazolidinedione {(generic pame: englitazone) or its sodinm

salty

5- 4{3-(5-mcthyl-2-phenyl-4-oxazolyl)-1-oxopropyl]
pbenyllmethyl]-2,4-thiazolidinedione (generic name:
darglitazone/CP-86325) or ils sodjum salt;

5{2+(5-mcthyl-2-pbenyl-4-oxazolylmethybenzofuran-
5-yhethyl}-2,4-oxazolidinedione (CP-92768);
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5-(2-naphthalenylsulfonyl)-2,4-thiazolidine dione (AY-
31637);

4{(2-napbibalenyl}methyl}-3H-1,2,3,5-oxathiadiazol-2-
oxide (AY-30711); and

5-[[4-[2-(methyl-2-pyridylamino)ethoxy]pbenyl]-
methyi}2,4-thiazolidinedione (BRL-49653), etc, in addition
1o compounds menticped bereinbefore.

In 1he present invention, examples of the drug which is
used in combination with the above-mentioned insulin sen-
sitivity ephancer include an a-glvcosidase iphibitor, an
aldose reductase inhibilor, a biguanide, a statin compound,
a squalepe synthesis inhibilor, a fibrate compound, 2 LDL
catabolism enbancer and an angiclensin converting cnzyme
mhibilor.

a-Glucosidase iphibitors are drugs which inhibit digestive
enzymes such as amylase, maltase, a-dextrinase, sucrase,
cic. lo retard digestion of starch and sugars. Examples of the
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a-glucosidase inhibitors include acarbose, N-(1,3- 30

dihydroxy-2-propyljvaliolamipe (generic name; voglibose),
miglitol, etc. with preferance given 1o voglibose.

" Aldose rcductase iphibilors are drugs which iohibit the
first-stage rate-limitting ¢nzyme in the polyol pathway 1o
prevent or arrest diabetic complications. In the hyperglyce-
mic slate of diabetes, tbe utilization of ghicose in the polyol
pathway is increased and the excess sorbitol accumulated
intracellularly as a consequence acls as a tissue toxin and
hence evokes the onset of complications such as diabetic
peuropathy, retinopathy, and nephropathy. Examplces of the
aldose reductase iphibitors inchide tohurestat; epalrestat;
3,4-dihydro-2,8-diisopropyl-3-thioxo-2H-1,4- benzoxazine-
4-acetic acid; 2,7-difinoro-spiro(9H-fluorene-9,4'-
imidazolidine}-2",5'-dione (generic pame: imirestat);

3-[(4-bromo-2-flvoropbenyl)methyl}-7-chloro-3,4-
dibydro-2,4-dioxo-1(2H)-quipazoline acetic acid (generic
Dame: Zenarestat), '

6-fluoro-2,3-dihydro-2',5-dioxo-spiro{ 4H-1-benzopyran-
4,4"-imidazobdine }- 2-carboxamide (SNK-860); zopolrestat;
sorbinik; and ’

1-{(3-bromo-2-benzofuranyl)suifonyl]-2,4-
imidazolidivedione (M-16209), clc.

Biguanides are dmgs having actions of stimulation of
amerobic glycolysis, increase of the sensitivity to insulin in
the peripberal tissucs, inhibition of ghicose absorption from
the intestine, suppression of bepatic ghwconeogenesis, and
inhibition of fatty acid oxidation. Examples of the bigu-
anides inchide phenformin, metformin, buformin ctc.

Statin compounds are drugs having actions of lowering
blood cholesterol levels by iphibiting bydroxymethylglata-
Iyl CoA (HMG—CoA) reductase. Examples of the statin
compounds include pravastatin and its sodivm salt,
simvastatin, Jovastatin, atorvastatin, fluvastatin, cic.

Squalene synthesis inhibitors are drogs baviog actions of
Jowering blood cholesterol Jevels by inhibiting sypthesis of
squalene. Examples of the squalene synthesis inhibitors
inchide (S)-a{Bis[2,2-dimethyl-1-oxopropoxy)methoxy]
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pbosphinyl}-3-pbenoxybenzencbutanesuifonic acid, mono
potassium salt (BMS-188494),

Fibrate compounds are drugs having actions of lowering
blood cholesterol levels by inhibiting syntbesis and secretion
of tnglycerides in liver and activating a Jipoprotein lipase.

Examples of the fibrate compounds include bezafibrate,
beclobrate, binifibrate, ciplofibrate, clinofibrate, clofibrate,
clofibric acid, clofibraie, fenofibrate, gemfibrozil,
nicofibrate, pirifibrate, ronifibrate, simfibrate, theofibrate,
clc.

LDL catabolism enbancers are drugs baviog actions of
lowerning blood cholesterol] levels by increasing the pumber
of LDL (low-density ipoprotein) receplors.

Examples of the LDL catabolism enhancers include the
compound which is described in JPA H7(1995)-316144 and
represented by tbe formula:

(CH=CH}CONI(
G'h).\_(ak)’

wherein R*, R?, R® and R” are the same or different, and
represent bydrogen atom, a baloger alom, a lower alkyl
group or a Jower alkoxy group; ris 0-2; s is 2-4; p is 1-2;
or a salt 1bereof, specifically N{2{4-bis(4-Buorophenyl)
wethyl-1-piperazivylethyl} 7,7-dipbenyl-2,4,6-beplatrienic
acid amide, eic.

The above-mentioned statin compounds, squalene syn-
thesis inhibitors, fibrate compounds and LDL catabolism
epbancers can be sobstituled with other drugs baving the
property to lower blood cholesterol and triglycende levels.
Examples of these drugs include nicotinic acid derivatives
such as picomol and niceriirol; antioxidants such as probu-
col; and ioo-exchange resins such as colestyramin.

Angiotensin converting enzyme ichibitors are drogs bav-
ing actions of pastially lowering blood glucoss Jevels as well
as Jowering blood pressure by inhdbiting angiotensin con-
verting enzymes. Examples of the angiotensin converting
erzyme inhibitors include caplopril, cpalapril, alacepril,
delapril, ramipril, lisinopril, imidapril, benazepril,
ceropapril, cilazapal, cnalaprilat, fosinopril, moveltopril,
petindopril, quinapril, spirapril, temocapril, trandolapril, ctc.

In the present invention, especially preferred is the phar-
maceutical composition which compriscs an insulin sepsi-
tivity enhancer in combination with an a-ghicosidase inhibi-
tor. The insulin sensitivily enhancer is especially preferably
pioglitazone, and the a-ghicosidase intubitor is especially
preferably voglibose.

In the present invention, examples of the drag which is
used in combination with the compound represcoied by the
formela (TN or a pharmacologically acceptable salt thereof
inchude an insulin secretion ephancer and/or an insulin
preparation

Insulin secretion enbancers are drugs baving the property
to promole secretion of insulin from pancreatic § cells.
Examples of the insulin secretion enbancers include salfo-
oylureas (SU). The sulfonylureas (SU) are drogs which
promote secretion of insulin from pancreatic B cells by
transmitting signals of insulin secretion via SU receptors in
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the cell membranes. Examples of the SU inchude tolbuta-
mide; chlorpropamide; tolazamide; acetobexamide;
4-chloro-N-[(1-pyrolidinylamino)carbonyl)-
benzenesulfonamide (generic pame: glycopyramide) or s
ammonjum saly; glibenclamide (glyburide); gliclazide;
1-butyl-3-metanilylurea; carbutamide; gliboouride; glipiz-
ide; gliquidone; glisoxepid; glybuthiazole; glibuzole; gly-
hexamide; glymidioe; glypinamide; pbeobulamide;
tolcyclamide, clc.

Insulin secretion eobancers include N-{[4-(1-
methylethyl)cyclobexyl)carbonyl} D-phenylalanine (AY-
4166); calcium (28)-2-benzyl-3-(cis-bexabydro-2-
isoindolinylearbonypropionate dibydrate (KAD-1229);
and plimepinde (Hoe 490), cic. in addition 10 compounds
mentioned bereinbefore. The insulin secretion enbancer is
especially preferably ghibenclamide,

Examples of tbe insulin prepanations include animal insu-
lin preparations typically extracied from bovipe or porcine
pancreas and lumap insulin preparations synihesized by
geoetic engineering techniques typically using Escherichia
coli or yeasts. While insulin preparations are available in a
variety of types, ¢g. immediale-acting, bimodal-acting,
intermediate-acting, and long-acting, tbese type of prepan-
tions can be selectively administered according 1o the
patient’s copdition.

Io the present invention, especially preferred is the phar-
maceutical composition which comprises the compound
represcoted by the formula (II) or a pharmacologically
acceplable salt thereof in combination with an insulin secre-
tion enhancer. The compound represented by the formula
(IT) or a pbarmacologicaily acceptable sall thereof is espe-
cially preferably pioglitazone, and the msubin secrction
enbancer is especially preferably glibenclamide.

The pbarmaceutical composition comprising an insulin
sensitivity enhancer in combination with at least one mem-
ber selecied from tbe group consisting of an a-ghucosidase
inhibilor, an aldose reductase inhibitor, a biguanide, a statin
comwpound, a squalene synthesis inhibitor, a fibrate
compound, a LDL catabolismn enhancer and an angiotensin
copverting enzyme inhibitor; and the pharmaccutical com-
positicn comprising the compound represenied by the for-
mula (If) or 2 pharmacologically accepiable salt thereof in
combination with 2e insulin secretion enbapcer and/or an
insulin preparation, both provided in accordance wilh the
present invention, can be respectively put 10 use by mixing
the respective aclive componcnts cither all togetber or
independently with a physiologically acceptable carrier,
excipient, binder, diluent, ¢ic. and administering the mixture
or mixtures ¢ither onlly or non-orally as a pharmacentical
composition. When the active componcnts are formulated
independently, the respective formulations can be extempo-
rancously admixed using a dilueot or the like and adminis-
tered or can be administered independently of cach oiber,
citber concurrenily or at staggered times to the same subject.

The dosage form for said pbanmaceutical composition

- includes soch oral dosage forms as granules, powders,
tablkets, capsules, syrups, emulsicns, saspensions, ek, and
such pon-oral dosage forms as injections (e.g. subcutancous,
intravenous, intrapuscular and intraperitoneal injections),
drip infusions, external application forms (¢.g nasal spray
preparations, transdermal preparations, ointments, cic.), and
suppositories (¢.g. rectal and vaginal suppositories).

These dosage forms can be mamfactured by the per se
known lechnique conventionally used in pharmacentical
procedures. The specific manufacturing procedures are as
follows.

To mamufacture an oral dosage form, an excipient {¢.g.
lactose, sucrose, starch, mannitol, etc.), a dis-integrator (¢.g.
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calcium carbopate, carboxymethylcelllose calcium, ¢ic), 2
binder (e.g. a-starch, gum arabic, carboxymethylcellulose,
polyvinylpyrrolidore, hydroxypropylcellulose, cte.), and a
lubncaot {e g. lalc, magnesium siearate, polyethylene glycol
6000, etc ), for ipstance, are added 1o the aclive component
or components and the resulting composilion is compressed.
Where pecessary, the compressed produdt is coated, by the
pet s¢ known techoique, for masking the taste or for enteric
dissolubicn or suslained release. The coating malerial that
can be used includes, for instance, cthyl-cellulose,
bydroxymetbylcellulose, polyoxyethylene glycol, cellulose
acclaic phthalate, hydroxypropylmeibylcellulose phthalate,
apd Eudragit (Robm & Haas, Germany, methacrybe-acrylic
copolymes).

Injections can be maoufactured typically by the following
procedures. The aclive component of compontnls are
dissolved, suspended or emulsified in an aqueous vehicle
(c.g. distlled waler, physiological saline, Ringer’s solution,
eic.) or an oily vehicle (e.g. vegetable oil such as olive oil,
sesame oil, cottonseed oil, corn oil, cte. or propylene glycol)
togetber with a dispersant (e.g. Tween 80 (Atlas Powder,
US.A)), HCO 60 (Nikko Chemicals), polyethylene glycol,
carboxymetbylcelhilose, sodivm alginate, <ic.), a preserva-
tive (e.g. methyl p-hydroxybenzoate, propyl
p-hydroxybenzoate, benzyl akohol, chlorobutanol, pbenol,
eic), an jsolonizing agent (¢.g. sodium chloride, glycerol,
sorbitol, ghicose, inverted sugar, eic.) and otber additives. If
desired, a solubilizer (e.g. sodium salicylate, sodium acciate,
elc.), a stabilizer (¢.g. buman seram albumin), a soothing
agent (e.g. benzalkonium chioride, procaine hydrochlonde,
cic.) and other addilives can also be added.

A dosage form for exterpal application can be manufac-
tured by processing the active component or components
into a solid, semi-solid or iquid composition. To mamufac-
ture a solid composition, for instance, the active component
or components, cither as they are or in admixturc with an
excipient (c.g. lactose, mannitol, starch, microcrystalline
cellulose, sucrose, ctc.), a thickener {¢.g. natral gums,
ccllulose derivalives, acrylic polymers, eic.), ete, are pro-
cessed inlo powders. The liquid composition can be maou-
facured in substantially the same manner as the injections
meotioned above. The semi-solid composition is preferably
provided in a bydrous or oil gel form or 20 ointment form.
These compositions may optionally coptain a pH control
agent (e.g. carbonic acid, phosphoric acid, citric acid, hydro-
chloric acid, sodivm bydroxide, cic.), and a preservative
(c.g. p-bydroxybenzoic acid esters, chlorobulanol, benza-
Ikomium chloride, ctc.), among other additives.

Suppositorics can be mamufactured by processing the
active component of components into an oily or aqueous
composition, wheiber solid, semi-solid or kquid. The ole-
aginous base that can be used inclndes, for instance, higher
fatty acid glycerides fe.g. cacao butier, Witepsols (Dinamit-
Nobel), eic.], medivm-chain fatty acids [e.g. Migriols
(Dinamit-Nobe]), clc.}, vegetable oils (c.g. sesame o0d, soy-
bean oil, coitonsced cil, ¢ic.), cic. The water-soluble base
includes, for instance, polycthylene glycols, propylene
glycol, eic. The hydrophilic base includes, for instance,
patural gums, cellulose derivatives, vinyl polymers, and
aqyhbic polymers, cic.

The pharmacentical composition of the present invention
is low in 10xicity and can be safely used in mammals (e.g.
bumans, mice, rats, rabbits, dogs, cats, bovines, horses,
swines, wonkeys).

The dosage of the pharmaceutical composition of the
present invention may be appropriately determined with
reference to the dosages recommended for the respective
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active components and can be selected appropriately accord-
ing to tbe recipicnt, the recipicnt’s age and body weight,
cwrent clinical stalus, administration time, dosage form,
method of adminisiration, and combinaticn of the active
components, among other factors. For example, the dosage
of 1be insulin scopsitivity enhancer for an adult can be
selected from the clinical oral dose range of 0.01 to 10
mg/kg body weight (preferably 0.05 10 10 mg/kg body
weight, more preferably 0.05 to 5 mg/kg body weight) or the
clinical pareoteral dose range of 0.005 10 10 mg/kg body
weight (preferably 0.01 to 10 mg/kg body weighl, morc
preferably 0.01 10 1 mg/kg body weight). The other active
component or compopents having different modes of action
for vse in combination can also be used in dose rapges
selecied by refeming 1o the respective recommended clinical
‘dose ranges. The preferred frequency of adminisiration is 1
to 3 times & day.

The proportions of the active componcnts in the pharma-
ceutical composition of the present invention can be appro-
priately selected according 1o the recipicnt, the recipient’s
age and body weight, curreot clinical status, administration
time, dosage form, metbod of admimistration, and combina-
tion of active componenis, among other factors. When, for
cxample, the compound represenied by the formula () or a
pharmacologically acceplable salt thereof (¢.g. pioglitazone)
which is tbe insulin secositivity enbancer and voglibose
which is ap a-glucosidase inhibitor are 10 be administered in
combination 10 a buman subject, voglibose is used in a
proportion of usually about 0.0001 to 0.2 weight parts aod
preferably about 0.001 to 0.02 weight parts relative 1w 1
weight part of the compound or a salt thercofl When, for
example, the compound represented by the formula () or a
pbarmacologically acceptable salt thereof and glibenclamide
which is an insulin secretion enhancer are to be adminisiered
in combination 10 a buman subject, glibenclamide is used ip
a proportion of uswally about 0.002 to 5 weight parts and
preferably about 0.025 to 0.5 weight parts, relative to 1
weigit part of the compound or a pharmacologically accept-
able salt thercof

The pbarmaceutical composition of the present invention
sbows a marked synergistic effect compared with adminis-
tration of cither active component alone, For example,
compared with cases in which each of these active compo-
nenis was adminisicred to diabetic Wistar fally rats with
geoetical obesity, administration of these active components
in combination resulied in marked improvements i both
hypoglycemia and reduced glucose tolerance. Thus, the
pbarmaccutical composition of the present invention Jowers
blood glucoss in diabetics more effectively than it is the case
with administration of each component drug alone and,
therefore, can be used advantageously for the prophylaxis
and treatment of diabetic complications.

Purthermore, since the pbarmacentical composition of the
present invention develops sufficient eficacy with reduced
doses as compared with the administration of any ooe of the
active componcents alooe, the side effects of the respective
components (¢.g. gastrointestinal disorders such as diarthea,
¢ic.) can be reduced.

The following working examples and experimental
cxamples are merely intended to illustrate the present inven-
tion in further detail but shouid by no means be construed as
defining the scope of the invention.

The pharmaccutical composition of the preseat invention
can be prepared according 10 the following formulations.
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WORKING EXAMPLE 1
Capsules
(3) Pioglitazone hydrochloride 30 mg
(2) Yegidose 02 mg
(3} Lactose 60 mg
(4) Macrocrysisftine cellulose 798 mg
(5) Magoexium stearnte 10 mg
Toal 180 mg

The whole amounts of (1), (2), (3) and (4) and half the
amount of (5) are mixed well and grapulated in the conven- -
tional mamoer, Then, the balance of (5) is added and, after
mixing, the whok composition is flled i a gelatin hard
capsule shell.

WORKING EXAMPLE 2

(1) Psoglitarone hydrochloride 10 mg
(D) Glibeaclamide 125 »g
(3 Lacioss 8625 mg
(4) Corn sach 20 my
(5) Polyettylene ghycol 15 mg
(&) Hydroxypropylceulcue 4 mg

Carmellose akinm 55 mg
{8) Magoesivm stearate 05 mg

130 ;g (per hbld)

The whole amounts of (1), (2), (3), (4), and (5), %
amounts of (6) and (7), and % amount of (8) are mixed well
apd gragujlated in the copvertiopal manper. Then, the bal-
ances of (6), (7) and (8) are added to tbe gramles, which is
mixed well and the whole composition is compressed with
a lablet machine. The adult dosage is 3 tablets/day, to be
taken in 1 to 3 divided doses.

WORKING EXAMPLE 3
Capsules
(1) Piogliazope bydrochloride 10 mg
(2) Ppalrestst 50 mg
{3) Lactose 55 mg
(4) MEcrocrystaliize ceDuloss 55 mg
(5) Magocsinm stearate 10 mg
Total 180 mg

The whole amounts of (1), (2), (3) and (4) and % amount
of (5) are mixed well and gramlated iv the coaventional
manver. Then, the balance of (5) is added and the whole
composition is filld in gelatin capsule shell. The adult
dosage is 3 capsules/day, to be taken in 1 10 3 doses.

EXPERIMENTAL EXAMPLE 1

Effect of pioglitazone hydrochloride in combination with
a-ghcosidase inhibitor in geoetically obese and diabetic
Wistar fatty rats

Male Wistar fatty rals aped 14-19 weeks were divided
into 4 groups of 56, and pioglitazone hydrochloride (1
mp/kg body wt./day, p.o.) and/or voglibose (an
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a-ghicosidase inhibitor) (031 mg/kg body wt /day: admin-
islered by mixing in commercial dier at a rate of § pPpm) was
admisistcred for 14 days. The blood was then collected from
the tail vein and the plasma glucose and he moglobin A, were
determioed by the enzymatic metbod (Encore Chemical
System, Baker) and using a commercial kit (NC-ROPET,
Nippon Chemiphar Co.), respectively. Tbe results were
expressed in meangstandard deviation for each group
{n=5-6) and apalyzed by Dunnett’s 1est, which are shown in
Table 1. The 1% level of significance was used.

TABLE 1
Plams glocose Hemoglobin A,
Group {mgrl) (%)
Costral M5229 57204
Pioglilazeme 218 = 50* 52203
Voghbose 326 « 46 60208
Fioglinzone + voglibose 134 = 23* 452 04"

“P < 0.1 vi. costrol group

It is apparent from Table 1 that both the blood glicose and
hemoglobin A, levels were remarkably Jowered by com-
bined administration of pioglitazone and voglibose as com-
pared with the administration of cither drug alone.

EXPERIMENTAL EXAMPIE 2

Effect of pioglitazone hydrochloride in combination with
an insulin secretion eohancer in genetically obese and dia-
betic Wastar faity rats

Male Wistar fatty rats aged 13-14 weeks were divided
into 4 groups of 5, and pioglitazone bydrochloride (3 mgkg/
day, p.o.) and/or glibenclamide (ab insulin secretion
cnhbancer) (3 mg/kg/day, p.0.) was administered for 7 days.
Following an overnight fast, the oral ghicose loading test (2
g glucose/kg/5 ml, p.o) was camried out. Prior to ghucose
loading and 120 and 240 minutes afier the loading, blood
was collected from the tail vein and the plasma glicose was
assayed by the enzymatic method (Encore Chemical
System, Baker). The results were expressed in mean=SD for
each group (n=5) and analyzed by Dunnett’s test, which are
shown tn Tablke 2.

TABLE 2
Group 0 mia, 120 min. 240 min.
Costrol 1199 241 = 58 13710
Fioglizose 102212 136217 102219
Glibenclanmide 118x12 222x61 106 = 24*
Floglitarone + glibenclagide J08 23 &6 = 20" 6 x 5*

“P < 0.01 va. contro] proop

It is appazent from Table 2 that the increase of blood sugar
following ghicose loading was remarkably inhibited by the
combined administration of pioglitazope and ghibenclamide
as compared with the administration of cither drug alope.

The pharmaceutical composition of the present invention
shows a potent depressive cffect on diabetic byperglycemia
and is useful for prophylaxis and treatment of diabeics.
Morcover, this pharmaceutical composition is usefal for
prophylaxis and treatment of diabetic complications such as
diabetic ncuropathy, nephropathy, retinopathy,
macroangiopathy, and osteopenia, In addition, by appropri-
ately sclecting the kinds of component drugs, administration
oute, dosage, elc. according o clinical status, stable
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bypoglycemic efficacy in long-term therapy can be expected
with an extremely low risk of side effect.

What is claimed is:

1. A metbod for reducing the side cffects of active
componeots adminisicred 10 a diabetic patient, which com-
prises adminisiering to said patient a therapeutically effec-
tive amount of an insulia sensitivity enhancer in combina-
tion with a biguanide as said active components.

2. The metbod according to claim 1, wherein the insulin
sensitivity enbancer is a2 compound represented by ibe
formula:

m

Py

whercin R represents an optionally substitnted bydrocarbon
or heterocychic group; Y represents a group represented by
—CO—, —CH(OH)— or —NR*— wherein R? represents
az optionally substituted alkyl group; mis O or 1; n 0,1
or 2; X represents CH or N; A represents a bond or a C,4
divalent aliphatic hydrocarbon group; Q represcots oxygen
atom or sulfur atom; R’ represents hydrogen atom or an
alkyl group; ring E may optionally have 1 1o 4 further
substituents, and the substituents may oplionally be com-
bined with R” to form a ring; L and M respectively represent
bydrogen atom, or L and M may optionaily be combined
with each otber 10 form a bond: or a pharmacologically
acoeplable salt thercof,

3. The method according 1o claim 2, wherein R is an
optionally substituted beterocyclic group.

4. The method acconding 1o claim 2, wherein m is 0.

5. The metbod according to claim 2, wherein X is CH.

6. The method according to chim 2, wherein R? is
hydrogen atom.

7. The method according 1o claim 2, wherein the partial
formula:

I ¢]
the formrola:

wherein R? represents hydrogen atom, an alkyl group, an
optionally substituted hydroxyl group, a halogen atom, an
optionally substituted acyl proup, nitro group or an option-
ally substiteted amino group. :

8. The metbod according 1o claim 2, wherein L and M are
hydrogen atoms.

9.'1‘hemclhodacmrdinglochim2,%q:inkispyrﬂﬁ,
oxadolyl ar thiazolyl group optionaBy Baving 1 to 3 sub-
stituents selected from C,_, aXkyl, faryl, thieoyl, phenyl and
paphthyl; m is 0; n is 0 or 1; X is CH; A is a bond or
—{(CH,),"; R’ is hydrogen atom; where in partial formula:
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s NP
E 5 ﬁ'zf;::.-
\x) ) %
X

and wherein R? is hydrogen alom or C,_ alkoxy group; and
L and M are both hydrogea atoms.

10. The method according to claim 2, wherein the com-
povnd represented by the formula (I) is pioglitazone or its
bydrochlonide.

11. The method according to claim 1, wherein the bigu-
amide is selected from the group consisting of pbenformin,
metformin and buformin,

12. The metbod according 10 claim 1, wherein the bigu-
anmde is metformin. ,

5

10

15

20

13. The method according to claim 1, wherein the insulin
sensitivily enbancer is pioglitazone or its hydrochloride and
the bignanide is metformin. ’

14. The metbod according to claim 1, wherein the insulin
sensitivity enhancer Is troglitazope,

15. The method according to claim 1, wherein the insulin
seositivity enbancer is 5-{[4-{2-(mcthy}-2-pyridylamino)
etboxy Jphenyl}-methyl}-2,4-thiazobidine diooe or its phar-
macologically acoeptable salt.

16. Tbe method according to claim 1, wherein the insulin
sensitivity enbancer and bignaride are mixed togetber to
form an admixture and the admixture is administered to the
mammal.

17. The metbod according o claira 1, wherein the inculin
scasitivity enbancer and bignanide are ot mixed logether
but are administered independently 1o the mammal.
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PHARMACEUTICAL COMPOSITION

FIELD OF THE INVENTION

This application is a divisional of pending application
U.S, Ser. No. 09/280,710, filed Mar. 30, 1999, now allowed
which is a divisionzl of U.S. Ser. No. 09/057,465, filed Apr.
9, 1998, pow U.S. Pat. No. 5,965,584, which is 2 divisional
of application Ser. No. 08/667,979, filed Jun. 19, 1996, now
U.S. Pat. No. 5,952,356. .

BACXGROUND OF THE INVENTION

The present inpvention relales to a pharmaceutical com-
Pposition comprising an ipsulin seositivity enbancer in com-
bination with ope or more other antidiabetics differing from
sxid enbancer in the mechanism of action.

Recent years, the pathology of diabetes bas become mose
and more understood and, in parallel, drugs specific for the
respective pathologic stales bave been developed Accord-

10

15

ingly a vanety of drugs having new mechanisms of action 20

bave appeared ope after-anotber.

lIosubia sensitivity epbancers are also known as insulin
resistance deblockers because they have the action to not-
malize the impaired insulin receptor function, and arc gath-
ering much ailention in these years.

Regarding such insulio sensitivity enbapcers, a very usc-
ful compound such as pioglitazone bas been developed
[Pujita e1 al., Diabetcs, 32, 804-810, 1983, JP-A S55(1980)-
22636 (EP-A 8203), JP-A 561(1986)-267580 (EP-A
193256)] Pioglitazone restores the impaired insulin recepior
function to normalize the wneven distribution of ghicose
transportess in cells, the cardinal enzyme systems associated
with glycometabolism, suck as glicokinase, and cnzyme
systems associated with lipidmetabolism, such as lipopro-
tcin lipase. As the results, insulin resistance are deblocked 1o
improve ghicose olerance, and Jower the plasma concen-
trations of peutral lipids and free fatty acids. Since these
actions of pioglitazone are comparatively gradual and the
risk of side cffect in lopg-term administration is also low,
this compound is uscful for obese patients who are presumed
1o be highly insulin-resistant.

Albso, insulin scasitivity enhancers such as CS-045, thia-
zolidinedione derivatives and substituted thiazolidinedione
derivatives are reported to be used in combination with
insulin [JP-A H4(1992)-66579, JP-A H4(1992)-69383, JP-A
H5(1993)-202042]. However, tbe pbarmaceutical composi-
tion baving a specific combination of the present invention
is unknown.

Diabetes is a cbronic disease with diverse patbologic
manifestations and is accompanied by lipidmetabolism dis-
orders and circulstory disorders as well as glycometabolism
disorders. As the results, diabetes 1ends to progress entailing
various complications in many cases. Therefore, it is nec-
essary to select tbe drug of choice for the prevailing disease
stale in each individual case. However, this selection is ofien
difficult in chinical scitings because single use of each
individual drug can pot bring sufficient effects in some
discase slates and there are various problems soch as side
eﬂ'edwhichiscauscdbyanincremddosconlong—lzrm
administration.

SUMMARY OF THE INVENTION

In view of the sbove state of the art, the inveators of tbe
present invention did much research to develop antidiabetics
which would pot virtually cause adverse reactions cven on
Jong-term administration and could be effective for a large
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cobort of the diabetic population. As a consequence, they
discovered that the above object can be accomplished by
using an insulin sensitivity enbancer, such as the drug
described above, in combination with other antidizbetics
differing from said enhancer in the mechanism of achion, 2nd
accordingly bave perfected the present invention.

Thbe presenl invention, therefore, relates to:

1) Pharmaceutical composition which comprises an insu-
hn sensitivity enbancer in combination with at Jeast ope
member of tbe group comsisting of an a-glucosidase
inhibitor, an aldose reductase inbibitor, a biguaivide, 2
Statin compound, a squalepe syntbesis inhibitor, a
fibrate compound, a EDL catabolism enhapcer and an
angiotensin converting enzyme inhibitor;

2) Pharmacentical composition according 10 1), wherein
tbe insulin seositivity enbancer is a componnd repre-
senied by the formula:

o
)
B
R

wherein R represents an optionally substituled hydrocarbon
or belerocyclic group; Y represents a group represented by
~CO0—, —CH(OH)— or —NR>— (whercin R> represents
ap optionally substituted alkyl group); mis Oor 1; nis 0, 1
or 2, X represents CH or N; A represents a bood or a C,

R!
|
R—()a— (Gi,);-*CH\

divalent aliphatic bydrocarbon groups Q represents oxygen

atom or sulfur atom; R' represents hydrogen alom or an
afkyl group; ring E may optionally bave 1 to 4 substituents,
and the substituents may optionally be combined with R? 10
form a ring; L and M respectively represent hydrogen atom,
or L and M may optionally be combined with each other to
form a bood; or a pharmacologically acceptable salt thereof;

3) Pharmaceutical composition according 1o 2), wherein
the compound represeated by the formmla () is pioghi-
tazone;

4) Pbarmacentical composition according to 1), which
comprises an insulip sensitivity enhancer in combina-
tion with an a-ghcosidase iohibitor;

5) Pharmaceutical composition according o 4), wherein
the a-glucosidase inhibitor is voglibose;

6) Pharmaccutical composition according to 4), wherein
the insulin sepsitivity enhancer is pioglitazone and the
a-ghicosidase inhibitor is voglibose:

7) Pharmacentical composition according to 1), which is
for prophylaxis or treattment of diabetes;

8) Pharmaceutical composition which comprises a com-
pound represeoted by the formmla:
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wherein R’ represents an optionally substituted bydrocarbon
or beterocyclic group; Y represents a group represcaicd by
~—C0—, —CH{(OH)— or —NR.*— (wbercin R? represcnts
an optionally substituled alkyl grovpl misQor 1;nis 0,1
or 2; X represents CH or N; A represents abond ora C, ,
divalent aliphatic bydrocarbon group; Q represents oxygen
atom or sulfur atom; R? represents bydrogen atem or an
alkyl group; ring E may optionally bave 1 1o 4 substituents,
and the substituents may optiopally be combined with R* 10
form 2 ring; L and M respectively represent hydrogen atom,
or L and M may optionally be combined with each other to
form a bood; with a proviso that R’ does not represent
benzopyranyl group whea m and o are O, X represents CH,
A represents a bood, Q represents sulfor atom, R, Land N
represent hydrogen atorn and ring E docs pot have further
substitucots; or a pharmacologically acceptable saht thereof
in combination with an insulin secretion enhancer and/for an
insulin preparation;
9) Pbarmaceutical composition according to 8), wherein
the compound represented by the formula (1) is the
compound represented by the formula:

()

F
C:Hs—(\ -
HI/NH.

o}

10) Pharmaceutical composition according to 8), wherein
the compound represented by the formula (I1) is pioghi-
tazone;

11) Pharmacentical composition according 10 8), wherein
the insulin secretion enhancer is glibenclamide;

12) Pharmaceutical composition according 1o 8), wherein
the compound represented by the formula (I1) is pioghi-
tazone and the insulin secrction enhancer is ghibencla-
mide;

13) Pbarmaceutical composition acconding to 8), which is
for prophylaxis or treatment of diabetes.

DETAILED DESCRIPTION OF THE
INVENTION

The term “insulin sensitivity enhancer” as used in ihis
specification meass sy and all dreg substances that restore
the impaired insulin receptor function to deblock insulin
resistance and conscquently enbance insulin scositivity. As
cxamples of the insulin sensitivity enbancer, the componnd
represented by the formmla (I) or a pharmacologically
acceplable salt thereof can be mentioped.

In the formula (J), as the bydrocarbon group in the

optionally substituted bydrocarbon group represented by R,
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mention is made of aliphatic bydrocarbon grovps, alicyclic
bydrocarbon groups, alicyclic-aliphatic hydrocarbon
groups, aromatic alipbatic hydrocarbon groups and aromatic
bydrocarbon groups. Number of carbon atoms in these
hydrocarbon groups is preferably 1 1o 14.

The aliphatic bydrocarbon groups ase preferably those
baving 1 1o 8 carbon atoms. As the alipbatic bydrocarbon
groups, meption is made of C, , saturated aliphatic hydro-
carbon groups (e.g. alkyl group) as exemplificd by methyl,
cthyl, propyl, isopropyl, butyl, isobutyl, sce.-butyl, t.-butyl,
peotyl, isopentyl, neopentyl, t.-pentyl, bexyl, isobexyl, bep-
tyl and octyl, and C, , unsaturated aliphatic hydrocarbon
grovps (e.g. alkcenyl group, alkcadienyl growp, alkeynyl
group, alkadiyoyl group) as exemplified by vinyl,
1-propenyl, 2-propenyl, 1-buteayl, 2-butenyl, 3-butenyl,
2-methyl)-1-propenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl,
4-pentenyl, 3-methyl-2-butenyl, 1-bexenyl, 3-bexenyl, 2,4~
bexadienyl, S-bexenyl, 1-beplenyl, 1-oclemyl, cibynyl,
1-propynyl, 2-propynyl, 1-butynyl, 2-butysyl, 3-butynyl,
1-pentynyl, 2-pentynyl, 3-peatynyl, 4-peotynyl, 1-bexynyl,
3-bexynyl, 2,4-bexadiynyl, 5-bexynyl, 1-heptynyl and
I-octynyl

The alicyclic hydrocarbon grouwps are preferably those
baviog 3 to 7 carbon aloms. As the abicyclic bydrocarbon
groups, mention is made of C, , saturated alicyclic bydro-
carbon groups (e.g. cycloalkeyl group) as exemplified by
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cyclobeptyl, and C,, unsaturated alicyclic hydrocarbon
groups (c.g. cycloalkenyl group, cycloalkadienyl group) as
exemplified by 1-cyclopentenyl, 2-cyclopentenyl,
3-cyclopentenyl, 1l-cyclohexenyl, 2-cyclohexenyl,
3-cyclobexenyl, 1-cycloheptenyl, 2-cyclobeplenyl,
3-cyclohepienyl and 2,4-cycloheptadienyl.

As the alicyclic-aliphatic hydrocarbon groups, mention is
made of, among those formed by combination of the above-
mentioned alicyclic hydrocarbon groups with alipbatic
bydrocarben groups (e.g. cycloalkyl-alkyl group,
cycloalkcenyl-alkyl group), ones baving 4 10 ¢ carbon atoms
as cxemplified by cyclopropylmethyl, cyclopropylethyl,
cyclobuiylmethyl, cyclopentylmethyl,
2-cyclopenlenylmethyl, 3-cyclopcnicnylmethyl,
cyclobexylinethyl, 2-cyclohcxenylmelhyl,
3-cyclobexenylmetbyl, cyclobexyleibyl, cyclobexylpropyl,
cyclobeptylmetbyl and cyclobeptylethyl.

The aromatic alipbatic hydrocarbon groups are preferably
those baving 7 10 13 carbon atoms {e.g. aralkyl group). As
the aromatic aliphatic hydrocarbon groups, mention is made
of C, 5 pbenylalkyl as excmplified by benzyl, pbenethyl,
i-phenylethyl, 3-phenylpropyl, 2-phenylpropyl and
1-pbenylpropyl, and C,, ;5 napbibylalky] as excmplified by
c-paphibylmethyl, a-naphihylethyl, B-naphthylethyl and
B-paphthylethyt.

As the aromatic hydrocarbon groups, meation is made of,
ones having 6 to 14 carbon atoms as excmplified by phlenyl,
naphthyl {a-naphtyl, B-naphthyl).

In the fornmla (I), as the beterocychc group in the
optionally substituted beterocyche group represented by R,
mention is made of, for example, 5- 10 7-membered betero-
cyclic groups cootaining, as a ring compopent atom, 1 1o 4
betero 2toms selected from oxygen atom, sulfr atom and
nitrogen atom, apd a condensed ring group. As the con-
densed ring, mentiop is made of, for example, these 5- 1o
7-membered heterocyclic groups condensed with
6-membered ring containing one or two nitrogen atoms,
benzene ring of 5-membered ring containing one sulfur
atom.
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Examples of these beterocyclic groups include 2-pyridyl,
3-pyridyl, 4-pyridyl, 2.pyrimidinyl, 4-pyrimidinyl,
S-pyrimidinyl, 6-pyrimidinyl, 3-pyridazinyl, 4-pyridaziny},
2-pyrazipyl, 2-pyrrolyl, 3-pyrroly), 2-imidazolyl,
4-imidazolyl, 5-imidazolyl, 3-pyrazolyl, 4-pyrazolyl,
isotbiazolyl, isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1,2,4-oxadiazol-5-yi,
1,2,4-1riaz0l-3-y], 1,2,3-triazol-4-yl, tetrazol-5-yi,
benzimidazol-2-yl, indol-3-yl, 1H-indazol-3-yl, 1H-pymolo
[2,3-b]pyrazin-2-yl, $H-pyrrolo{2,3-b]pyridin-6-yl,
1H-imidazo{4,5-blpyridin-2-yl, 1H-imidazo{4,5-cpyridin-
2-yl, 1H-imidazo{4,5-blpyrazin-2-yl and benzopyrapyl.
Among them, pyridyl, oxazolyl or thiazolyl group is pref-
enble.

In the formula (I}, the hydrocarbon group and beterocyclic
group represented by R may optionally bave 1 to 5, prefer-
ably 1 10 3 substitucots at any substitutable positions.
Examplcs of such substitvents include aliphatic bydrocarbon
group, alicyclic hydrocarbon group, aryl group, aromatic
beterocyclic group, pon-aromatic heterocyclic group, balo-
gen atom, mitro group, optionally substituted amino group,
optionally substituted acy! group, optiomally substituied
bydroxyl group, optionally substituted hiol group, option-
ally esterified carboxyl group, amidino group, carbamoyt
group, sulfamoyl group, sulfo group, cyapo group, azido
group and nitroso group.

Exampls of the alipbatic bydrocarbon groups inchuide
C,.;s straight-chain or branched aliphatic hydrocarbon
groups as excmplificd by alkyl group, alkenyl group, and
alkynyl group.

Preferable examples of the alkyl growp include C, _,, alkyl
groups such as methyl, cthyl, propyl, isopropyl, butyi,
isobutyl, sec.-butyl, t-butyl, peptyl, isopentyl, ncopentyl,
t.-pentyl, 1-cthylpropyl, bexyl, isobexyl, 1,1-dimethylbulyl,
22-dimethylbutyl, 3,3-dimethylbutyl, 2-cthylbutyl, hexyl,
pentyl, octyl, nonyl and decylL

Preferable examples of the alkenyl group include C, ,,
alkeny] groups such as viny}, allyl, isopropenyl, 1-propenyl,
2-methyl-1-propenyl, 1-butenyl, 2-butenyl, 3-buteny),
2-ctbyl-1-buienyl, 3-methyl-2-butenyl, 1-pentenyl,
2-peotenyl, 3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl,
1-hexeoyl, 2-bexenyl, 3-bexenyl, 4-bexcoyl and 5-hexenyl.

Preferable examples of the alkynyl group include C, 4,
alkynyl groups such as ctbynyl, 1-propynyt, 2-propynyl,
1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentyoyl,
3-pentynyl, 4-pentynyl, 1-hexynyl, 2-bexynyl, 3-hexynyl,
4-hexynyl and 5-bexynyl

As the alicyclic bydrocarbon group, mention is made of
G, 12 saturated or nnsatusated alicyclic bydrocarbon groups
as excwplified by cycloalkyl group, cycloalkenyl group and
cycloalkadienyl group.

Preferable examples of cycloalkenyl group inchude C, 4,
cycloalkyl groups such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclobexyl, cyclobeptyl, cyclooctyl, bicyclo
[2-2.1]heptyl, bicyclof2.2.2)octy), bicyclo{3.2.1]Joctyl,
bicyclo{3.22Jnonyl, bicyclo{3.3.1Joonyl, bicyclo{4.2.1]
pony] and bicyclo{4.3.1 KecyL

Preferable examples of the cycloalkenyl group inchude
Cy 10 cycloalkenyl groups such as 2-cyclopenten-1-yl,
3-cyclopenten-1-yl, 2cyclolhexen-1-yl and 3-cyclobexen-
1-yL

Preferable cxamples of the cycloalkadicnyl grovp incladé
C, 30 cycloalkadicnyl groups such as 2,4cyclopentadien-1-
¥l 2,4-cyclobexadien-1-yl and 2,5-cyclobexadien-1-yl.

Preferable examples of the ary! group inclnde Cq , , aryl
groups such as phenyl, naphthyl (1-papbihyl, 2-naphthyl),
anthry), phenanthryl and acenaphibylenyt.
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Preferable examples of the aromatic beterocyclic group
include aromatic monocyclic beterocyclic groups such as
furyl, thienyl, pymolyl, oxazolyl, isoxazolyl, ihiazolyl,
isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl, 1,2 4-
oxadiazolyl, 1,3,4-oxadizzolyl, furazanyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-
triazolyl, 1,2,4-triazolyl, tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl and inazinyl; and aromatic con-
densed beterocyclic groups such as benzofuranyl,
isobenzofuranyl, beozo[b]thicnyl, indolyl, isoindolyl,
1H-indazolyl, benzimidazolyl, benzoxazolyl, 1,2-
benzoisoxazolyl, benzothiazolyl, 1,2-benzoisotbiazolyl,
1H-benzotriazolyl, quinolyl, isoquipolyl, cinnolinyl,
quinazolinyl, quinoxalinyl, pbthalazinyl, maphthylidinyl,
purinyl, pteridinyl, carbazolyl, a~carbazolyl, p-carbazolyl,
y-carbolinyl, acridinyl, pbenoxazinyl, pbepothiazinyl,
phenazinyl, phenoxathiinyl, thianthrenyl, phenatbridinyl,
phenathrolinyl, indolizinyl, pyrrolo{1,2-blpyridazinyl,
pyrazolo{1,5-a)pyridyl, imidazo{1,2-aJpyridyl, imidazo{1,5-
alpyridyl, imidazo{1,2-b)pyridazinyl, imidazo[1,2-1]
pyrimidinyl, 1,2,4-triazolo{4,3-alpyridyl and 1,2,4-iriazolo
[4.3-blpyridazinyl

Preferable cxamples of the non-aromabic beterocyclic
group include oxiranyl, azetidinyl, oxctanyl, thietanyl,
pyrrolidinyl, tetrahydrofuryl, thiolanyl, piperidyl,
tetrahydropyranyl, morpholinyl, thiomerpholinyl,
piperazinyl, pymolidino, piperidioo, morpboline apd thio-
morpholino. :

Examples of the halogen atom include fluorine, chlorine,
bromine and iodipe.

As tbe substituted amino group in the optionally substi-
tuted ampino group, mention 15 made of, N-moncsubstitnted
amino group and N, N-disubstituted amino group. Examples
of the substituted apino groups include amino groups hav-
ing one or two substituents selected from C,_,, alkyl group,
Cy.50 2lkenyl group, C, ;4 alkynyl group, arcmatic group,
beterocyclic group and C,_,, acyl group (c.g. mecthylamino,
dimethylamino, ecthylamino, dicthylamino, dibulylamino,
diallylamino, cyclobexylamino, phenylamino, N-methyl-N-
pbenyl-amino, acetylamino, propicnylamino, benzoylamino
and nicotinoylamino).

As tbe acyl group, mention is made of C, ,, acyl groups
such as C, ,, alkanoyl group, C, ,, alkenoyl group, C, ;o
cycloalkanoyl growp, C, ,, cycloalkenoyl group and Cy ,,
aromatic carbony! group.

Preferable examples of the C, ,, alkanoyl group include
formyl acetyl, propionyl, butyryl, iscbutyryl, valeryl,
movaleryl, pivaloyl, bexanoyl, beptanoy] and octanoyl. Pref-
erable examples of the C, ,, alkenoyl growp inclnde
agyloyl, methacryloyl, crotonoyl and isocrotonoyl. Prefer-
able examples of C, ,, cycloalkanoyl group include
cyclobutapecarbonyl, cyclopentanecarbonyl, cyclobexan-
ecubory] and cyclobeptanccarbonyl. Preferable examples
of C,.,, cycloalkenoyl group include
2-cyclohexenecarbonyl. Preferable examples of C, ,, aro-
matic carboayl group include benzoyl, napbthoyl and nico-
tinoyl

As the substituent in the substituted acyl group, mention
is made of, for example, C,, akyl group, C, , alkoxy
group, halogen alor (e.g. chlorine, fluorine, bromine, cie.),
nitro group, bydroxyl group and amino group.

As the substituted bydroxyl group in the optiooally sub-
stituted hydroxyl group, mention is made of, for example,
alkoxy group, cyckalkyloxy group, alkcenyloxy group,
cycloalkenyloxy group, aralkyloxy group, acyloxy group
and aryloxy group.
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Preferable examples of tbe alkoxy group include C, ,,
alkoxy groups such as methoxy, ethoxy, propoxv
isopropoxy, buloxy, isobutoxy, sec.-butoxy, t.-butoxy
pentyloxy, isopenlyloxy, ncopentyloxy, hexyloxy, beptyloxy
apd popyloxy. Preferable examples of the cycloalkyloxy
group include C, ;, cycloalkyloxy groups such as
cyclobuloxy, cyclopentyloxy and cyclobexyloxy. Preferable
cxamples of the alkenyloxy group include C, o alkenyloxy
groups such as allyloxy, crotyloxy, 2-pentenyloxy and
3-bexcayloxy. Preferable examples of tbe cycloalkenyloxy
group iclude C, ,, cycloalkenyloxy groups such as
2-cyclopentenyloxy and 2-cyclobexenyloxy. Preferable
examples of ibe aralkyloxy group include C,,, aryloxy
goups such as phenyl-C, ,alkyloxy (e.g. benzyloxy and
phenethyloxy). Preferable examples of the acyloxy group
inchude C, ,, acyloxy group, more preferably C, , alkkaooy-
loxy grovps (e.g. acetyloxy, propionyloxy, butyryloxy and
isobutyryloxy). Preferable examples of the aryloxy group
inchide C, ,, aryloxy groups such as pbenoxy and naphthy-
Joxy. The aryloxy group may coptionaily bave one or two
substituents such as balogen atom (e.g. chlorine, fluoripe,
bromine). Examples of the substituted aryloxy group include
4-chlorophenoxy.

As the substituted thiol group in the optionally substituted
thiol group, mention is made of, alkylthio group, cycloalky-
hhjo group, alkepylthio grouwp, cycloalkenylthio group,
analkylthio group, acyhibio group and aryhhio group. -

Prefcrable examples of the alkylthio group include C, 4
alkyhhio groups such as meibylthio, cthylthio, propylthio,
isopropylibio, bufylthio, isobutylthio, scc.-butylthio,
t.-butylthio, pentylthio, isopentylihio, pcopentylthio,
hexylibio, beptylibio and nonylthio. Preferable examples of
the cycloalkyhhio group include C, ,, cycloalkyhhio groups
swch as cyclobutylthio, cyclopentylthio and cyclobexylthio.
Preferable examples of the alkenylthio group inchide C,_,,
alkenylthio groups such as allylthio, crotylihio,
2-pentenylthio and 3-hexenylthio. Preferable examples of
the cycloalkenylthio group inchude C, ,, cycloalkenylthio
groups such as 2-cyclepentenylihio apd 2-cyclobexenylthio.
Preferable examples of the arakylthio include C,_,q aralky-
hhio groups such as phenyl-C, _,alkylthio (c.g. benzylthio
and phenetbylthio). Preferable examples of tbe acylihio
group inchude C, ,, acylthio group, more preferably C, ,
alkanoylthio groups (ec.g. acetylihio, propionylihio,
butyrylibio and isobutyrylthic).

Preferable cxamples of the arylthio group inchude Cg ,,
aryltio growps such as phenylthio and papbthylthio. The
aryltlio group may opticnally have one or two substituents
such as halogen alom (e.g. chlorine, fuorine, bromine).
Examples of 1he substituted arylthio growp inchude
4-chloropbenyithio.

As the optiopally esterified carboxyl group, mention is
made of, for example, alkoxycarbonyl group, analkyloxy-
carbony! groap and aryloxycarbony] gromp.

Preferable examples of the alkoxycarbonyl group include
C, s alkoxycarbonyl groups such as methoxycarbonyl,
ctboxycarbonyl, propoxycarbonyl and butoxycarbonyl.
Preferable exampks of the aralkyloxycarbonyl group
clude C, ;¢ aralkyloxycarbonyt groups such as benzyloxy-
carbonyl. Preferable examples of the aryloxycarbonyl group
include C,_ ;4 aryloxycarbonyl groups sach as phenoxycar-
bonyl and p-tolyloxycarbonylL

Amoog ibe substituents on the hydrocarbon growp and-
beterocyclic group represented by R, C,_,o alkyl groups,
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In the formula (§), substituents on the hydrocarbon group
and heterocyclic group which arc represenied by R, may,
when 1they are alicyclic hydrocarbon group, aryl group,
aromatic beterocyclic grovp or pon-aromatic beterocyclic
group, bave one or more, preferably 1 to 3, of suilable
substituents respectively. Examples of these substituents
inchude C, 4 alkyl groups, C,_, alkenyl groups, C,_, alkynyl
groups, C, ; cycloalkyl groups, C,.,, aryl groups, aromatic
heterocyclic groups (c.g. thienyl, furyl, pyridyl, oxazolyl
apd thiazolyl), oon-aromatic heterocyclic groups (ec.g.
letrabydrofuryl, morphobine, thiomorpholino, piperidino,
pyrrolidine and piperazino), C,, arakyl groups, amioo
group, N-mono-C,_alkylamioo groups, N,N-di-C,_, alky-
lamiro groups, C,_, acylamino groups (e.g. acetylamino,
propionylamino and benzoylamipo), amidino group, C, ,
acyl group (e.g. C, 4 alkanoyl groups), carbamoyl group,
N-mooo-C,_, alkyl carbamoyl groups, NN-0i-C, , alky}
carbamoy) groups, sulfamoyl group, N-mopo-C, , alkyl
sulfamoy) groups, N,N-di-C, , alkyl sulfamoy] groups, car-
boxyl group, C, 4 alkoxycarbonyl groups, hydroxyl group,
C, alkoxy groups, C, 5 alkenyloxy groups, C, , cycloalky-
loxy groups, C, ; aralkyloxy groups, Cq.,, aryloxy groups,
mercaplo growp, C,, alkylthio groups, C,, aralkylhio
grovps C, ,, arylthio groups, suifo group, cyano group,
azide group, nityo group, mitroso grovp and halogen atom .

In the formula (I), R is preferably an optionally substi-
tuted belerocyclic group. R is more preferably pyridyl,
oxazolyl or thiazolyl group which is optionally substituted
by 1 10 3 substituents sekcied from C, , alkyl group, Furyl
group, thicoyl group, pheny} group and paphthy! group.

R’ io tbe formula (IT) bas the same definition as R except
that R" docs pot represent benzopyranyl group when m and
n are O; X represents CH; A represents a bond; Q represents
sulfur atom; R?, L and M represent hydrogen atom; and ring
E does 0ot bave furtber substituents.

In the formulae () and (), Y rcprcsenls —C0—, —CH
{(OH)— or —NR>— (wherein R? represents an optionally
substitnied alkyl group), preferably —CH(OH)— or
—NR’—. As the alkyl grovp in tbe optiopally substituted
alkyl group represented by R?, mention is made of, for
example, C, , alkyl groups such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec.-butyl and t.-butyl. Examples
of the substituents include halogen {¢.g., flucrine, chlorine,
bromioe and iodine), C,, alkoxy groups (e.g. methoxy,
¢thoxy, propoxy, butoxy, isobuloxy, sec.-butoxy and
t.-butoxy), hydroxyl group, nitro group and C,_, acyl groups
(c.g- formyl, acetyl and propionyl).

The symbol m is 0 or 1, preferably 0.

The symbol n is 0, 1 or 2, preferably O or 1.

X represcots CH or N, preferably CH.

In the formulse (I) and (JI), A represents a bond or 2 C, ,
divalent aliphatic hydrocarbon group. The aliphatic hydro-
carbon group may be straight-chain or branched, and satu-
raled or unsaturated. Specific examples of the alipbatic
bydrocarbon group include saturated opes [e.g —CH,—,
—CH(CH,)—, —{(CHp);—, —CH(C;H,)—, —(CH,),—,
—(CH)—, —CL)—, —~(CH)— ad ~(CH),—]
and nmsaturated ones [e¢.g. —CH=CH—, —C(CH,)
=CH—, —CH=CH—CH,—, —C(C,H;)}=CH—,
—CH,—CH=CH—CH,—, —C}!2 ,—CH=CH—
CH,—. —CH=CH—CHCH—CH,— and
—CH=CH—CH=CH—CH=CH—CH,—. A is prefer-
ably 2 bond or C,_, divalent aliphatic hydrocarbon groups,
the alipbatic hrydrocarbon groups preferably being saturated.
A is more preferably a bood or —(CH,)},—

As the alkyl gronp represented by R* substantially the
same one as the alky] group i the above-mentioped R, R?
is preferably hydrogen atom.
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In 1be formulae (T) and (1), the partial formula:

v ; =

E ——— prelembly represents E .
. ) he formula: S

X X

Ring E bas 1 to 4 substiluents at any substimtable posi-
tions. Examples of such substiments include alkyl group,
optionally substituted hydroxyl group, halogen atom,
optiopally substituted acyl group and optionally substituted
amino group. These substituents have substaptially the same
meaning as those described as substituents of the bydrocar-
bon group and heterocyclic group represeoted by R.

Ring E, namely the partial formmla:

/—— prefoably ’ ~
) eably represen —
\x) the formuls: \x)

whercin R* represents bydrogen atom, an alkyl group, an
optionally substituted bydroxyl group, a balogen atom, an
optionally substituied acyl group, nitro £roup or an option-
ally substituted amino group.

As the alkyl group, optionally substituted bydroxyl group,
halogen atom, optionally substituied acyl group and option-
ally substituted amioo group represented by R2, mention is
made of those described as substituents of the bydrocarbon
group and helerocyclic group represented by R. R? is
preferably hydrogen alom, optionally substituted hydroxyl
grovup or halogen atom, more preferably hydrogen atom or
optionally substituted bydroxyl group, especially preferably
bydrogen atom or C,_, alkoxy groups.

In the formulae (I) and (M), L and M represeot hydrogen
atom, or they may optionally be combined with sach other
1o form a bond. L and M are preferably bydrogen atom.

In the compounds wherein L and M are combined with
cach other to form a bond, there exist (E) and (Z)-isomers
relative 10 The double bond at the 5-position of 1he azo-
lidimedione ring.

Aod, in the compounds wherein I apd M respectively
represeal hydrogen atom, there exist (R)- and (S)-optical
isomers due to the asymmetric carbon at the 3-pesition of 1he
azolidinedione ring. The compounds inchide these (R)- and
(S)-optical isomers and racemic isomers,

Preferable exampics of the compounds represented by the
formuh(l)or(]l)incl’ndesﬂmeinwlﬁd:ll'npyﬁdyl,
oxazolyl or thiazolyl group optionally having 1 to 3 sub-
stitecats selecied from C, , alkyl, faryl, thienyl, phenyl and
naphthyl;m'sﬂ;nkOorl;XisCH;Aisabondw
—{CH),—;R* is bydrogen atom; ring E, namely the partial
formmta:

= R
E —— rprsels
/(x) e formmta: .
and R? is hydrogen atom ot C, , alkoxy group; and L and M
are both hydrogen atom.
Prefesable examples of the compound represented by the
formuta () inchide

(1) the compound represented by the formmula (II) such as
5-[4-[2-(3-elhyl-z-pyridyl)ethoxy Jbenzyl}-2.4-
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thiazolidibedione; 5{4{2(4<thy)-2-pyridyl)ethoxy}
beozyl}-2,4-1hiazolidinedione; 5-{4-[2-(5-cthyl-2-
pyridylethoxybenzyl]-2,4-thiazolidinedione (generic
pame: pioghtazone);, and S{4{2(6-ethyl-2-pyridyl)-
etboxy peozyl}-2,4-thiazolidinedione;

(2)-(R)—(+)-5-[3-[4-[2-(2-furyi)-S-melhyl-‘i-
oxazolylmelboxy]-3-melhoxyphenyl]propyl]-2,4-
oxazolidinediope; and

(3) 5{[4-[{3,4dibydro-6 -hydroxy-2,5,7,8-tetramethyl-
ZH-l-bcuzopyran-Z—yl)mclhoxy]pbenyl]mclhyl]—ZA-
thiazolidinedione (gencric pame: troglilazone/CS-045).

The compound represented by the formula (D) is espe-
cially preferably pioglitazone.

The compound represented by the formula (I1) is prefer-
ably tbe compound represeated by the formmla {IIl) and
(R)-{+)-5-[3—[4{?,(2-ﬁ1ryl)-5—mclbyl—4-oxazo]ylmetboxy]—
3-methoxypbenyllpropyl}-2,4-oxazolidinedione, more pref-
erably pioglitazone.

The pharmacologically acceptable salt of the compound
represcnied by the formula (T) or (TI) are exemplificd by saits
with inorganic bases, salts with organic bases, salts with
inorganic acids, sahs with orgamnic acids, and salts with basic
of acidic amino acids, .

Preferable cxamples of salts with inorganic bases include
salts with alkali metals such as sodium, petassium, etc., salts
with alkaline carth metals such as calcium, magnesium, etc.,
and salts with alumimim, ammonium, ctc.

Preferable examples of salts wilth organic bases include
salts with trimethylamioe, tricthylamine, pyridine, picokine,
cthanolamine, dictbapolamine, lriethanolamine,
dicyclobexylarine, N N-dibenzyleibylenediamine, cic.

Preferable examples of salts with inorganic acids include
salts with bydrochloric acid, hydrobromic acid, nitric acid,
sulfuric acid, phospboric acid, cic,

Preferable examples of salls with organic acids include
salts with formic acid, accbic acid, triflvorpacetic acid,
fumaric acid, oxalic acid, tartaric acid, maleic acid, citric
acid, succinic acid, malic acid, methanesnlfonic acid, ben-
zencsulfonic acid, p-loluenesulfonic acid, cte,

Preferable examples of salls wilth basic amino acids
include sahts with arginine, lysine, ornithine, etc., and pref-
crable examples of salts with acidic amino acids include
salts with aspartic acid, glulamic acid, etc.

The pharmacologically acceplable salt of the compound
represented by the formula (TII) is preferably a salt with an
inorganic acid, more preferably a salt with hydrochloric
acid. Espedially, pioghitazone is preferably used in the form
of salt with hydrochloric acid,

The compounds represented by the formula (T) or () or
2 salt-thereof can be produced in accordance with, for
example, methods described in JPA S55(1980)-22636(EP-A
8203), JPA S60(1985)-208980(EP-A 155845), JPA S61
(1986)-286376(EP-A 208420), JPA 561(1986)-85372(EP-A
177353), JPA S61(1986)-267580(EP-A 193256), JPA
H5(1993)-86057(WO 92/18501), JPA H7(1995)-82269 .
(EP-A 605228), JPA H7(1995)-101945(EP-A 612743),
EP-A 643050, EP-A 710659, eic. or methods analogous
thereto.

Insalin sensitivity cnbancers include 5{]3,4-dihydro-2-
(phenylmelhyl)—ZH-l-benzopyran—6-yl]mclhyl]-2,4-
thiazolidinedione (generic name: englitazone) or its sodfum
salt;

SH{{4{3-(5-methyl-2-phenyl-4-oxazolyl)-1 -cxopropyl]
phbenylJmethyl}-2,4-thiazolidinedione (generic name:
darglitazone/CP-86325) or its sodium salt;

5-[2—(5-methyl-2-phcnyl-4-oxazolyhﬁclhyl)bcnmfnrm-
5-ylmethyl}-2,4-0xazokidinedione (CP-92768);
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5-(2-naphibalenylsulionyl)-2,4-1hiazolidinedione  (AY-
31637);
4{(2-paphtbalenyl)metbyl}-3H-1-1,2,3 S-oxathiadiazol-
2-oxide (AY-30711); and
5-{[4-[2-(methyl-2-pyridylamino)etboxy]lphenyl]-
methyl} 2,4-thiazohidivedione (BRL-49653), ctc. in
addition to compounds wentioned bercinbefore,

In tbe present iovention, examples of the drug which is
used in combination with the above-meptioped insulin sen-
sitivity enbaocer include an a-glucosidase inhibitor, an
aldose reductase iphibitor, a biguanide, a statin compound,
a squalene synthesis inhibitor, a fibrate compound, a LDL
catabolism ¢enbancer and an angiotensin converting enzyme
inhibitor.

a-Glucosidase inhibilors are drugs which inhibit digestive
enzymcs such as amylase, maltase, a-dextrinase, sucrase,
e1c. o retard digestion of starch and sugars. Examples of the
a-glucosidase inhibiters include acarbose, N-(1,3-
dihydroxy-2-propyl)valiolamine (geperic pame; voglibose),
miglitol, etc. with preferance given 1 voglibose.

Aldose reductase inhibitors are drugs which inhibit the
first-stage rate-limiting enzyme in the polyol patbway ta
prevent or amrest diabetic complications. In the hyperglyce-
mic state of diabetes, the utilization of glacose in the polyol
pathway is increased and the excess sorbitol accumutated
intracellularly as a consequence acts as a tissue toxin and
hence cvokes the onsct of complications such as diabetic
peuropathy, retinopathy, and nephropathy. Examples of the
aldose reductase inhibitors include tolurestat; epalrestat;
3,4-dibydro-2,8-diisopropyl-3-thioxo-2H-1,4-benzoxazine -
4-acetic acid; 2,7-diflvoro-spiro(9H-fluorene-9,4'-
imidazolidine)-2",5'-dione (generic name: imirestat);

3-[(4-bromo-2-fluorophenyl}methyl }-7-chloro-3,4-

dihydro-2,4-dioxo-1(2H)-quinazoline acetic acid
(generic name: zenarestat);
6-fluvoro-2,3-dihydro-2',5'-dioxo-spiro{ 4 H-1-benzopyran-
4.4" imidazolidine } 2-carboxamide (SNK-860); zopol-
restat; sorbiml; and
1-{(3-bromo-2-benzofuranyl)sulfonyl]-2,4-
imidazolidinedione (M-16209), etc.

Bigvanides are drugs having actions of stimulation of
anaerobic glycolysis, increase of the sensitivity 1o insulin in
the peripberal tissees, inhbition of ghicose a jon from
the intestine, suppression of bepatic gliconeogenesis, and
inhibition of faity acid oxidation. Examples of the bign-
anides inchude phenformin, metformin, buformin etc,

Siatin compounds are drugs bhaving actions of lowering
blood cholesterol levels by inhibiting hydroxymethylghuta-
Iyl CoA (HMG-CoA) reductase, Examples of the statin
compounds include pravastatin and its sodjiom salt,
simvasiatin, lovastatin, atorvastatin, fluvastatin, cte,

Squalene syntbesis inhibitors are drugs baving actions of
Jowering blood cholesterol levels by inhibiting syotbesis of

ne. Examples of the squakene synthesis inhibitors
inchude (S)-a{Bis{2,2-dimethyl-1-oxcpropoxy)methoxy)
phosphinyl}-3-phenoxybenzenebutapesulfonic acid, mono
potassium salt (EMS-188494),

Fibrate compounds are drmgs baving actions of lowering
blood cholesterol levels by inhibiting synthesis and secretion
of triglycerides in Hver and activating a lipoprotein Lpase.

Examples of the fibrate compounds include bezafibrate,
beclobrate, binifibrate, ciplofibrate, clinofibrate, clofibrate,
clofibric acid, etofibrate, fenofibrate, gemfibrozil,
nicofibrate, pirifibrate, ronifibrate, simfibrate, theofibrate,
<ic.

LDL catabolism enhancers are drugs having actions of
lowering blood cholesterol kevels by inareasing the pumber

of LDL, (Jow-density lipoprotein) recepiors.
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Examples of the LDL catabolism enhancers include the
compound which is described in JPA H7(1995)-316144 and
represenied by the formula:

R %_\ m—c:}r).com(m,).n

whercin R®, R?, R® and R” are 1he same or different, and
represent bydrogen atom, a balogen atom, a lower alkyl
grovp or a lower alkoxy group; r is 0-2; s is 2-4; p is 1-2;
or a salt thereof; specifically N{2{4-bis(4-Buoropbenyl)
methyl- l—plpcnmy]]c!hy]}'f 7-dipbhenyl-2,4,6-heptatrienic
acad amide, cic.

The above-menbioned statin compounds, squalepe syn-
thesis inhibilors, fibrate compounds and LDL catabolism
cuhancers can be substituted with other drugs having the
property o Jower blood cholesterol and triglyceride Jevels.
Examplks of these drugs include nicotinic acid derivatives
svch as mcomol and miceritrol; antioxidants such as probu-
col; and ioncxchange resins such as colestyramin.

Angiotensin converting enzyme inhibitors are drugs hav-
ing actions of partially lowering blood phicose levels as well
as Jowering blocd pressure by intubiting angiotensin con-
verting enzymes. Examples of the apgiolensin cooverting
enzyme inhibitors include caplopril, epalapril, alacepril,
delapril, ramipril, lisinopril, imidapril, bepazepril,
ceronapril, cilazaprl, epalaprilat, fosipopril, moveltopril,
perindopnil, quinapril, spiraprilfemocapnil, u'andolapril, cic.

In the present invention, especially preferred is the phar-
maceutical composition which comprises an insulin scpsi-
tivity enbancer in combination with an a-ghcosidase inhibi-
tor. The insulin sensilivity eobancer is especially preferably
pioglitazone, and the a-ghicosidase inhibitor 15 especially
preferably voglibose.

In the present invention, examples of the dmg which is
used in combination with the compound represcnted by the
formula (If) or a pbarmacologically acccptable salt thereof
include ap insulin sccretion enhancer andfor an insulin

n

Insulin secretion enhancers are drugs having the property
lo promote secretion of insulin from pancreatic B eells.
Examples of the insulin secretion enbancers include sutfo-
nyhweas (SU). The sulfonylureas (SU) arc drugs which
promote sccretion of insulin from pancreatic § cells by
transmitting signals of insulin secretion via SU receptors in
tbe cell membranes. Examples of the SU include toibuta-
mide; cblorpropamide; tolazamide; acetohexamide;
4-chloro-N-[(1-pyrolidinylamino)carbonyl])-
benzenesulfonamide (generic name: glycopyramide) or its
ammonium salt; glibenclamide (glyburide); gliclazide;
1-butyl-3-metanilylures; carbutamide; glibomuride; glipiz-
ide; gliquidone; glisoxepid; glybuthiazole; glibuzole; gly-
bexamide; glymidioe; glypinamide; phenbutamide;
okcyclamide, cic.

Insulin secretion enbancers incinde N{[4-(1-methylethyl)
cyclobexylcarbonyi}D-phenylalanine (AY-4166); calciem
(25)-2-bcnzyl-3-(ns-hexahydro-z-mmdolmylcarbonyl)
propionate dihydrate (KAD-1229), and glimepiride (Hoe
490), cte. in addition to compounds mentioned bereinbe fore.
The insulin secretion enhancer is especially preferably glib-
enclamide.
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Examples of tbe insulin preparations include animal insn-
lin preparations typically extracted from bovine or porcine
pancreas and buman insulin preparations syntbesized by
geoelic coginecring techniques typically using Escherichia
cofi or yeasts. While jpsulin preparations arc avzilable in a
varicty of lypes, c.g. immediate-acting, bimodal-acting,
intermediate-acting, and Joog-acting, these Iypes of prepa-
rations can be seleclively adminisicred according to the
Patient’s condition.

In the present invention, especially preferred is tbe phar-
maceulical composition which comprises the compound
represcnied by the formula (1) or a pbarmacologically
acceptable sall thereof in combination with an insulin secre-
tion enhancer. The cormpound represented by tbe formula
(1) or a pharmacologically acceptable salt thereof is espe-
cially preferably pioglitazone, and the insulin secretion
enhancer is especially preferably glibenclamide.

The pbarmaccutical composition comprisiog an insulin
semsitivity ephancer fn combination with at least one mem-
bes selecied from the group consisting of an a-ghicosidase
inhibitor, an aldose reductase inhibitor, a biguanide, a statin
compound, a squalene synthesis iohibitor, a fibrate
compound, a L DL catabolisto enbancer and an angiotensin
converting enzyroe inhibitor; and the pharmaceutical com-
posilion comprising the compound represented by the for-
mula (IT) or a phasmacologically acceptable salt thereof in
combination with ap insulin secretion enhancer and/or an
insulin preparation, both provided in accordance with the
present invention, can be respectively put 10 usc by mixing
the respective active components cither all together of
independently with a physiologically acceplable carrier,
excipient, binder, diluent, ctc. and adminisiering the mixture
or mixtures ¢itber orally or nor-orally as a pbarmaceutical
composition. When the active components are formulated
independently, the respective formulations can be extempo-
rancously admixed using a diluent or the like and adminis-
lered or can be adminisiered independently of cach ciber,
eitber concurrently or at staggered times 10 the same subject.

The dosage form for said pharmaccutical composition
includes such oral dosage forms as granules, powders,
lablets, capsules, syrups, emulsions, suspensions, cic. and
such pon-oral dosage forms as injections (e.g. subcutaneous,
intravepous, intramuscular and iptraperiloneal injections),
drip infusions, external application forms (e.g. nasal spray
preparations, transdermal preparations, ointments, eic.), and
suppositorics (e.g. rectal and vaginal suppositorics).

These dosage forms can be magufactured by the per se
known lechnique copventionally used in pharmaceutical
proceduzes. The specific manufacturing procedures are as
follows.

To mamufactare an ol dosage form, an excipient (c.g.
lactose, sucrose, starch, mamnilol, eic.), a disintegrator (e.g.
calcium carbonate, carboxymethylcelulose calcium, eic.), a
binder (¢.g a-starch, gum anbic, carboxymethylcelulose,
polyvinylpyrrolidone, bydroxypropylcellulose, ctc.), and a
hubricant (e g. talc, magnesium stearate, polyethylene glycol
6000, cic.), for instance, are added to the active componcnt
of componeats and the resulting composition is compressed.
Where necessary, the compressed product is coated, by the
Pt s¢ known techmique, for masking the taste or for enteric
dissolution or sustained relcase. The coating material that
can be used includes, for instance, cthylcellulose,
bydroxymethylcelllose polyoxyethylene glycol, cellulose
acctzte phihalate, bydroxypropylmethylcellulose phthalate,
and Endragil (Robm & Haas, Germany, methacrylic-acrylic
copolymer).

Injections can be manufactured typicaily by the following
procedure. The active component of components are
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dissolved, suspended or emulsified in an aqueous vebicle
(c.g. distilled water, physiological saline, Ringer's solulion,
eic.) or an oily vehicle (c.g. vegetable oil such as olive oil,
sesame oil, cottonseed oil, corn oil, clc. or propylene glycol)
logetber with a dispersant (¢.g. Tween 80 (Atlas Powder,
US.A), HCO 60 {Nikko Chemicals), polyethylene glycol,
carboxymetbylcellelose, sodivm alginate, ctc.), a preserva-
tive (c.g. methyl p-bydroxybeazoate, propyl
p-bydroxybenzoate, benzy! akeohol, chlorobutanol, pheool,
cic.), an isotoniziog ageot (¢.g. sodium chioride, glyeerol,
sorbitol, ghacose, inverted sugar, eic.) and other additives. If
desired, 2 solubilizer (¢.g. sodium salicylate, sodivm acctate,
etc.), a siabilizer (¢ g. buman serum afbumin), a soothing
agent (e.g. benzalkonium chloride, procaine bydrochloride,
cic.) and otber additives can also be added.

A dosage form for exiernal application can be maoufac-
tured by processing the active component or components
into a solid, semi-solid or liquid composition. To manufac-
ture a sobid compositien, for instance, the active component
or compopents, either as they are or in admixture with an
excipicnt (c.g. Jactose, mannilol, starch, microcrystalline
cellulose, sucrose, eic), a thickener (e.g. matural gurms,
cellulose derivatives, aarylic polymers, eic), eic., are pro-
cessed into powders. The liquid composition ¢an be manu-
factured in substantiaily the sarme manoer as the mjections
meabioned above. The semi-solid composition is prefcrably
provided in 2 bydrous or oily gel form or an citmepi form.
These compositions may optionally contain a pH coatrol
agent (¢.g. carbonic acid, phosphoric acid, citric acid, bydro-
chloric acid, sodivm hydroxide, cic.), and a preservative
(c.g. p-bydroxybenzoic acid esters, chlorobutagol, benza-
Ikonium chloride, ctc.), amoog other additives.

Suppositories can be mamufactured by processing the
active component or components into an oily or aquecus
composition, wheiber solid, semi-solid or Liquid. The olke-
aginous base that can be used inchudes, for instance, higher
fatly acid glycerides fe.g. cacao butler, Wilepsols (Dinamil-
Nobel), ctc] moedivm-chain fatty acids [e.g. Migriols
(Divamit-Nobel), elc.], vegetable oils (¢.g sesame oil, soy-
bean oil, cotton-seed oil, eic.), etc. The water-soluble base
inchides, for instance, polyethylene glycols, propylene
glycol, cic. The bydrophilic base includes, for ipstance,
vatural gums, ccllulose derivatives, vinyl polymers, and
acrylic polymers, ete.

The pbarmaceutical composition of the present invention
is Jow m toxicity and can be safely used in mammals (e.g.
bumans, mice, rats, rabbits, dogs, cats; bovines, borscs,
swines, monkeys).

The dosage of Ibe pbarmaccutical composition of the
present invention may be appropriately determined with
reference 1o the dosages mcommended for the respective
active components and can be sclected approprialely accond-
ing to the recipient, the recipient’s age and body weight,
current clinical status, sdministration time, dosage form,
method of administration, and combination of the active
components, among other factors. For example, the dosage
of the insulin scositivity enbancer for an adult can be
selected from the clinical oral dose range of 0.01 1o 10
mgkg body weight (preferably 0.05 10 10 mgkg body
weight, more preferably 0.05 to 5 mg/kg body weight) or the
clinical parcoteral dose range of 0.005 to 10 mg/kg body
weight (preferably 0.01 to 10 mg/kg body weight, more
preferably 0.01 to 1 mg/kg body weight). The otber active

component of components baving different modes of actioy -

for use in combination can also be used in dose ranges
selected by referring 1o the respective recommended climical
dose ranges. The preferred frequency of administration is 1
10 3 times a day.
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The proporticns of the aclive components in the pharma-
centical composition of the present invention can be appro-
priately sclected accordiog lo the recipient, the recipient’s
age and body weight, curreot clinmical status, administration
ime, dosage form, metbod of administration, and combina-
ton of active components, among otber faclors. When, for
cxample, 1be compound represented by tbe formula (T) or a
pbarmacologically acceptable salt thereof {c.g. pioglitazonc)
which is tbe ipsulin sensitivity cnbancer and voglibose
which is ap a-glucosidase inhibitor are 10 be adminisiered in
combinaticn 1o a buman subject, voglibose is used in a
proportion of usually about 0.0001 3o 0.2 weight pans and
preferably about 0.001 to 0.02 weight pans relative 1o 1
weight part of the compound or a sait thereof When, for
exawple the compound represepied by the formula (1) or a
pharmacologically acceplable salt thereof and glibenclamide
which is an insulis secretion enhancer are to be administered
in combination o a luman subject, glibenclamide is used in
a proportion of usually about 0.002 to 5§ weight parts and
preferably about 0.025 10 0.5 weight parts, relative 1o 1
weight part of 1be compound or a pharmacologically accept-
able salt thereof

The pharmaceutical composition of the present inveation
shows a marked synergistic effect compared with adminis-
tration of either active component alone. For cxample,
comparcd with cases in which cach of these active compo-
nepls was administered to diabetic Wistar fatly rats with
genetical obsesity, administration of these active compo-
oents in combination resulted in marked improvements in
both hyperglycemia and reduced ghicose tolerance. Thus,
the pharmaccutical composition of the present invention
Jowers blood glucose in diabetics more effectively than it is

the case with administration of each component drug alone

and, therefore, can be used advantageously for the prophy-
laxis and weatment of diabetic complications.

Pusthermore, since the pharmaceutical composition of the
present invention develops sufficient efficacy with reduced
doses as compared with the administration of any ope of ibe
active components alope, the side cffects of the respective
components (¢ g. gastrointestinal disordess such as diarrhea,
ctc.) can be reduced.

The following working examples and experimental
examples arc mercly iptended to illusirate the present inven-
tion in furiber detail but should by nc means be construed as
defining the scope of the invention.

The pharmaceutical composition of the present invention
can be prepared according to tbe following formulations.

WORKING EXAMPLE 1
Crprules
(1) Pioghtazone Iydrochloride X mg
(2} Vogiboss 02 mg
(3) Lactose ] 0 mg
(4) Microcrystalline cellnlose 73 ng
(5) Magnesium steants 10 mg
Total 180 myg

- Thbe whok amounts of (1), (2), (3) and (4) and balf the

amonot of (5) arc mixed well and grapulated in the conven-
tional mammer. Then, the balance of (5) is added and, after
mixing, the whole composition is filled in a gelatin hard
capsule shell
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WORKING EXAMPLE 2

Tablcts
{1) Pioghtazone hydrochloride 10 mg
(2) Glibenclapmde 125 mg
(39) Lactose 8625 mg
() Com starch 20 mg
() Polycthylesa giyeol 25 mg
(6} Bydroxypropykelluicss 4 mg
(M Cyrmeliose calciom 55 mg
(8) Mogpesium sicanste 05 mg

130 myg (per able)

The whole amounts of (1), (2), (3), (4), and (5), %
amounts of (6) and (7), and % amount of (8) are mixed well
and gramulsted in the conventional manoer. Then, the bal-
ances of (6), (7) and (8) are added 10 the granules, which is
mixed well and the whole composition is compressed with
a tablet machine. The adult dosage is 3 tableis/day, 1o be
taken in 1 10 3 divided doses.

WORKING EXAMPLE 3

Capsules
{1) Picglitazone bydrochloride 10 mg
Epalrestat 50 mg
(3) Lactose 5% mg
(4) Micoayshllise ccllulose 55 mg
(5) Magncsium sicarste 10 mg
Tota} 150 mg

The whole amounts of (1), (2), (3) and (4) and % amount
of (5) are mixcd well and granulated in the conventional
manner. Then, the balance of (5) is added and the whole
composition is filled in pelatin capsule shell. The adult
dosage is 3 capsules/day, 10 be taken in 1 o 3 divided doses.

EXPERIMENTAL EXAMPLE 1

Effect of pioglitazone hydrochloride in combination with
a-ghicosidase intibitor in genetically obese and diabetic
Wislar falty rats

Male Wistar fatty rats aged 14-19 weeks wene divided
into 4 growps of 5-6, and pioglitazone hydrochloride (1
mg/kg body wt./day, p.o.) andfor voglibose (an
a-ghacosidase inhibitor) (031 mg/kg body wt./day; admin-
isiered by mixing in commercial diet at a rake of 5 ppm) was
administered for 14 days. The blood was thea collected from
the tail vein and the plasma glucose and hemoglobin A, were
determined by the enzymatic method (Encore Chemical
Sysiem, Baker) and wsing 2 commercial kit (NC-ROPET,
Nippon Chemipbar Co.), respectively. The results were
expressed in mean = standard deviation for each grovp
(n=5-6) and apalyzed by Dunnett’s test, which are shown in
Table 1. The 1% Jevel of significance was used.

TABLE 1
Plasns glocoss Bemoglobia A
Group (mgrd) (%)
Coutrol 345229 57204
Pioglitazone 2152 50° 52x03
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TABLE 1-contigued
Plasoa ghucrse Hemoglobin A
Group {mg/dl) (%)
Yog)ibose 326 = 46 50 =086
Pioglilayone + voglibose 114 = 13 45 = 0.4~

®: P < 0.01 vx. control group

It is apparent from Table 1 that both tbe blood ghicose and
bemoglobin A, levels were remarkably Jowered by com-
bined administration of pioglitazone and voglibose as com-
pared with the adminisiration of either drug alone.

EXPERIMENTAL EXAMPLE 2

Effect of pioglitazone bydrochloride in combination with
an insulin secyetion enhancer in gepetically obese and dia-
betic Wistar fatty rats Male Wistar fatty rats aged 13-14
weeks were divided into 4 groups of 5, and pioglilazone
hydrochloride (3 mg/kg/day, p.o.)} and/or glibenclamide (an
insulin secretioo enhancer) (3 mg/kg/day, p.0.) was admin-
istered for 7 days. Following an ovemight fast, the oral
glucose loading test (2 g glucose/kg/S ml, p.o.) was carried
out. Prior lo glicose loading and 120 and 240 mibutes after
the Joading, blood was collected from the tail vein and the
plasma ghicose was assayed by the enzymatic method
(Encore Cbemical System, Baker). The results were
expressed in mean » SD for each group (1=5) and analyzed
by Dunnett’s test, which are shown in Table 2.

TABLE 2
Plaso plocose (mg/dl)
Group 0 min 120 min. 240 min.
Controf Nnex9 241 x 58 137:;’
Pioglitazone 102 £ 12 13617 102
Glibeoclamide 18 =12 2 x 61 106 = 24°
Pioglitazowe + glibenciamide 08=:3 86 = 10~ 50 = 5*

“: P < 0.01 v. controd grovp

Itis apparent from Table 2 that the increase of blood sugar
following ghicose loading was remarkably inhibited by the
combincd administration of pioglitazone and glibenclamide
a3 compared with Ibe administration of eitber drug alone.

The pharmaceutical composition of the present inveation
shows a potent depressive effect on diabetic byperglycemia
and is useful for prophylaxis and treatment of diabetes.
Morcover, this phamaccutical composition is nseful for
prophrylaxis and treatment of diabetic complications such as
diabetic ncuropatby, ncphropathy, retinopathy,
macroangiopathy, and osteopenia. In addition, by appropri-
alely selecting the kinds of component drugs, administration
route, dosage, ¢lc. according to climical status, stable
bypoglycemic efficacy in Joog-term therapy can be expected
with an extremely low risk of side effect.

What is claimed is: _

1. A metbod for reducing the amount of respective active
components adminisiered to 2 diabetic patient, which com-
prises adeministering 10 said patient a therapeutically effec-
tive amount of 2 compound represented by the formula:

10

15

s

45

50

55

18
m
o AN L M
] E ——A—CH—C——C==0
R—(Nz—(CHx—CH_ I, ] T—
X Q. _NH
i
o

wherein R’ represents an optionally substituted hydrocarbon
or beterocyclic group; Y represents a group represenied by
—C0—, —CH(OH)— or —NR>— wherein R? represents
an optionally substituted alkyl group; misOori; nis 0, 1
or 2, X represcots CH or N; A represents a bood or a C, ,
divalent aliphatic hydrocarbon group; Q represcnts an oxy-
BeD alom or sulfur alom; R represents bydrogen atom o an
alkyl group; ring E may optionally have 1 o 4 further
substituents, and the substituents may optiopally be com-
bined with R” to form a ring; L and M respectively represent
a bydrogen atom, or L and M may optionally be combined
wilh each other 10 form a bond; with a proviso that R' does
Dot represent benzopyranyl group when m and n are 0, X
represents CH, A represents a bond, Q represents sulfur
atom, R', L and M represent hydrogen atoms and ring E does
oot bave further substituents; or 2 pharmacologically accept-
able salt thereof, in combipation with an insulin secretion
¢obancer.

2. The method according to claim 1, wherein the com-
pound represented by the formula (II) is the compound
represcoicd by the formula:

(o

e O
.

o]

3. The method according to claim 1, wherein the com-
pound represented by the forromla (1) is pioglitazone or its
pharmacologically acceptable salis.

4. The method according to claim 1, wherein the insulin
secretion enhancer s glibeaclamide.

5. The method according 1o claim 1, wherein the com-
pound represented by the fornmala (IT) is pioglitazone and the
insalin secretion enbancer is glibenclanide.

6. The method according 1o claim 1, wherein the com-
pound represcated by the formula (TI) is S-{[4-{2-methyl-2-
pyridylamino)ctboxy Jphenyl Jnethyi-2,4-thiazolidinedione
or its pharmacologically acceptable salts.

7. The method according to claim 1, wherein the com-
pound represenied by the formula (If) is troglitazone or its
pharmacologically acceptable salts.

8. The metbod according to claim 1, wherein the insulin
sectetion enhancer is a sulfonylerea.

9. Thbe mxthod according to claim 8, wherein the sulfo-
nylurea is selected from tolbutamide, chiorpropamide,
tolazamide, acetohexamide, 4-chloro-N-[(1-
pyrolidinylamino)carbonyl}-benzenesulfopamide or its
ammonivm salt, glibenclamide, gliclazide, 1-butyl-3-
metapilylurea, carbutamide, glibonuride, glipizide,
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gliquidone, glisoxepid, glybutbiazole, glibuzole,
glybexamide, glymidine, glypinamide, pbenbulamide and
1olcyclamide.

10. The mctbod according to claim 1, wherein R’ is ap
optionally substituted beterocyclic group.

1. The method according to claim 10, wherein R’ is
selecied from the group consisting of 2-pyndyl, 3-pyridyl,
4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl,
6-pyrimidioyl, 3-pyridazinyl, 4-pyridazinyl, 2-pyrazinyl,
2-pyriolyl, 3-pyrrolyl, 2-imidazolyl, 4-imidazolyl,
5-imidazolyl, 3-pyrazolyl, 4-pyrazolyl, isothiazolyl,
soxazolyl, 2-thiazolyl, 4-thixzolyl, 5-thiazolyl, 2-oxazolyl,
4-oxazolyl, 5-oxazolyl, 1,2,4-0xadiazol-5-yl, 1,2,4-triazol-
3-yl, 1,23-triazol-4-yl, tetrazol-5-yl, beazimidazol-2-y),
indol-3-yl, 1H-indazol-3-y1, 1H-pymolo{2,3-bJpyrazin-2-yl,
1H-pyrrolo{2,3-blpyridin-6-yl, 1H-imidazof4,5-pyridin-2-
yl, 1H-imidazo{4,5-b)pyridin-2-yl, 1H-imidazo{4,5-b]
pyrazin-2-yl and benzopyranyl; each of which may bave I 1o
5 substituents selected from the group comsisting of C, ;¢
alipbatic hydrocarbon group; C, ,, alicyclic hydrocarbon
goup; Cqy, aryl group; aromatic beterocyclic group
selected form the gronp consisting of furyl, thicnyl, pyrrolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazoly), imidazolyl,
pyrazolyl, 1,2,3-oxadiazolyl, 1,2,4,-oxadiazolyl, 1,3,4-
oxadiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-
thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-
triazolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidiny),
pyrazioyl, triazinyl, benzofuranyl, iscbenzofuranyl, benzo
[b)ibicnyl, indolyl, isoindolyl, 1H-indazolyl,
benzimidazolyl, benzoxazolyl, 1,2-benzoisoxazolyl,
benzothiazolyl, 1,2-benzoisothiazolyl, 1H-benzotriazolyl,
quinolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl,
phibalazinyl, naphthylidinyl, purinyl, pteridinyl, carbozolyl,
a-carbolinyl, f-carbolinyl, y-carbolinyl, acridinyl,
phepoxazinyl, phenothiazinyl, pbenazinyl, pbepoxathiinyl,
thianthreny!, phenathridinyl, phcoathrolinyl, indolizinyl,

5
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pymmolo[1,2-bpyridaziny), pyrazolo{1,5-a}pyridyl, imidazo
{1,2-alpyridyl, imidazo{1,5-a]pyridyl, imidazof1,2-b]
pyridaziny], imidazo{1,2-alpyrimidiny}, 1,2,4-triazolof4,3-
ajpyridyl and 1,2,4-1riazolo[4,3-blpyridazinyl; non-
aromatic beterocyclic group selected from the group
copsisting of oxiranyl, azetidinyl, oxctanyl, thietanyl,
pyirolidinyl, tetrahydrofuryl, thiolapny), piperidyl,
tetrabydropyranyl, merpbolinyl, thiomorpbolinyl,
piperazinyl, pyrrolidino, piperidino, morpbolino and thio-
morpholino; balogen alom; nitro group; amino groups which
may bave ove of two substituents selected from C,_,, alkyl
group; G, ;0 alkenyl group, C, o alkynyl group, aromatic
group, bekerocyclic group or €, acyl group; C, 4, acyl
group which may be substitoted by C,_,, alkyl growp, C, ,,
alkoxy group, balogen alom, nilro group, bydroxy) growp or
amino group; bydroxyl group; C,_,, alkoxy growp; C, ;o
cycloalkyloxy growp; C, o alkenyloxy growp; C,,,
cycloalkenyloxy group; C,_,, aralkyloxy group; C, ,, acy-
loxy group; Cy ;4 aryloxy group which may be substituted
with one of two halogen atoms; ihiol group; C,_,, alkylthio
group; Gy, cycloalkylthio grovp; C, ,, akenylthio group;
Gy ;0 Sycloalkenylthio group, C;.,, aralkyhtio growp, C,., 4
acylthio group; C, ,, arylthio group which may be subst-
tuted with one ot two halogen atoms; carboxyl group; C, 4
alkoxycaibonyl group; C,.,, aralkyloxycarbonyl group;
C,.;s aryloxycarbonyl group; amidino group; carbamoyl
group; sulfamoy] group; sulfo group; cyano group; azido
group and nitroso group.,

12. The meibod according o claim 1, wherein the insulin
secrelion enbancer is selected from the group consisting of
N-{{4-(1-methylethyl)cyclobexyl)carbonyl]-D-
phenylalanine; calcium (2S)-2-benzyl-3-(cis-bexahydro-2-
isoindolinylcarbonyl) propionate dihydrate and glimepiride.

* * » » *
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DATED : April 3, 200}
INVENTOR(S) : Hitoshi lkeda et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby comrmecied as shown below:

Column 18, claim 6,
Line 2, change “[2-methyl” to - [2-(methyl —;
Line 3, change “methyl-2” to — methyl}-2 —.

Column 19, claim 1], '

Line 11, change “[4,5-pyridin” 10 —- [4,5-b}pyridin —;

Line 12, change “[4,5-b]" to — [4,5-c] —:

Line 17, change “form” to -~ from —;

Line 19, change “1,2.4,-oxadiazolyl” to - 1,2,4-oxadiazolyl —;
Line 28, change “carbozolyl”™ to -- carbazolyl --;

Column 20, claim 11

Line 43, change “group;” to — group, —;

Line 45, change “C) ;5" (both occurrences) to — Ciiy—;
Line 50, changc “C'.Hn to — C¢j4 —

Line 53, change “,” (both occurrences) to -- ; —:

Line 59, change “group and™ 1o —~ group; and —.

Column 20, claim 12
Line 5, after “dihydrate” insert — ; —.

Signed and Sealed this

Twelfth Day of March, 2002

JAMES E. ROGAN
Anesring Officer : Dirceor of the United Swares Purent ond Trademark Offire
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PHARMACEUTICAL COMPOSITION

This application is 2 divisional of application Ser. No.
09/605,704, filed Jup. 29, 2000, pow allowed which iS5 a
divisional of Ser. No. 09/280,710 filed Mar. 30, 1999, now
U.S. Pat. No. 6,150,383 which is a divisional of Ser. No.
09/057,465 filed Apr. 9, 1998, now U.S. Pat. No. 5,965,584,
which is a divisional of application Ser. No. 08/667,979,
filed Jun. 19, 1996, now USS. Pat. No. 5,952.356.

FIELD OF THE INVENTION

Thbe present invention relates 10 2 pharmacentical com-
position coroprising an insulin sensitivity enbancer in com-
bination with one or more olber antidiabetics differing from
said enhancer.in the mechanism of action.

BACKGROUND OF THE INVENTION

Recent years, the patbology of diabetes has become more
and more understood and, in parallel, drugs specific for the
respective pathologic stales bave becn developed. Aocord-
ingly a variety of drugs hating new mechanisms of action
bave appeared one afier anotber.

Insulin seositivity enbancers are also known as iosulin
resistance deblockers because they have the action to nor-
malize the impaired insulin recepior function, and are gath-
ering much atieotion ip these years.

Regarding such insulin sensitivity enhancers, a very use-
ful compound such as pioglitazone bas been developed
[Fujitz et al, Diabetes, 32, 804-810, 1983, JP-A, S55
(1980)-22636 (EP-A 8203), JP-A S61(1986)-267580 (EP-A
193256)] Pioglitazone restores the impaired insulin receplor
function to pormalize the uneven distribution of ghucose
transporters in cells, the cardinal enzyme systcms associated
with glycometabolism, such as ghicokinase, and cazyme
systems associated with lipiimetabolism, such as lipopro-
lein lipase. As the results, insulin resistance are deblocked to
improve glucose tolerance, and Jower the plasma concen-
trations of pcutral lipids and free fatty acids. Since these
actions of pioglitazone arc comparatively gradual and thle
risk of side ¢ffect in Jong-term administration is also low,
this compound is useful for obese patients who are presumed
1o be highly insulin-resistant,

Also, insulin sensitivity enbancers such as CS-045, thazo-
Lidinedione derfvatives and substituted thiamlidinedione
derivatives are reported to be used in combination with
insulin [JP-A H4(1992)-66579, JP-A HA(1 992)-69383, JP-A
H5(1993)-202042). Howeves, the pharmaceutical composi-
tion baving a specific combination of the present invention
is unknown.

Diabetes is 2 chromic discase with diverse pathologic
manifesiations and is accompanied by lipidmetabolism dis-
orders and circulatory disorders as well as glycometabolism
disorders. As the resalts, diabetes tends to progress entailing
vuiousmpﬁcaﬁominmanycmlbcmfore,ilisnoo-
mrytoseledlhcdmgofchoiceﬁxlhepnnﬂingdiscase
state in each individual case. However, this sclection is often
diﬁcnl!indininlselﬁng;beansesing}ense of each
individual drug can Dot bring sufficient cffects in some
discascsmuandlhcremvuionspmblcsnchasside
cﬁ'eclwhichisansedbganinaumddoseonbng-mrm
administration. )

SUMMARY OF THE INVENTION

In view of the above stalc of the art the inventors of the
present invention did much research 1o develop antidiabetics
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which would pot virtvally cause adverse reactions cven on
long-term administration and could be effective for a large
cobort of the diabetic population. As a consequence, they
discovered that the above object can be accomplished by
using an iosulin scositivily cobancer, such as the drug
described above, in combination with otber antidiabetics
differing from said enhancer io the mechanism of action, and
accordingly have perfecied the present invention.

The preseot igvention, therefore, relates to:

1) Pharmaceatical composition which comprises an inse.
lin sensitivity enhancer in combination with at Jeast one
member of the group consisting of an a-glcosidase
inhibitor, 20 aldose reductase inhibitor, a biguanide, a
statin compound, a squakpe synibesis inhibitor, a
fibrate compound, a LDL catabolism enhapcer 2nd an
angiotensin converting enzyme inhibiior;

2) Pharmaceutical composition according 1o 1), whercin
the insulin sepsitivity enbancer is a:compornd repre-
sented by the formula:

m

wherein R represents an optionally substitated hydrocarbon
or belerccyclic group; Y representsa group represented by
—C0—, —CH(OH)—- or —NR®— (wherein R? represents
an optiopally substituted aikyl group), mis Oor 1; n is 0, 1
WZ;erprwcnlsGIorN;Amp'csc:nsabondoraC,,-,
divalcot alipbatic bydrocarbon group; Q represents oxygen
alom or sulfur atom; R* represents hydrogen alom or an
akkyl group; ring B may optionally have 1 1o 4 substituents,
and the substitocnts may optiopally be combined with R? to
form a ring; L and M respectively represent hydrogen atom,
of L and M may optionally be combined with each other to
form 2 bond; or a pharmacologically acceptable salt thereof;

3) Pharmacentical composition according to 2), wherein
the compound represenied by the formuia (1) is piogh-
tazone;

4) Pharmaceutical composition according to 1), which
comprises ap insulin sensitivity enhancer in combina-
tion with an a-glicosidase ishibitor;

5) Pharmaceutical composition acconding to 4), wherein
the a-ghicosidase inhibitor is voglibose; '

G)Phumauﬁcalmmpcsiﬁonmmmgloﬂ,whﬂtin
the insulin sensitivity cohancer is pioghitazone and the
a-ghicosidase inhibitor is voglibose;

7) Pharmaceutical composition according o 1), which is
for prophylaxis or treatinent of diabetes;

8) Pharmaceutical composition which compriscs a com-
pound represented by the formula:
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3 g\r?
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R?

I
R'— (N (CH—CH,

whereio R' represents an optionally substituted bydrocarbon
or beterocyclic group; Y representisa group replmnled by
—Q0—, —CH(OH)— or —NR>— (whberein R? represents
an optionally substituled alkyl group; misOor1;nis 0,1
or 2; X represents CH or N; A represenis a bond or a C,
~ divalent alipbatic hydrocarbon group; Q represents oxygen
atomor sulfur atom; R? represents hydrogen atom or an alkyl
group; ring E may optionally bave 1 to 4 substitents, and
the substituents may optionally be combined with R? io form
aring; L and M respectively represent bydrogen atom, or L
and M may optional}y be combined with each other to form
a bond; with a proviso that R' does not represent benzopy-
ranyl group when m and 1 are 0, X represents CH, A
rtpltscmsabond,Qmpmscnlssulfurawm,R’ L and M
represent hydrogen atom and ring E does pot bave farther
substituents; or a pharmacologically acceptable salt thereof
in combination with an insulin secretion enhancer and/or an
insulin preparation;
9) Pharmaceutical composition according to 8), wherein
the compound represenied by the formula (II) is the
compound represented by the formula:

am

°"‘¢/~:me@—«7—(

0

10) Pharmaceutical composition according to §), wherein
the compound represented by the formula (IT) is pioghi-
tazone;

11) Pharm aceutical composition according to 8), wherein
the insulin secretion enbancer is ghibenclamide;

12) Pharmacevtical composition according to 8), wherein
the compound represented by the formrula (1) is pioghi-
tazone apd the insulin secretion cnhancer is ghibencla-
mode;

13) Pharmacentical composition according o 8), which is
for prophylaxis or treatment of diabetes.

 DETAILED DESCRIPTION OF THE
INVENTION

The term “msulin sensitivity enhancer” as used in this
specification means any and al] drug substances that restore
the impaired insulin receptor function 1o deblock insulin
resistance and consequently enhance insulin sensitivity. As
examples of the insulin sensitivity enhancer, the compound
represented by the formmla () or a pharmacologically
acceptable salt thereof can be mentioned.

Inthefomu]a(l),aslbehydmcaxbongrwpmlbc

optionally substituted hydrocarbon group represented by R,
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meplion is made of alipbatic i. hydrocarbon groups, alicyclic
hydrocarbon groups, ahcyclic-aliphatic bydrocarbon
groups, aromatic aliphatic bydrocarbon groups and aromatic
hydrocarbon groups. Number of carbop atoms in these
bydrocarbon groups is preferably 1 10 14.

The alipbatic hydrocarbon groups are preferably those
baving 1 to 8 carbon atoms. As the aliphatic bydrocarbon
groups, meotion is made of C, , saturated aliphatic bydro-
carbon groups (c.g. alky] group) as exemplified by methyl,
ethyl, propyl, isopropyl, butyl, isobulyl, sec.-butyl, t.-butyl,
pentyl, isopentyl, ncopentyl, t.-pentyl, bexyl, isobexyl, bep-
tyl and octyl, and C, , upsaturated aliphatic bydrocarbon
groups (e.g. allcenyl group, alkadicny! group,alkynyl group,
alkadiynyl group) as excmplified by viayl, 1-propeoyl,
2-propenyl, 1-butcnyl, 2-butenyl, 3-butenyl, 2-methyl-1-
propenyl, 1-pentenyl, 2-peotenyl, 3-pentenyl, 4-peatenyl,

* 3-methyl-2-butenyl, 1-bexenyl, 3-bexcayl, 2,4-hexadienyl,

0
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5-hexenyl, 1-beptenyl, 1-octenyl, ethynyl, 1-propynyl,
2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl,
2-pentynyl, 3-pentynyl, 4-peotynyl, 1-bexynyl, 3-bexynyl,
2,4-hexadiyoyl, 5-bexynyl, 1-heptynyland 1-octynyl

The alicyclic bydrocarbon groups are preferably those
baving 3 to 7 carbon atoms. As the alicyclic hydrocarbon
groups, meation is made of C, , saturated alicyclic hydro-
carbon groups (e.g. cycloalkyi group) as exemplified by
cyclopropyl, cyclobutyl, cyclopentyl, cyclobexyl and
cyclobeptyl, and C,, unsaturated alicyclic hydrocarbon
groups (e.g. cycloalkeny] group, cycloalkadienyl group) as
exemplified by l-cyclopeptenyl, 2-cyclopentenyl,
3.cyclopentenyl, 1-cyclohexenyl, 2-cyclohexenyl,
3-cyclobexenyl, 1-cyclohepienyl, 2-cyclobepienyl,
3-cyclobepicnyl and 2,4-cyclobeptadicnyl.

As the alicyclic-aliphatic bydrocarbon groups, mention is
made of, among those formed by combination of the above-
mentioned alicyclic bydrocabon groups with abphbatic
hydrocarbon groups {e.g. cycloallcyl-alkyl group,
cycloalkenyl-alkyl group), ones baving 4 to 9 carbon aloms
as exemplified by cyclopropylmetbyl, cyclopropylethyl,

cyclobutylmethyl, cyclopentylmethyl,
2-cyclopentenylmetbyl, 3-cyclopentenylmethyl,
cyclohexylmethyl, 2-cyclohexenylmethyl,

3cyclobexenylinethyl, cyclobexylethyl, cyclohexylpropyl,
cyclobeptylmethyl and cyclohepiylethyl

The aromatic alipbatic bydrocarbon groups are preferably
those baving 7 to 13 carbon atoms (e.g. aralkcyl group). As
the arematic aliphatic hydrocarbon groups, mention is made
of C, , phenylal-kyl as excemplified by benzyl, phenethyl,
1-phenylethyl, 3-phenylpropyl, 2-phenylpropyl and
1-phenylpropyl, and C,,.,, naphthylalkyl as exemplified by
a-naphtbytmethyl, a-naphthylethyl, B-naphthylmethyl and
P-oaphthylethyl.

As the aromatic bydrocarbon groups, mention is made of,
ones having 6 10 14 carbon atoms as exemplified by pbeoyl,
napbthy] (a-naphtyl, f-naphthyl).

In the formulx (I), as the beterocyclic gronp in the
optionally substituted beterocyclic group represented by R,
mention is made of, for example, 5- 10 7-membered betero-
cyclic groups conlaining, as @ ring compopent alom, 1 o 4
betero atoms selected from oxygen atom, sulfur atom and
nitrogen atom, and a condensed ring group. As the con-
densed ring, mention is made of, for example, these 5- 10
7-membered heterocyclic groups condensed with
6-membered ring containing one of two nitrogen atoms,
benzepe ring or 5-membered ring coolaiming one sulfor
alom.

Examples of these heterocyclic groups inchude 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl,
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5-pyrimidinyl, 6-pyrimidinyl, 3-pyridazinyl, 4-pyridazinyl,
2-pyrazinyl, 2-pyrrolyl, 3-pyrrolyl, 2-imidazolyl,
4-imidazolyl, 5-imidazolyl, 3-pyrazolyl, 4-pyrazolyl,
isothiazolyl, isoxazolyl, 2-thiazolyl, 4-1hiazolyl, 5-thiazolyl,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1,2,4-oxadiazol-5-yl,
1,2,4-1r1azol-3-yl, 1,2,3-1r5az0l-4-yl, tetrazol-5-yl,
benzimidazol-2-yl, indol-3-yl, 1H-indazol-3-yl, 1H-pyrrolo
[2.3-blpyrazin-2-yl, 1Hpyrrolo{2,3-b)pyridin-6-yi,
1H-imidazo{4,5-blpyridin-2-yl, 1H-imidazo{4,5-c Jpyridin-
2-yl, 1H-imidazof4,5-blpyrazin-2-yl and bepzopyranyl.
Among them, pyridyl, oxazolyl or thiazolyl group is pref-
erable.

10

In the formutla (I), tbe bydrocarbon group and heterocyclic '

group represcoted by R may optionally bave 1 o 5, prefer-
ably 1 to 3 substituepts al any substitutable positions,
Examples of such substituents include aliphatic bydrocarbon
group, alicyclic bydrocarbon group, aryl group, aromatic
beterocyclic group, non-aromatic beterocyclic group, halo-
gen atom, nitro group, optiopally substiluied amino group,
optionally substituled acyl group, optionally substituled
bydroxyl group, optionally substituted thiol group, option-
ally esterified carboxyl group, amidino group, carbamoy)
group, sulfamoyl group, sulfo group, cyano group, azido
group and nitroso group.

Examples of ihe alipbatic bydrocarbon groups include
C,.,s straight-chain or branched aliphatic bydrocarbon
groups as exemplified by alkyl group, alkcenyl group, and
alkynyl group.

Preferable examples of the alksyl group inchude C, .
alky! groups such as mcthyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec.-butyl, 1.-butyl, pentyl, isopentyl, neopentyl,
L-pentyl, 1-cthylpropyl, bexyl, isobexyl, 1,1-dimethylbutyl,
2.2-dimethyloutyl, 3,3-dimcthyibuiy!, 2-cthylbutyl, hexyl,
pentyl, octyl, ponyl and decyl.

Preferable cxamples of the alkeny] group inchude C, ,,
alicenyl groups such as vinyl, allyl, isopropenyl, 1-propenyl,
2-meihyl-1-propenyl, 1-butenyl, 2-butcoyl, 3-buienyl,
2-ethyl-1-bulenyl, 3-mecthyl-2-butenyl, 1-penlenyi,
2-pentenyl, 3-pentenyl, 4-pentenyl, 4-methy!-3-penienyl,
1-bexenyl, 2-hexenyl, 3-bexenyl, 4-bexenyl and 5-bexcnyl

Preferable examples of the alkyny} group include C, ,,
alkyoyl groups such as cthynyl, 1-propynyl, 2-propynyl,
1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl,
3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-bexynyl,
4-bexynyl and 5-bexynyl.

As the abicyclic bydrocarbon group, mention is made of
G512 saturated or unsaturated alicyclic hydrocarbon groups
as exemplificd by cycloalky! group, cycloalkenyl group and
cycloalkadienyl group.

Preferable examples of cycloalkyl group include C, ,,
cycloalkyl groups such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclobexyl, cyclobeptyl, cyclooctyl, bicyclo
[2.2.1]heptyl, bicyclof2.2.2]ectyl, bicyclo3.2.1Joctyl,
bicyclo{3.2.2]nonyl, bicyclo{3.3.1]nonyl, bicyclof4.2.1]
ponyl and bicyclo[4.3.1 Jdecyl

Preferable examples of the cycloalkenyl group include
C, 30 cycloalkenyl groups such as 2-cyclopenten-1-yl,
3cyclopenten-1-y1, 2-cyclobexen-1-yl and 3-cyclobexen-1-
yL

Preferable examples of the cycloalkadienyl group include
C.10 cycloalkadienyl groups such as 2,4-cyclopentadien-1-
1, 2,4-cyclobexadicn-1-y! and 2,5-cyclobexadien-1-yL
. Preferable examples of the aryl group include Cy ,, aryl
groups such as phenyl, naphthyl (1-naphihyl, 2-paphthyl),
anthryl, plienantbryl and acenaphthylenyl.
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Preferable examples of the aromatic beterocyclic group
inchide aromatic monocyclic belerocyclic groups such as
furyl, ibienyl, pymolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, imidazolyl, pyrazolyl, 1 2. 3-0xadiazolyl, 1,2,4-
oxadiazolyl, 1.3.4.0xadiazoly], furazanyl, 1,2,3-
thiadiazolyl, 1,2,4-tbiadiazoly), 1,3,4-ihiadiazolyl, 1,2,3-
tiazolylt 1,2,4-wiazolyl, teirazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl and tiazinyl and aromatic con-
densed belerocyclic groups such as benzofuranyl,
isobenzofuranyl, benzo{blthicnyl, indolyl, isoindolyl,
1H-indazolyl, benzimidazolyl, benzoxazolyl, 1,2-
benzoisoxazolyl, benzothiazolyl, 1,2-benzoisothiazolyl,
1H-benzotriazolyl, quinolyl, isoquinolyl, cionolinyl,
quinazolinyl, quinoxalinyl, pbibalazinyl, napbthylidioyl,
purinyl, pteridinyl, carbazolyl, a-carbolinyl, B-carbolinyt,
Y-carbolinyl, acridinyl, phenoxazinyl, phenothiazinyl,
pbepazinyl, phenoxathiinyl, thianthrenyl, pbenathridinyl,
phenatibrolinyl, indolizinyl, pyrrolo{1,2-blpyridazinyl,
pyrazolo[1,5-alpyridyl, iidaze{1,2-a}pyridyl, imidazo{1,5-
alpyridy}, imidazo{1,2-blpyridazinyl, imidazo[1,2-a)
pyrimidioyl, 1,2,4-triazolo[4,3-alpyridyl and 1,2, 4-triazolo
[4.3-blpyridazinyl

Preferable examples of the non-aromatic heterocyclic
grovp include oxiraoyl, azetidinyl, oxetanyl, thictanyl,
pyreolidinyl, tetrabydrofuryl, ibiolanyl, piperidyl,
letrabydropyranyl, mprpbolinyl, thiomorpholinyl,
piperazinyl, pynolidioo, piperidino, morpholine and thio-
morpholino.

Examples of the balogen atom include fluorine, chlorine,
bromine and iodine.

As the substituted amino group in tbe optionally substi-
tuied amino group, mecotion is made of, N-moposubstituted
amino group and N,N-disubstituted amino group. Examples
of the substituled amipo groups include amino groups hav-
ing one of Iwo substituents sekcted from C, ,4 alkyl group,
Cayo alkenyl group, C, ,;, alkynyl group, aromabtic group,
beterocyclic group and C,_,, acyl group (c.g. methylamivo,
dimethylamino, ethylamino, dicthylamino, dibutylamino,
diallylamino, cyclobexylamino, pbenylamino, N-methyl-N-
pbepyl-amino, acetylamino, propionylamino, benzoylamino
and nicotinoylamino).

As 1be acyl group, mentioa is made of C, ,, acyl groups
such as C, ,; alkcanoyl group, C, ,, alkenoyl group, C, ;o
cycloalkapoyl group, C, ,, cycloalkenoyl group and C, ,,
aromatic carbonyl group.

Preferable examples of the C, 4 alkanoyl group inclede
formyl acetyl, propionyl, butyryl, isobutyryl, valeryl,
isovaleryl, pivaloyl, bexapoyl, heptanoyl and octanoyl. Prcf-
erable examples of the C, ,, alkenoyl gromp include
acryloyl, methacryloyl, crotonoy] and isocrotonoyl. Prefer-
able examples of C,,, cycloalkanoyl group inchude
cyclobulanecarbonyl, cyclopentanecarbonyl, cyclohexan-
ecarbonyl and cyclobeplanecarbonyl. Preferable examples
of C,.,o cycloalkenoyl group include
2cyclohexenecarbonyl Preferable examples of Cy,; aro-
matic carbonyl group include benzoyl, naphiboyl and nico-
ooyl

As the substitueni in Lbe substituted acyl group, mention
is made of, for example, C, , slkyl group, C, , alkoxy
group, halogen atom (e.g. chlorine, fluorine, bromibe, etc.),
nitro group, hydroxyl group and amino group.

As the substituted hydroxyl group in the optionally sub-
stituted hydroxy! group, mention is made of, for example,
allcory group, cycloalkyloxy group, alkeoyloxy group,
cycloalkceayloxy group, aralkyloxy group, acyloxy group
and aryloxy group.
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Preferable examples of the alkoxy grovp include C,_,,
alkoxy groups such as melboxy, cihoxy, propoxy,
isopropoxy, buloxy, isobuloxy, scc.-butoxy, tL.-butoxy,
peotyloxy, isopentyloxy, ncopentyloxy, bexyloxy, beptyloxy
and nonyloxy. Preferable examples of the cycloalkyloxy
group include C, ., cycloallcyloxy groups such as
cyclobutoxy, cyclopentyloxy and cyclobexyloxy. Preferable
examples of tbe alkenyloxy group include C, ,, alkenyloxy
groups such as allyloxy, crotyloxy, 2-pentenyloxy and
3-bexcoyloxy. Preferable examples of the cycloalkenyloxy
group include C, ., cycloalkenyloxy groups such as
2-cyclopentenyloxy and 2-cyclobexcoyloxy. Preferable
examples of the anlkyloxy group include C,,, aryloxy
groups such as pheny)-C;_alkkyloxy {¢.g. benzyloxy and
pheocthyloxy). Preferable examples of the acyloxy group
inchude C, ,, acyloxy group, more preferably C, , alkcapoy-
loxy groups (e.g. acetyloxy, propionyloxy, butyryloxy and
isobutyryloxy). Preferable cxamples of the aryloxy group
include C, , , aryloxy groups such as pbenoxy and naphthy-
Joxy. The aryloxy group may optionally have one or two
substituents such as halogen atom (e.g. chiorine, fuorine,
bromine). Examples of the substituted aryloxy group include
4-chlorophenoxy.

As tbe substituled thiol group in tbe optionally substituted
thiol group, mention is made of, alkylthio group, cycloalky-
Ithic grovp, alkenylthio grouwp, cycloalkenylthio group,
aralkyhhio group, acylthio group and aryhhio group.

Preferable examples of the alkylthio group include C, ,,
alkylthio groups such as methylthio, ethylthio, propylihio,
isopropylthio, butylthio, isobutylthio, scc.-butylibio,
t.-butyhhio, pentylihio, isopentylibio, peopentylthio,
hexylthio, beptylthio and nonyhhio. Preferable examples of
the cycloalkcylthio growp inchide C, 5 cycloalkylthio
groups such as cyclobutylthio, cyclopentylihio and cyclo-
hexylibio. Preferable examples of the alkenylthio group
include C, ,, alkenylthio groups sach as allylthio,
crotylthio, 2-pentenylthio and 3-betenylhio. Preferable
examples of the cycloalkenylthio group incluwde C, ,,
cycloalkenylibia groups such as 2-cyclopenicnylthio and
2-cyclobexenylthio. Preferable examples of the aralkylthio
include C,,, aralkylibio groups such as phenyl-C,.
salkylthio (e.g. benzylthio and pbenethylthio). Preferable
examples of the acylthio group include C, ,, acylthio group,
more preferably C, , alkanoylthio groups (e.g. acetylihio,
propionylihio, butyrylthio and isobutyrylthio).

Preferable examples of the arylthio growp include C, ,,
aryhthio groups such as phenylthio and naphtbylthio. The
arylthio group may optiopaily bave ope or two substilents
soch as balogen alom (e.g. chlorine, Buorine, bromine).
Examples of tbe subsiituied arylthio grouwp inchude
4-chlorophenylthio.

As the optiopally esterified carboxyl group, mention is
made of, for example, alkoxycarbonyl groap, aralkyloxy-
carbonyl group and aryloxycarbonyl group.

Preferable examples of the alkoxycarbonyl group include
C,.s akoxycarbonyl groups such as metboxycarbonyl,
ethoxycarbonyl, propoxycarbony! and butoxycarbonyl.
Preferable examples of the aralkyloxycarbonyl growp
inchude Cy 4, aralcyloxycarbonyl groups such s benzyloxy-
carbonyl Preferable exampks of the aryloxycarbonyl group
inclode C, 5 aryloxycarbonyl groups such as phenoxycar-
bonyl and p-tolyloxycarbonyl.

Among ibe substituents on the hydrocarbon grovp asd
heterocyclic grovp represcoted by R, C, o akkyl groups,
aromatic heterocyclic groups and C, ,, aryl groups are
preferable, and C, , alkyl, furyl, thicnyl, pbeoyl and naph-
thyl are especially preferable.

15
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In the formula (I}, substituents on the bydrocarbon group
and helerocyclic group which arc represenied by R, may,
when they are alicyclic hydrocarbon group, aryl group,
aromalic beterocyclic group or nop-aromatic heterocyclic
group, bave ope or more, preferably 1 1o 3, of suitable
substituents respectively. Examples of tbese subslituents
include C, , alkyl groups, C,_, alkenyl groups, C; ¢ alkynyl
groups, C, , cycloalkyl groups, C,_,, aryl groups, aromatic
beterocyclic groups (c.g. thienyl, furyl, pyridyl, oxazolyl
and 1hiazolyl), ooa-arematic beterocyclic groups (c.g.
tetrabydrofuryl, morpholino, thiomorpholino, pipendino,
pyrrolidivo and piperazino), C,, analkyl groups, amino
group, N-mono-C,_, alkylamino groups, N,N-di-C, , aky-
lamino groups, C, ; acylamioo groups (e.g. acectylamino,
propicnylamine apd benzoylamino), amidino group, C, ,
acyl group (e.g. C, 4 alkcanoyl groups), carbamoyl group,
N-mopno-C, , alkcyl carbamoyl groups, N,N-di-C, _, alkyl
carbamoyl groups, suifamoyl group, N-mono-C, , akyl
sulfameyl groups, N,\N-di-C, , alky] sulfamoyl groups, car-
boxyl group, C,., alkoxycarbonyl groups, bydroxyl group,
Cy4 alkoxy groups, C, 5 alkenyloxy groups, C, , cycloalky-
loxy groups, C, , anlkyloxy groups, Cq ,, aryloxy groups,
mercaplo group, C, , alkylthio groups, C,, aralkylthio
groups Cg,, arylthio groups, sulfo growp, cyapo group,
azido group, nitro group, nitroso gronp and halogen atom.

In the formula (I), R is preferably an optiopally substi-
tuled lieterocyclic group. R is more preferably pyridyl,
oxazolyl or thiazolyl-group which is ophionally substituted
by 1 10 3 substitucats selected ffom C, 5 alkyl group, furyl
group, thicoyl group, pheayl group and papbthyl group.

R’ in the formula (1) bas the same definition as R except
that R' does pot represent benzopyranyl group when m and
n are O; X represeots CH; A represenis a bood; Q represents
sulfur atom; R?, L and M represent bydrogen alom; and ring
E docs pot bave furiber substituents.

In the formulae (T) and (IF), Y sepresenis —CO—, —CH
(OH)— or —NR>— (whercin R represenis an optionally
substituted alkyl group), preferably —CH(OH)— or
—NR*—. As ihe alky! group in the opticnally substituted
alkyl group represented by R?, mention is made of, for
example, C, , alkyl grovps such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec.-butyl and L-butyL Examples
of the substituents include halogen (e.g., fluorine, chloripe,
bromine and iodine), C, , alkoxy groups (e.g. melboxy,
ctboxy, propoxy, butoxy, isobutoxy, sec.-buloxy and
L-buloxy), bydroxyl group, nitre group and C, , acyl groups
(e.g. formyl, acety] and propioayl).

The symbol m is 0 or 1, preferably 0.

The symbel n is 0, 1 or 2, preferably 0 or 1.

X represents CH or N, preferably CH.

In the formulae (T} and (I1), A represents a bond or 2 C,
divalent aliphatic hydrocarbon group, The alipbatic hydro-
carbon group may be straight-chzin or branched, and satu-
rated or msaturated. Specific examples of the aliphatic
bydrocarbon group include saturated opes [e.g. —CH,—,

CH=CH—CH,—, ~CH,—CH,—CH=CH—CH,—.
—CH=CH—CH=CH—CH,~— and —CH=CH—
CH=CH—CH=CH—CH,—. A is preferably a bood or
C,.4 divalent alipbatic hydrocarbon groups, the alipbatic
hydrocarbon groups preferably being saturated. A is more
preferably a bond or —(CH,),—.

As the alkyl group represenied by RY, substaptially the
same one as the alkyl group in the above-mentioned R>. R?
is preferably bydrogen atom.
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In tbe formulae () and (IT), the partial formula:

ol

Ring E bas 1 to 4 substituents at any substitulable posi-
tions. Examples of such substients include alkyl group,
optionally substituted bydroxyl group, balogen atom,
optionally substituted acyl group and optionally substituted
amino group. These substituents bave substantially the same
meaning as those.described as substitvents of the hydrocar-
bon group and belerocyclic group represenled by R.

Ring E, pamely the partial formula:
# N

E —— A

% N
wherein R? represents bydrogen atom, an alkyl group, an
optionally substituted bydroxyl group, a halogen atom, an
optionally substituted acyl group, aitro group or an option-
ally substituted amino group.

As ibe alkyl group, optionally substituled bydroxy} group,
balogen atom, optiopally substituted acyl group and option-
ally substituted amino group represented by R?, meation is
made of those described 23 substituents of the hydrocarbon
group and heterocyclic group represented by R. R? is
preferably hydrogen atom, optionally substiruted hydrexyl
group or balogen alom, more preferably hydrogen alom or
optionally substitoted bydroxyt group, especially preferably
bydrogen atom or C,_, alkoxy groups.

In the formulac (1) and (II), L and M represent hydrogen
atom, or they may optionally be combined with cach other
10 form a bood. L and M are preferably hydrogen atom.

In the compounds wherein L and M are combined with
each other to form a bond, there exist (E)- and (Z)-isomers
relative 1o the double bond at the S-position of the azo-
hidinediooe ring,

And, in the compounds wberein L and M respectively
represent hydrogen atom, there exist (R)- and (S)-optical
isomers due 16 the asymmetric carbon at 1be 5-position of the
azokidinedione ring. The compounds include these (R)- and
(S)-optical isomers aod Rcemic isomers.

Preferable examples of the compounds represcated by the
formula (1) or (3T) includes those fowhich R is pyridyl,
oxazolyl or thiazolyl group optionally baving 1 to 3 sub-
stitoents sclecied from C, , alkyl, foryl, thienyl, pbenyl and
naphthyl, m is 0; nis O or 1; X is C}: A is a bond or
—(CH,),—; R’ is bydrogen atom; ring E, namely the partial
formmla: '

preferably represents
the formula:

prefenbly represeats
tbe forrmls:

r X
E ——  prefenbly represcats
N et

and R? is kydrogen atom or C,_ alkoxy growp; and L and M
are both bydrogen atom. -
Preferable examples of the compound represented by the
formula (I) inchude
(1) the represented by the formula (THT) such as
5-[4-[2-(3-elhyl-z-pyn'dyl)clhoxy]benzyl]-2,4-

5
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thiazolidinedione; 5{4{2-(4-e1byl-2-pyridyl)etboxy}-

benzyl]-2,4-1biazolidinedione; 5-[4-[2-(S5-ethy)-2-

pyridyletboxy benzyl})-2,4-thiazolidinedione (gencric
pame: pioglitazone); and 5{4{2-(6-cthyl-2-pyridyl)-
cthoxyJbenzyl}-2,4-thiazolidinedione;

(2) (R)-(+)-5-{3-[4-[2-(2fury])-5-methy]-4.
oxazolylmcthoxy]-3-methoxypbenyl]propyl]-2,4-
oxazolidinediope; and

(3) 5{[44{(3,4-dibydro-6-bydroxy-2,5,7,8-tetrameihyl-2H-
1-benzopyran-2-yl)Tocthoxylpbenyl]metbyl)-2, 4-
thazolidinedione (generic namne: troglitazone ACS-045).
The compound represented by the formula (I) is espe-

cially preferably pioglitazope.

The compound represented by the formula (1) is prefer-
ably the compound represcoted by the formula (I) and
(RH(+)-5{3{442-(2-furyl)}-5-nicthyl4-oxazolylmeiboxy -
3-methoxypheoy!propyl}-2,4-oxazolidinediove, more pref-
erably pioglitazone.

Tbe pharmacologically acceptable saht of the compound
represenied by the formula (T) or (II) are exemplified by salts
with inorgamic bases, salts with organic bases, salts with
inorganic acids, salts with organic acids, and salis with basic
or acidic amino acids.

Preferable examples of salts with inorganic bases inchde
salts with alkali metals such as sodivm, potassium, ctc, salts
with alkaline earth melals such as calcium magpesium, eic.,
and salts with alumiowm, zmmonium, etc.

Preferable examples of salts with organic bases inchide
salts with trimethylamine, triethylamipe, pyridine, picoline,
cthanolapine, dicibanolamine, iricthanolamine,
dicyclobexylamine, N N-dibenzyletbylencdiamine, cic.

Preferable examples of salis with inorganic acids include
salts with hydrochloric acid, hydrobromic acid, nitric acid,
sulfuric acid, phosphoric acid, clc.

Preferable examples of salts with organic 2cids include
salts with formic acid, acetic acid, wifluoroacetic acid,
fumaric. acid, oxalic acid, tartaric acid, maleic acid, citric
acid, succimie acid, melic acid, methapesulfonic acid. ben-
zepesulfonic acid, p-ioluenesulfonic acid, cic.

Preferable cxamples of salts with basic amino acids
include salts with arginine, lysine, ormithine, ctc., and pref-
erable examples of salts with acidic amipo acids inchide
salts with aspartic acid, ghutamic acid, etc.

The pharmacologically acceptable salt of the compound
represented by the formula (1) is preferably a salt with an
inorganic acid, more preferably a salt with hydrochloric
acid. Especially, pioglitazone is preferably used in tbe form
of salt with hydrochloric acid,

The compounds represented by tbe formula (T) or (IT) or
a saltthereof can be prodeced in accordance with, for
example, methods described in JPA S55(1980)-22636(EP-A
8203), JPA S60(1985)-208980(EP-A 155845), JPA S61
(1986)-286376(EP-A 208420), JPA S61(1986)-85372(EP-A
177353), JPA S61(1986)-267580(EP-A 193256), JPA
H5(1993)-86057(WO 92/18501), JPA H7(1995)-82269
(EP-A 605228), JPA H7(1995)-101945(EP-A 612743),
EP-A. 643050, EP-A 710659, etc. or methods analogous
thereto.

Insulin sensitivity enbancers include S{3,4-dihydro-2-
(pbenylmethyl)-2H-1-benzopyran-6-yljmethyl]-2,4-
thiazolidinedione (gencric name: englitazone) or its sodium
salt;

5{[4-{3-(5-methyl-2-phenyl-4-oxazolyl)-1-oxopropyl]

phenyljmethyl}2,4-ihiazolidivedione (generc name:

darglitazone/CP-86325) or its sodium salt;
5{2+(5-mwethyl-2-phenyl4-oxazolylmethylbenzofuran-

5-ylmethyl}-2,4-oxazolidinedione (CP-92768);
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5-(2-naphihalenylsulfonyl)-2,4-thiazolidinedione (AY-
31637);
4{(2-papbthalenyl)meibyl}-3H-1,2,3 S-oxathiadiazol-2-
oxide (AY-30711); and
5-[[4-[2-(petbhyl-2-pyridylamino)eihoxy]phenyl }-
methyl}2,4-thiazolinedione (BRL-49653), ete. in addi-
tion 1o compounds mentioned bercinbefore.

In tbe present invention, examples of the drug which is
used in combination wilh the above-mentioped insulin sen-
sitivity cobancer include an a-glucosidase inhbator, an
aldose reductase inhibilor, a biguanide, a statin compound,
a squaleoe synibesis inhdbitor, a fibrale compound, a LDL
catabolism enbancer and an angiotensin converting enzyme
inhsbitor. )

a-Glucosidase nhibitors are drugs which inhibil digestive
enzymes suchas amylase, maltase, a-dextrinase, sucrase,
ete. to relard digestion of starch and sugars. Examples of the

10
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a-glucosidase inhibitors include acarbose, N-(1,3-
dibydroxy-2- pmpyi)vaholnmme (generic pame; voglibose),
miglilol, ctc. with preferance given 1o voglibose.

Aldose reductase inhibitors are drugs which inhibit the
first-stage ralc-limitting enzyme in the polyol pathway to
prevent or arrest diabetic complications. In the hyperglyce-
mic state of diabetes, the utilization of glucose in tbe polyol
pathway is increased and the excess soebilol accurnmlated
intrace[lularly as a consequence acts as a tissue loxin and
hence cvokes the onsct of complications such as diabelic
neuropathy, retmopathy, and nephropathy. Examples of the
aldose reductase inhibitors inclode tolurestat; cpalrestat;
3,4-dihydro-2,8-diisopropyl-3-thioxo-2H-1,4-benzoxazine-
4-acetic acid; 2,7-diftvoro-spiro(9H-fluorcnc-9,4'-
imidazolidipe)-2',5-dione (generic name: mmirestat)y

3-[(4-bromo-2-fluoropbenyl)me1hyl}-7-chloro-3,4-

dibydro-2,4-dioxo-1(2H)-quinazoline acctic acid
(generic name: zenarestat);
6-fluoro-2,3-dihydro-2',5-dioxo-spirc]{ 4H-1-benzopyran-
4,4"-imidazolidine } 2-carboxamide (SNK-860);
mmpolrestat; sorbinil; and
1-[(3-bromo-2-benzofuranyl)sulfonyl]-2,4-
imidazolhidinedione (M-16209), cic.

Bignanides are drugs baving actions of stimmlation of
anaerobic glycolysis, increase of tbhe sensitivity 10 insulin in
the periphenal tissues, inhibition of ghicose sbsorption from
the intestine, suppression of hepatic ginconeogenesis, and
inhibition of fatty acid oxidation. Examples of the bigu-

Stalin compounds are drgs having actions of lowering
blood cholesterol kevels by inhibiting hydroxymethylgluts-
Iyl CoA (HMG-CoA) reductase. Examples of the statin
compounds include pravastatin and its sodiom salt,
simvastatin, lovasiatin, atorvastatin, fluvastatin, ctc,

Squalene syntbesis inhibilors are drugs baving actions of
Jowersing blood cholesterol Jevels by inhibiting synthesis of

35
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squalene. Examples of the squaleoe synthesis inhibitors
include (S)-a{Bis[2,2-dimethy)-1-oxopropoxy)meiboxy]
pbosphinyl} 3-phenoxybenzenebulanesulfonic acid, mono
potassium salt (BMS-188494).

Fibrate compounds are drugs having actioos of lowering
blocd cholesterol levels by inhibiting synthesis and secretion
of triglycendes in liver and activaling a lipoprolein lipase.

Examples of ibe fibrate compounds include bezafibrate,
beclobrate, binifibrale, ciplofibrate, clinofibrate, clofibrate,
clofibric acid, ctofibrate, fenofibrate, gemfibrozil,
nicofibrate, pirifibrale, romifibrate, siiifibrate, theofibrate,
elc.

LDL catabolism cnbancers are drugs having actions of
Jowering blood cholestero] levels by increasing the number
of LDL (Jow-density hipoprotein) receptors,

Examples of the LDL catabolism enbancers include the
compound which is described in JPA H7(1995)-316144 and
represented by Ithe formula:

(CH=—CH)CONTY /N
aw.w\_(mz)’

wherein R*, R?, R® and R? are 1be same or different, and
represent bydrogen atom, a halogen atom, a lower alkyl
group or a lower alkoxy group; ris 0-2; s is 2-4; p is 1-2;
or a salt thercof; i N-{2{4-bis(4-fucrophenyl)
wethyl-1-piperazinyl}ethyl} 7,7-dipbenyl-2,4,6-beptatrienic
acid amide, etc.

The above-mentioned statin compounds, squalenc syn-
thesis inhibitors, fibrate compounds and LDL catabolism
¢nbancers can be substituled with;other drugs baving the

to Jower blood cholesterol and triglyceride Jevels.
Examples of these dmgs include nicotinic acid derivatives
such as nicomol and piceritrol; antioxidants such as probu-
col; and ion-¢xchange resins such as colestyramin.

Angiolensin cogverting ¢nzyme inhibilors are drugs hav-
ing actions of partially lowering blood glucose levels as well
as lowering blood pressure by inbibiting angiotensin con-
verting cozymes. Pxamples of the angiotensin converting
enzyme inhibitors inclade captopril, enalapril, alacepnl,
delapril, ramipril, lisinopril, imidapril, benazepril,
ceronapril, cilazapril, enalaprilat, fosindpnl, moveltopril,
pezindopril, quinapril, spirapril, emocapril, trandolapril, ctc.

In the present mrvention, especially prefened is the phar-
maceutical omnposmon which comprises an insulin sensi-
tivity enbancer in combination with an a-ghicosidase inhibi-
Ior 'Ihe insulin seositivity enhancer is especu]ly pn:fenbly

Inlbepmtmvcnhon,cxampluoftbe drog which is-
vsed in combination with the compound represented by the
formula (I} or a pharmacologically acceptable salt thercof
inchide an insulin secretion enhancer and/or an insulin
prepantion.

Insulin secretion enbancers are drogs baving the propesty
to promote secretion of insulin from pancreatic § ceils.
Examples of the insulin secretion enbancers include sulfo-
pylureas (SU). The sulfonylureas (SU) are drugs which
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promote secretion of insulin from pancreatic B cells by
Iransmilting signals of insulin secretion via SU receplors in
the cxll membranes. Examples of 1he SV inchidelolbuta-
mide; cblorpropamide; tolazamide; acctobexanmide;
4-cbloro-N-[(1-pyrolidinylamino)carbonyl]-
bepzenesulfonamide (generic name: glycopyramide) or its
ammonivm saly; glibenclamide (glybunide); gliclazide;
1-butyl-3-melanilyhurea; carbulamide; gliboouride; glipiz-
ide; gliquidone; glisoxepid; glybuthiazole; glibuzole; gly-
bexamide; glymidine; glypinamide; phenbutamide;
okcyclamide, cic.

Insulin secretion enhancers include N{[4-(1-meihylethyT)
cyclobexyl)carbonyl} D-pbepylalanine (AY-4166); calcium
(25)-2-benzyl-3-(cis-hexahydro-2-isoindolinylcarbonyl)
propiomale dihydrate KAD-1229); and glimepiride (Hoe
490), ctc. in addition to compounds meptioned bereinbefore,
The issulin secretion enhancer is especially preferably glib-
enclamide.

Examples of the insulin preparations include animal insu-
En preparations typically extracted from bovine or porcine
paocreas and human insolin. preparations synthesized by
geoetic coginecring techaiques typically using Escherichia
coli or yeasts. While insulin prepanations are available in a
variety of types, e.g. immediste-acting, bimodal-acting,
intermediale-acting, and Jong-acting, these types of prepa-
rations can be sclectively administered according 1o the
patient’s condition.

In the present invention, especially preferred is the pbar-
maceutical composition which comprises the compound
represenied by the formula (I} or a pbarmacologically
acceptable salt tbereof in combipation with an insulin secre-
tion epbancer. The compound represented by the forroula
(1) or & pharmacologically acceptable salt thereof is espe-
cially preferably pioglitazone, and the insulin secrction
enhancer is especially preferably glibenclamide,

The pharmaceutical composition comprising an insulin
sensitivity enhapcer in combination witb at least one mem-
ber sclected from the grovp consisting of an a-glucosidase
inkibitor, an aldose reductase inhibitor, a biguanide, a statin
compound, a squalene syptbesis iphibilor, a fibrate
compound, 2 LDL catabolism ¢phancer and an angiolensin
converting enzyme inhibitor; apd the pbarmaceutical com-
position comprising the compound represepied by the for-
mula (II) or a pbanmacologically acceptable salf theseof in
combination with an insulin secretion enbancer and/or an
insulin preparation, both provided in accordance with the
presenl irvention, can be respectively pult to use by mixing
the respective active components cither all together or
independently with a physiologically acceptable carrier,
excipient, binder, diluent, ¢ic. and adminisiering the mixture
o mixturcs ¢ither orally or non-orally as a pharmaceutical
composition. When the active compopents are formalated
independently, the respective formulations can be extempo-
rapeously admixed using a diluent or the Yike aod adminis-
tered or can be administered independently of each otber,
cither concurrently or at staggered times 1o the same subject.

The dosage form for said pbarmaceutical composition
inclodes such oral dosage forms as granules, powders,

tablets, capsules, syrups, emulsions, suspensions, ¢ic. and -

such pon-oral dosage forms as injections (c.g. subcutancous,
intraveoous, intramuscular and intraperitoneal injections),
drip infusions, external application forms (c.g. pasal spray
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preparations, iransdermal preparations, ointmenls, etc.), and

suppositosics (¢.g. rectal and vaginal suppositorics).

These dosage forms can be mamfactured by the per se
known icchnique conventionally used in pharmaceutical
procedures. The specific manufacturing procedures are as
follows.

85

14

To maoufacture an orzl dosage form, an excipient (cg
lactose, sucrose, starch, mannilol, cic.), a disintegralor (c.2.
calcum carbonale, carboxymethylcelhulose calcium, cic.), a
binder (e.g. a-starch, gum arabic, carboxymethyloelulose,
polyvioylpyrrolidone, hydroxypropylcellulose, cic), and a
lubricant (¢ g. takc, magnesium stearate, polyethylene glycol
6000, cic.), for instance, are added 10 the active component
or components and the resulling composition is compressed.
Where pecessary, the compressed product is coated, by the
per se koown lechnique, for masking the Laste or for enteric
dissolution or sustained release. The coating material that
can be used includes, for instance, cthylcellulose,
bydroxymethylcellulose, polyoxyethylene glycol, cellulose
acelate phihalate, hydroxypropylmethylcellulose phtlialate,
20d Eudragil (Rohm & Haas, Genpany, methacryBic-acrylic
copolymer). '

Injections can be mamfactured typically by the following
procedure. The aclive component of compopcnts are
dissolved, suspended or emulsified in an aqueous vebicle
(c-g. distilled water, physiological it saline, Ringer’s
solution, cic.) or an oily vehicle (c.g- vegetable oil such as
olive oil, sesame oil; cotlonseed oil, com oil, ete. of propy-
ke glycol) together with & dispersani (¢.g. Tween 80 (Atlas
Powder, U.S.A), HCO 60 (Nikko Chemicals), polycthylene
glycol, carboxymethyleellvlose, sodinm alginate, elc), a
preservative (e.g. methyl p-bydroxybenzoate, propyl
p-bydroxybenzoate, benzyl akcobol, chlorobutanol, pbenol,
¢ic.), an.isolonizing ageni (e.g. sodium chloride, glycerol,
sorbitol, glucose, inverted sugar, etc.) and otber additives. If
desired, 2 solubilizer (c.g. sodium salicylate, sodium acetate,
¢ic.), a slabilizer (¢.g. buman scrum albumin), a soothing
agent (c.g. benzalkonium chloride, procaine hydrochloride,
eic.) and other additives can also be added.

A dosage form for external application can be mapufac-
tured by processing the active component or componcots
into a solid, semi-solid or liquid composition. To mamufac-
ture a solid composition, for instance, the active component
or components, cither as they are or in admixture with an
excipicot (¢.g. lactose, manaitol, starch, microcrystalline
cellulose, sucrose, cic.), a thickener (e.g. patural gums,
cellilose derivatives, aarylic polymers, cic), etc., are pro-
cessed into powders. The liquid composition can be mapu-
factured in substantially the same manmer as the injections
mentioned above. The semi-solid composition is preferably
provided in'a bydrous or oily gel form or an ointment form.
These compositions-may optionaily coslain a pH control
agent {¢.g. carbonic acid, phosphoric acid, citric acid, bydro-
chloric acid, sodivm hydroxide, eic.), and a preservative
(c-8. p-hydroxybenzoic acid esters, chlorobutanol, benza-
Ikonium chloride, ctc.), among other additives.

Supposilorics can be mamufactured by.processing the
active component or components jnlo an oily or aqueovs
composition, whether solid, semi-solid or Liquid. The ole-
aginous base that can be vsed includes, for instance, higher
fatty acid glycerides [e.g. cacao butier, Witepsols
(Dipamit—Nobel), etc.} medium-chain fatty acids [e.g.
Migriols (Dinamit-Nobel), cic.], vegetable oils (e.g. sesame
oil, soybean oil, cottonseed oil, etc.), etc. The water-soluble
base includes, for instance, polycitiylene glycols, propylene
glycol,. etc. The hydrophilic base inchudes, for instance,
natural gums, ccllulose derivatives, vioyl polymers, and
acrylic polymers, cic.

The pharmacentical composition of the present imvention
is low in toxicity and can be safely used m mammals {eg
humaps, mice, rals, rabbits, dogs, cats, bovines, horses,
swines, monkeys),

Thbe dosage of the pharmaceutical composition of the
present invention may be appropriately determined with
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reference 10 the dosages recommended for the respective
active compopents and can be selected appropriately accord-
ing 1o the recipient, the recipient’s age and body weight,
current clinical status, administration Ume, dosage form,
metbod of adminisiration, and combipation of tbe active
components, among other factors. For example, 1be dosage
of the insulin scnsitivity ecpbancer for an adult can be
selected from tbe clinical oral dose range of 0.01 to 10
mg/kg body weight (preferably 0.05 to 10 mg/kg body
weight, more preferably 0.05 10 5 mg/kg body weight) or the
climcal parcpicral dose range of 0.005 to 10 mg/kg body
weight (preferably 0.01 10 10 mg/kg body weight, more
preferably 0.01 10 1 mg/kg body weight). The otber active
compooent or cowponents having different modes of action
for usc in combination can also be used in dose ranges
selected by referring to the respective recommended clinical
dose ranges. The preferred frequency of administration is 1
to 3 times a day.

The proportions of the active components in Lthe pharma-
ceutical composition of the present invention can be appro-
priately selected according to Lhe recipient, the recipient’s
age and body weight, current clinical status, administration
time, dosage form, metbod of administration, and combina-
tion of active componcnts, among other factors. When, for
cxampl, Ibe compound represented by tbe formula (J) or a
pbarmacologically acceptable sak thereof (e.g. pioglitazone)
whick is the insulin sensitivity enbancer and voglibosc
which is an a-glucosidase inhibilor are 10 be adminisiered in
combimtion to a luman subject, voglibose is used in a
proportion of usuvally about 0.0001 to 0.2 weight parts and
preferably about 0.001 to 0.02 weight parcts relative 1o 1
weight part of the compound or a salt thercof. When, for
cxample, the compound represcnied by the formula (1) or a
pbarmacologically acceptable salt thereof and glibenc!:mide
which is an insulin secrelion eahancer are jo be adminisicred
in combination to a buman sabject, glibenclamide is used in
a proportion of usually about 0.002 10 5 weight parts and
preferably about 0.025 1o 0.5 weight parts, relative to 1

weightpart of the compound or a pharmacologically accept- 40

able salt thereof.

The pharmaceutical composition of thepresent inveation
shows a marked synergistic effect compared wilh adminis-
tration of cither active compopent alone. For cxample,
compared with cases inp which each of these active compo-
neots was administered to diabetic Wistar fatty rats with
gepetical obsesity, administration of these active compo-
penis in combination resulied in marked improvements in
both byperglycemia and reduced ghacose tolerance. Thus,

the pharmaceutical composition of the present invention *°

lowers blood ghicose in diabetics move effectively than it is
the case with adminjstration of each component drug alone
and, therefore, can be used advantageously for the prophy-
laxis and treatment of diabetic complications.

Purthermore, since the pbarmaceutical composition of the
presend invention develops sufficent cfficacy with reduced
doses a3 compared with the sdministration of any one of the
active components alope, the side effects of the respective
components (¢.g. gastrointestinal disorders such as diarrbea,
cic.) can be reduced.

The following working examples and experimental
examples are merely intended o ilustrate the present inven- -
tion in further detail but should by no means be construed as
defining the scope of theinvention.

The pharmaceutical composition of the present invention
can be prepared according 1o the following formulations.
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WORKING EXAMPLE 1

Capsules
(1) Poglitszove hydrochloride 30mg
{2) Voglibose O2mg
{3 Lactese 0 mg
(4) Micoaystallive ccllulose 79.8 g
{5) Magnesivm stearate 10 ;g
Toul 180 mg

The whole amounts of (1), (2), (3) and (4) and balf the
smount of (5) are mixed well and grazmlaied in the conven-
tional manner. Then, the.balance of (5) is added and, after
mixing, the whole composition is filled in a gelatin bard
capsule shell

WORKING EXAMPLE 2
Tabicta

{1) Fioglilzone hydrochloride 10 wg
(2) Gbbeaclhmide 125 mg
{¥) Laciose 86.25 mg
(%) Cora starch 20 mg
(5) Polycthylene giycol Ly
(€) Bydroxypropyicelinlose 4 mg
(7) Carmellose calciom 55 mg
(8) Magocsinm steanate 0.5 mg

3130 mg

(per tabler)

The whole amounts of (1), (2), (3), (4), and (5), %
amounts of (6} and (7), and ¥ amount of (8) are mixed well
and granulated ip the conventional manpes. Then, the bal-
ances of (6), (7) and (8) are added 1o the granules, which is
mixed well and the whole composition is compressed with
a tablet machine. The adolt dosage is 3 tablets/day, lo be
taken in 1 to 3 divided doses.

WORKING EXAMPLE 3
Caprules
(1) Picglinzons hydrochlorids W mg
(2) Epalrestst O ng
(3) Lacioss 55 mg
(4) Microcrystalline celinloss 55 mg
(5) Magoesiom sicante 0wy
Totd 150 mg

The whole amounts of (1), (2), (3) and (4) and ¥ amount
of (5) are mixed well and gravulated in the comventional
mannct. Then, the balance of (5) is added and the whole
composition is filled in gelatin capsale® sbell. The adult
dosage is 3 capsules/day, 10 be taken in 1 3o 3 divided doses.

- EXPERIMENTAI. EXAMPLE 1
- Effect of pioglitszone hydrochloride in combination with
a-ghicosidase inhibitor in genetically obese and diabetic
Wistar fatly nats
Male Wistar fatty rats aged 14-19 weeks were divided
into 4 groups of 5-6, and pioglitazone bydrochloride (1
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mg/kg body wi./day, p.o.) andfor voglibose (ap
Ct-glucosidase inhibitor) (0.31 mg/kg body wt./day; admin-
istered by mixing in commercial dict at a rate of 5 ppm) was
administered for 14 days. The blood was then collected rom
the tail vein and the plasma glucose and hemoglobin A, were
determined by the enzymatic method (Encore Chemical
System, Baker) and using a commercial kit (NC-ROPET,
Nippoo Cbemiphar Co.), respectively. The resulls were
expressed i mean xstandard deviation for each group
{0=5-6) and analyzed by Dunoett’s test, which are shown in
Table 1. The 1% level of significance was used.

TABLE 1

Phasma Hemoglobin

glucosc Ay
Croop (ag/dl) (%)
Control 35229 57204
Piogliazooe 215 x 50° 52203
Voglidose 326 2 46 0 206
Pioglitazooe + yogliboss 114 2 23~ 4.5 2 0.4

": P < 0.0 vo_cootrol group

M is apparent from Table 1 thal both the blood ghicose and
hemoglobin A, levels were remarkably Jowered by com-
bined administration of pioglitazone and voglibose as com-
pared with the adminisiation of either drug alone.

EXPERIMENTAL EXAMPLE 2

Effect of pioglitazone hydrochloride in combination with
ap insulin sccretion enbancer in genetically obese and dia-
betic Wistar fatty rats Male Wistar fatty rats aged 13-14
weeks were divided into 4 groups of 5, and pioglitazone
bydrochloride (3 mg/kg/day, p.o.) and/or glibenclamide (an
insulin secretion eohancer) (3 mg/kg/day, p.o.) was admin-
istered for 7 days. Following an overnight fast, the oral
glucose loading test (2 g ghicose/kg/5 ml, p.o.) was carried
out. Prior 1o glucose Joading and 120 and 240 minuics after
the loading, blood was collected from the tail vein and the
plasma glicose was assayed by the enzymatic metbod
(Encore Chemical Sysiem, Baker). The results were
expressed in meaneSD for each group (p=5) and analyzed
by Dunnett’s test, which are shown in Table 2.

TABLE 2

—Pluiym glocose (maydl)
Groap 0 min 120 min. 240 min,
Control 199 Uix58 137=x10
Fogliazons 102 =12 121~ 10229
Glibenclanyide N8 x12 222 2 61 106 = 24"
Pioglitazons + glibeaclamide 108 = 3 8x10° 605

=: I < 0.01 vx. control grovp

Itis apparent from Table 2 that the increase of blood sugar
following ghicose loading was remarkably inhibited by the
combined administration of pioglitazone and glibenclamide
as comparcdwith the administration of eitber drug alone.

Tbe pharmaccutical composition of the present invention
shows a potent depressive-cffect on diabetic hyperglycemia
and is uscful for prophylaxis and treatment of diabetes.
Moreover, this pharmaceatical ¢ composition is useful for
prophylaxis and treatment of diabetic complications such as
diabetic nenropathy, pephropathy, retinopathy,
macroangiopatby, and osteopenia. In addition, by a i-
alely sclccting the kinds of component drags, administration
route, dosage, eic. according to clinical status, stable
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bypoglycemic efficacy in long-term therapy can be expected
with an extremely low risk of side efect.

Whal 1s claimed is:

1. A metbod for reducing the side effects of active
componceots administered to a diabelic patient, which com-
prises administering to said palicot a therapeutically cffec-
tive amount of 2 compound rcpresenied by 1he formula:

(m
vy b Y
R (V)i (CH),—CH,_ x/' |
Q\C/N“
|
o

whercia R’ represcots an optionally substitoted hydrocarbon
or beterocyclic group; Y represents a group represcoted by
—C0—, —CH(OH)— or —NR>— whercin R? represents
an optiopally substiteied alkyl group; misOorI;nis 0, 1
of 2, X represents CH or N; A represents a2 bood ora C, ,
divaleat aliphatic hydrocarbon growp; Q represents an oxy-
g atom or sulfur atom; R? represents bydrogen alom or an

alkyl group; ring E may optionally have 1 0 4 further
substitvents, and the substituents may optiopally be com-
bined with R* to form a ring; L and M respectively represent
a bydrogen atom, or L and M may optionally be combined
with each other 10 form a bond; with a proviso that R’ docs
not represent benzopyranyl group when m and b are 0, X
represents CH, A represents a bond, Q represents sulfur
atom, R’, L and M represent hydrogen atoms and ring E docs
oot have further substituents; or a pharmacologically accept-
able salt thereof, in combination with an insulin preparation
as said active compopenls,

2. The method according 10 claim 1, wherein the com-
pound represented by the formula (II) is the compound
represented by the formula:

(m)

oS W%

3. The metbod according 1o claim 1, wherein the com-
pound represented by the fornmla (1) is pioglitazone or its

pbarmacologically acceptable salts.
4. The method according to claim 1, wherein the insnlin
prepanation is a burmay insulin tion. .

prepana

5. The method according to claim 1, wherein the com-
pound represented by the formula (M) is 5[4-{2(methyl-
2-pyridylamino)ethoxyJphenylJmethyl-2,4-
thiazolidinedione or its pharmacologically acceptable salts.

6. The method according o claim 1, wherein R' is an
optionally substituied beterocyclic group.

7. The method according 1o claim 6, wherein R is selected
from the groep consisting of 2-pyridyl, 3-pyridyl, 4-pyridyl,
2-pyrimidinyk; 4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl,
3-pyridazipyl, 4-pyridazinyl, 2-pyrazinyl, 2-pymolyl,
3-pyrrolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl,
3-pyrazelyl, 4-pyrazolyl, isothiazolyl, isoxazolyl,
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-oxazolyl, 4-oxazolyl,
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S5-oxazolyl, 1,2,4-oxadiazol-5-yl, 1,2.4-wiazol-3-y], 123~
tnazol-4-y}, tetrazol-5-yl, benzimidazol-2-yl, indol-3-yl,
1H-indazol-3-yl, 1H-pyrrolo[2,3-b)pyrazin-2-y},
1H-pyrrolof2,3-blpyridin-6-yl, 1 H-imidazo{4,5-b]pyridin-
2-y), 1H-imidazo[4,5-c]pyridin-2-y), 1H-imidazo[4,5-b]
pYrazin-2-yl and benzopyranyl; cach of which may have 110
5 substituepts selected from the group consisting of C, ¢
aliphatic hydrocarbon group; C, ,, alicychic hydrocarbon
group; C, ., aryl group; aromatic heterocyclic group
selecied from the group consisting of furyl, tineayl, pyrrolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazolyl,
pyrazolyl, 1,23-oxadiazolyl, 1,2,4,-oxadiazolyl, 1,34-
oxadiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-
thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-
triazolyl, tctrazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, triazinyl, benzofuranyl, isobenzofuranyl, benzo
[b)tbicnyl, indolyl, iscindolyl, 1H-iadazolyl,
benzimidazolyl, benzoxazolyl, 1,2-benzoisoxazolyl,
benzothiazolyl, 1,2-benzoisothiazolyt, 1H1-benzotriazolyl,

10

15

quinolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl, 20

phbibalazinyl, papbthylidioyl, purinyl, pteridinyl, carbozolyl,
a-carbolinyl, f-carbolinyl, y-carbolinyl, acridinyl,
pbevoxazinyl, pbepothiazinyl, pbenazinyl, phenoxathiinyl,
thianthrenyl, pbepathridiny], phepathrolinyl, indolizieyl,

20
pyridyl and 1,2 4-inazolo[4,3-blpyridazinyl, non-aromatic
beterocyclic group selecied from the group consisting of
oxirany), azctidinyl, oxetanyl, tbietanyl, pyrrolidinyl,
letrabydrofuryl, thiolanyl, piperidyl, leirakydropyranyl,
morpbolinyl, thiomorpbolinyl, piperazinyl, pymolidioo,
piperidino, morpholino and thiomorphelino; balogen atem;
nitro group; amino groups which may have one or two
substituents selected from C;_,, alkyl group, C, ,, alkenyl
group, C, ,, alkynyl group, aromatic group, heterocyclic
group of C,. ;4 acyl group; C, 4 acyl group which may be
substituted by C, , alkyl group, C, , alkoxy group, halogen
alom, nitro group, bydroxyl growp or amine group; hydroxyl
group; C, ;5 alkoxy group; C, 4 cyclpalkyloxy group; C, 5o
alkenyloxy group; C3-10 cycloalkenyloxy group; C,,o
analkyloxy group; C, ;3 acyloxy group; C, ,, aryloxy group
which may be substituted with ooe or two halogen atoms;
thiol group; C,.,, alkylthio grovp; C, .4 cycloalkylthio
group; C, ;0 alkenylthio group; C,,, cycloalkenylthio
gioup, C,.,q aralkylthio group, C, ,, acyhino group; C, ,,
arylthio group which may be substituted with one or two
balogen atoms; carboxyl group; C, ¢ alkoxycarbonyl group;
Cy.10 anaikyloxycarbonyl group; C,.,s aryloxycarbooyl
group; amidino group; carbamoyl group; sulfamoyl group;

pyrrolo{2-b Jpyridaziny), pyrazolo{S5-alpyridyl, imidazo[2,2- 2s Sulfo group; cyano group; azide group and nitroso growp.

alpyridyl, imidazo[},5-a)pyridyl, imidazo[1,2-b)
pynidazinyl, imidazof1,2-alpyrimidinyl, 1,2,4irdazolo{4,3-2]
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Pharmacentical composition which comprises an insulin
scositivity ephancer in combination with other antidiabetics
differing from the ¢nbancer in the mechanism of action,
which shows a potent depressive effiedt on diabetic hyperg-
Iycemia and is useful for prophylaxis and treatment of
diabetes.
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PHARMACEUTICAL COMPOSITION

BACKGROUND OF THE INVENTION

This application is a divisional of application Ser. No. s

09/280,710, filed Mar. 30, 1999, pow U.S. Pat. No. 6,100,
383 which is a divisional of Ser. No. 09/057,465, filed Apr.9,
1998, now U.S. Pat, No. 5,965,584, which is a divisiopal of
application Ser. No. 08/667,979, filed Jun. 19, 1996, now
U.S. Pat. No. 5,952,356.

FIELD OF THE INVENTION

The present invention relates 10 a pharmaccutical com-
position comprising an insulin sensitivity cobancer in com-
bination with one or more other antidiabetics differing from
said enbancer in the mechanisin of action.

Recent years, the pathology of diabetes has become more
and more understood and, in parallel, drags specific for the
respective pathologic states have been developed. Accord-

10

15

ingly a varicty of drugs baving new mechaniams of action 20

have appeared ooe afler anotber.

Insulin sensitivity enbapcers are also known as insulin
resistance deblockers because ihey have the action to por-
malize the impaired insulin recepior function, aod are gath-
ering much atiention in these years.

Regarding such insulin sensitivity enbancers, a very use-
ful compound such as pioglitazone bas been developed
[Fufita et al,, Diabetes, 32, 804-810, 1983, JP-A S$55(1980)-
22636 (EP-A 8203), JP-A 561(1986)-267580 (EP-A
193256)} Ploglitazone restores the impaired insulin receptor
function 1o normalize the uoeven distribution of ghicose
transporters in cclls, the cardinal cnzyme systems associated
wilh glycometabolism, such as glicokinase, and enzyme
systems associaled with lipidmetabolism, such as Epopro-
tcin lipase. As the results, insulin resistance are deblocked to
improve glocose tolerance, and lower the plasma copcen-
trations of peutral lipids and free fatty acids. Since these
actions of pioglilazope are comparatively gradual and the
nisk of side effect in long-lerm admivistration is also low,
this compound is useful for obese patients who are presumed
to be highly insulin-resistant.

Also, insulin sensitivity enhancers such as C$-405, thazo-
lidinedione derivatives and substituted thiazolidinedione
derivatives are reported 10 be used in combination with
insulin [JP-A H4(1992)-66579, JP-A H4(1992)-69383, JP-A
H5(1993)-202042} However, the pharmaceutical composi-
tion having 1 specific combination of Ibe present invention
is wnkoown.

Diabetes is a chronic disease with diverse pathologic
manifestations and is accompanied by lipidmetabolism dis-
orders and circulatory disorders as well as glycometabolism
disorders. As the results, diabetes tends &optomentailmg
various complications in many cascs. Therefore, it is pec-
essary 1o sclect the drug of choice for the prevailing disease
state ip each individual case. However, this selection is often
difficult in clinical settings becanse single nse of each
individual drug can not bring sufficient cffects in some
discase states and there are various problems such as side
effect which is caused by an increased dose or a Jong-term
administration.

SUMMARY OF THE INVENTION

In view of the above stale of the art, the inveniors of the

present ipvention did much research to develop antidiabetics

which would not virmally cause adverse reactions cven on
Jong-term administration and could be effective for a large

43
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cobont of the diabetic population. As a consequence, they
discovered that the above object can be accomplisbed by
using an iosulin sensitivity ephapcer, such as the drug
desanibed above, in combination with other antidiabetics
differing from said enhancer in the mecbanism of action, and
accordingly have perfected the preseot inventiop.

The present invention, therefore, relates to:

1) Pharmacentical composition which comprises an iosu-
lin sensitivity enhancer in combination with at lcast one
member of the group consisting of a-ghucosidase
inhibilor, an aldose reductase inbibitor, a biguanide, a
statin compound, a squaknc syntbesis inhibiior, a
fibrate compound, a DL catabolism cnhancer and an
angiotensin converting enzyme inbibilor;

2) Pharmaccutical composition according to 1), wherein
ibe insulin sensitivity enbancer is a compound repre-
sented by the formula:

»
G S
R— (Y (CHI—CH,_ A T
o7 T NG
|
[0}

wherein R represents an optionally substituted hydrocarbon
or beterocyclic group; Y represents a group represented by
—CO—, —CH(OH)— or —NR>— (wberein R? rcpresents
an optionally substituted zlkyl grovpy, mis Qor1;nis 0, 1
or 2; X represents CH or N; A represents a bond ora C, ,
divalent alipbatic bydrocarbon group; Q represents oxygen
atom or sulfur atom; R? represents bydrogen alom or an
alkyl group; ring E may optiovally have 1 to 4 substituepts,
and the substituents may optionally be combined with R? to
form a ring; L and M respectively represent hydrogen atom,
or L and M may optionally be combined with cach otber 1o
form a bopd; or a pharmacologically acoeptable salt thereof;

3) Pharmaceutical composition according to 2), wherein
the compound represented by tbe formula (J) is pioghi-
1azope;

4) Pharmaceutical composition according 10 1), which
comprises an insulin sensitivity enhancer in combina-
tion with an (a-glicosidase inhibitor;

5) Pharmacentical composition according to 4), wherein
the a-ghicosidase inhibilor is voglibose:

6) Pharmaceutical composition according to 4), wherein
the insulin sensitivity enbancer is pioglilazone and the
a-ghicesidase inhibitor is voghbose;

7) Pharmaceatical composition according to 1), which is
for prophylaxis or treatment of diabetes;

8) Pharmaceutical composition which comprises a com-
pound represented by the formmula:
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Q

T
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wherein R’ represents an optiooally substituted hydrocarbon
or beterocyclic group; Y FEprESCDls 2 group represented by
—C0—, —CH(OH)— or —NR*— (wherein R? represents
an optionally substituted alkyl groupx; misOori;nis 0,1
or Z; X represents CH or N; A represents a bond or a G, ,
divalent alipbatic hydrocarbon group; Q represents oxygen
atom or sulfur atom; R} represents bydrogen alom or an
alkyl group; ring E may optiosally have 1 to 4 substituents,
and 1he substilucnts may optionally be combined with R? to
form a ring; L and M respectively represent bydrogen atom,
or L and M may optionally be combined with ¢ach otber to
form a bond; with a proviso that R' does not represent
benzopyranyl group whea m and n are 0, X represents CH,
A represents a bond, Q represents sulfur alom, R*, Land M
represent bydrogen atom and ring E does pot have forther
substiluents; or a pharmacologically acceptable salt thereof
in combination with ap insulin secretion enhancer and/or an
ipsulin preparation;
9) Pharmaceutical composition according to B), wherein
the compound rcpresented by tbe formula () is the
compound represented by the fornmla;

{am

%‘QGWO«T({;

Q

10) Pharmaceutical composition according 10 8), wherein
 the compound represented by tbe formula (I1) is pioghi-
tazone;

11) Pharmaceutical composition according to 8), wherein
the insulin secretion enbancer is ghibenclamide;

12) Pharmaceutical composition according 10 S),whuem
the contpound represented by the formula (II) is pioghi-
tazone and the insulin secretion enbancer is glibencla-
mide;

13) Pharmaccutical composition according to 8), which is
for prophylaxis or treatment of diabetes.

DETAILED DESCRIFTION OF THE
INVENTION

The term “ipsulin sensitivity enbancer™ as wsed in this
smﬂabonmeamanymdall:h‘ngsnbsumlhﬂreslore
the impaired insulin receplor fonction 10 deblock insulin
resistance and consequently enhance insulin sensitivity. As
examples of the insulin sensitivily enhancer, the compound
seprescnted by the formula (I) or a phammacologically
acceptable salt thereof <an be mentioned.

In 1be formula (I), as the hydrocarbon gromp ia the
optionally substituted bydrocarbon group represented by R,

10
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mention is made of alipbatic bydrocarbon groups, alicyclic
bydrocarbon groups, alicyclic-aliphatic hydrocarbon
groups, aromatic aliphatic hydrocarbon groups and aromatic
bydrocarbon groups. Number of carbon atomns in these
hydrocarbon groups 15 preferably 1 to 14.

The alipbatic bydrocarbon groups are preferably those
baving 1 10 B carbon aloms. As the aliphatic hydrocarbon
groups, menbon is made of C, , saturated alipbatic bydro-
carbon groups (e.g. alky] group) as exemplified by weibyl,
ethyl, propyl, isopropyl, butyl, isobuty), sec.-buiyl, L-butyl,
pentyl, isopenlyl, neopentyl, L-peptyl, hexyl, isobexyl, hep-
tyl apd octyl, and C, , unsaturated aliphatic hydrocarbon
groups {e.g. alkenyl group, alkadienyl group, alkynyl group,
alkadiyoyl group) as cxcmplified by vinyl, 1-propeoyl,
2-propenyl, 1-bulenyl, 2-butenyl, 3-butenyl, Z-methyl-1-
propeayl, 1-pentenyl, 2-penicoyl, 3-pentenyl, 4-peatenyl,
3-methyl-2-butenyl, 1-bexenyl, 3-bexenyl, 2,4-bexadienyl,
5-bexenyl, 1-beptenyl, l-octenyl, etbynyl, 1-propynyl,
2-propyny), 1-butynyl, 2-butynyl, 3-butynyl, I-peotymyl,
2-pentynyl, 3-pentynyl, 4-pentynyl, 1-bexynyl, 3-bexynyl,
2,4-bexadiynyl, 5-bexyny), 1-heptynyl and 1-octynyl

The alicychic hydrocarbon groups are prefenably those
baving 3 to 7 carbon aloms. As the alicyclic hydrocarbon
groups, mention is made of C, , saturated alicyclic bydro-
carbon groups (e.g. cycloalkyl group) as exemplified by
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cyclobeptyl, and C;, upsalurated alicyclic bydrocarbon
groups (e.g. cycloalkenyl group, cycloalkadienyl group) as
exemplified by 1l-cyclopeptenyl, 2-cyclopentenyl,
3-cyclopentenyl, 1l-cyclobexenyl, 2-cyclohexenyl,
3-cyclohexenyl, 1-cycloheptenyl, 2-cycloheptenyl,
3-cycloheptenyl and 2,4cycloheptadicnyl.

As Ibe alicyclic-aliphatic hydrocarbon groups, mention is
made of, among those formed by combination of the above-
mentioned alicyclic hydrocarbon groups with aliphatic
bydrocarbon groups {ec.g. cycloalkyl-alkyl group,
cycloalkenyl-alkyl group), ones having 4 to 9 carbon atoms
as cxemphified by cydopropylmethyl, cyclopropylethyl,
cyclobelylmethyl, cyclopentylmethyl,
2-cyclopentenylmethyl, 3-cyclopentenylmethyl,
cyclobexylmethy!, 2Z-cyclobexcnylmethyl,
3.cyclobexenylmethyl, cyclobexylethyl, cyclobexylpropyl,
cyclobeptylmethyl and cycloheptylethyl.

The aromatic aliphatic hydrocarbon groups are preferably
those having 7 lo 13 carbon atoms (¢.g. aralkyl group). As
the aromatic aliphatic hydrocarbon groups, mention is made
of C,, phenylalkyl as exemplificd by benzyl, pbenethyl,
1-phenylethyl, 3-pbenylpropyl, 2-pbenylpropyl and
1-pbenylpropyl, and C,, , , naphthylalky] as excmplified by
a-napbthylmethyl, a-aaphthylethyl, B-paphthybmethyl and
B-oaphthylethyl.

As the aromatic bydrocarbon groups, mention is made of,
ones baving 6 1o 14 carbon atoros as exemplified by pbenyl,
napbthyl (a-napbtyl, -oapbtbyD.

In the formula (I), as the beterocyclic group in the
optionally substituted heterocyclic group represeated by R,
menhion is made of, for example, 5- to 7-membered betero-
cyclic groups conlaining, as a ring component atom, 1 10 4
betero atoms selected from oxygen atom, sulfur atom and
nitrogen atom, and a coodensed ring group. As the con-
densed ring, menbicn is made of, for example, these 5- to
7-membered heterocyclic groups condensed with
6-membered ring coptaining ope of two mitrogen aloms,
benzene ring of 5-membered ring cootainiog one sulfur
atom.

Examples of these heterocyclic groups include 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidiny},
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5-pynimidinyl, 6-pyrimidinyl, 3-pyridazinyl, 4-pyndaznyl,
2-pyrazioyl, 2-pyrrolyl, 3-pyrrolyl, 2-imidazolyl,
4-imidazolyl, 5-imidazolyl, 3-pyrazolyl, 4-pyrazolyl,
isothiazolyl, isoxazoly], 2-ibiazolyl, 4-thiazolyl, 5-thiazolyl,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 1,2,3-oxadiazol-5-y),
1,2,4-tr1az0l-3-y), 1,2,3-triazol-4-yl, telrazol-5-yl,
benzimidazol-2-yl, indol-3-yl, 1H-indazol-3-yl, 1H-pyrrolo
(2,3-blpyrazin-2-yl, 1H-pyrrolof2,3-blpyridin-6-yl,
1H-imida20{4,5-blpyridin-2-yl, 1H-imidazo[4,5-c]pyridin-
2-yL, 1H-imidazof4,5-blpyrazio-2-yl and benzopyranyl.
Among them, pyridyl, oxazolyl or thiazolyl group is pref-
enble.

In tbe formula (I), the bydrocarbon group and heterocyclic
group represenied by R may optionally bave 1 1o 5, prefer-
ably 1 to 3 substitucols al any substitutable positions.
Examples of such substituents inchide aliphatic bydrocarbon
group, alicyclic bydrocarbon group, aryl group, aromatic
beterocyclic group, non-arematic heterocyclic group, balo-
gen atom, ditro group, optionally substituted amino group,
optiopally substituted acyl group, optiopally substituted
bydroxyl group, optionally substituted thiol group, option-
ally esterified carboxyl group, amidine growp, carbamoyl
group, sulfamoyl group, sulfo group, cyano group, azide
grovp and pitroso group.

Examples of the aliphatic hydrocarbon groups include
C,.;s straight-chain or branched aliphatic hydrocarbon
groups as exemphified by alkyl group, alkenyl group, and
alkyny! group.

Preferable cxamples of the alky! group inchude C, ,, alkyl
groups such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec.-butyl, 1.-butyl, pentyl, isopentyl, neopentyl,
t.-pentyl, 1-cihylpropyl, bexyl, isobexyl, 1,1-dimethylbutyl,
2,2-dimcthylbutyl, 3,3-dimethylbutyl, 2-cthylbutyl, bexyl,
penityl, octyl, ooyl and decyl.

Preferable examples of the alkenyl group inchude Cii0
alkenyl groups such as vinyl, allyl, isopropenyl, 1-propenyl,
2-methyl-1-propenyl, 1-butenyl, 2-butenyl, 3-butenyl,
2-cthyl-1-butenyl, 3-methyl-2-bulenyl, 1-pentenyl,
2-peptenyl, 3-peotenyl, 4-pentenyl, 4-methyl-3-pentenyl,
1-bexenyl, 2-bexenyl, 3-bexenyl, 4-hexcnyl and 5-bexenyl

Preferable examples of the alkynyl group include Co
alkynyl groups such as etbynyl, I-propynyl, 2-propynyl,
1-butynyl, 2-bulynyl, 3-butynyl, 1-pentynyl, 2-pentynyl,
3-pentynyl, 4-pestynyl, 1-hexynyl, 2-bexynyl, 3-bexynyl,
4-bexyny) ang 5-bexyayl.

As the alicyclic hydrocarbon group, mention is made of
G542 saturated or upsaturated alicyclic bydrocarbon groups
as exemplified by cycloalkyl group, cycloalkenyl group and
cycioalkadicnyl group.

Preferable examples of cycloalkenyl group inchude Cie
cycloalkyl groups such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclobexyl, cyclobeptyl, cyclooctyl, bicyclo
[2.2.1]beptyl, bicyclo[2.2.2Joctyl, bicyclo[3.2.1]octyl,
bicyclo{3.2.2]nony), bicyclo{3.3.1}onyl, bicyclo{4.2.1}
ponyl and bicycld[4.3.1 Becyl

Preferable examples of the cycloalkenyl grovp include
Cy 10 cycloalkenyl groups such as 2-cyclopenten-1-yl,
3-cyclopenten-1-yi, 2cyclobexen-1-y! and 3cyciohexen-1-
yL

Preferable examples of the cycloalkadienyl group include
Co10 cycloalkadienyl groups such as 2,4-cyclopentadien-1-
yL Z,4<cyclobexadien-1-yl and 2,5~cyclohexadien-1-yL

Preferable cxamples of the aryl group include C, ,, aryl
groups such as pbenyl, naphthy] (1-napbihyl, 2-paphthyl),
anthryl, phenanthryl and acenaphthylenyl.
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Preferable examples of the aromatic beterocyclic group
include aromatic monocyclic beterocyclic groups such as
furyl, thicoyl, pymolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyi, 1,2,4-
oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 1,2,3-
thiadiazolyl, 1,2,4-tbiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-
triazolyl, 1,2,4-triazolyl, tetrazolyl, pyndyl, pyridazioyl,
pyrimidinyl, pyraziny]l apd triazinyl; apd aromatic con-
densed beterocyclic groups such as benzofuranyl,
isobenzofuranyl, bepzo[bjthienyl, indolyl, isoindolyl,
1H-indazolyl, benzimidazolyl, benzoxazolyl, 1,2-
benzoisoxazolyl, benzothiazolyl, 1,2-benzoisothiazolyl,
IH-benzotriazolyl, quinolyl, isoquinolyl, cinnolinyl,
quinazolinyl, quinoxaliny), phthalazinyl, napbthylidinyl,
purinyl, pteridinyl, carbazolyl, acarbolinyl, B-carbolinyl,
y-carboliny), acridinyl, phenoxaziny), phepotbiazinyl,
phenazinyl, phenoxathiinyl, thianthrenyl, phenathridinyl,
Phenathrolinyl, indolizinyl, pyrrolo{1,2-blpyridazinyl,
pyrazolo{1,5-alpyridyl, imidazo(1,2-2 Jpyridyl, imidazo{1,5-
alpyridyl, imidazo{1,2-blpyridazinyl, imidazof1,2-2)
pyrimidinyl, 1,2,4-tazolo{4,3-a)pyridyl and 1,2,4-triazolo
[4.3-blpyridazinylL. '

Preferable examples of the pon-aromatic beterocyclic
grovp include oxiranyl, azetidinyl, oxetanyl, thictanyl,
pyrrolidinyl, tctrabydrofuryl, thiolanyl, piperidyl,
tetrabydropyranyl, morpholinyl, thiomorpholinyl,
piperazinyl, pyrolidino, piperidino, morpbolino and thio-
morpbolino.

Examples of the balogen atom include Buorine, chloripe,
bromioe and jodine.

As the substituled amino group in the optionally substi-
hated amino group, mention is made of, N-monosubstituted
amino gronp apd N,N-disubstituted amino group. Examples
of the substituled amino groups include amino groups bav-
ing one or two substituenis selected from C, ;0 alky! group,
C, ;0 alkenyl group, C, ,, alkynyl group, aromatic grovp,
beterocyclic group and C, ,, acyl group (c.g. metbylamino,
dimethylamino, ethylamino, diethylamino, dibutylamino,
diallylamine, cyclobexylamino, phenylamino, N-methyl-N-
pbenyl-amino, acetylamino, propionylamine, benzoylamino
and nicotinoylamino).

As the acyl group, mention is made of C,_,, acyl groups
such as C, 4 alkanoyl group, C, 4 alkenoyl group, C, o
cycloakanoy! group, C, ,, cycloalkenoyl group and Cesz
aromatic carbonyl group.

Preferable examples of the C,_,,, allanoyl group include
formyl acctyl, propionyl, butyryl, isobutyryl, valeryl,
isovaleryl, pivaloyl, bexanoyl, beptanoyl and octanoyl Pref-
crable examples of the C, ,, alkenoyl group include
acryloyl, methacryloyl, crotonoyl and isocrotonoyl Prefer-
able examples of C,,, cycloalkancyl group include
cyclobutanecarbonyl, cyclopentanecarbonyl, cyclobexan-
ecarbonyl and cyclobeptanecarbonyl. Preferable examples
of C,,, cycloalkenoyl group include
2cyclobexenccarbonyl. Prefarable examples of C, ,, aro-
malic carbonyl grovp include benzoyl, naphtbeyl and pico-
tinoyL

As the substitueot in the substituted acy} group, mention
i made of, for example, C,, alkyl growp, C,, alkoxy
grovp, halogen atom (¢.g. chlorine, fluorine, bromine, eic.),
nitro group, hydroxyl group and amino group.

As 1he substituted hydroxyl group in tbe optionally sub-
stituted bydroxyl group, mention is made of, for example,
alkoxy group, cycloalkyloxy gromp, alkenyloxy gronp,
cycloakkenyloxy group, aralkyloxy group, acyloxy group
and aryloxy group.
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Preferable examples of the alkoxy growp include C, ,q
alkoxy groups such as methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobuloxy, scc.-buloxy, L.-buloxy,
pentyloxy, isopentyloxy, ncopentyloxy, bexyloxy, beptyloxy
and nonyloxy. Preferable examples of the cycloalkyloxy
group include C, ;, cycloalkyloxy groups sucb as
cyclobuloxy, cyclopentyloxy snd cyclobexyloxy. Preferable
examples of 1he alkenyloxy grovp inchide C,_,, alkeayloxy
groups such as allyloxy, crotyloxy, 2-pentenyloxy and
3-bexcoyloxy. Preferable examples of the cycloalkenyloxy
group include C, 5 cycloalkenyloxy groups such as
2-cyclopentenyloxy and 2-cyclobexenyloxy. Preferable
examples of the anakkyloxy group include C,,, aryloxy
groups such as phenyl-C,_alkyloxy (e.g. benzyloxy and
phenethyloxy). Preferable examples of tbe acyloxy group
inclhde C, 4 acyloxy group, more preferably C, , afkanoy-
loxy groups (e.g. acetyloxy, propionyloxy, butyryloxy and
obutyryloxy). Preferable examples of the aryloxy group
inchde C, ,, aryloxy groups such as phenoxy and naphthy-
loxy. The aryloxy group may opticpally bave one or two
substituents such as halogen atom (e.g. chlorine, fluorine,
bromine). Examples of ibe substituted aryloxy group include
4chlorophenoxy.

As the substituted ibiol group in the optionally subslituled
thiol group, mention is made of, alkyltbio group, cycloalky-
hhio growp, alkenylthio group, cycloalkenylthio group,
anralkkyhbio group, acyhlio group and arylthio group.

Preferable examples of the alkylthio group include C, ,,
alkylthio groups such as methylihio, cthylitdo, propylthio,
tsopropylthio, butylthio, isobutylthio, secc.-butylihio,
t.-butylthio, pentylthio, isopentylthio, ncopestylibio,
bexylthio, heptylthio and nonyhhio. Preferable examples of
the cycloalkyhhio group include C, |, cycloalkylthio groups
such as cyclebutylthio, cyclopentylthio and cyclobexylihio.
Preferable cxamples of the alkenylthio group inchide C, ,,
alkenylthio groups such as allylthio, crotylthio,
2-pentenylthio and 3-bexenylthio. Preferable examples of
the cycloaikenylibio group include C, ,, cycloalkenyhthio
groups such as 2-cyclopenicnylthio and 2-cyclobexenylthio,
Preferable examples of the aralkylihio inclode C, ,,, aralky-
Ithio groups such as phenyl-C, ,alkylthio (c.g. benzylthio
apd pbencthylthio). Preferable examples of tbe acylthio
group include C, ,, acylthio growp, more preferably C,_,
alkanoylthio groups (e.g. acetylibio, propionylthio,
butyryithio and isobutyrylthio).

Preferable examples of the arylthio group inchade C, ,,
aryhbio groups such as phenylthio and naphthylibio. The
arylithio group may optionally have one of two substituents
such as halogen alom (eg. chlorine, fluorine, bromine).
Examples of the substituted arylthio group inchide
4-chloropbenylthio.

As the optionally esterified carbox)rl group, mention is
made of, for example, alkoxycarbonyl group, aralkyloxy-
carbonyl group and aryloxycarbonyl group.

Preferable examples of the alkoxycarbonyl group include
C, 5 alkoxycarbonyl groups such as methoxycarbonyl,
cthoxycarbonyl, propoxycarbonyl and butoxycarbonoyl.
Preferable examples of the. aralkyloxycarbonyl group
inchude Gy, aralkyloxycarbonyl groups such as benzyloxy-
carbonyl Preferable examples of the aryloxycarbonyl group
mchde C, ¢ aryloxycarbonyl groups such as pbenoxycar-
bonyl and p-tolyloxyrarbonyl

Among the substituents on the hydrocarbon groop and
heterocyclic group repsesented by R, C,,q alkyl groups,
aromatic beterocyclic growps and C, ., aryl groups are
prefenable, and C, 4 alkyl, furyl, thicnyl, phenyl and naph-
thyl are especially preferable.
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In tbe formula (), substituents on ihe bydrocarbon grovp
and helerocychic group which are represented by R, may,
when they are alicychic hydrocarbon group, aryl group,
aremalic beterocyclic group or non-aromatic beterocyclic
group, bave one or more, preferably 1 10 3, of suitablc
substituents respectively. Examples of these substitoents
include C, , alky! groups, C,_, alkenyl groups, C, , alkynyl
groups, C, , cycloalkyl groups, C, ,, aryl groups, aromatic
beterocyclic groups (e.g. thienyl, furyl, pyridyl, oxazolyl
and thiazolyl), non-aromatic beterocyche groups {c.g.
tetrabydrofuryl, morpbolino, thiomorpholino, piperidino,
pymolidino 20d piperazino), C,, aralkyl groups, amino
growp, N-mono-C,_, alkylamino groups, N.N-di-C, , alky-
hmino groups, C, , acylamino groups (e.g., acctylamino,
propionylamino and benzoylamino), amidino group, C, ,
acyl group (c.g. C, 4 alkanoyl growps), caibamoy! group,
N-mono-C,;_, alkyl carbamoyl groups, NN-di-C, , alkyl
carbamoyl groups, sulfamoyl group, N-mono-C, , alkyl
sulfamoyl groups, N,N-&i-C, , alkyl sulfamoyl groups, car-
boxyl group, C, , alkoxycarbony] groups, bydroxyl group,
C;.4 alkoxy groups, C,, 5 alkenyloxy groups, C, ; cycloalky-
loxy groups, C, , analkyloxy groups, C ,, aryloxy groups,
mercaplo grovp, C,, alkylthio groups, C,, analkylhio
poups Cq,, aryhhio groups, sulfo group, cyano group,
azido group, nitro group, nitroso group and balogen alom.

lo the formula (I), R is preferably an optionally substi-
tuted beterocyclic group. R is more preferbly pyndyl,
oxazolyl or thiazolyl growp which is optiopally substitated
by 1 to 3 substitucnts selected from C, , alkyl group, furyl
group, thienyl group, pbenyl group and naphthyl group.

R’ in the formula (IT) bas the same definition as R except
that R’ does not represent benzopyranyl group when m apnd
n arc O; X represcots CH; A represents a bond; Q represents
sulfur alom; R?, L and M represent bydrogen atom; and ring
E does pot have furtber substitucnts.

In tbe formulae (]) and (IT), Y represents —CO—, —CH
{OH)— or —NR?— (whercin R? represents an optionally
substitated alkyl proup), preferably —CH(OH)— or
—NR>—. As the alkyl group in the optionally substituted
alkyl group represcnted by R®, mention is made of, for
¢xampke, C, , alkyl groups such as methy}, cthyl, propyl,
isopropyl, butyl, isobutyl, sec.-butyl and t.-butyl. Examples
of the substituents include halogen (c.g., fluorine, chlorine,
bromipe and iodine), C, , alkoxy groups (c.g. methoxy,
etboxy, propoxy, buloxy, isobutoxy, sec.-buloxy and
L-butoxy), hydroxyl group, nitro group and C, , acyl groups
(¢ -g. formyl, acetyl and propionyl).

The symbol m is @ or 1, preferably 0.

The symbol nis 0, 1 or 2, preferably O or 1.

X represents CH or N, preferably CH.

In the formulae (I) and (IT), A represents a bondor a G, ,
divalent aliphatic hydrocarbon group. The aliphatic bydro-
carbon group may be straight-chain or branched, and sato-

“rated or unsaturated. Specific examples of \be aliphatic

hydrocarbon group include satorated oncs [e.g. —CH—,
—CH(CH,)—, —{(CH),—, —CHCH)}—, —(CH,)y—,
—(CH)—, ~(C)—, —{CH)— and —(CH,),—]
apd unsatunated ones [e.g. —CH~CH—, —C(CH)=CH—,
—(H-CH-CH,—, —((C,H}=CH—, —CH,—(H=CH-
CH;—, —CH,-CH,-CH~CH-CH,—, —CH=CH-CH=
CH-CH,;— aod —CH=-CH-CH=CH-CH~CH-CH,—. Ais
preferably a bond or C,_ divalent aliphatic hydrocarbon
groups, the dipbnhc hydrocarbon groups preferably being

saturated. A is more preferably a bond or —(CHy)—.

As the alkyl group represented by R, substantially the
same one as the alkyl group in the above-meotioned R, R?
is preferably hydrogen atom.
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In the formulae (I) and (8}, the partial formrula:

o '/

Riog E bas 1 1o 4 substituents al any substitutable posi-
tions. Examples of such substituents wclude alkyl group,
optionally substituted hydroxyl group, balogen atom,
optionally substinuted acyl group and optionally substituted
amino group. These substitucnls bave subsiantially the same
meaning as those described as substituents of the hydrocar-
bon group and beterocyclic growp represented by R.

- Ring B, namely the partia] formula: .
&

JC) 3

wherein R? represents hydrogen atom, an alkyl group, an
opbopally substitmted hydroxy} group, a halogen atomn, an
optionally substituted acyl group, nitro group or an option-
ally substitoted amino group.

As the alkyl group, optionally substituted hydroxy] group,
balogen atom, optionaily substituied acyl group and option-
ally substituted amino group represented by RZ, mention is
made of Ibose described as substituents of the hydrocarbon
group and beterocyclic group represepted by R. R? is
preferably hydrogen atom, optionally substituted hydroxyl
group or halogen atom, more preferably hydrogen atom or
optionally substituted hydroxyl group, cspecially preferably
hydrogen atom or C,_, alkoxy groups.

In ibe formulae (T) and (1), L and M represent hydrogen
alom, or they may oplionally be combined with each other
to form a bond. L and M are preferably hydrogen atom.

In the compounds wherein L and M are combined with
cach other 10 form a bond, there exist (E)- and (Z)- isomers
relative 10 1the double bond at \be S-position of the azo-
lidinedione ring.

And, in the compounds wherein L and M respectively
represent hydrogen atom, there exist (R)- and (S)- optical
isomers dve to Ibe asymmetric carbon af the 5-position of the
azolidinedione ring. The compounds inchide these (R)- and
(S)- optical isomers and racemic isomers.

Preferable examples of the compounds represented by the
formmula (T) or (1) iocludes those in which R is pyridyl,
oxazolyl or thiazolyl group optionally baving 1 to 3 sub-
stitucnts selected from C,_, alky], faryl, thienyl, phenyl and
paphtbyL, m is O; nis O or 1; X is CH; A is 2 bond or
—{CH_,),—; R* is hydrogen atom; ring E, namely the partial
formula:

= X

and R? is hydrogen alom or C, _, alkoxy group; apd L and M
arc both hydrogen atom.
Preferable examples of the compound represented by the
formula () inclede
(1) tbe compound represented by tbe formoula (1) such as
5-[4-{2-(3-cthyl-2-pyridyl)ctboxy)-benzyl]-2,4-

preferably representa
the formula:

R

preferably represeots
the formula:
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10
thiazolidinedione; 5{4{2-{4-cthyl-2-pyridylerhoxy}
benzyl}-2,4-thiazolidinedione; 5-[4-{2-(5-ethyl-2-
pyridyDethoxy Jocnzyl)-2,4-thiazolidinedione (generic
pame: pioglilazone); and 5{4{2-{6-cthyl-2-pyndyl)-
ciboxy benzyl} 2,4-hiazolidinedione;

(2) (R)-(+)-5-[3-{4-[2-(2-fury))-5-meihyl-4-
oxazolylmethoxy]-3-metboxyphenylJpropyl]-2,4-
oxazolidinedione; and

(3) 5{(4{(3.4-dihydro-6-bydroxy-2,5,7,8-tctramethyl-
2H-1-benzopyran-2-yl)methoxy Jpbe oyl Juwethyl}-2,4-
thiazolidinedione (generic name: troglitazone/CS-045)

The compound represented by the formula (F) is espe-
cially preferably pioglitazone.

The compound represented by the formula (1) is prefer-
ably the compound represenied by the formula (11) and
(R}(+)-5{3{4{2-(2-furyl)-5-methyl-4-oxazolylmeihoxy}-
3-methoxypbenyl Jpropyl}-2,4-0xazolidinedione, more pref-
enably pioglitazone.,

The pharmacologically acceptable saht of the compound
represented by the formula () or (II) are exemplified by salts
with inorgapic bases, salls with organic bases, salts with
inorganic acids, salis with organic acids, and salts with basic
or acidic amine acids.

Preferable examples of salts with iporganic bases include
salts with alkali melals such as sodinm, potassium, cic., salls
with alkaline earth metals such as calcinm, magnesium, elc.,
and salts with alvmipum, ammoniem, etc,

Preferable cxamples of salts with organic bases include
salts with trimethylamioe, tricthylamine, pyridine, picoline,
cthanolamine, dicthapolamine, Irictbanolamine,
dicyclohexylamine, N,N-dibenzylcthylenediamine, cie.

Preferable examples of salts with inorganic acids include
salts witk bydrochloric acid, bydrobromic acid, nitric acid,
sulfuric acid, pbosphoric acid, elc.

Preferable examples of salts with organic acids include
salts with formic acid, acetic acid, trifluoroacclic acid,
fumaric acid, oxalic acid, 1artaric acid, maleic acid, citric
adid, succinic acid, malic acid, methanesulfonic acids ben-
zepesullonic acid, p-toluenesulfonic acid, ctc.

Preferable examples of salts with basic amino acids
include salts with arginine, lysive, ormithioe, ctc., and pref-
crable examples of salts with acidic amino acids include
salts with aspartic acid, glutamic acid, ¢te.

The pharmacologically acceptable salt of the compound
represcoted by the formula (1) is preferably a salt with an
iporganic acid, more preferably a sall with hydrochloric
acid. Especially, pioglitazone is preferably used in the form
of salt with hydrochloric acid.

The compounds represented by the formula (T) or (II) or
a salt .thereof can be io accordance with, for
cxample, methods described in JPA S55(1980)-22636(EP-A
8208), JPA S60(1985)-208980(EP-A 155845), JPA S61
(1986)-286376(EP-A 208420), JPA S61(1986)-85372(EP-A
177353), JPA S61(1986)-267580(EP-A 193256), JPA
H3(1993)-86057(WO 92/18501), JPA H7(1995)-82269
(EP-A 605228), JPA H7(1995)-101945(EP-A 612743),
EP-A. 643050, EP-A 710659, cic. or methods analogous
thereto.

Insulin sensitivity cnbancers include 5{[3,4-dibydro-2-
(phenylmethyl)-2H-1-benzopyran-6-yljmethyl}-2,4-
thiazolidinecBone (generic name: coglitazone) or its sodinm
salt;

5[ 4{3-(5-mctby)-2-phenyl-4-oxazolyl)-1-oxopropyl]
pheoyljmethyl}-2,4-thiazolidinedione (geperic pame:
darglitazone/CP-86325) or its sodfum salt;

5{2(5-methyl-2-phenyl-4-oxazolylmethybenzoforan-
5-ylmethyl}2,4-oxazolidinedione (CP-92768)



Case 2:03-cv-01335-RCJ -RJJ Document 1-2222700 Filed 10/23/03 Page 153 of 162

—

US 6,303,640 B1

11
5{2-naphibalenylsuHonyl)-2,4-thiazolidinedione (AY-
31637)
4{(2-napbibalenyl)meibyi} 3H-1,2,3,5-0xathiadiazol-2-
oxide (AY-30711); and
5-[[4-[2-(methyl-2-pyridylamino)ethoxy]phenyl]-
metbyl], 2,4-thiazolinedione (BRL-49653), cic. in
addition to compounds mentioned bereinbefore.

In the present inveption, examples of the drug which is
used in combination with the above-mentioned insulin sen-
sitivily enhancer include an a-ghicosidase iohibitor, an
aldose reductase inhibitor, a bignanide, a statin compound,
a squalene synthesis inbibitor, 2 fibrale compound, a LDL
catabolism enhancer and an angiolensin converting enzyme
hibitor.

a-Ghicosidase inhibitors are dmegs which inhibit digestive
enzymes such as amylase, maitase, a-dextrinase, sucrase,
cic. o retard digestion of starch and sugars, Examples of the
a-glncosidase inhibitors, include acarbose, N-(1,3-
dihydroxy-2-propyl)valiolamine (geperic name; voglibose),
miglitol, ctc. with preferance given to voghbose,

K
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Aldose reductase inhibilors are drags which inhibit the
first-stage rate-limitting enzyme in the polyol pathway 1o
prevent or arrest diabetic complications. In the byperglyce-
mic state of diabetes, the utilization of glucose in the polyol
palhway s increased and the excess sorbitol accumulated
intraceularly as a consequence acls as a hissue foxin and
bence evokes the onsct of complications such as diabetic
ncuropathy, retinopathy, and nephropathy. Examples of the
aldose reductase inhibitors include tolurestat; cpalrestat;
3,4-dihydro-2,8-diisopropyl-3-thioxo-2H-1,4-benzoxazine-
4.acelic acid; 2,7-difluoro-spiro(9H-fluorepe-9,4'-

. imidazolidinc)-2 ', 5'-dione (generic name: imirestal);

3-[(4-bromo-2-fluorophenyl}methyl)-7-chloro-3,4-
dihydro-2,4-dioxo-1(ZH)-quinazoline acetic acid
{generic name: zenarcstat);

6-fluoro-2,3-dihydro-2', 5'-dioxo-spiro{4H-1-
gzab;opm,f-hnidnmlidhe]-z—uxboxanﬁde (SNK-

2opolrestat; sorbinil; and

1-{(3-bromo-2-benzoforanyl)sulfonyl]-2,4-
imidazolidinedione (M-16209), etc.

Bignanides are drogs baving actions of stimmlation of
anzerobic glycolysis, increase of the sepsitivity 1o insulin in
the peripheral tissues, inhibition of glucose absorption from
the miestine, suppression of hepatic gluconeogenesis, and
inhibition of fatty acid oxidation. Examples of the bigu-
amides inchrde pbeaformin, metformin, buformin efc.

Statin are drugs baving actions of lowering
blood cholesterol levels by inhibiting bydroxymethylghita-
Iyl CoA (HMG-CoA) reductase. Bxamples of the statin
compounds include pravastatin apd its sodium salt,
simvastatin, Jovasiatin, atorvastatin, fluvastatin, etc.

Squalene syptbesis inhibilors are drogs baving actions of
lowering blood cholesterol kevels by inhibiting synthesis of
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squaleoc. Examples of the squalepe synthesis inhibilors
include (S)-a{Bis[2,2-dimethyl-1-oxopropoxy)metboxy)
pbosphinyl} 3-pbenoxybenzencbutancsulfonic acid, mono
potassium salt (BMS-188494).

Fibrate compounds are drugs having actions of lowening
blood cholesterol levels by inhibiting synthesis and secretion
of triglycerides in liver and activating a lipoprotein lipase.

Examples of the fibrate compounds include bezafibrate,
beclobrate, binifibrate, ciplofibrate, clinofibrate, clofibrate,
clofibric acid, ctofibraie, fepofibrate, gemfibrozil,
picofibrate, pirifibrate, ronifibrate, simfibrate, theofibrale,
eic,

LDL catabolism enbapcers are drugs having actions of
lowering blood cholesterol levels by increasing the number
of LDL, (Jow-density lipoprotein) receplors.

Examples of the LDL catabolism cpbancers include the
compound which is described in JPA H7(1995)-316144and

represented by the formula:
)
~

NCH

{CH—CH),CONR{CH )N
—= 03

whercin R*, R, R® and R’ are tbe same or different, and
represenl hydrogen atom, a balogen atom, a Jower alkyl
group or a Jower alkoxy group; ris 0-2; s is 2—4; pis 1-2;
or a sall thereof; specifically N{2-{4-bis(4-fuorophenyl)
methyl-1-piperazinylJetbyl}7,7-dipbenyl-2,4,6-beplatrienic
z2cid amide, ctc.

The above-mentioned statin compounds, squalene syn-
thesis inhibitors, fibrate compounds and LDL calabolism
enhancers can be substituted with other drugs having tbe
property lo Jower blood cholesterol and triglyccride Jevels.
Examples of these drugs inchude nicotinic acid derivatives
such as mcomol and niceritrol; antioxidants soch as probu-
col; and on-cxchange resins such as colestyramin.

Angiotensin converting enzyme inhibitors are drogs bav-
ing actions of partially owering blood ghacose levels as well
as lowering blood pressare by inhbiting angiotensin con-
verting enzymes. Examples of the angiotensin converting
enzyme inhibitors include captopril, enalapril, alacepsil,
delapril, ramipril, lisipopril, imidapril, benazepril,
ceropapril, cilazapril, epalaprilat, fosinopril, moveliopril,
perindopril, quinapril, spmp:il, temocapril, n-mdolzpri!, cic.

In the present invention, especially preferred is the pbar-
mac:uncalcomposmonwh:rchcompnscsmmﬂmsem-
tivity eohancer in combination with an a-ghicosidase inhibi-
pioglitazone, and the a-glocosidase inhibitor is especially
preferably voglibose.

In the present wvention, examples of the drug which is
used in combination with the compound represented by the
formula (I) or a pharmacologically acceptable salt thereof
include an insulin sccretion cohancer and/or an ipsulin
preparation.

Insulin secretion enbancers are drugs having the property
10 promole secretion of insulin from pancreatic f cells.
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Examples of the insulin secretion enbancers include sulfo-
nyhlureas (SU). The sulfonylureas (SU) are drugs which
promote sccretion of insulin from pancreatic § cells by
trapsmitting signals of insulin sccretion via SU receptors in
the cell membranes, Examples of the SU include tolbuta-
mide; chlorpropamide; tolazamide; acclobexamide;
4.chloro-N-[{1-pyrolidinylamino)}carbonyl])-
benzenesulfonamide (generic pame: glycopyramide) or its
ammonivm sall; glibenclamide (glyburide); gliclazide;
1-butyl-3-metanilylurea; carbutamide; glibonunide; glipiz-
ide; gliquidone; glisoxepid; glybuthiazole; ghibuzale; gly-
bexamide; glymidine; glypinamide; pbeubutamide;
tolcyclamide, elc.

Insulin secretion enhancess include N-{{4-(1-methylethyl)
cyclohexylcarbonyl } D-phenylalanine (AY-4166); calcum
(25)-2-benzyl-3-(cis-bexahydro-2-isoindolinylcarbonyl)
propionate dibydrate (KAD-1229), and glimepiride (Hoe
490), cic. in addition to compounds mentioned hereinbefore.
The insulin secretion enbancer is especially preferably glib-
enclamide.

Examples of the insulin preparations include animal insu-
lin preparations typically extracted from bovipe or porcine
pancreas and dumap insulin preparations syntbesized by
genetic eogineering lechniques typically using Escherichia
coli ot yeasts. While insulin preparations arc available in a
varicty of Lypes, eg. immediale-acting, bimodal-acting,
inlermediale-acting, and Jong-acting, these types of prepa-
rabons can be selectively administered according to the
palient’s condition.

In the present invention, especially preferred is the pbar-
maccutical composition which comprises the compound
represented by the formula (II) or 2 phammacologically
acceplable salt thereof in combination wilk an insulis secre-
tion eohancer. The compound represented by the formula
(M) or a pharmacologically acceptable salt thereof is espe-
clally preferably pioglitazope, apd the insulin sccrction
enbaocer is especially preferably glibeoclamide.

The pharmaccutical composition comprising an insulin
sensitivity enbapeer in combination with at keast one mem-
ber sekecled from the group cossisting of an a-glhicosidase
inhsbitor, an aldose reductase inhibitor, a bignapide, a statin
compound, a squalene synthesis inhibitor, a fibraie
compound, a LDL catabolism ¢nbancer and an angiotensin
convertipg cnzyme inbibitor; and the pbanmaceutical com-
positiop comprising the compound represented by the for-
mula () or a pbarmacologicaily acceptable sali thereof in
combination with an insulin secretion enbapcer and/or an
insulin preparation, both provided in accordance with the
present invention, can be respectively put to use by mixing
the respective active compopents citber all logether or
independently wilh a physiologically acceptable carrier,
excipieni, binder, diluent, ¢ic. apd administering the mixture
or mixtures cither orally or pon-orally as a pbanmaceutical
composition. Whea the active components are formulated
independently, the respective formulations can be extempo-
raneously admixed using a diluent or the ke and adminis-
tered of can be adminisiered independently of each otber,
tither concurrently or at staggered times lo the same subject.

The dosage form for said pbarmacentical comrposition
inclodes such oral dosage forms as granules, powders,
tablets, capsules, syrups, emulsions, suspensions, cic. and
such non-oral dosage forms as injections (¢.g. subcutancous,
intravenous, intrammscular and ftraperifoncal injections),
drip infusions, cxternal application forms (¢.g. pasal spray
preparations, transdermal preparations, ointmenls, ¢ic.), and
suppositories (¢.g. rectal and vaginal suppositories).

These dosage forms can be manufactured by the per se
known technique comgventionally used in pharmaceutical
procedures. The specific manufacturing procedures are as

follows.
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To maoufactore ap oral dosage form, an excipient (e g.
Jactose, sucrose, starch, mannitol, etc.), a disinlegrator {c.g.
calcium carbonate, carboxymethylcellulose calcium, elc.), a
binder {¢c.g. a-starch, gum arabic, carboxymethyleellulosc,
pelyvinylpymolidooe, hydroxypropylcellulose, ¢tc.), and a
hubricani (¢.g. talc, magpesium stearate, polycthylepe glycol
6000, ctc.), for instance, are added to the active component
or components and the resulting composition is compressed.
Where pecessary, the compressed product is coaled, by the
per s¢ known technique, for masking the taste or for epteric
dissolution or sustained release. The coating malerial that
can be used includes, for ipstaoce, ethyl-ccllulose,
hydroxymethylcellulose, polyoxyethylepe glycol, cellulose
acciale phibalate, hydroxypropylmethylcellulose phthalate,
and Budragit (Robm & Haas, Germany, methacrylic-acrylic
copolymer). _

Injections can be manufactured typically by the following
procedure. The aclive componenl or compopents are
dissolved, suspepded or emulsified in an aquecus vebicle
(c.g. distilled water, physiclogical saline, Ringer’s solution,
elc.) of an oily vehicle (e.g. vegitable oil such as olive oil,
sesame oil, cottonsced oil, cormn oil, ete. or propylene glycol)
together with a dispersant (¢.g. Tween 80 (Allas Powder,
US.A) HCO 60 (Nikko Chemicals), polycthylene glycol,
carboxymetbylceulose, sodium alginate, eic.), a preserva-
tive (c.g. methyl p-hydroxybenzoate, propyl
p-bydroxybenzoate, benzyl alcobol, chlorobulanol, pbenol,
clc.), an isotonizing agent (c.g. sodium chloride, glycerol,
sorbitol, glucose, inverted sugar, ¢ic.) and other additives. If
desired, a solubilizer {¢.g. sodium salicylate, sodivm acetate,
cic), a stabilizer (¢.g. buman serum albumin), a soothing
agent (¢.g. benzalkopium chloride, procaipe hydrochlonde,
etc) and other additives can also be added.

A dosage form for external application can be mamufac-
mred by processing the active compopnent or compopenls
inlo 2 solid, semi-solid or Liquid composition. To mamufac-
ture a solid composition, for instance, the active compovent
or compopents, either as they are or in admixture with zn
excipient (c.g. lactose, mannitol, starch, microcrystalline
cellulose, sucrose, cic.), a thickener (¢.g. naturzl gums,
cellulose derivatives, acrylic polymers, ¢lc.), cic., are pro-
cessed into powders. The lignid composition can be manu-
factured in substantially the same manncr as the injections
mentioned above. The semi-solid composition is preferably
provided in a hydrous or oily gel form or an ointment form.
These compositions-may optionally contain a pH control
agent (¢.g. carbonic acid, phosphoric acid, aitric acid, hydro-
chloric acid, sodinvm hydroxide, cic.), and a preservative
{c.g- p-hydroxybenzoic acid csters, chlorobutanol, benza-
Ikonfum chloride, ctc.), amoog otber additives.

Suppositorics can be mamufactured by processing Lbe
active compopent or components inlo an oily or aqueous
composition, whetber solid, semi-solid or liquid. The cle-
aginous base that can be used inchudes, for nstance, higher
fatty acid glycerides [e.g. cacao butier, Witepsols (Dipamit-
Nobel), etc.] medium-chain fatty acids [e.g. Migriols
(Dinamit-Nobel), cte.], vegetable oils (¢.g. sesame oil, soy-
bean oil, cotionseed oil, ¢ic.), etic. The water-soluble base
includes, for instance, polyeibylene glycols, propylene
glycol, ¢ic. The hydrophilic base inchudes, for instance,
patural gums, ccllulose derivatives, vinyl polymers, and
acrylic polymers, ctc.

The pharmaceutical composition of the present invention
is Jow in toxicity and can be safely used in mammals (e.g.
Iumans, mice, rats, rabbits, dogs, cats, bovines, borses,
swincs, monkeys).

The deosage of the pbarmaceutical composition of the
present invenlion may be approprialely determined with
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reference 1o the dosages recommended for tbe respective
active components and cap be selected appropriately accord-
ing 1o tbe recipicnl, the recipient’s age and body weight,
current chinical status, administration time, dosage form,
method of administration, apd combination of the active
compooents, amopg otber factors. For example, the dosage
of \be insulin sensitivity cnbapcer for an adult can be
selecied from the clipical oral dose range of 0.01 to 10
mg/kg body weigbt (preferably 0.05 to 10 mg/kg boday
weight, more preferably 0.05 10 5 mg/kg body weight) or the
clinical parcoteral dose range of 0.005 10 10 mg/kg body
weight (preferably 0.01 10 10 mg/kg body weight, more
preferably 0.01 to 1 mg/kg body, weight). The other active
component or componcots baving different modes of ation
for use ip combination can also be used in dose ranges
selected by referming to the respective recommended clinical
dose ranges. The preferred frequency of administration is 1
fo 3 times a day.

The proportions of the active conrponents in the pharma-
ceutical composition of the present invention can be appro-
priately selected according to tbe redpicat, the recipient’s
age and body weight, current clinical status, administration
time, dosage form, method of administration, and combina-
tion of active componcnts, amoog other factors. When, for
example, the cormpound represented by the formula () or a
pharmacologically acceptable salt thereof {¢.g. pioglitazone)
which is 1be insulin sensitivily enbancer and voglibose
which is an a-glucosidase iphibilor age to be administered in
combination to 2 human subject, voglibose is used in 3
proportion of usually about 0.0001 1o 0.2 weight paris and
preferably about 0.001 1o 0.02 weight parts relative 1o 1
weight part of the compound or a saht thereof When, for
example, the compound represenied by the formula (IT) or a
pbarmacologically aceeptable sall thereof and ghibenclamide
which is an insulin secretion enhancer are to be admioisiered
in combination to 3 buman subject, glibeoclamide is used in
a proportion of usvally about 0.002 10 § weight parts and
preferably about 0.025 1o 0.5 weight parts, relative lo 1
weight-part of the compound or a pharmacologically accept-
able salt 1bereof.

The pharmaceutical compositios of the present invention
shows a marked sypergistic effect compared with adminis-
ration of either active compooent alope. For example,
compared with cases in which each of these active compo-
pents was adminisiered 1o diabelic Wistar fatty rals with
genetical obsesity, adminisiration of ithese active compo-
nepts in combination resulled in warked improvements in
both hyperglycemia and reduced ghocose lolerance. Thus,
the pbarmaccutical composition of the present imvention
Jowers blood ghicose in diabetics more cffectively than it is
the case with administration of each component drag alone
apd, therefore, can be vsed advantagoously for the prophy-
Jaxis and treatment of diabetic complications.

Furthermore, since the pharmacentical composition of the
present invention develops sufficient eficacy with reduced
doses as compared with the administration of any one of the
active commpopents alone, the side cffects of the respective
compopents (e g. gastroiniestinal disorders sach as diarrhea,
elc.) can be reduced.

The following working examples and experimental
cxamples are merely intended o illustrate the present inven-
tion in further detail but should by po means be construed as
defining the scope of the-invention

Tbe pharmaceutical composition of the present inveation
can be prepared according to the following formulations.
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WORKING EXAMPLE 1

Capsules

(1) Pioglimtone bydrochloride 30 ng
{2) Voglibose 02 ng
{3) Lactose 0 ng
{4) Micoaystalline cellulose 79.8 mg
(5) Magnesiom sicarate 10 mg
Total 130 ng

The whole amcunts of (1), (2), (3) and {4) aod balf the
amount of (5) are mixed well and gramulated in the conven-
tiotal manner. Then, the balapce of (5) is added and, after
mixing, the whole composition is filled in a gelatin bard
capsule shell.

WORKING EXAMPLE 2

Tablets

(3) Pioglilazone bydrochioride 10 g
(2) Glibenclamide 125 mg
() Lactose 8625 mg
(4} Com starch 20 mg
(5) Polyethyleoe glycol 25 mg
(6) Hpdroxypropyiceliulose 1mg
{7) Carmellose cakcium 55 mg

{8) Magoesiom slearsle

|

130 mg (per abkt)

Tbe whole amounts of (1), (2), (3), (4), and (5), 35 amounts
of (6) and (7), and ¥ amount of (8) are mixed well and
gramolaied in the conventional manver. Then, the balances of
(6), (7) and (8) arc added 1o the graomies, which is mixed
well acd the whole composition is compressed with a lablet
machine. The adull dosage is 3 tablets/day, 1o be taken in 1
to 3 divided doses.

WORKING EXAMPLE 3

Capsnles
(7) Pioglinzone hydrochloride 30 mg
(2) Epalrestat S0 mg

Lactose 55 mg
{#) MrxTystalline cxlkulost 55 mg
(5) Maguesinm: stcarals 10 =g
Total 380 mg

The whole amounts of (1), (2), (3) and (4) and % amount of
(5) arc mixed well and grapulated in the comventional
manper. Then, the balance of (5) is added and the whole
composition is filled in pelatin capsule shell. The adult
dosage is 3 capsules/day, to be taken in 1 to 3 divided doses.
Experimental Exammple 1

Effect of pioglitazone hydrochloride in combination with
a-ghicosidase inhibitor in genetically obese and diabetic
Wistar fatty rats.

Male Wistar fatty rats aged 14-19 weeks were divided
into 4 groups of 5-6, and pioghitazone hydrochloride (1
mg/kg body wt./day, p.o.} and/or voglibose (an
a-glicosidase inhibitor) (0.31 mg/kg body wt./day; admin-
istered by mixing in commercial diet 2t a rate of 5 ppm) was
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adminisiered for 14 days. The blood was then collected from
the 12il vein and the plasma giucose and hemoglobin A, were
delermined by the cnzymatic meibod (Encore Chemical
System, Baker) and using a commercial kit (NC-ROPET,
Nippon Cbemipbar Co.), respectively. The resulls were
expressed in mean x standard deviation for each group
(p=5-6) and apalyzed by Dunoeit’s test, which are shown in
Table 1.

The 1% level of significance was used.

TABLE 1
Plasma Bemoglobis A,
Grovp (wp/a) (%)
Control M5:29 57x04
Pioglitazone 15 = 50* 52203
Voghi 326 = 46 60206
Pioghitazone + voglbose 314 = 23" 45 04"

*P < 001 vx. control group

It is apparend from Table 1 that both the blood glucose and
bemoglobin A, levels were remarkably Jowered by com-
bined administration of pioglitazone and voglibose as com-
pared with the adminisiration of citber drug alone.
Experimental Example 2

Effect of pioglitazone bydrochloride in combination with
an insulin secrelion enhancer in genctically obese and dia-
betic Wistar faity rats.

Male Wistar fatty rats aged 13-14 weeks were divided
into 4 groups of 5, and pioglitazone bydrochloride (3 mg/kg/
day, p.0o.) and/or glibcaclamide (an insulin secretion
cobancer) (3 mg/kg/day, p.o.) was administered for 7 days.
Following an overnight fast, the oral glicose loading test (2
g glucose/kg/S ml, p.o.) was carried out Prior 1o ghicose
loading and 120 and 240 minutes afier the Joading, blood
was collected from ibe 12l vein and the plasma ghicose was
assayed by the cnzymatic method (Encore Chemical
System, Baker). The results were expressed in mean = SD
for each group (p=5) and apalyzed by Dunpeft’s test, which
are shown in Table 2.

TABLE 2

—— Plasgs glucose (me/d)
Group 0 min. 120 mis 240 min.
Costrol 119=9 241 = 58 137 =10
Pioglitazoos 102 212 13 =17 1029
Glibenclanide . 18212 122 2 6] 106 = 24*
Ploglitazoas + glibeaclamide 108x3 86 = 10° 60 = 5°
*P < 0.01 v. control group

It is apparent from Table 2 that tbe increase of blood sugar

following glucose loading was remarkably inhibited by the

combined administration of pioglitazone and glibenclamide
as compared with the administration of either drug alone.

The pharmaccutical composition of the present invention
shows 1 potent depressive cffect on diabetic hyperglycemia
and is useful for prophylaxis and treatment of diabetes,
Moreover, this pbarmaccutical composition is uscful for
prophylaxis and treatment of diabetic compbcations such as
diabetic neuropatby, nepbropathy, retinopathy,
macroangiopalhy, and osicopenia. In addition, by appropri-
ately selecting the kinds of component drugs, administration
route, dosage, cic. according 1o clinical status, stable.
hypoglycemic efficacy in long-term therapy can be expected
with an extremely Jow risk of side effect.
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What is claimed is:

1. A method for reducing the side cffects of respective
aclive compooents administered 10 a diabetic patient, which
comprises administering 1o said paticot a therapevtically
effedtive amount of a2 compound represented by the [ormula:

(m
® P
| F—r—A— O~ C——C==0
X— O (O J -
A <
|
O

wherein R’ represents an optionally substituted bydrocarbon
of beterocyclic group; Y represents a group represcnied by
—CO—, —CH({OH)— or —NR>— wherein R? represents
an optionally substituted alkyl group; misOor 1;nis 0, 1
or 2; X represents CH or N; A represenis a bood or a C, 5
divalent aliphatic hydrocarbon group; Q represents an oxy-
gen atom or sulfur atom; R? represents hydrogen alom o7 an
alkyl group; ring E may optionally bave 1 1o 4 furtber
substitoents, and the substituents may optionally be com-
bined with R? 1o form a ring; L and M respectively represent
a hydrogen atom, or L and M may optiopally be combined
with each otber to form a bood; with a proviso that R' does
pot represent benzopyranyl group when m and b are 0, X
represents CH, A represents a bood, Q represeots sulfur
atom, R%, £ and M represent hydrogen atoms and ring E docs
nol have furtbher substituents; or a pbarmacologically accept-
able salt thercof, in combination with 2n insulin secretion
enbancer.

2. The method acconding to claim 1, whercin the com-
pound represented by the formula (II) is the compound

represenied by ibe formula:
mn
7
CHs |\ S O
T

O

3. The method according lo claim 1, wherein the com-
pound represented by 1be formula (I) is pioglitazone or its
pharmacologically acceptable salts.

4. The method according to claim 1, wherein the insulia
secretion enbancer is glibenclamide.

5. The methed 2cconding to claim 1, wherein the com-
pmnduplmemedby!heformuh(ﬂ)ispiogﬁhmncmdtbe
insulin secretion enhancer is glibenclamide.

6. The method according to claim 1, wherein the com-
pound represented by the formmla (1) is S{[4{2(-meiby}-
2-pyridylamino)ethoxy]phenyl]methyl-2,4-
thiazolidinedione or its pbarmacologicaily acceptable salts.

7. The method acconding to claim 1, wherein the com-
pound represented by the formula (TT) is troglitazope or ils
pharmmacologically acceptable salts.

8. The method according to claim 1, wherein the insulin
secretion enhancer is a sulfonylorca.

9. The method according 1o claim 8, whercin the sulfo-
pylurea is selected from tolbutamide, chiorpropamide,
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lclazamide, acetobexamide, 4cbloro-N-[(1-
pyrolidinylamino)carbonyl)-benzenesulfonamide or its
ammoenivm salt, glibenclamide, gliclazide, 1-butyl-3-
metapilylurea, carbutamide, gliboouride, glipizide,
gliquidone, glisoxepid, glybuthiazole, glibuzole,
glybexamide, glymidine, glypinamide, phenbutamide and
lolcyclamide.

10. The method according to claim 1, wherein R' is an
optionally substituted beterocychic group.

11. The meihod according o claie 10, wherein R’ is
selected from the group consisting of 2-pyridyl, 3-pynidyl,
4-pynidyl, 2-pyrimidinyl, 4-pyrimidioyl, 3-pyrimidinyl,
6-pyrimidinyl, 3-pyridazioyl, 4pyridazioyl, 2-pyrazinyl,
2-pyrrolyl, 3-pyrrolyl, 2-imidazelyl, 4imidazolyl,
. 5-imidazolyl, 3-pyrazolyl, dpyrazolyl, isotbiazolyl,
soxazolyl, 2-thiazolyl, dthiazolyl, 5-ildazolyl, 2-oxazolyl,
4oxazolyl, 5-oxazolyl, 1,2 40xadiazo}-5-yl, 1,2,4-triazol-3-
yl, 1,2,3-triazol-4-yl, tetrazol-5-yl, benzimidazol-2-yl,
indol-3-yl, iH-indazol-3-yl, 1H-pymolo[2,3-bpyrazin-2-y1,
1H-pymrold{2,3-bJpyridin-6yl, 1H-imidazo{4,5-blpyridin-2-
yl, 1H-imidazo[4,5-c]pyridin-2-yl, 1H-imidazof4,5-b]
pyrazio-2-yi and benzopyranyl; each of which may bave 110
5 substituents sckcied from the group consisting of C, 4
aliphatic hydrocarbon group; G, ,, alicychic bydrocarbon
goup; Cq,, aryl group; aromatic heterocyclic gronp
selected form Lhe group consisking of furyl, thienyl, pyrrolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazolyl,
pyrazolyl, 1,23-oxadiazolyl, 1,2,4,-oxadiazolyl, 1,3,4-
oxadiazolyl, furazanyl, 1,2 3-thiadiazolyl, 1,2 4thiadiazolyl,
1,3, 4ihiadiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl,
pyndyl, pyridazinyl, pyrimidinyl, pyrazinyl, Irazinyl,
benzofuranyl, isobenzofuranyl, benzofb)hienyl, indolyl,
isoindolyl, 1H-indazolyl, benzimidazolyl, benmxazolyl,
1,2-bemzoisoxazolyl, benzothiazolyl, 1,2-benzoisothiazolyl,
1H-benzotriazolyl, quinolyl, isoquinolyl, cinnolinyl,
quinazolinyl, quinoxahinyl, phthalazinyl, npaphthylidinyl,
purinyl, pteridinyl, carbazolyl, a-carbolinyl, Pcarbolinyl,
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y-carbolinyl, acridinyl, pbenoxazinyl, pbenothiazinyl,
phenazipyl, phenoxathiinyl, tbianihrenyl, phenathridinyl,
pbenathrolinyl, indolizinyl, pyrrolof1,2-blpyridazinyl,
pyrazolo{1,5-alpyridyl, imidazof1,2-alpyridyl, imidazo{1,5-
alpyridyl, imidazo[1,2-b]pyridazinyl, imidazof1,2-a)
pyrimidiny), 1, 2,4triazolo[4, 3-alpyridyt and 1,2,4trazolo
[4.3-b]pyridazioy);, pon-aromatic beterocyclic group
selected from the group consisting of oxiranyl, azetidinyl,
oxctanyl, thiclanyl, pymrolidinyl, tetrabydrofuryl, thiolanyl,
piperidyl, tetrabydropyranyl, morpholinyl, thiomorpholinyl,
piperazinyl, pyrrolidino, piperidino, morpboline and thio-
morpholino; balogen atom; pitro group; amine groups which
may have one or Iwo substituents selected from C, ,, alkyl
group, C,, 9 alkenyl group, G, alkynyl groep, aromatic
group, beterocyclic group or C, o acyl group; C, ;5 acyl
proup which may be substilated by C, , alkyl group, C, ,
alkoxy group, balogen atom, nilro grovp, bydroxy! group or
amino group; hydroxyl group; C; ;o alkoxy group; C, ;0
cycloalkyloxy growp; C;,, alkenyloxy groep; C,.;0
cycloalkenyloxy group; C;.,o aralkyloxy group; C, ,4 xcy-
loxy growp; C, ,, aryloxy group which may be substituted
with one or two balogen aloms; thiol gronp; G, ,, alkylhhio
group; C; 5 cycloakylthio group; C, . alkenyhthio group;
Cs.50 cycloalkenylthio group, C,. o aralkylthio group, C, 55
acylthio group; C, ,, arylibio group which may be substi-
tuted with one or two balogen aloms; carboxyl group; C,
alkoxycarbony! group; C,,, arslkyloxycarbooyl grovp;
C,.,s aryloxycarbonyl group; amidino group; carbamoyl
group; sulfamoy] group; sulfe group; cyapo group; azido
group and pitroso group.

12. The metbod according to cJaim 1, wherein the insulin
secretion enhapcer is selected from the group consisting of
N-{[4-(1-mcthylethyl)cyclohexyl)carbonyl]-D-
pbenylalanine; calcium (25)2-benzyl-3-(cis-bexahydro-2-
soindolinylcarbonyl) propionate dibydrate and glimepiride.
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V14 REGISTERED MAIL ~ RETURN RECEIPT REQUESTED

Hiroshi Shinha
General Manager, Legal Department
Takeda Chernical Industries, Ltd,

~4 e, [}
sakastisess o oK RECEIVED
JAPAN .

SEP/12 2003
Marlene Dubas, Esq. '

General Counsel and Corporate Secretary
Takeda Pharmaceuticals North America, Inc. TPNA La'W D E‘p t.

475 Half Day Road, Suite 500
Lincolnshire, Niinois 60069

Re:  Pioglitazone Hydrochloride Tablets (15 mg, 30 mg and 45 mg)

Dear Mr. Shinha and Ms. Dubas:
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The Application, which includes a Paragraph IV certification, indicates that Watson
intends to market its pioglitazone HCI tablets before the expiration of U.S. Patents 5,965,584
(“the ‘584 patent”) and 6,329,404 (“the *404 patent™). The Application further certifies that
in Watson’s opinion and to the best of its knowledge, the ‘584 and ‘404 patents will not be
infringed. As required by 21 U.S.C. § 355(GX2)(BXii), a detailed statement of the factnal and

legal basis upon which Watson bases its opinion is set forth below.

Claims 1-5, 11 and 15 of the 584 patent relate to a pharmaceutical composition
comprising an insulin sensitivity enhancer (e.g., pioglitazone) in combination with a
biguanide (e.g., metformin). For purposes of Watson’s Paragraph [V certification, only these
claims of the 584 patent are relevant, The remaining claims 6-10, 12-14 and 16 are directed
to an indication (j.e., the combination therapy of an insulin sensitivity enhancer and a
biguanide) for which Watson does not seck approval Accordingly, no Paragraph IV
certification with respect to claims 6-10, 12-14 and 16 of the *584 patent is required.

Claims 1-12 of the *404 patent are directed to a pharmaceutical composition
comprising an insulin sensitivity enhancer (e-g, pioglitazone) in combination with an insulin
secretion enhancer (e.g., a sulfonyhrea). For purposes of Watson’s Paragraph IV
certification, only these claims of the *404 patent are relevant. ‘The remaining claims 13-25
are directed to an indication (1.c., the combination therapy of an insulin sensitivity enhancer
and an insulin secretion enhancer) for which Watson does not seek approval. Accordingly,
no Paragraph IV certification with respect 1o claims 13-25 of the ‘404 patent is required,

Watson’s pioglitazone HCI tables (15 mg, 30 mg and 45 mg) contain only one active
ingredient, namely pioglitazone HCL Moreover, no active ingredient, other than
pioglitazone HC], is introduced at ary time in the manufacture of Watson’s pioglitazone HC1
tablets. Further, the proposed labeling confirms that pioglitazone HCl is the only active
agent contained in Watson’s pioglitazone HC] tablets (15 mg, 30 mg and 45 mg).

In addition, Watson’s labeling references the use of pioglitazone HCI tablets (15 mg,
30 mg and 45 mg) for PY a3 an adjunct to diet and exercise to improve glycemic
control in patients with type 2 diabetes. The package insert Jabel for Watson's pioglitazone
HCllabel docs not provide for any indication of pioglitazone HCl i combination with a
sulfonylurea, metformin or insulin (or any other active agent). Moreover, the dosage and
administration information on Watson’s label recites onky monotherapy for ploglitazone HC]
tablets and not combination therapy with any other active ingredient, such as a sulfonylurea,
metformin, or insulin,

Generally, ﬂlcrearetwowaysaclaimcanbeditecﬂyinﬁ‘inged.ﬁ claim can be either
(a) literally infringed or (b) infringed under what is known as the “doctrine of equivalents.”
Ifthe accmedpmdm-thaseveryelementofac]aim, literal infringement is established,
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Lemelson v. United States, 752 F 24 1538, 1551 (Fed. Cir. 1985); Pennwalt Corp. v. Durand-
Wayland, Inc., 833 F2d 931 (Fed. Cir. 1987) (en banc), cert. denied, 485 U.S. 961 (1983).
All claim elements are material and must be present 1o find infringement. Hubbell v. United
States, 179 U.S. 77, 82 (1900). (“[AJl [specified elements] roust be regarded as material™).
This is sometimes referred to as the “all elements” rule.

If there is not a literal correspondence between the elements of 2 claim and the

the asserted claim. Graver Tank & Mfg. Co. v. Linde Air Products Co., 339 U.S. 605, 607-
08 (1950); Hughes Aircraft Co. v. United States, 717 F.2d 1351, 1361 (Fed. Cir. 1983);
Penmwait Corp., 833 F.2d 931 s Maltav. Schulmerich Carillons, Inc., 952 P.2d 1320, 1325
(Fed. Cir. 1991), cert. denied, 112 S.Ct. 2942 (1992). This doctrine comes into play only
when literal infringement is not present. Under the doctrine, an accused product that does
not literally infringe a claim may be found to infringe if it performs substantially the same
ﬁmcﬁonmsubslanﬁanythesmnewaytoobtaintbesameorsubstanﬁauyﬂae same result ag
the claimed invention. Graver 7 ank, 329 U.S. at 607-08.

From the foregoing, it is clear that Watson’s pioglitazone HCl tablets (15 mg, 30 mg
and 45 mg) do not infringe claims 1-5, 11 and 15 of the 584 patent and claims 1-12 of the
‘404 patent betause no second active pharmaceutical ingredient is present in the Watson

. pioglitazone HCI tablets. Watson’s tablets do pot include 2 biguanide, a sulfonrylurea or any
~ other active agent. Infringement of a claim based on the aforementioned case law requires

Watson for the ﬁlingofﬂ}eApplimﬁonasﬂminfmmaﬁonhaehpmvidedtoyoumakts

clear. Under these conditions, we would view the filing of Iitigation against Watson to be a
 clear violation of Rule 11 of the Federal Rules of Civil Procedure and render the case

exceptional under 35 U.8.C. § 285 warranting the award of attorneys’ fees to Watson.

- Finally;plmebéﬂscdthﬂWatsonintendstoobtahaﬁnal epproval of its ANDA
and proceed to market its Ploglitazone HCI tablets (15 mg, 30 mg and 45 INg) as soon as
permitted by applicable statutes and regulations. |

ICALS > 8161743394178 — ND.693 Peedq
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NO.6e93 peas

If you have any questions after reviewing this letter, please feel free to contact us to

discuss this matter further.

Very truly yours,

LEYDIG, VOIT & MAYER, LTD.

Aol

Steven H. Sklar

i



