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Kowa Pharmaceuticals America, Inc., and
Nissan Chemical Industries, Ltd.,

Sawai USA, Inc., and

Plaintiffs,

Sawai Pharmaceutical Co., Ltd.,

Defendants.
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JuL 23 2014
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CASHIERS

D

Plaintiffs, Kowa Company, Ltd. (“KCL”), Kowa Pharmaceuticals America, Inc.

(“KPA”)(collectively, “Kowa”), and Nissan Chemical Industries, Ltd. (“NCI”) by their

undersigned counsel, for their Complaint against defendants Sawai USA, Inc. and Sawai

Pharmaceutical Co., Ltd. (collectively “Sawai”), allege as follows:
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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),
271(c), 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 (c)(3) and 1400(b). Personal jurisdiction over the
defendants in New York and this district is proper under N.Y. C.P.L.R. §§ 301 and 302(a) and/or
Fed. R. Civ. P. 4(k)(2).

Parties

21 KCL is a Japanese corporation having its corporate headquarters and principal
place of business in Aichi, Japan. KPA is a wholly owned U.S. subsidiary of KCL. KPA has its
corporate headquarters and principal place of business in Montgomery, Alabama and is
organized under the laws of Delaware.

3. NCl is a Japanese corporation having its corporate headquarters and principal
place of business in Tokyo, Japan.

4. KCL and NCI are engaged in the business of research, developing,
manufacturing, and marketing of a broad spectrum of innovative pharmaceutical products,
including Livalo®.

5. Upon information and belief, Sawai USA, Inc. is a corporation organized and
existing under the laws of the state of Delaware having a place of business in Irvine, California.

6. Upon information and belief, Sawai Pharmaceutical Co., Ltd. is a corporation
organized and existing under the laws of Japan having its principal place of business in Osaka,

Japan. Upon information and belief, Sawai filed Abbreviated New Drug Application (“ANDA”)

No. 20-5955.
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7. Upon information and belief, Sawai intends to transact business in the Southern
District of New York, at least by making and shipping into this Judicial District, or by using,

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

into this Judicial District.

8. Upon information and belief, Sawai will derive substantial revenue from interstate
and/or international commerce, including substantial revenue from goods used or consumed or
services rendered in the State of New York and the Southern District of New York. By filing its
ANDA, Sawai has committed, and unless enjoined, will continue to commit a tortious act
without the state of New York, that Sawai expects or should reasonably expect to have

consequences in the State of New York including in this Judicial District.

The New Drug Application

0. KPA sells drug products containing pitavastatin calcium (the “pitavastatin drug
product”) under the trade name Livalo® in the United States pursuant to the United States Food
and Drug Administration’s approval of a New Drug Application (“NDA™) held by KCL (NDA
No. 22-363).

10. Livalo® is approved for use as an adjunctive therapy to diet to reduce elevated
total cholesterol, low-density lipoprotein cholesterol, apolipoprotein B, triglycerides, and to
increase HDL-C in adult patients with primary hyperlipidemia or mixed dyslipidemia.

11. The approval letter for Livalo®, with approved labeling, was issued by the FDA

on August 3, 2009.

12. Certain amendments to the approved labeling for Livalo® have subsequently been

approved.
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The Patents in Suit

13. United States Patent No. 5,856,336 (“the ‘336 patent”), entitled “Quinoline Type
Mevalonolactones,” a true and correct copy of which is appended hereto as Exhibit A, was duly
issued on January 5, 1999 to inventors Yoshihiro Fujikawa, Mikio Suzuki, Hiroshi Iwasaki,
Mitsuaki Sakashita, and Masaki Kitahara, and assigned to plaintiff NCI. The ‘336 patent claims,
inter alia, the pitavastatin drug product, and a method for reducing hyperlipidemia,
hyperlipoproteinemia or atherosclerosis, which comprises administering an effective amount of
the pitavastatin drug product.

14.  Plaintiff NCI has been and still is the owner through assignment of the ‘336
patent, which expires on December 25, 2020 pursuant to a patent-term extension. KCL is NCI’s
licensee for the ‘336 patent and KPA holds a license from KCL for the ‘336 patent.

15. United States Patent No. 6,465,477 (“the ‘477 patent”), entitled “Stable
Pharmaceutical Composition,” a true and correct copy of which is appended hereto as Exhibit B,
was duly issued on October 15, 2002 to inventors Toyojiro Muramatsu, Katsumi Mashita, Yasuo
Shinoda, Hironori Sassa, Hiroyuki Kawashima, Yoshio Tanizawa, and Hideatsu Takeuchi, and
jointly assigned to plaintiffs KCL and NCI. The ‘477 patent claims, inter alia, pharmaceutical
compositions containing pitavastatin salts.

16.  Plaintiffs KCL and NCI have been and still are the owners through assignment of
the ‘477 patent, which expires on December 20, 2016. KPA holds a license from KCL for the
‘477 patent.

17.  United States Patent No. 8,557,993 (“the ‘993 patent”), entitled “Crystalline
Forms of Pitavastatin Calcium,” a true and correct copy of which is appended hereto as Exhibit

C, was duly issued on October 15, 2013 to inventors Paul Adriaan Van Der Schaaf, Fritz Blatter,



Case 1:14-cv-05575-UA Document 1 Filed 07/23/14 Page 5 of 61

Martin Szelagiewicz, and Kai-Uwe Schoening, and ultimately was assigned to plaintiff NCI.
The 993 patent claims, inter alia, crystalline polymorphs or the amorphous form of pitavastatin
or processes for preparing the same.

18.  Plaintiff NCI has been and still is the owner through assignment of the ‘993
patent, which expires on February 2, 2024. KCL is NCI’s licensee for the ‘993 patent and KPA
holds a license from KCL for the ‘993 patent.

19.  In accordance with its license, KPA sells the pitavastatin drug product under the
trade name Livalo® in the United States. Sales of Livalo® are made pursuant to approval by the
FDA of NDA No. 22-363.

20. Plaintiff KCL manufactures the Livalo® drug products as sold by KPA.

21.  Plaintiffs Kowa and NCI will be substantially and irreparably harmed by
infringement of any of the <336, 477, or ‘993 patents (the “Livalo® patents”). There is no
adequate remedy at law.

COUNT 1

INFRINGEMENT OF THE ‘336 PATENT UNDER 35 U.S.C. § 271(e)(2)(A)

22.  Plaintiffs repeat and incorporate herein by reference the allegations contained in

each of the foregoing paragraphs.
23. Upon information and belief, Sawai filed an Abbreviated New Drug Application
(“ANDA”) with the Food and Drug Administration (“FDA”) under 21 U.S.C. § 355(j) (ANDA

No. 20-5955) seeking approval to market 1 mg, 2 mg, and 4 mg tablets comprising pitavastatin

calcium.

24. By this ANDA filing, Sawai has indicated that it intends to engage, and that there

is substantial likelihood that it will engage, in the commercial manufacture, importation, use,
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offer for sale, and/or sale, or inducement thereof, of Plaintiffs’ patented pitavastatin drug product
immediately or imminently upon receiving FDA approval to do so. Also by its ANDA filing,
Sawai has indicated that its drug product is bioequivalent to Plaintiffs’ pitavastatin drug product.

25. By its ANDA filing, Sawai seeks to obtain approval to commercially
manufacture, use, import, offer for sale, and/or sell, alleged generic equivalents of Plaintiffs’
Livalo® pitavastatin drug product prior to the expiration date of the ‘336 patent.

26. By aletter dated June 6, 2014 (the “Notice Letter”), subsequently amended,
Sawai informed Kowa and NCI that Sawai had filed a certification to the FDA, pursuant to 21
U.S.C. § 355(3)(2)(B)(@iv)(I). On or about June 9, 2014, Kowa and NCI received the Notice
Letter.

27.  The Notice Letter, purporting to be Sawai’s Notification Pursuant to 21 U.S.C. §
355(G)(2)(B)(i1), asserts that Sawai identifies the ‘336 patent purportedly “as invalid and/or the
valid claims therein as not infringed, either literally or under the doctrine of equivalents, by the
manufacture, use, sale, offer for sale, and/or importation of the drug or drug product for which
the present ANDA has been submitted.”

28. Sawai’s filing of ANDA No. 20-5955 for the purpose of obtaining FDA approval
to engage in the commercial manufacture, use, importation, offer for sale and/or sale, or
inducement thereof, of its proposed pitavastatin drug product before the expiration of the 336
patent is an act of infringement under 35 U.S.C. § 271(e)(2)(A).

29, Sawai’s manufacture, use, importation, offer for sale, and/or sale, or inducement
thereof, of its proposed pitavastatin drug product will directly infringe or induce infringement of

at least one claim of the 336 patent under 35 U.S.C. § 271(e)(2)(A).
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30.  Upon information and belief, Sawai’s proposed label for its pitavastatin drug
product will include the treatment of at least one of hyperlipidemia, hyperlipoproteinemia, and
atherosclerosis.

31. Unless Sawai is enjoined from infringing and inducing the infringement of the
‘336 patent, Plaintiffs will suffer substantial and irreparable injury. Plaintiffs have no adequate
remedy at law.

COUNT I

INFRINGEMENT OF THE METHOD CLAIM OF THE ‘336 PATENT
UNDER 35 U.S.C. § 271(b)

32. Plaintiffs repeat and incorporate herein by reference the allegations contained in
each of the foregoing paragraphs.

33. Upon information and belief, approval of ANDA 20-5955 is substantially likely to
result in the commercial manufacture, use, importation, offer for sale, and/or sale, or inducement
thereof, of a pitavastatin drug product which is marketed and sold for use in a method claimed in
one or more claims of the ‘336 patent, immediately or imminently upon approval of the ANDA,
and prior to the expiration of the ‘336 patent.

34. Upon information and belief, Sawai’s proposed label for its pitavastatin drug
product will include the treatment of at least one of hyperlipidemia, hyperlipoproteinemia or
atherosclerosis.

35. Upon information and belief, Sawai is aware or reasonably should be aware, of
the widespread use of pitavastatin as an adjunctive therapy to diet to reduce elevated total
cholesterol, low-density lipoprotein cholesterol, apolipoprotein B, triglycerides, and to increase
HDL-C in adult patients with primary hyperlipidemia or mixed dyslipidemia. The beneficial

effects of pitavastatin as an adjunctive therapy to diet to reduce elevated total cholesterol, low-
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density lipoprotein cholesterol, apolipoprotein B, triglycerides, and to increase HDL-C in adult
patients with primary hyperlipidemia or mixed dyslipidemia would be readily apparent to
customers of Sawai (e.g., including, without limitation, physicians, pharmacists, pharmacy
benefits management companies, health care providers who establish drug formularies for their
insurers and/or patients). Sawai will be marketing its pitavastatin drug product with specific
intent to actively induce, aid and abet infringement of the ‘336 patent. Sawai knows or
reasonably should know that its proposed conduct will induce infringement of the ‘336 patent.
36. Unless Sawai is enjoined from infringing and inducing the infringement of the

‘336 patent, Plaintiffs will suffer substantial and irreparable injury. Plaintiffs have no adequate

remedy at law.

COUNT II
INFRINGEMENT OF THE METHOD CLAIM OF THE ‘336 PATENT
UNDER 35 U.S.C. § 271(c)
37. Plaintiffs repeat and incorporate herein by reference the allegations contained in
each of the foregoing paragraphs.
38. Upon information and belief, Sawai’s proposed pitavastatin drug product

comprises pitavastatin calcium as referenced in the claims of the ‘336 patent.

39.  Upon information and belief, Sawai’s proposed pitavastatin drug product will be
especially made for use in a manner that is an infringement of the ‘336 patent.

40. Upon information and belief, Sawai knows that Sawai’s proposed pitavastatin
drug product will be especially made for use in a manner that is an infringement of the ‘336
patent.

41.  Upon information and belief, sale of Sawai’s proposed pitavastatin drug product

will result in direct infringement of the ‘336 patent.
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42. Upon information and belief, Sawai’s proposed pitavastatin drug product is not a
staple article or commodity of commerce which is suitable for a substantial noninfringing use.

43. Upon information and belief, Sawai knows that Sawai’s proposed pitavastatin
drug product is not a staple article or commodity of commerce which is suitable for substantial
noninfringing use.

44, Upon information and belief, approval of ANDA 20-5955 is substantially likely to
result in the commercial use, manufacture, offer for sale and/or sale (or the inducement thereof
or contribution thereto) of a drug product which is especially made, adapted, marketed, sold, and
approved exclusively for use in a method claimed in the ‘336 patent, immediately or imminently
upon approval of the ANDA.

45. Plaintiffs will be substantially and irreparably harmed if defendants are not
enjoined from contributing to the infringement of the ‘336 patent. Plaintiffs have no adequate
remedy at law.

COUNT 1V

INFRINGEMENT OF THE ‘477 PATENT UNDER 35 U.S.C. § 271(e)(2)(A)

46. Plaintiffs repeat and incorporate herein by reference the allegations contained in

each of the foregoing paragraphs.

47. Sawai’s Notice Letter, purporting to be Sawai’s Notice of Certification under 21
U.S.C.§ 355()(2)(B)(ii), indicates that Sawai intends to manufacture, use, sell, or offer for sale,
its proposed pitavastatin drug product prior to the expiration of the ‘477 patent.

48. The Notice Letter asserts that Sawai identifies the ‘477 patent purportedly “as

invalid and/or the valid claims therein as not infringed, either literally or under the doctrine of
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equivalents, by the manufacture, use, sale, offer for sale, and/or importation of the drug or drug
product for which the present ANDA has been submitted.”

49. Sawai’s filing of ANDA No. 20-5955 for the purpose of obtaining FDA approval
to engage in the commercial manufacture, use, importation, offer for sale and/or sale, or the
inducement thereof, of its proposed pitavastatin drug product before the expiration of the ‘477
patent is an act of infringement under 35 U.S.C. § 271(e)(2)(A).

50. Sawai’s manufacture, use, importation, offer for sale, sale, and/or importation of
its proposed pitavastatin drug product will directly infringe or induce infringement of at least one
claim of the ‘477 patent under 35 U.S.C. § 271(e)(2)(A).

51. Unless Sawai is enjoined from infringing the ‘477 patent, Plaintiffs will suffer
substantial and irreparable injury. Plaintiffs have no adequate remedy at law.

COUNT V

INFRINGEMENT OF THE ‘993 PATENT UNDER 35 U.S.C. § 271(e)(2)(A)

52. Plaintiffs repeat and incorporate herein by reference the allegations contained in

each of the foregoing paragraphs.

53. Sawai’s Notice Letter, purporting to be Sawai’s Notice of Certification under 21
U.S.C.§ 355()(2)(B)(ii), indicates that Sawai intends to manufacture, use, sell, or offer for sale,
its proposed pitavastatin drug product prior to the expiration of the ‘993 patent.

54. The Notice Letter asserts that Sawai identifies the ‘993 patent purportedly “as
invalid and/or the valid claims therein as not infringed, either literally or under the doctrine of
equivalents, by the manufacture, use, sale, offer for sale, and/or importation of the drug or drug

product for which the present ANDA has been submitted.”

10
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55.

Sawai’s filing of ANDA No. 20-5955 for the purpose of obtaining FDA approval

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

inducement thereof, of its proposed pitavastatin drug product before the expiration of the ‘993

patent is an act of infringement under 35 U.S.C. § 271(e)(2)(A).

56.

Sawai’s manufacture, use, importation, offer for sale, sale, and/or importation of

its proposed pitavastatin drug product will directly infringe or induce infringement of at least one

claim of the *993 patent under 35 U.S.C. § 271(e)(2)(A).

57.

Unless Sawai is enjoined from infringing the ‘993 patent, plaintiffs will suffer

substantial and irreparable injury. Plaintiffs have no adequate remedy at law.

WHEREFORE, Plaintiffs request the following relief:

(@)

(b)

(c)

a declaratory judgment pursuant to 28 U.S.C. § 2201 et seq. that making, using,
selling, offering to sell and/or importing Sawai’s pitavastatin drug product for
which it seeks FDA approval or any drug product containing pitavastatin will
infringe at least one claim of one or more of the Livalo® patents;

a declaratory judgment pursuant to 28 U.S.C. § 2201 et seq. that the making,
using, offering for sale, selling and/or importing of Sawai’s pitavastatin drug
product or any drug product containing pitavastatin, will induce the infringement
at least one claim of one or more of the Livalo® patents;

a declaratory judgment pursuant to 28 U.S.C. § 2201 et seq. that the making,
using, offering for sale, selling and/or importing of Sawai’s pitavastatin drug
product or any drug product containing pitavastatin, will contribute to the

infringement of at least one claim of one or more of the Livalo® patents;

11
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(d)

(e)

®
(2

a declaratory judgment pursuant to 28 U.S.C. § 2201 et seq. and an order
pursuant to 35 U.S.C. § 271(e)(4)(A) providing that the effective date of any
FDA approval for Sawai to commercially make, use, sell, offer to sell or import
its pitavastatin drug product or any drug product containing pitavastatin be no
earlier than the date following the expiration date of the last to expire of the
Livalo® patents (as extended, if applicable);

a permanent injunction restraining and enjoining against any infringement by
defendants, their officers, agents, attorneys, employees, successors or assigns, or
those acting in privity or concert with them, of the Livalo® patents, through the
commercial manufacture, use, sale, offer for sale or importation into the United
States of Sawai’s pitavastatin drug product or any drug product containing
pitavastatin, and/or any inducement of or contribution to the same;

Attorneys’ fees in this action under 35 U.S.C. § 285; and

Such further and other relief in favor of Plaintiffs and against defendants as this

Court may deem just and proper.

12
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Dated: New York, New York
July 22, 2014
Kowa Company, Ltd.,
Kowa Pharmaceuticals America, Inc., and
Nissan Chemical Industries, Ltd.

By their attorneys,

nthony J. Viola
Andre K. Cizmarik
Jennifer L. Dereka
Zachary W. Silverman

EDWARDS WILDMAN PALMER LLP
750 Lexington Avenue

New York, NY 10022

(212) 308-4411

David G. Conlin (to be admitted pro hac vice)
Kathleen B. Carr (to be admitted pro hac vice)
Adam P. Samansky

EDWARDS WILDMAN PALMER LLP

111 Huntington Avenue

Boston, MA 02199

(617) 239-0100

13
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EXHIBIT A
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United States Patent [

Fujikawa et al.

LT IIIII (L

(11 Patent Number: 5,856,336
[45] Date of Patent: Jan. 5, 1999

(54]
(75

(73]

(21
(22

[62]

(30]

Aug. 20, 1987 [JP]  Japan ...
Jan. 26, 1988 [IP]  Japan ...
Aug. 3, 1988 [JP]  Japan ..

[51]
[52]
(58]

[56]

QUINOLINE TYPE MEVALONOLACTONES

Inveators: Yoshihiro Fujikawa; Mikio Suzuki;
Hireshi Iwasaki, all of Funabashi;
Mitsuaki Sakashita; Masaki Kitahara,
both of Shiracka-machi, all of Japan

Assignee: Nissan Chemical Industries Ltd.,
Tokyo, Japan

Appl. No.: 883,398
Filed: May 15, 1992
Related U.S. Application Data
Division of Ser. No. 631,092, Dec. 19, 1990, which is 2
continuation of Ser. No. 233 ,752, Aug. L9 1988.
Foreign Application Priority Data

.. 62-207224
w 63-15385
. 63-193606

Int. CL.° - A61K 31/47; CO7D 215/12
US.ClL . 514/311; 546/173
Fleld of Search ... 546/173; 514/311

References Cited
U.S. PATENT DOCUMENTS

5,753,675 5/1998 Wallansin ....ocooeeeroievceieee. 147311

Primary Examiner—Laura L. Stockton
Attorney, Agent, or Firm—Oblon, Spivak, McClelland,
Maier & Neustadt, P.C.

(57 ABSTRACT

A compound of the formula

(4]

Z=—CH(OH)~CH,—CH(OH)—CH,—C00.4Cx
have HMG—CoA inhibiting effects, making them use-
tul as inhibitors of cholesterol biosynthesis. The com-
pouact may be prepared as a pharmaceutical (ot reduc-
ing hyperlipidemia, hyperlipoproteinemia or
athcrosclerosis.

2 Claims, No Drawings
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5,856,336

1
QUINOLINE TYPE MEVALONOIACTONES

This 15 a division, ol application Ser. No. 07/631,092,
liledd 0n Dec. 19, 1990, which is a continualion of 07/233,
752, filed Aug. 19, 19SS,

‘The preseat inveation relates to novel mevalonolactoncs
having a quinoline ring, processes for their production,
pharmaceutical compositions containing them and their
pharmaceutical uses particularly as anti-hyperlipidemic,
hypolipoproteinemic and anti-atherosclerotic agents, and
wiermediates useful for heic production and processes for
the production ol such intermediates.

Some (ermeatation metabolic products such as
compactine, CS-514, Mevinolin or semi-syathetic deriva-
lives or fully synthetic derivatives thercof arc known to be
inhibitors against HMG-CoA reductasc which is a rate
limiting enzyme foc cholesterol biosyathesis. (A. Endo J.
Med Chem., 28(4) 401 (1985))

(8-514 and Mevinalin have been clinically proved ta be
potentially useful anli-byperlipoproleinemic agents, and
they are considered to be effective for curing or preventing
diseases of coronary arlery sclerosis or atherosclerosis.
(IXth Int. Symp. Drugs Affect. Lipid Metab., 1986, p30,
p3L, p6s)

However, wilh respect lo [ully synthetic derivatives,
particularly hetero aromatic derivatives of inhibitors against
HMG-CoA reductase, limited infocmation is disclosed in the
following litcraturcs:

WPI ACC NO. 84-158675, 86-028274, 86-098816,
86-332070, 87-124519, 87-220987, 88-07781, 88-008460,
88-091798 and 88-112505.

The preseat inventors have found that mevalonolactons
derivatives having a quinoline ring, the corresponding dihy-
droxy carboxylic acids and salts and esters lhereof have kigh
whibitory activitics against cholesterol biosynthesis whercin

HMG-CoA reductase acts as a rate limiting ¢nzyme. The 3

present invention has been accomplished on the basis of Lhis

discovery.
The novel mevalonolactone derivatives of the present
lmvention are represcated by the following Focmula I;

i

R? R*

R!

wherein Ry, Ry, R, R, and R® are independently hydrogen,
Cs alkyl, Cy g eyelaalkyl, €, alkoxy, n-hutoxy, i-buloxy,

sec-butoxy, R'R¥N- (wherein R” and R8 are independently s

bydrogen or C 5 alkyl), tifluoromethyl, iriflusromethoxy,
difluoromethoxy, fuoro, chloro, bromo, phenyl, phenoxy,
benzyloxy, bydroxy. trimethylsilyloxy, diphenyl-i-
hutylsilyloxy, hydroxymethyl or —O(CH,)}OR' (wherein
R is hydrogen or C,_; alkyl, and | is 1, 2 or 3); or when
locuted ut the ortho position o each other, R' and R7, or R?
and R* together form —CH=CII—Cli=Cll—; or when
located at the ortho position 1o cach other, R' and R®
together form —OCRPYR')O—(wherein RS and R'® are
independently hydrogen or €4 alkyl); ¥ is —CHy—,
—CH.CHy—, —CH=CH—, —CH,—CH=CH— or
—CH=CII—CIl,—; and Z is -Q-CI1,WCIL,-CO,R*?,

w

o
R ot
COR®
RIE
e}

(wheeein Q is —C(O)—, —C(OR'),— or —CH(OH)—,

. Wis —C(O)—. —COR"Y).— or —C(R"YOM)—; R is
"% hydrogen or C, y alkyl; R' is hydrogen or R'™ (wherein R

20

30

40

18 physiologically hydrolyzable alkyl or M (wherein M is
NH,, sodium, potassivm, '4 calcium or a hydeate of lower
alkylamine, di-lower alkylamine or tri-lower alkylamine));
wo R' are independently primary or secondary C, , alkyl:
or two R' together form —(CHZ)s— or —(CH.);—; R'7
and R'™ are independently hydrogen or C,_; alkyl; and R is
hydrogen, C,, alkyl, C,  alkenyl, Cy., eyeloalkyl,

R?

(wherein R” is hydrogen, C, , alkyl, C, . alkoxy, fluoro,
chioro, bromo or trifluoromethyl), phenyl-(CIL,), —
(wherein m is 1, 2 or 3), —(CH,), CH(CH,)-phenyl or
phenyl{CH.) CH{CH,)— (wherein n is 0, | or 2),

Various substituents in the formula T will be deseribed in
detail with reference to specific examples. However, it
should be underslood that the present invention is by no
means cestricled by such specific examples.

C.s alkyl for RY, R?, R®, R”, R® and R® includes, for
example, methyl, cthyl, n-propyl, i-propyl, o-butyl, i-butyl,
sec-butyl and t-butyl, C, ; alkoxy for R*, R?, R*, R and R®
includes, for example, methoxy, ethoxy, a-propoxy and
1-Propoxy.

Cy5 alkyl for R*" includes, for example, melhyl, ethyl,
u-propyl and i-propyl.

C,; alkyl for R*? includes, for example, methyl, cthyl,
a-propyl and i-propyl.

Alkyl for R' includes, [or example, methyl, elhyl,
n-propyl, i-propyl, n-butyl and i-butyl.

M is a metal capable of forming a pharmaceutically
acceptable salt, and it includes, for example, sodivm and
potassium,

CO-M includes, for example, —CO,NIH, and —CO, I
(primary to tectiary lower alkylamine such as
trimcthylaminc).

C, alky! for R* includes, for example, methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, t-bulyl,
n-pentyl and n-hexyl.

C,.s cycloalkyl for R” includes, for example, cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl.

C,.5 alkenyl for R* includes, for example, viny! and
i-propenyl.

Phenyl-(CH,),,- for R’ includes, for example, benzyl,
B-phenylelhyl and y-phenylpropyl.

Phenyl-(CH,), CH(CH,)— for R® includes, for example,
u-phenylethyl and a-benzylethyl

;5 alkyl for R” and R? includes, for cxample, methyl,
ethyl, u-propyl and i-propyl.

Further, these compoundsmay have at least one or two
asymmetric carbon atoms and may have at least two to four
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5.856,336

3

optical isomers. The compounds of the formula I include all
of these optical isomers and all of the mixtures thereaf.

Among compounds having carboxylic acid moicties (all-
ing oulside the delinition ol —CO,R'Z of the carboxylic
acid moiety ol substituent Z of the compounds of the present
invention, those which undergo physiological hydrolysis,
after intake, 10 produce the \:nrrcag(mding carboxylic acids
(compounds wherein the —COLR™ moiety is —CO.II) are
equivalent to the compounds ol the present invention.

Now, preferred substituents of the compounds of the
present invention will be described.

In the following preferred, more preferred still furthec
perlerred and most prelered examples, the aumerals for the
positions ol the substilueals indicale (he positions on the
quinoline ring. For ¢xample, N' shown by c.g. 1 or 2
indicates the position of the substiuenl on the phenyl
substituted at the 4-position of the quinoline ring (the carbon
connected lo the quinoline ring is designated as 1Y), The
meanings of the respective substitucats ace the same as the
above-mentioned meanings.

Preferred substituents for R', R* and R® are hydrogen, 2

Huoro, chloro, bromo, C,; alkyl, C, 5 alkoxy,
cycloalkyl, dimethylamino, hydroxy, hydroxymethyl,
hydroxyethyl, (rilluoromethyl, trifluoromethoxy,
difluoromethoxy, phenoxy and benzyloxy.

Further, whee R® is hydrogen, it is preferred that R* and
R? together form methylenedioxy.

As preferred examples for R® and R, when R is
hiydrogen, R* is hydrogen, 3'-Huoro, 3'-chloro, 3'-methyl,
4'-methyl, 4'-chloro and 4'-fluoro.

Other preferced combinations of R® and R* include 3

3'-methyl-4'-chloro, 3',5'-dichloro, 3',5-diftuoro, 3'.5'-
dimethyl and 3'-methyl-4'-fluoro.

Preferred examples for R¥ include primary and secondary
C1s alkyl and C;_4 cycloalkyl.

Prelerred exammples for Y include —CH,—CH,— and 3

—CH=CII—.
Preferred examples for Z include

Ho O 0. A0

—CH(OH)CH,CH,(OH)CH, CO,R 2, —CH(OH)CH,C(0)
CH,CO,R"? and —CH(OH)CH,C(OR '%),CH.CO,R 2.
Now, more preferred substituents of the compounds of the
prescnt invention will be describec.
As morte prelerred examples for R', R? and R®, when both

R* and R arc hydrogen, R* is hydrogen, S-fuoro, 6-iluoro, s

7-lluoro, 8-fluoro, 5-chloro, 6-chloro, 7-¢chloro, 8-chloro,
3-bromo, 6-bromo, 7-bromo, 8-bromo, 5-methyl, 6-methyl,
7-methyl, 8-methyl, 5-methoxy, 6-methoxy, 7-methoxy,
8-melhoxy, S-trilluoromethyl, 6-lrilluoromethyl,
7-trilluoromethyl, 8-tritluoromethyl, 6-tcifluoromethoxy,
6-difluoromethoxy, 8-hydroxyethyl, 5-hydroxy, G-hydroxy,
7-hydroxy, 8-hydroxy, 6-cthyl, 6-n-butyl and
7-dimethylamino.

When R® is hydrogen, R! and R logether represeat
6-chloro-8-methyl, 6-bromo-7-methoxy, 6-methyl-7-chloro,
6-chloro-8-hydroxy, S-methyl-2-hydroxy, 6-methoxy-7-
chloro, 6-chloro-7-methoxy. 6-hydroxy-7-chloro, 6-chloro-
7-hydroxy, 6-chloro-B-bromo, S-chloro-G-hydroxy,
G-bromo-§-chloro, 6-bromo-8-hydroxy, S-methyl-8-chloco,
7-hydroxy-8-chloro, 6-bromo-8-hydroxy, 6-methoxy-7-
methyl, 6-¢chloro-8-bromo, 6-methyl-8-broinw, 6,7-dilluoro,
6,8-dilluora, 6,7-methylenedioxy, 6,8-dichlora, 3,8-
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dimethyl, 68-dimethyl, 6,7-dimethoxy, 6,7-diethoxy, 6,7-
dibromo or 6,8-dibromo.

When R', R™ and R® are not hydrogen, they together
represent 5,7-dimethoxy-8-hydroxy, 5,8-dichloro-6-
hydroxy, 6,7,8-trimethoxy, 6,7,8-trimethyl, 6,7,%-trichloro,
5-fluoro-6,8-dibromo or 5-chloro-6,8-dibromo.

As more preferred examples for RY and R, when RY is
hydrogen, R" is hydrogen, 4'-methyl, 4-chloro or 4'-uoro.
When both R* and R' are pot hydrogen, they together
represent 3,53 -dimethyl or 3 -methyl-4'-fuora.

As more preferred examples for RY, the above-mentioned
preferred examples of RY may be mentioned.

As prelerred examples [or Y, —CH,—CH,— and (E)—
—CH=CH-—may be mecationed. As more preferred
cxamples for Z, the above preferred examples for Z may be
mentioned.

Now, still turther preferred substitents of the compouncls
ol the present invention will be deseribed. As examples for
R', R* and R® , when hoth R* and R® arc hydrogen, R is
hydrogen, G-methyl, 6-ethyl, 6-trifluoromethyl, 6-hydroxy,
6-methoxy, 6-chloro, 6-bromo, 6-n-butyl and
7-dimethviamino.

Wheo only R® is hydrogea, R and R* represent 6,8-
dichloro, 5.8-dimethyl, 6,8-dimethyl, 6,7-dimethoxy, 6,7-
diethoxy, 6,7-dibromo, 6,8-dibromo, 6,7-difluoro and 6.8-

25 difluoro.

As still further preferred examples for R* and R, whea R?
is bydrogen, R" is hydrogen, 4‘-chloro or 4'-Quoro, or R? and
R* together represent 3'-methyl-4'-Huoro.

Still further preferred examples for R® include ethyl,
n-propyl, i-propyl and cyclopropyl.

Still turther preferred examples tor Y include (E}——
CH=CH—.

As still [urther preferred examples for Z, the above-
mentioned preferred example [or Z may be meationed.

Now, the most preferred substituents for the compounds
of the present invention will be described.

As the most preferred cxamples for R, R? and RS, when
both R? and R® are hydrogen, R? is hydrogen, 6-methyl or
6-chloro.

When only R® is hydrogen, R" and R? together represent,
for example, 6,7-dimethoxy.

As the most preferred examples for R? and R*, R? is
hydrogen and R" is hydrogen, 4'-chloro or 4'-Huoro.

The most preferced examples for R include i-propyl and
cyclopropyl. The most, preferred example for Y may be
(E)—CH=CH .

As the most prelferred examples for Z, the above-
mentioned preferred examples tor Z may be mentioned.

Now, parlicularly preferred specific compounds of the
present invention will be presented. The following com-
pounds (1) to (z) are shown in the form of carboxylic acids.
However, the present invention include oot only the com-
pounds in the form of carboxylic acids but also the corre-
sponding lactones formed by the condensation of the car-
boxylic acids with hydroxy at the 3-position, and sodium
salts and lower alkyl esters (such as methyl, cthyl, i-propyl
and a-propyl esters) of the carboxylic acids, which can be
physiologically bydrolyzed to the cuchoxylic acids.

() (B)-3,5-dihydroxy-7-[4'-(4"-Huocopheny!)-2'-( 1"~
methylethyl)-quinolin-3'-y!]-hept-G-envic acid

(b) (E)-3,5-dihydroxy-7-[4'-(4"-Ruorophcayl)-2'-(1"-
methylethyl)-6'-chlaro-quinolin-3'-yl]-hept-6-enoic acid

(¢) (E)-3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-2'-( L"-
methylethyl)-6'-methyl-quinolin-3'-yl]-hepl-6-¢uoic acid

(d) (E)-3,5-dibydroxy-7-[4'-(4"-Quorophenyl)-2'-
(1"methylethyl)-6',7'-dimethoxy-quinolin-3"-yl]-hept-6-
enoic acid
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(e) (E)-3,5-dihydroxy-7-[4'-(4"-Huo ropbenyl)-2'- ~conlinued
cyclopropyl-quinolin-3'-y!]-hept-6-cnoic acid o )4

(6) (E)-3,5-dihydcoxy-7-[4'-(3"-Huarophenyl)-2'
eyelopropyl-6'-chloro-quinolin-3"-yl]-hept-6-¢noic acid

(8) (E)-3.5-dihydroxy-7-[4'-(4"-Huorophenyl)-2'-
cyclopropyl-6"-methyl-quinolin-3'-yl -hept-6-enoic acid

(h) (E)-3,5-dihydroxy-7-[4'-(4"-[luorophenyl)-2'-
cyclopropyl-6",7'-dimethoxy-quinolin-3"-yl]-bepl-6-cnoic
acid

(i) (E)-3,5-dihydroxy-7-[4'-(4"-chlorophenyD)-2'-(1"- 10
melthylethyl)-quinolin-3'-y}-bept-6-enoic acid

() (E)-3,5-dihydroxy-7-[4'-(4"-chlorophenyl)-2'-(1"-
methylethyl)-6"chloco-quinolin-3'-y1]-hept-6-enoic acid

(k) (E)-3,5-dihydraxy-T-[4'-(4"-chloropheay])-2'<(1"-
melhylethyl)-6"-methyl-quinolin-3'-yl]-hept-6-¢noic acid 15

(1} (E)-3,5-dihydroxy-7-[4'-(4"-chlorophenyl)-2'-(1"-
methylethyl)-6',7"-dimethoxy-quinolin-3"-yl-hept-f-ennic
acid

(m) (E)-3,5-diiydroxy-7-[4'-(4"-chlorophcnyl)-2'-
cyclopropyl-quinolin-3"-yl-hept-6-enoic acid 20

(a) (E)-3,5-ditydroxy-7-[4'-(4"-chlorophenyl)-2"-
cycloprapyl-6'-chlora-quinolin-3"-yl]-hept-6-¢noic acid

(0) (E)-3,5-dihydroxy-7-[4-(4"-chlorophenyl)-2 -
cyclopropyl-6'-methyl-quinolin-3'-yl]-hept-6-enoic acid

(p) (E)-3.5-dihydroxy-7-[4-(4"-clilorophenyl)-2 - 25
eyclopropyl-6'7'-dimethoxy-quinolin-3'-y[]-hept-6-cnoic
acid

(@) (E)-3.5-dihydroxy-7-[4'-pheny!-2'-(1"-melhyleLhyl)-
quinolin-3'-y1]-hept-6-enoic acid

(r) (E)-3,5-dihydroxy-7{4'-phcayl-2'-(L"-methylethyl)- 30
6'-chloro-quinolin-3'-yl]-hept-6-enoic acid

() (E)-3,5-dihydroxy-7-[4'-phenyl-2'-(1"-methylethyl)-
6'-methyl-quiaolin-3'-yl[]-hept-6-enoic acid

(0 (B)-3,5-dihydroxy-7-[4-phenyl-2'-( 1"-methylethyl)-
6',7-dimethoxy-quinolin-3'-y1]-hept-6-¢noic acid 35

(u) (E)-3,5-dihydroxy-7-[4'-phenyl-2'-cyclopropyl-
quinolin-3'-yl]-hepl-G-enoic acid

v) (£)-3,5-dibydroxy-7-[4'-phenyl-2'-cyclopropyl-6'-
chloro-quinolin-3'-yl]-hept-6-¢noic acic

(w) (E)-3,5-dihydroxy-7-[4"-phenyl-2'-cyclopropyl-6'- 40
methyl-quinolin-3'-yl]-hept-6-envic acid

(x) (E)-3,5-dihydroxy-7-[4'-phenyl-2'-cyclopropyl-6',7-
dimethoxy-quinolin-3'-yl}-hept-6-cnoic acid

(y) (E)-3.5-dihydroxy-7-[4-(4"-Ruorcphenyl)-2-(1"-
methylethyl)-6"-melhoxy-quinolin-3-yl]-hept-6-cnoic acid 45

(z) (E)-3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-2 -
eyclopropyl-6'-meiboxy-guinolin-3'-yl]-hepl-6-enoic acid

The mevalonolactones of the formula 1 can be prepared by
the following reaction schewe, The eaaxl I can also be
prepared by processes K, L and M. 50

]

CO2R 12

R ®a

CORH

()]
RS
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~conlinued -continued
R! R* OH Ry R!
COsR!2
- >
10
RS ar OH
COR' b
Ra OH
! 20 —-—>
™M
O -
®*
N RS
Bt [2 (R = H) 25
-5 (R!2= Na)

RS R OH

R7 R! OH
COR#2

COsR12

w
v

R

CHO

In the above reaction scheme, R, R%, R3, R*, R%, R® and
R'* are as defined above with respect to the formula I, and

R

65
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R* and R* independently represent C,_, lower alky! such
as methyl, ethyl, a-propyl, i-propyl or n-butyl.

Step A represents a reduction teaction of the ester 1o a
primacy alcohol. Such reduction reaction can be conducted
by using various metal hydridys, preferably diisobulylalu-~
minium hydride, in a solven such as (etrahydrofurnn or
toluene at a temperature of trom -20% 10 20° €, peeferably
from -10° (0 10O° C.

Slep B represents an oxidulion reaction ol the primary
alcohol to an aldehyde, which can he conducted by using
various oxidizing agents. Prelerably, the reaction can be
conducted by using pyridinium chlorochromate in methyl-
eue chloride at a temperature of from €% w 25 * €, or by
using axalyl chloride, dimethyl sulfoxide and a tertiary
amine such as tricthylamine (Swern oxidation), or by using
u sullur wioxide pyridine complex.

Step € represents a synthesis of a 3-cthoxy- I-hydroxy-
2-propene derivative, which can be prepared by reacting a
compound V to lithium compound which has beea prelimi-
aarily formed by treating cis- L -ethoxy-2-(iri-n-butyistann yl)
ethylene with bulyl lithium in tetrahydrofuran,

As the reaction temperature, it is preferred to employ a
low temperature at a level of from -60° 10 -78° C.,

Step D represeats a syothesis of an enat by acidic hydroly-

sis. As the acid catalyst, it is preferred to employ p-tolucpe s

sulfonic acid, hydrochloric acid or sulfuric acid, and the
reaction may be conducted in a solvent mixture of water and
letrahydroluran or ethanol at a temperature of fom 10° (o
25% C. The 3-ethoxy-l-hydroxy-2-propene derivative

abtained in Step C can be used in Step D without purification 2

Le. by simply vemoving tetra-n-butyl tin formed simulta-
neously.

Step E represents a double anion condensation reaction
between the enal IIT and an acetoacetate. Such condensation
reaction s prelerably conducted by using sodium hydride
and n-butyl lithium as the basc in tetrahydroturan at a
emperature of from -80° to 0° C., preferably from -30° to
-10° C.

Step F represents a reduction reaction of the carbonyl
group, which can be cooudeted by using 4 melal hydride,
preferably sodium borohydricde in ethanol at a temperature
of from -10° to 25° C., preferably from -10° 10 5° C.

Turther, the reduction reaction may be conducted by using
zinc borohydride in dry ethyl ether or dry tetrahydrofuran at
a temperature of -100° to 25° C., preferably from -80° to
-50° C.

Step G is a step lor hydrolyzing the ester. The hydrolysis
can be conducted by using an equimolar amount of a base,
preferably potassium hydroxide or sodium hydroxide, in a

solvent mixlure of water and methanol or cthanol al a s

temperature of from L0 to 25° C. The free acid hereby
oblained may be converled to a salt with a suitable base.

Step H is a step for forming a mevalonolactoge by the
debydration reaction of the free hydroxy acid I-2. The
dehydration reaction can be conducted in benzene or toluene
under reflux while removing the resulting water or by adding
a suitable dehydrating agent such as molccular sicve.

Further, the dehydration reaction may be coaducted in dry
methylene chloride by using 4 laclone-forming agent such as
carbodiimide, preferably a water soluble carbodiimide such
as N-cyclohexyl—N’—[Z'-(methylmorpholinium)ethyl]
carbodiimide p-tolucne sulfonate al a temperature of from
10° to 35 ° C,, preferably from 20° to 25° C.

Step J cepresents a reaction for tydrogenating the double
bond connecting the mevalonolactone moiety and the quino-
line ring. This bydrogenation reaction ein be conducied by
using a catalytic amount of palladium-carhon or rhodium-

5
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carbon in a solvent such as methanol, ethanol, leicahydro-
furan or acelonitrile at a temperature of from 0° to 50° C.,
preferably from 10° to 25° C.

Step K represents a reaction [or the synthesis ol o
o, fi-unsaturated carboxylie acid ester, whereby a trans-form
c,B-unsaturated cacboxylic acid ester cnn be obtained by a
so-called Hornee-Wiltig ceaction by using an alkoxyesrbo-
nylmethyl phosphonate. The reaction is conducted by using
sodium hydride or polassium I-butoxide as the base in dry
tetrahydrafuran at a temperature of from =30° 0 0° C,
preferably lrom =20° o -15° C.

Step L represents a reduction reaction of the a,fp-
unsaturated earboxylic acid ester to an allyl alcoho). This
teduction reaction can be conducted by using various metal
hydrices, preferably diisobutylaluminiumhydride, in a sol-
venl such as dry tetranydrofuran or toluene at a lemperature
of from =10° to 10° C., preferably from =10° 10 0° C,

Step M represents an oxidation reaction of the allyl
aleohol to an enal. his oxidation reaction can he condueted
by using various oxidizing agents, particularly active man-
gunese dioxide, in @ solvent such us lelrahydrofuran,
acetone, ethyl ether or ethyl acetate al a temperatrue of from
0% 10 100° C., preferably from 15° 10 50° C.

Step N represcats a reaction for the syathesis of an
o f-unsaturaled ketone by the selective oxidation of the
diltydroxy carboxylic acid esier. This reaclion can be con-
ducted by using activated manganese dioxide in a solvent
such as ethyl ether, etrahydrofuran, benzene or toluene at a
tlemperature of from 20° 10 80° C., preferably [rom 40° to
80° C.

[n addition to the compounds disclosed in Cxamples given
hereinafler, compounds of the formulas I-2 and I-3 given in
‘Table | can be prepared by the process of the preseal
invention. In Table L, i- means iso, sec- means sccondary
and ¢- mcans cyclo. Likewisc, Mc means methyl, £t means
sthyl, Pr means propyl, Bu means butyl, Pent means peatyl,
Hex means bexyl and Ph means phenyl.

TABLE 1

-2 (R = H)

[-5 (R12 = Na)
RS R” R* R' R R®
6-OMe H H H i-Pr H
6-OMe d 4-F H -Pr H
6-Br o 4K i i-Pr 24
6-Me 8-Me 4-F H -pr H
7-0Me 8-OMe 4-F 3¢ i-Pr H
G6-Br H 2-F H i-Pr H
6.7 4ok H i-Pr H
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TABLE | -continued
IRY=H)
R’ R! O -5 (R =Na)
R R? R’ RY R RS
I 31 4-F IT IT
[T iI 4-Ph 1 -Pr 1
I L 4-PhCIT. [T -Pr 148
6-Cl H 3-¥ H c-Pr H
6-Cl H 4-f H sec-Bu H
6-OCH-Ph H 4-F H -Pr H
H H 4-F H i-Bu H
38 H 4-F q c-Pent €L
6-Cl 11 4-[ Ir a-Pent (I
§-Me,N u 4-I i1 - 1
6-Mc 4 4-F H c-Pr 34
06-i-Pr 34 - 38 i-Pr H
7-Me H 4-F B u-Pr H
6-OMe H 1-F T ¢-Pr H
6-Br H 4-F H e-Pr H
6-1-P1 i 4-F H e-Pr H
6-Cl 3-Cl 4-[ a c-Pr iI
5-F 6-Br 3-F H -Pr 8-Br
6-OMe 7-OMe 4-F 1 i-Pr 3-OMle
6-Me 7-Me 4-F H i-Pr B-Me
§-ClI 7-C1 4-F H i-Pr 8-C1
H H 4-F H c-Bu 3]
H H 4-F H <-Hex H
6-OMe 7-OMe 13} (1 i-Pr I1
6-OMe 7-OMe 4-C) H i-Pr a
6-OMe -OMe H I3 Py H
6-OMe 7-OMe 4-C| H c-Pr H
6-OMc 7-OMe 4-F H o-Pr 54
6-Me H H H i-Pr H
6-Me I 4-Cl H i-Pr H
6-Me ir I [r o-Pr 3¢
5-Me 34 4-Cl 83 c-Pr 1
5-Me H 4-r H <P H
6-Cl H H 3 i-Pr H
6-Cl H 4-C| H -Pr H
6-ClI H A H e-r H
H-Cl H 4-C| H c-Pr H
6-Ci H 4-F H c-Pr H
[1 I I 1 i-Pi I
38 H 4-CI 2] -Pr H
H H a H c-Pr 24
1 H 4-Cl H c-Pr H
H H 4-F H c Pr H

Further, pharmaceutically accepiable salts such as potas-
sium salts or esters such as elbyl esters or methyl esters of
these compounds can be prepared in the saume manner.

The compounds ol the present iaveation exhibit high
inhibilory activitics against the cholesterol biosyathesis
whercin HMG-CoA reductase acts s a rate limiling enzyme,
s shown by the test resulls given hercinaller, and ihus are
capablc of suppressing or reducing the amount ol cholestcrol
in bloud as lipoprotein. Thus, the compounds of the preseat
invention are useful as curing agents against hyperlipidemia,
hyperlipoproteinemia and atheroscleosis.

1)
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They may be formulated into vacious suitable formula-
tions depending upon the manner of the administration. The
compounds ol the present inveation may be administercd in
the form of [ree ucids or in the form of physiologically
hydrolyzable and acceptable esters or lactoaes, or pharma-
ceutically acceptable salis.

The pharmaceutical composition of the present invention
is preferably administered orally in the form of the com-
pound af the present invention per se or in the form of
powders, granules, Lablels or capsules formulated by mixing
the compouad of the present invention with a suilable
pharmaceutically acceptable carrier including a binder such
as bydroxypropyl ccllulose, syrup, gum arabic, gelatin,
sorbitol, tragacanth gum, polyviny! pyrrolidone or CMC-Ca,
an excipient such as luctose, sugar, corn starch, caleium
phosphate, sorbitol, glycine or crystal cellulose powder, a
lubricant such as magnesium stearate, lalk, polyethylens
glycol or silicy, and a disintegrator such as potato starch.

However, the pharmaceutical composition of the present
invention is not limited 1o such oral administeation and it is
applicable for parenteral adminisieation. For example, it may
be administered in the form ol e.g. o suppository lormulate
by using oily base material such as cacao butter, polyethyl-
ene glycol, lanolin vr fatty acid teiglyceride, a transdermual
therapeutic base formulated by using liquid pacalfin, white
vaseline. a higher aleohol, Macrogol ointmcat, hydrophilic
ointment or hydro-gel base material, an injection formula-
tion formulated by using one or more materials sclected
from the group coasisting of polyethylene glycol, hydro-gel
base material, distilled water, distilled water for injection
and excipient such as lactose or corn starch, or a formulation
for administration through mucous membraacs such as an
ocular mucous membrane, a aasal mucous meaibrane and aa
oral mucous membrane.

Further, the compounds of the present invention may be
combined with basic ion-exchaage resins which are capable
of binding bile acids and yel not being absorbed in gas-
trointestinal traci.

The daily dose of the compound of the formula | is from
0.05 10500 mg, preferably rom 0.3 1o 50 mg for an adult.
Ttis ndministered (rom onee (o three times per day. The dose
may of course be varied depending upon the age, the weighl
or the condition of illaess of the patient.

‘The compounds of the formulas 1I to VII arc novel, and
they are important intermediates for the preparation of the
compounds of the formula I. Accordingly, the present inven-
tion relates also to the compounds of the formutas 1T ta VII
and the processes for their production.

Now, the present invention will be described in further
detail with reference to Test Examples for the pharmaco-
logical activities of the compounds of the present inveation,
their Preparation Examples and Formulation Examples,
However, it should be undersiood that the preseat invenlion
is by no means restricted by such specilic Dxamples.

PHARMACOILLOGICAL TEST EXAMPLES

Tosl A: Inhibition of cholesterol biosynthesis from acctate in
vilro

Enzyme solution was prepared [rom liver of male Wislar
rat billialy cannulated and discharged bile for aver 24 hougs.
Liver was cut out at mid-dark and microsome and superna-
tant fraction which was precipitable with 40-80% of satu-
ration of ammonium sulfate (sup fraction) were prepared
from liver homogenale according to the modified method of
Knauss et. al.; Kuroda, M., el. al., Biochim. Biophys. Acta,
489, 119 (1977). For assay ol cholesteral biosynthesis,
microsome (0.1 mg protcin) and sup fraction (1.0 mg
protein) were incubated for 2 hours at 37° C. in 200 ul of the
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reaction mixture coataiaing ATP; 1 mM, Glutathione; 6 M,
Glucose-1-phosphate; 10 mM, NAD: 0.25 mM, NADP; 0.25
mM, CoA; 0.04 mM aad 0.2 mM [2-**CJsodium acctate (0.2
HMCiD) with 4 ¢l of test compound solution dissolved in waler
or dimethyl sulfoxide. To stop reaction and saponily, [ mlof
15% EIOH-KOH was added to the reactions and heated at
75° C. for | hour. Nonsaponifiable lipids were cxtracted with
petroleun cther and incorporated ™C radioactivity was
counted. Inhibitory activity of compounds was indicatect
with 1C50.

Test B: Tohibition of cholesterol biosynthesis in culture cells

Hep G2 cells at aver Sth passage were seeded to 12 well
plates and incubated with Dulbecco’s modified Eaglc
(DME) medium containing 10% of felal bovine serum
(FBS) at 37° C., 5% CO, until cells were confluent for about
7 days. Cells were exposed to the DME medium containing
5% of lipoprotein deficicat scrum (LpDS) prepared by
ultracentrifugation method for over 24 hours. Medium was
changed 10 0.5 ml ol fresh 5% [.pDS containing DME be[ore
assay and 10wl of test compound solution dissolved in water
or DMSO were added. 0.2 uCi of [2-"*CTsodium acetate (20
) was added at O he(13-1) or 4 hrs(B-2) after addition of
compounds. After 4 hrs further incubation with [2-44C)
sodium acetate, medium was cemoved and cells were
washed with phosphate buitered saline(PBS) chilled at 4° C,
Cells were scraped with rubber policeman and collected to
wbes with PBS and digested with 0.2 ml of 0.5N KOIT at
37° C. Aliquot of digestion was used for protein analysis and
remaining was saponificd with 1 ml of 15% EtOH-KOH at
75° C. for 1 hour. Nonsaponifiable lipids were extracted with
petroleum ether and '*C radioactivily was counted. Counts
were revised by cell protein and indicated with DPM/mg
protein. Inhibitory activity of compounds was indicated with
1C50.

Test C: [nhibilion ol cholesterol biosyathesis in vivo

Maie Sprague-Dawley rats weighing aboul 150 g were fed
normal Purina chow diet and water ad libitum, and exposed
to 12 bours light/12 hours dack lighting pattern (2:00
PM-2:00 AM dark) prior Lo use for in vivo inhibition test of
cholesicrol biosynthesis. Aaimals were separated groups
consisting ol five rats as o be average mean body weight in
cach groups. ‘Fest compounds at dosage of 0.02-0.2 mg/kg
bady weight (0.4 mI/100 g body weight), were dissolved in
water or suspended or in 0.5% methyl cellulose and orally
administered at 2-3 hours before mid-dark (8:00 PM), while
cholesterol biosynthesis reaches to maximum [0 cats, As
control, rats were orally administered only water or vehicle.
Al 90 minutes after sample administration, rals were
Injected intraperitoneally with 10 4Ci of [2-"*CJsodium
acetate at volume of 0.2 ml per one. 2 Hours later, blood
samples were obluined and serum were scparated immedi-
ately. Total lipids were extracted according to the method of
Folch et al. and saponified with EtQH-KOH. Nonsaponifi-
able lipids were extracted with petrolcum cther and radio
activity incorporated into nonsaponifiable lipids was
counted.

Inhibitory activity was indicated as percent decrcase of
counts in testing groups (DPM/2 ml secum/2 hours) from
that in cootrol group.

With respect to the compounds of the preseat invention,
the inhibitory activities against the cholesterol biosynthesis
in which HMG-CoA reductase scrves as a rate limiting
enzyme, were measured by the above Test A and B. The
resulls are shown in Tubles, 2, 2-2, 3 and 3-2. Fuclher, (he
cesults of the measurcments by Test C are also presented
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TABLE 2

Inbibitory aciivities by Test A

Campound [sp (moiar concentration)

{Compounds of the
present invention)

(-13 125 % 1077
[-31 10 x 107
-32 7.0 % 1r®
[-33 1.9 x 1077
(Rafcrence compoumit)

Mevinolin L4 x 1078
CS-514 S0 % 107°

In Table 2-2, the relative activities are shown based o the
activities of C$-514 heing evaluated to be 1.

TABLE 2-2

Relalive activities by Tesl A

Compound Relative activities

(Compounds of Lhe
present invention)

[-16 1./5
I-116 228
-7 0.37
I-1320 3.21
[-822 0.76

Structures of refereace compounds:

(L) Mevinolin

. OlL

il Q
= H

CH3

(2) CS-514

HyC
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TABLE 3

[nhibitory activities by Test B-1

Compound [y (molur concentmtion)

(Compound »f the
present {avention)

[-51 fx 1077
(Reteience compound)
CS-514 3.5 % 10-

In Table 3-2, the relative activitics acc shown based on the
activities of CS-514 being evaluated to be 1.

TABLE 3-2

Relative uctivilies by Test B-1

Compound Relative activitics
[-116 19.4
[-320 20.0
1-20 0.8

Results of the measurement of the inhibitory activities by
Test C

The percent decrease of counts after the oral administra-
tion of 0.05 mg/kg of compound 1-520 was 55% relative to
the measured value of the control group. The percent
decrease of counts after the oral admiunistration of 10 mg/kg
ot C8-514 was 55'% uader the same condition. The com-
pounds of the present inveation exhibited activities superior
o the reference compouad such as CS-514 or Mevinolin in
Test A, and exhibited activitics superior to C8-514 in Tests
B and C.
Test D: Acute toxicity

A 0.5% CMC suspension of a test compound was orally
administered 1o ICR male mice (group ol three mice). The
acute toxicity was dcteemined based on the mortality after
seven days. With compound [-57, [-58, 1-59, I-511, 1-512,
1-513,1-514, 1-515,1-517 and [-523 of the present invention,
the mortality was 0% even when they were orally adminis-
tered in an amount of 1000 mgfkg.

Example [
Cihyl (E)-3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-2'-(1"-
methylethyl)-quinolin-3'-yl]-hept-6-enoate (compound I-11)
{preparcd by steps of Lixample L-a through Example I-q)

Cxarmple 1-a
Cthyl 4-(4'-Auorophenyl)-2-(1'-methylethyl)-quinolin-3-yl-
carboxylate (compound VII-1)
The syalbesis was conducled in accordance with Lhe
method discloscd in J. Org. Chem., 2899 (1966).

6.45 g (0.03 mol) of 2-amino-4'-Huorobenzophenone,

5.53 g (0.035 mol) of ethyl isobutyrylaceiate and 0.1 ml of
conc. sulfuric acid were dissolved in 30 ml of glacial acclic
acid, and the mixture was heated at 100° C for about L0
hours. Aller confirmiog lhe subslaatial disappearance of
2-amino-4'-Auorobenzophenone by thin laver
chromatography, the reaction solution was cooled to rovm
temperature, and a mixture of 45 ml of conc. aqueous
ammonia and 120 ml of water cooled with ice, was gradually
added thereto. A separated oily substance was solidified
when left to stand overnight in a refrigerator, This solid was
recryslallized [rom a small amount of ethanol to oblain 6.47
g (55%) of white powder. Melting point: 68°~70.5° C.

40
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Example [-b
4-(4'-fluorophenyl)-3-hydroxymethyl-2-(1 ~methylethyl)-
quinoline (compound VI-1)

5.4 g(0.016 mol) of compound VIi-1 was dissolved in dry
lolueae under a nitrogen atmosphere and cooled in ice bath
to 0° C, To this solution, 40 ml of a L6 wt % diisobutyla-
luminium hydride-tolucac solution was dropwisc added, and
the mixture was sticced at 0° C. for (wo hours. After
conlirming the complete disappearance of compound VII-L
by thin layer chromatography, a saturaled ammoanium chla-
ride solulion was added therelo at 0° C. (o terminate the
reaction. Clhyl ether was added to the reaclion mixture, and
the ocganic layer was separated. A gelled product was
dissolved by an addition of an aqueous sodium hydroxide
solution and extracted anew with clhyl ether, The ethyl ether
exlracls were put together, dried over anhydrous magnesium
sulfate and filtered. The solvent was distilled off. The
residual oil underwenl crystallizalion when lefl to stand. Tt
was recrystallized from cthyl acctatc-n-hexanc to obtain 3.3
g of white crystals. Yield: 70%. Melting point: 136° 137° C.

Example 1-¢
4-(4'-fluoropbeayl)-2-(1'-methylethyl)-quinolin-3-yl-
carboxyaldehyde (campound V-1)

2.0 g (4.3 mmol) of pyridinium chlorochromate and 0.4 g
of anhydrans sodium acetate was suspended in [0 ml of dry
dichloromethane. To this suspension, a solution oblained by
dissolving | g (3.4 mmol) of compound VI-1 in 10 ml of dry
dichloromethane, was immediately added at room temera-
lurc. ‘I'he mixturc was stirred for onc hour. Then, 100 ml of
ethyl ether was added thereto, and e mixtuce was throughly
mixed. The reaclion mixlure was (iltcred undec suction
through a silica gel layer. The filtrate was dried under
reduced pressure. The residue was dissolved in Lhe isopropyl
sther, and lnsoluble substances were filtered off, The filtrate
was again dried uader reduced pressure. and the residue was
recrystallized from diisopropyl ether to obtain 0.7 g (Yield:
70%) of slighily yellow pdsm crystals. Melting point:
124°-126° C.

Example 1-d
3-(3"-clhoxy-1"-hydroxy-2'-propenyl)-4-(4'-lluoropheayl)-2-
(L'-mecthylethyl)-quinoline (compound [V-1)

L.13 g (3.13 mmol) of ¢is-1-elhoxy-2-(iri-n-butylstannyl)
ethylene was dissolved in 8 ml of dry telrahydrofuran, and
the solution was cooled 10 =78° C. in a niltogen slream. To
this solution, 2 ml (3.2 mmol) of a LS wt % n-butyllithium-
n-hexane solution was deopwise added. The mixture was
stirred for 45 minutes. Then, a solution preparced by dissolv-
ing 0.76 g (2.6 mmol) of compound V-1 in 10 ml of dry
tetrahydroluran was dropwise added Lhereto. The reaction
mixture was stirred at —=78° C. for two hours. Then, 2 mi of
a saturaled ammonium chloride solution was added lhereto
to terminate the reaction. The organic layer was extracted
with diethyl ether, and the diethyl ether extract was washed
with a salurated sodium chloride agqueous solution and dried
over anhydrous magnesium sultate. The solvent was dis-
tilled oll under reduced pressure. The residuc was separated
with n-hexane and acetonitrile. The solvent was distilled off
under ceduced pressure from the acctonitrile layer, and an
oily substance thereby obtained was purificd by silica gel
column chromatography (elueat: 2.5% methanol-
chloroform) (o obtain 0.91 g ol the desired compound in a
purified oily form.

H-MNR (CDCLy) & ppm: 1.1(1,3H,7Hz) 1.37(d,6HJ=
THz) 3.7(m,1H); 3.7(q,2HI=7Hz) 4.75(.,1H,7Hz) 5.7(m,
LIT) 5.95(m,111) 7.05-8.2(m,811)
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Example -
(E)-3-[4'-(4"-Nluoropheayl)-2'-(L"-methylethyl)-quinolin-3'-
ylJpropenaldehyde (compound [1-1)

0.91 g ol compound IV-1 was dissolved in 20 ml ol
tctrahydrofuran, and 5 ml of waler aned 10G mg of
p-toluenesulfonic acid were added thereto. The mixtuce was
stirred at room temperawee for 24 hours. The reaction
solution was extracted with dicthy! ether a few times. The
extracts were washed with a saturated sodium chloride
aqucous solution and dried over anhydrous magnesium
sulfate. Then, the solvent was distilled off. The residue was
purificd by silica gel column chromatography (clucat:
chlorofarm) to abtain the desired product as white prism
cryslals. 0.4 g (50%). Melting point: 127°-128° C.

Example 1-f
Ethyl (E)-7-[4'(4"-Auorophenyl)-2'- (1 “-methylethyl)-
quinolin-3'-yl]-5-hydroxy-3-oxohepto-6-enoate (compound
I1-1)

50 mg of 60% sodium hydride was washed with dry
petroleum ether and dried under a nitrogen steeam, and then
suspended in 5 ml of dry tetrahydrofuran. The suspension
was cooled o -15" C, in a nitrogen atmosphere. Then, 120
mg (0.92 mmol) of ethyl acetoacetate was dropwise aclded
thereto, and (he mixture was stirced for 13 minutes. Then,

0.6 mi (0.92 mmol) of a 15 wt % n-butyllithium-n-hexane 2

solution was dropwise added thereto, and the mixture was
stirred for 30 minutes. Then, a solution preparcd by dissalv-
ing 160 mg (0.5 mmol) of compound IIi-1 in dry
tetrahydrofuran, was dropwise added thereto, and the mix-

lure was stirred for one hour. To the ceaction mixiure, 1 ml

of a salurated ammonium chloride aqueous solution was
added at 15" C. Then, the mixture was extracted theee limes
with dicthyl ether. The diethyl ethee solution was washed
with a saturated sodium chloride aqueous solution and dricd

over anhydrous magoesium sulfate. The solution was evapo- -

raled 1o dryness under reduced pressure. The residue was
recrystallized from diisopropyl ether to obtain 130 mg
(yield: 59%) of white crystals. Melting point: 99°-101° C.

Example 1-g

Elhyl (E)-3,5—dihydroxy—7—[4'—(4"-ﬂuorophenyl)-Z'-(l“~
methylethyl)-quinolin-3 "-yl]-hept-6-enoate (compouad
I-11)

L10 mg (0.245 mmol) of compound [1-1 was dissolved in
5 ml ol ¢thanol in a nitrogen aimosphere, and the solution
was cooled 0° C. Then, 10 mg (0.263 mmol) of sodium
borohydride was added, and the mixturer was sticred for one
hour. Then, | ml of a 10% hydrochloric acid squeous
solution was added thereto, gad the mixiure was extructed
three times with ethy! ether. The cthyl clher sohution was
washed with a saturated sodium ehloride agueous solution
and dried over anhydrous magnesium sulfate. Then, the
solution was evaporated o dryness under reduced pressire.,
The residual oil was purified by silica gel column chroma-

ography (¢luent: 5% methanol-chloroform) to ablain the

desired product as a pure coloress oily substance. 70 my
(Yicld: 64%)

H-NMR (CDCL,) 6 ppm: 1.30(1,30,J=8Fz) 139(d,6H,J=
8Hz) bd=1.8(m,2H); 2.42(d,2H J=THz) 3.0-3.8 (m,2ID)
3.50(m I F) 3.9-4.6(m,2H) 4.20(q.2H J=8Fz) 5.35(m,1H)
6.59(m,1H) 7.10-8.18(m.8H)

Lxample 2
Socium salt of (E)-3,5-dibydroxy-7-[4'-(4"-fluoropheayl)-
2'-(1"-methylethyl)-quinolio-3 -yl]-hept-6-enoic acid
(compound I-51)
60 myg (0.133 mmol) of compound 1-11 was dissolved in
3 ml of ethanol. Then, 0.26 ml of a 0.5N sodium hydroxide

40
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aqueous solution was dropwise added thereto. The mixture
was stirred at room temperature for further one hour, and
ethanoi was distilled off under reduced pressure. Thea, 5 ml
of water was added therslo, and the mixmure was extracted
with ethyl ether. The aqueous layer was freeze-dried lo
obtaiu 40 mg (67%) of hygroscopic white powder. Melting
point: 207°-209° C. (dccomposcd).

Example 3
(E)-3,5-dibydroxy-7-[4'-(4"-fluorophe oyl)-2'-(1"-
methylethyl)-quinolin-3'-yl]-hepl-6-encic acid (compound
I-21)

110 mg (0.244 mmol) of compound [-11 was dissolved in
10 ml ot ethancl. Then, 0.79 ml of a 0.5N sodium hydroxide
aqueous solution was dropwise added thereto. The mixture

© was stired at room temperature for farther one hour, and

ethanol was distilled off under reduced pressure. Then, 10 ml
of waler was added thereto, and the misture was ¢xtructed
with ethiyl ether. The aqucous layer was weakly acidified
(pH 4) wilh a dilute hydrochloric aqueous solution and
extracted three times with cthyl cther. The cthyl cther layers
were put together and dried over anhydrous magnesium
sullate. Then, the solvent was distilled off under reduced
pressuré 1o oblain 90 my ol slightly yellow oily substance.
H-NMR (CDCL) 8 ppm: 1.36(d,611J=7Hz) 2.4(tm,2H)
3:5(m, 1H) 3.45(m,111); 3.8-4.6(m,2I) 5.40(dd, 11T, =
L9z I =8Hz) 6.55 (d,LH J=19Hz) 7.0-8.3(m,811)

Lxample 4
(E)-6-[4-(4"-Buarophenyl)-2'-(1"-methylethyl)-quinolin-3'-
ylethenyl}-4-hydroxy-3,4, 5,6-tetrahydro-2H-pyran-2-one
(compound 1-31)

90 mg of campound [-21 wus dissolved in 10 ml ol dry
wluene, and the solution was refluxed under heating tor 3
hours by means of a Dean Stark appacatus,

loluene was distilled off under ceduced pressucc, and the
residual solid was recryslallized from diisopropyl ether to
obtain 40 mg of colorless prism crystals. Melting point:
182°-184 ° (.

By silica gel thin chromatography, the product gave two
absorption spots close to each other altributable to the
diastereomers. (Developping solvent: 3% methanol-
chlorotorm)

These diasteramers were separated and isolated by silica
gel thin layer chromatography. [Developping solvent:
-BuDMerhexane/acelone=7/2/1 (v/v), Rf=0.6 and 0.7
{obtained weight eatio: 1/2)]

Rf=0.7: trans lactanc

H-NMR (CDCL) & ppm: 1.40(d,6H,J=THz) 1.6(m,2H)
2.65(m,2H) 3.48(m,LH); 4.20(m,1I1) 5.15(m,lH) 5.37(dd,
UHJ =18Hz,J,=THy) 6.68(d,| H, J=19H7) 7.1-8.2(m,8H)

Ri=0.6: cis luctone

H-NMR (CDCly) & ppm: 1.40(d,6H J=7IIz) 1.6(m,2II)
2.65(m,2H) 3.48(m,lH); 4.20(m,LH) 4.65(m,IH) 5.40(dd,
LH,J,=18HzJ,=7Hz) 6.66(m,1H) 7.0-8.2(m,8H)

Example 5
6-[4'-(4"-Aucrophenyl)-2'-(1"-methylethyl)-guinolin-3'-
ylelhyny]]—4-hy(lroxy-3,4,5,6-lelrahydro«ZH—pyran—Z-one
(compound 1-41)

20 mg of a mixture of diastereomers of compound I-31
was dissolved in 5 wml of cthanol. aad 10 mg of 5%
palladium-carbon was added thercto. The mixture was
stirced under o hydrogen atmosphore. After conficming the
disappearnnce of the starling substance and the appearance

s ol a new spat by thin layer chromatogeaphy, the pallacium-

carhonwas filtered olF, and ethanol was distilled ofY 10 obtain
colorless oil.
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This oil was purified by preparative thin layer chroma-
tography to obtain 16 mg ol the desired product as pure
colorless oil.

MS(m/e): 408(M*+1I), 407(M™), 366, 292, 278

In the same manner as in Exumple 1-a, compounds VII-2
to VII-27 were prepared. The physical properties of these
compounds are shown in Table 4. (In the Table, R’, R?, R?,
R*, R* and R* correspond to the substitients of compound
VIL)

TABLLE 4

(Compounds in this Tahie are compounds of the

formula VIL whgeein R” is hvidrogen,

Com- m.p.
poana  R! R4 R4 R1 rR? R4 (°C)
vitz  H o 4-F H  CH, C.H,
VIEZ " H H H  CH, C.H,
Via  H H 53 H P CH,
vi-s  6-Cl H H H CH, C.H.
Vil-6 6-Cl EH H H Py C.Hy 105.5-106.5
V-7 H H 2-F H LPr CLHy  101.0-1020
VIL-8 7-Me H H H =P > oil
VLo H H 4-Cl Fr i-Pr 134.0-136.5
vo-10 g H 4-OMe H i-Pr 88.0-89.1
VIi-11 H H 4-Mc H -Pr 108.3-109.5
VI-12  6-Cl H 2-Cl aq -Pr s 10L0-103.0
VU-i3 H H 4CF, H P L T.S-HI00
Vi-14 H u 2-Me dF -Pr CLH, oil
V-5 H H 3-Me 5-Me i-Pr C,Hs ol
VI-16  6-OMe  7-OMe  4-¥ H P Cably 96.0-98.0
VIL-17 H H 4-F H CHs CH,  139.0-139.5
viI-18 H H 4-F 28 a-Pr C;Hg oil
VI-19  6-CI H +-F H Po C HL 94.5-955
VI-2¢ 1O It 4-[ H Py CU,  [L3.5-1163
vi-21 H L 4-0Ph £l -Pr C,H, oil
VIL-22  6-Cl 8-Cl 4-F H Pr Clile 96.0-984
Vi3 6-Cl H H H Ph Cubly 11881195
VI-24 §-Cl H H H e-Pr CH. 970985
VI-25  H 24 ¥ H sec-  CHy o oil

Bu
VI[-26  6-Me 11 4-r 04 CPr Gl 109.0-11 L0
VI-27  6-OMce 7-OMe  4-FF H c-Pr CH, 153.0-153.5
ViI-8

H-NMR (in CDCL) 8 ppm: 0.92 (L,3HJ=7Hz), 1.41
(d,6H,J=6Hz); 2.47 (5,3H), 3.27 (Heptaplet,| H,J=6Hz) 3.96
(9,2H,J=7tiz), 7.0-7.8(m, 8H)

VI1I-14

H-NMR (in CDCL) 8 ppm: 1.01 (t,3H,J=7Hz), 1.42
(d,6H,J=6Hz); 2.38 (s,3H,J=3Hz), 3.25(Heptaplet, 1H,J=
6Hz) 4.04 (q,2H,J=7Hiz), 6.9 —8.1(m,7Hz)

VII-15

H-NMR(in CDCl,) 6 ppm: 0.97(1,3H,J=7Hz), 1.43 (d,6H, -

J=6Hz); 2.29 (s,6H) 3.25 (Heptaplet, | H,J=GHz) 4.00 (q.2H,
J=7Hz), 6.8-8.0(m,7L1)
VII-18

H-NMR (in CDDCL) 8 ppm: 0.98 (1,3HJ=7Hz), 1.02
(t.3H,J=THz); 1.6-2.3(m,2H), 2.8-3.1(m,2H) 4.03 (q,2H,J=
7Hz)}, 6.9-8.1(m,8H)
VII 21

H-NMR (in CDCL) & ppm: 1.03 (1,3HJ=THz), 1.41

(d,6H,J=6117); 3.25(Heptapet, LH,J=6Hz7), 4.05(q,2H,J= y

7THz), 6.8-8.1(m, 13H)
VII-25

H-NMR (in CDCL;) 8 ppm: 0.97 (d,6H,J=6Hz), 2.0~2.6
(m,tH); 2.85 (d,2H,1=7H7), 3.51(s,3H), 6.8-8.1 (m,8H)

In the same manner as in Example 1-b, compounds VI1-2
10 V1-27 were prepared. (In Table 5, R?, R?, R?, R* and R®
correspond to the subslituents in compound VL)

1
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TABLE 5

{(Compounds in this Thide aie zompouads of the

foumuly VI wheiew R is hydiogen,

Compound  R' R* R* RYOR®
V2 u H pF H CH —
Vi-3 L a A H CH, 149-151
Vi-4 2} 38 H H -Pr 130~-130,5
VI-3 6-ClI H H H CH, 13914
V-6 5-Cl H 3 H -Pr {58-169
VI-7 H H 2- H i-Pr
VI-8 7-Me (i [t r -DPr 185.0-157.0
VI-9 H 3 4-Cl H i-Pr 192,0-195.0
VI-1v H H 4-OMe H i-Pr 186.0-188.5
VIl H 28 +-Me H -Pr 16 101640
VI-i2 6-C1 H - H i-Pr 122.0-124.0
VI-13 H H 4-CF, H i-Pr 183.0-186.0
VI-14 H H 3-Mc 4+F  pr 161.0-162.5
VI-is I Ir 3-Me 3-Me i-Pc 137.0-138.0
Vi-lo 6-Me 7-OMe 4-[ 1 i-b'r 164.0-165.0
VI-17 q a 4F  H  QH, 1415-1435
VI-18 H H 4-F H a-Pr 140.5-148,5
VI-19 o-Cl H 1-F H -Pr 171.0-172.0
vi-z0 M H 4-F H c-Pr 120-126
VI-2 L H H 40 H i-Pr 153.0-154.0
6-Cl 3-Cl -1 34 -Pe 98.5-103
6-Cl it i1 i1 rh 17151725
6-Cl H H H c-Pr 34.0-86.0
H ] 4-F H sec-Bu 119.0-12 L0
6-Me H 3-F 54 -Pr 160.0-161.5
6:0Me 7-OMe  4-F H c-Pr 162.0-162,0

[z the same manner as in Example I-¢, compounds V-2 to
V-27 were prepared. (In lable 6, RY, R2, R?, R? and RS
correspond to the substiluents of compound of V.)

TABLE 6
(Compounds in this Table are compounds of the
formula ¥V wherein R” is hydiogun.)
m."’.

Campound R! R- R R! R3 ")
V2 H H p-F CH; 125128
w3 H H =1 H CH, 143-14G
V4 21 H 3 134 i-Pr 72932
Va5 6-Ct H H R CH; 220-222
Voo 6-Cl 34 H 2] -Pr 140-140.5
V-7 H H 2-F a i-Pr 121.5-124.0

-8 7-Me 1 14 u i-Pr 105,1-109.2
V-9 3] H 4-Ci H i-Pr 147.0-147.8
V-10 5 H +-OMe H i-Py 135,6-12003
V=11 H H +Me H i-Pr 19.4-120.4
V12 5-C H 2-Cl H i-Pr 105.8-1G6.9
Vel H H 4CF, H  tPr 163,7-164.2
Vel FI H 3-Me 4F  i-Pc 16 1.1-108,)
V-15 1T L 3-Me 5-Me i-Pr 120.3-(22.3
V-16 6-OMe  7-OMe  4-F H -Pr 164.4-165.2
V17 H 54 4R H  CH.  143.(-144.2
V-18 [ H 4-K H =P [50.2-155.3
V-19 o-C! H 4-F H i-Pr 164.5-165.3
v-20 H H 4-F H c-Pr 150.1-131.6
V21 H 38 4-OPh  H i-Pr W06.9-107.7
v-22 5-Cl 8-Ct 4-F 2} i-P1 135.0-135.7
V-23 6-Cl H H H Ph 174.8—-175.5
V-24 6-Cl H H H c-Pr

V=25 H H 4-F H sec-Bu
V-26 9-Me H 4-K H -Ur

V27 6 OMe  7-OMe  4-F H c-Pr 200.0-200.5

[n the samc manncr as in Example 1-d, compounds V-2
lo [V-6 were prepared. (In Table 7, R*, R, R?, R and R®
correspond to the substiluents of compound IV.)
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TABLE 7 TABLE 9-continued
(Compounds (n Lhis Tabie ace <ompounds of the (Compounis in this hble me sampaunis ot the
forinula 1V whereia R is hydiogen. | 1_ foumula of ([ wheewin R is hvdrouen )
Campound R! RT R R R® m.p. (FC) Com- .
potnd  R! R* R R' R? Rz [$5
v2 I I 4+F ° I, 177-179
V3 H 4 H H CH - 10 H H 4-0Me H  -Pr  C,H. 790-745
V-4 H H H H i-Pr — w1 H H +0Me H  i-Pr QL 75.0-78.0
Vs 6-Ct H H d ci - 0 (12 eCl 21 H Py
V-6 6-C1 H H H  ipr - -3 H H ICF, H  ier -8 3
Mm-14 " H Me  4F i-Pr CJH. 56.0-710
] -15  H H 3-Mc  5-Me iPr C,H. ol
In the same manner as in Example 1-e, compounds II1-2 16 6-OMe 7-OMe 4-F it P Cull 33.0-900
to TMI-27 were prepared. (In Table 8, R*, R?, R*, R" and R’ 17 g H +F ot Guofls CH, e =sucil
correspond to the substitucnts of compound IIL.) 13 ﬁig ([;[(‘1 g l: S ;":r' E‘—ﬁ T P
St -C - - M. —113.
20 o H A-F H  cPr C.H, 900-934
TABIL 8 -2 H H +OPh H -Pr CyH; 1210-1250
122 6Cl 8¢l 4F H i-Pe C.H. oii
(Compouns i this Table ace compannds of che 1123 6-Cl H i1 I Ch Cills ol
formulo Tl wherein R is hvdrogen, 20 (24 §-Cl 5] 9] 83 e-Pr Cll; 69.0-71L0
< 2s H H 4-F ¢ sec-  C,H, oil
mp. Bu
Compound  R' R’ R' R* R* (°C.) i-26 6-Me H +-F H =Pr CiHs oil
27 6-OMe 7-OMe 4-F H  oPc G o
ur-2 H u 4F B CH, 194105
-3 i 01 Jof [S SIS 170-171.5 B
I-4 I 4 i1 2 i-Pr 107-108.5 25 1-7
e sCl H i HoocH - H-NMR(in CDCLy) 6 ppm: 1.21(L3HJ=THz), | 32(d,6H,
}g-g et H ﬂF : i *,35]-5—011 J=bHz); 2.2-2.4(m2H), 2.5-2.7(m,lH) 3.28(s,111), 3.34
e e o M [b BE LS (Heptaplet, 1H J=GHz) 4.08(q,2H J=7Hz), 4.3—4.6(m, | H)
-9 H H 4-C1 H -Pr 148.0-149,1 s jﬂ{dd. II-IJat'le.J- | 5”4). ﬁ.ss(t[d.t H,J-[ e H?..J-l 5[‘[?!] 5
II- 10 H H 4+OMc H  i-Pr 13741401 30 6.9-8.0(m,8H)
[T- 11 11 11 +Me I1 iPr HL6=113.1 n-12
e - N H-NMR(in CDCly) § ppm: 1.25(1311,I=7Hz), 1 33(d,6H,
°F, 26.2-12 : 2
M-14 i g 3Me  4-F  iPr 124.3-120.4 I=6Hz); 2.2-2.4(m,2H), 2.5-2.8(m,1H); 3,32(5.2“), 3.38
m-15 H 13 FMe  S-Me i-Pr 117.6-120.3 (Heptaplet, 1H, J=6Hz); 4.13(q,2H J=71 [z), 4.2—.6(m, [H);
I1-16 6-OMe  7-OMe  4F " Pr 47821509 15§ 3d(dd, 111,J=6Hz, J=15Hz), 6.53(dd, 1 H Jw=1.5H2,J=15Hz),
-17 H H 4F H  GH, [243-173.5 7.0-8.0(m,711)
i 18 u 3] 4T U n-Pr 1781205 Tl
1t-19 sCl o 4F H  Pr 13521359 It-15 )
l-20 H H +F € cbr 141.3-144.] H-NMR (in CDCL,) 6 ppm: 1.23(t,3H J=7Hz), 1.35(d,6H.
1[1—31 o H +0Ph H LPr ol N J=GHz); 2.2-2.4(m 2H), 2.31(s,.6H); 2.6-2.8(m,1H), 3.32(s,
s o et E b 36 3 35(Heptaplel, L I=0HZ), #.12(¢,2H,J=THz); 4.3-4.7
{II-74 el I u o oPe 161.0-161.5 (m, 1 H), 5.30(dd,t H =0z, J=16Hz); 6.51 (dd, | H J=Hz J=
m-25 H H +F H  scc-Bu 78.0-81.0 LOHz), 6.7-8.0(m,7H)
1r-26 &Me  H 4F U i-Pr 137.0-137.5 1-18
e GOMe 7-OMe &F H  ofr 13951910 H-NMR (in CDCly) 8 ppm: 1.00 (4,36, J=THz), 1.26(1.
45 3H J=Thz); 1.6-2.3(m,2H), 2.42 (d, 2H J=6Hz); 2.6-3.2(m.
1-22 3H), 3.35(s,2H) 4.11(g,2F,I=THz), A 3=0.T(m, 11D 5.27(ddd,

H-NMR(in CDCl,) & ppm: 1.40(dGH,/=7Hz), 3.44
(Heptapliet, | H,T=7Hz); 5.93(dd, LH,J1=8Hz,J=16Hz), 6.8-8.1
(m,14H) 9.34(d, L H J=8Hz)

In the same manaer as in Example 1-f, compounds I1-2 to 5

[1-27 were prepared. (In Table 9, RY, R®, R? R* and RS
correspond to the substituents of compound II.)

TABLE 9

(Compounds in this Table ate compounds of the

formuwa of (I wherein R is hvdrogen.

Com- m.p
pourd  R! R? R R R*  R¥Z 0y

-2 H H p-E H  CH, C,H, oil

(-3 3 H H H CH, C.Hs 105-104
-4 5 H H ¢ Py CLIL, 88.3-90,5
-5 6-Cl H H H CH, C,H, 772
-6 6-Cl H 54 H i-Pr CLH, 96-98
-7 H d 2-F H -Pr C,H; il

-3 7-Mc 2 H H =P Gl 68.5-740
-9 24 5 40l H  i-Pr CLH, 9102940

65

LEE a6z, Jom L GHZ) 6.46(cdd, LH o ), 5FHz = L6F2), 6.9-8.0
(m.8H)
122

H-NMRG CDCL) 8 ppme: 1260130 J=7Hz), 1.33(d,6H,
J=GHz): 2.43(d,2H JmGHz), 2.6-2.9(m, L) 3.36(s, 2H), 3.44
(Heptaplet, LHJ=6Hz) 4,13(q, 20 J=7Hz), 4.3—4.7(m,1H)
5.30(cd, 111, J=6Hz,J= 16Hz), 6.53(dd I HI=1 5Hz =1 6Hz),
7.0-7.6(m,6H)
1-23

H-NMR(in CDCL,) 8 ppm: L23(t,3H,J=7Hz), 2.21(d,2H,
J=6Hz); 2.4-2.6(m,lH), 3.25(s,2H) 4.09(q,2H,J=7tiz).
4.1-4.4(m,IH) 5.08(dd,LH J=6Hz,J=16Hz), 6.26(cld,1HJ=
1.5Hz,J=16Hz), 7.0~8.0 (m, 13H)
123

H-NMR(in CDCL,) & ppm: 0.96(d,6H J=6Hz), 1.26(1,3H,
J=7Hz), 1.8-2.4(m,11I), 2.43 (d,211.J=611x), 2.6-2.9(m, 111).
2.88(d,2H,J=THz), 3.36(s,2H), 4. 14(q,2H J=THz), 4347
(m,1H), 5.0~5.5(m,1H), 6.3-6.7%m,1H), 6.9-8. 1(m,3H)
I1-26

H-NMR(in CDCl3) § ppm: | 25(1,3H, T=7tLz), L 32(d,6H,
I=6l1z), 2.32(s,31D), 2.39(d,2H, J=THz), 2.6-3.1(m, LI1),
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3.36(s,2H), 3.41(Heptaplet,LH.J=G6Hz), 4.11(q,2H,J=7Hz},
4.3-4.7(m.LH), 5.0-5.5(m,1H), 6.3-6.7(m,LH), 6.8-7.9(m.
7H)

I-27

H-NMR (in CDCL) 8 ppm: 0.8-1.5(m,4H), 1.26(13H,J=

7Hz), 2.0-2.9(m4t1), 3.42(s,2H), 3.71(s,3H), 4.00(s,3H),
4.20(q,21,J=7T1z), 4.4—4.8(m,11I), 5.3-5.8(m,1H), 6.4-6.9
(m, 1), 6.58(s,L11), 7.0-7.5(m,5F)

In the same manner as in Example 1-g, compounds T-12

to [-127 were prepared. -
TABLE 10
[-1
R* R* Ol1
15
20
25
m.p. {°C.)
Com- Mass
pound  R! R R R* r> R spectium
(SRR H 4F H  CH, CH, ail
Mre 423,202 3
264. 249
13 ad i o4 I Cl; G, 92-105
14 H g H g i-Pr C.H, 97-100
L5 6Q  H 2] H CH, C.He oif
16 6-Cl H H i =Pt CH, oil
L7 g H 1F g4 e C,H, oil s
-1 7-Me H H H -Pr C.H, il N
19 H H 4-ClI H i-¥r CiH, 98-104
-Li0 1 I 4-OMe H i-Pr C.Ils 94-98
11t B H 4-Me H i-Pr C.Hs 7985
-1i2 6-Cl H 2-ClI i i-Pr C.Hs ol
s H H 4-CF, H P CH. 117-128
114 H H A-Me 4-F - Pr C,Hy 3592 40
118 3] H 3-Me 5-Me i-Pr C.H, oil
I-t16 6-OMe 7-OMc  4-I¢ 34 i-Pr C:H; gum
117 H g 4-F H CGH. CH. ol
[-118 1 144 4-[° (L a-Pr C.II; ol
e ecl H 3-F H  ibr ClH, 79-32
[-120 H H 4-F H c-Pr CyHs 100-104 45
121 H H 4-OPh I -Pr C.H, ol
[-222 &8-C1 8-CI A-F H i-Pr CLHs 133143
[-123 6-CJ H 31 H Ph C.Hs  gum
124 6-Ct H 3 H o-Pr C;Hs oil
L1223 R’ H 4-€ H  secBu C.H, oi
126 6-Me H 4 U P CLHL il s
-127 6-OMe  7-OMe 4-F H c-Pr C,Hs gum

I-17

H-NMR (in CDCL,) 8 ppm: 1.29(1,3H,J=7Hz), L 40(d,6H,
J=6Hz); 1.4-1.7(m,2H), 2.3-2.5(m2H) 2.9-3.2(m,lH), 55
3 49(Heptaplel,1H,J=6Hz) 3.5-3.8(m,1H), 3.9-4.5(m,2H)
4.20(q,211,J=7Hz), 5.2-5.7(m, L) 6.5-6.9(m,1F), 7.0-8.2
{m,8H)
[-18

H-NMR (in CDCly) & ppm: 1.0-L4(m,2H), L31(t3H,J= 60
7He), 1.39(A.6H,J=6Hz), 2.3-2.5(m,2H) 2.52(s,3H),
3134 (m,IH) 3.48(Heptaplet, |11,J6Hz),3.5-3.8(m, 1 H)
3.8-4.1(m, L H), 4.20(q,2H,J=THz) 4.2-4.5(m,1H), 5.2-5.6
(m,1H) 6.4-6.8(m,LH), 7.0-8.0(m,811)
1-19 63

H-NMR (in CDCl,) 8 ppm: 1.29(1,311,J=7Hz), 1.38(d,6H,
J=6Hz7); 14-1.8(m.2H), 2.3-2.5(m.2H) 3.2-3.4(m, H),

24
3.49(Heptaplet, IH,J=6Hz) 3.6-3.8(m,LH), 3.9-4.2(m.1H)
4.20(q,2HJ=7Hz), 4.3-4.5(m,I1H) 5.2-5.5(mm,LH), 6.5-68
(m,LH) 7.0-8.2(m,8H)
I-110

FE-NMIR (in CDCL) 8 ppm: 1.29(1, 38 I=7Hz), |.40(d,6H,
1=6biz); 1.5-L6(m,28), 2.3-2.5(m,2H) 2.8-3.0(m,lH),
3.4-3.6(m,LIN) 3.52([eptaplet, LI J=611z), 3.88(s,311)
3.9 L(am, LD, 4.20(q,2[1)0=T11z) 4.3-4.5(m,1ID), 5.3-3.5
(m, 1 HY 6.5~6.7(m, I H), 6.9-8.1(m,8F)

H-NMR (in CDCL) 8 ppm: 13001, 3 J=7Hz), L.3—1.5(m,
2ZH); L39(d,6H J=6Hz), 2.3-2.5(m,2H) 2.43(s,311), 2.8-3.0
(i, 1#1) 3.50(Heptapict, [H J=6Hz), 3.5-3.7(m,LH) 3.9-4.2
(m,LH), 419(q2H J=THz) 4.2-4.5(m,[FD), 5.2-5.6(m.IH)
6.4-0.8(m,1H), 5.9-8.2(m &)

1-112

H-NMR (io CDCL) 8 ppm: L30(1,3ELJ=7Hz), 1.3=1.6(m,
2L L37GL6HL =01 12), 2.3-2.5(m,211) 2.9-3.2(m, L 11}, 3.47
(Meptaplet, LT J=6112) 3.5-3.8(m, L11), 3.9~ I(m,L11) 4.19
(0, 2H, J=THzZ), 4.2-4.5(m,1H) 53-5.7(m,1H), 6.5-6.8(m,
LH) 7.1-8.1(m,711)

I-113

[I-NMR(in CDCL;) § ppm: 1.0-1.3(m,2I1), 1.30(t,311,J=
7Hz); 1.40(d,6H,J=6Hz), 2.3-2 4(m,2I0) 3.3-3.5(m,1H),
3.49 (Ileptaplet, L11J=611z) 3.6-3.7(m,1H), 3.9-4.1(m,1H)
+.18(q,2H,J=7Hz), 4.2-4.5(m,LH) 5.1-5.5(m,LH), 6.5-6.8
(m,1H) 7.2-8.2(m,8H)

I-114

H-NMR (in CDCL) 3 ppm: 1.2-1.4(m,2H), 1.30(1,3H,J=
THz); 1.39(d,611,J=611z), 2.32(bs,3I1) 2.3-2.5(m,2II),
3.0-3.3(m, LH) 3.50(Heptaplet,1H,J=6Hz), 3.6-3.8(m,IH)
3.8-4.1(m,111), 4.20(q,21LJ=711z) 4.3-4.6(m,11t), 5.2-5.6
(wm,LH) 6.5-6.8(m, LH), 7.0-8.2(n,7H)

I-115

[I-NMR (in CDCI3) 3 ppor: 1.1-1.4(m,21T), 1.30(t,3E]=
THz), L 4Nd,6H,I=6Hz), 2.2-2.5(m,2IT) 2.35(s,6H),
2.7-3.1(m,1H) 351(Heptaplct, 1HJ=6Hz), 3.6-3.7(m,IH)
3.8-4.1(m,1H), 4.20 (q,2H,J=7Hz) 4.2-4.6(m,LH), 5.2-5.6
(m,1H) 6.4-6.8(m, H), 6.8-8.2(m,7H)

116

H-NMR (in CDCL) 6 ppin: 1.3001,3H J=7Hz), 1 37(d,6H,
I=611z); L.5-1.8(m,21l), 2.3-2.5(m,2Il) 2.9-3.2(m,1I1),
3.406 (Heptaplet, | H J=6Hz) 3.6-3:8(m,LH), 3.75(s,3H)
3.9-4.1{m,lH), 4.07(s.3H) 4.20(q,2H J=7Hz), 4.2-4.5(m,
11) 5.1=5.5(m, LH), 6.4-0.8(m,2H) 7.1-7.5(m,5H)

I-117

F-NMR(in CDCL,) 8 ppm: 1.30(t,3HJ=7H7), 1.37(:,3H,
J=THz); 14-1.7 (m2H), 2.2-2.6(m2H) 2.8-3.2(m,3H).
3.6-3.9(m,1H) 3.9-4.7(m4H), 5.2-5.7(m,1H) 6.3-6.7(m,
LH) 7.0-8.2(m,8H)

I-118

H-NMR (in CNCL) & ppm: [ 01(t,3H,J=7Hz), | 27(t,3H,
J=THz); 1.4-2.1(m,4H), 2.3-2.6(m,2H); 2.8-3.3(m,3H),
3.6-3.3(m,11T); 3.94.1(m,1i1), 4.18(q,211,J=71Iz); 4.24.5
(m,1H), 5.2-5.6(m, L H); 6.4-6,7(m,LH), 7.0-8. |(m.8H):
1-119

H-NMR (in CDCl,) 8 ppu: 1.2-1.5(m,2H), 1.31(t,3H,J=
7Hz): 1.37(d,6HJ=7Hz), 2.3-2.6(m,2H); 3.0~3.4(m,LH),
349 Heptaplet, |H,J=6Hz); 3.6-3.8(m.1H), 3.8—4.2(m, 1H);
4.20(q,2H J=7Hz), 4.3-4.5(m, L11); 5.2-5.6(m,1H), 6.46.8
(m,LI1); 7.0-8.1(m,71D);

1-120

H-NMR (in CDCI3) & ppm: 0.8—1.8(m,6H), 1.30(t,3H,J=
7Hz); 2.1-2.6(m,3H), 2.9-3.3(m,LH); 3.4-3.7(m,LH),
3.84.6(m,2H); 4.20(q,2H,J=7Hz), 5.4-5.8(m,LlH}); 6.4-6.3
(m,1H), 6.8-8.0(m.8IT);

I-121

H-NMR (in CDCL,) 8 ppm: 1.29(t1,3H,I=711z), 1.39(d,6H,

J=6Hz); |4-1.9(m,2H), 2.3-2.5(m,2H);, 2.7-3.2(m,1H),
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3.5 (Heptaplet, lH,J=6Hz); 3.6-3.8(m,1H), 3.9-4.2(u,1H);
4.19(q,2H,J=THz), 4.3—4.6(m,1H); 5.2-5.6(m,1t]), 6.4-6.8
(m,LHY; 6.9-8.2(m, L3H);
1-122

II-MNR (in CDCL,) ® ppm: 1. 1-1.8(m,211), 1.31(1,3H,J=
THz); 1.41(d,6HJ=6Hz), 2,3-2.5(m2H); 2.9-3.4(m,LH),
3.50(Heptaplet, L H,I=6Hz); 3.6-3.8(m, H), 3.94.5(m,2H);
4.20(q,2H J=7Hz), 5.2-5.6(m, H); 6.4-6.8 (m,1H), 7.1-7.3
(m,5H); 7.72(d,14,J=6Hz);

1-123
H-NMR (in CDCL,) 3 ppm: 0.8-1.5(m,2H), 1.29(1.3H,J=
7lz); 2.2-2.4(m,201), 2.6-2.9(m,1H); 3.2-3.6(m,LI),

3.74.3(m,2H); 4.17(q,2HJ=THz), 5.0-5.4(m,1H); 6.1-6.5
(m,1H), 7.0-8.2(m,13H);
1-124

H-NMR (in CDCL,) 8 ppm: 0.8-1.8(m,6H), 1.20(t,3H,J=
7Hz), 2.2-2.6(m,3H), 2.8-3.2(m,1H), 3.3-3.7(m,1H).
3.9-4.5(m,2H), 4.19(q,2H,1=THz), 5.4-5.8(m,1H), 6.5-6.8
(@,1H), 7.1-8.0(m,8H),

0

26

[-125

NMR (io CDCly) & ppm: 0.94(d,6H,J=6kz), L.0-(.7(m,
3H), 1.27(t3HJ=THz), 1.9-2.5(m,3H), 2.90(d,2H,J=7Hz),
3.34.4(m,3H), 4.12(q,2H,J=7Hz), 5.0-5.5(m,H), 6.2-6.7
(m,1H), 6.9-8.0(m,8H),
[-126

H-NMR (in CDCly) § ppm: 1.0-1.6(m,3H), 1.21(t,3HJ=
7Hz), 1.34(d,6lLI=6Hz), 2.34(s,3H), 2.37(d,2H,J=7Hy),
2.9-3.7(m,2H), 3.8-4.5(m,2H), 4.15(q,2H J=7Hz), 5.0-5.5
(m,1H), 6.3-6.7(m,1H), 6.9-8.0(m,7H),
1-127

H-NMR (in CDCl,) 8 ppm: 0.8 -(.9(m,8H), [.29(t,3H,]
THz),

2.1-2.6(m,3H), 2.8-3.2(m,1H), 3.72(s,3H), 4.02(s,3H),
4.19(q,2H,J=7Hz), 4.3-4.6(m,1H), 5.4-5.8(m,LH), 6.4-6.8
(m,1H), 6.56(s,1H), 7.0-7.4(m,5H)

Io the same munner as in Exmple 2, compounds 1-52 o
I-527 were prepared.

TABLE 11
[-5 (R'é= Na)
R? R OH
n.p.
Compound R R? R* R' R¥ R (“c.)
[-52 H H 4-K CH Na 138-142
(decompuosed)
[-53 3] H H H CH, Na 130-132
{decompuosed)
I-54 4 31 I 1 i- ¢ Na 196—197
(decomposed)
[-55 6-Cl H H 34 CH. Na 211218
(Jecomposex)
L-56 6-C! H H H -Pr N 195-198
(decomposed)
1-57 H 34 2-F H -Pr Na 193-201
(decomposed)
58 7-Me R H H -Pr Na 170173
(decomposed)
-59 H H 4-Cl 3 i-Pr Na 193202
(decomposed)
[-510 q H 4-OMe H i-Pr Na 178-193
{decompused)
511 H H 4-Mc H -Pr Na 187200
(decomposed)
512 6-Cl H - = i-Pr Na 203-209
(decompessd)
1-513 H H 4-CF, H i-Py Na 200212
(decompaosed)
I-514 I H 3-Me 4-F i-Pr iNn 195200
(decomposcd)
1-515 H H 3-Me 5-Me i-Pr Na 192-197
(decomposed)
516 6-Obe 7-OMe 4.1 H -Pr Na 239-245
(decomposcd)
517 H H 4-B H C,Hg Na 230237
(decompaosed)
-518 H H 4-t H u-2 Na 193200

(decomposed)
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TABLE 11-continued
(-5 (RU = Na
R R! o
m.p.
Compouad  R* R* R* rR* R¥ g2 (°C.
=519 6-C1 H 4+ H i-Pr Na 193-193
{Jecomposed)
[-521 H H 4l H <-Pr Na 197-104
{decomposed)
[-521 H H 4-0OPh H i-er Na 180-1389
(decomposed)
[-322 5-Cl 8-Cli 4T 04 i-Pc Na 1833~187
(deconposed)
[-523 5-Cl H o H PL Na 190196
{decomposcd)
[-524 6-Ct H H H c-Pr Na 204210
{decomposed)
I-525 H H 4-F H scc-Bu Na —
1-526 G-Me H 4-F H i-Pr Na 204-208
(decomposcd)
[-527 6-OMe 7-OMe  +F H e-Pr Na 234238
(decomposed)
1-57 a5 UNMR (in DMSO-d®) & ppm: 0.9-1.3(m,2 H), 1.35(d,
H-NMR (in DMSO-d%) 8 ppm: 0.9-1,2(m,2H), 1.37(d, GH.J=THz): 1.7-2.1{(m,2H), 2.30(d,3H J=2Hz); 3.0-3.8(m,
6H,J=7Hz); 1.6-2.1(m,2H), 3.48(Heptaplet,lH J=6Hz), 3H), 3.5 i(Heptaplet, LH J=THz); 3.9-4 3(m,1H), 5.3-5.6(m,
3.7-4.3(m,4H), 5.3-5.6(m,1H); 6.4-6.7(m,1H), 7.1-8.1(m, LH); 6.3-6.6(m,LIT), 6.9-8.1(m,7H),
8H); 1I-515
[-58 4 . H-NMR (in DMSO-d%) & ppm: 1.0-1.2(m,2H), 1.35(d,
H-NMR (in DMSO-d®) § ppm: 0.9-1.2(m,2H), L.31(d, 6H I=7Hz); 1.6-2.2(m,2H), 2.35(s,6f]); 3.0-3.8(m,3H),
OILI=THz); 1.7-2.2(m,21I), 2.50(s,31I); 3.3-4.5(m,511), 3.51(leptaplet, | 11,J=711z); 4.0-4.3(m,111), 5.3-5.6(m,1H);
5.2-5.6(m,L11); 6.3-6.6(m,LIT), 7.1-7.9(m,811); 6.3-6.6(m,11I), 6.8-8.0(m,711);
1-59 1-516
H-NMR (in DMSQ-d%) § ppm: 0.9-1.3(m,2H), t.33(d,  H-NMR (in DMSO-d%) & ppm: 0.9—1.3(m,2H), 1.31(d,
6H,J=7Hz); 1.6-2.2(m,2H), 3.48(Heptaplet,tH,J=THz); *5 6H J=THz); 1.7-2.0(m,2H), 3.2-3.7(m,4H); 3.62(s,3H),
3.5-4.6(m,4H), 5.2-5.6(m,2H); 6.3-6.6(m,LH), 7.1-8.1(m, 3.9-4.2(m, [ H); 3.94(s,3H), 5.1-5.5(m,LH); 6.2-6.6(m,H),
8H); 7.0-7.5(m,6H);
I-510 1-517
H-NMR (in DMSO-d®) 3 ppm: 1.0-1.3(m,2H), 1.32(d, H-NMR (in DMSO0-d®) 8 ppm: 0.9-1.5(m,2H}, 1.34(1,3H,
6ILI=711z); 1.6-2.2(m,2IT), 3.0-3.8(m,4T); 3.86(s,3[1), so J=71Iz); 1.6-2.2(m,2H), 2.7-3.4(m,4H); 3.6-4.3(m,21I),
4.0—4.3(m,LH); 5.3-5.6(m,H), 6.3-6.6(m,tH); 6.9-8.1(m, 5.2-5.7(m,1H); 6.1-6.6(m,1H), 6.9-8.1(m,8H);
8H); 1-518
511 ) H-NMR (in DMSO-d°) 8 ppm: 0.8-1.3(m,2H), L.01(t,3H,
H-NMR (in DMSO-d%) § ppm: 0.9-1.3(m,2H), 1.33(d, J=THz); 1.6-2.1(m,4H), 2.7-3.8(m,5H); 3.9—4.3(m,1H),
OH,I=7Hz); 1.7-2.1(m,2H), 2.41(s,3H); 3.2-4.3(m,5H), 55 5.2-5.7(m,1H); 6.3-6.6(m,1H), 7.1-8.1(m,8H);
5.3-5.6(m,LH); 6.3-6.6(n,1H), 7.0~8.3(m,8H); -519
[-512 H-NMR (in DMSO-d9) & ppm: 0.9-1.3(m,2H), 1.33(d,
H-NMR (in DMSO0-d%) § ppm: 0.9-1.3(m,2H), 1.33(d, 6H,J=7Hz); 1.6-2.2(m,2H), 2.9-3.9(m,3H); 3.49(Heptaplet,
6HJ=7Hz); 1.6-2.2(m,2H), 3.1-3.8(m,3H); 3.48(Hcptaplet, 1H,J=7Hz), 4.0-4.3(m,1H); 5.3-5.6(m,1H), 6.3-6.6(m, LH);
tH,J=7Hz),3.94.2(m,1H); 5.3-5.7(m,1H), 6.3-6.7(m,1H); &0 7.2-8.1(m,7H);
7.0-8.1(m,7H); [-520
I-513 H-NMR (in DMSO-d®) 8 ppm: 0.8-1.5(m,6H), 1.7-2.2
H-NMR (in DMSO-d®) & ppm: 0.8—1.3(m,2H), 1.34(d.6H, (m.2H); 2.3-2.7(m,1H), 3.0-3.9(m,3H); 4.0-4.3(m,lH),
J=THz); L.6-2.2(m,2H), 2.7-3.9(m,3H); 3.49(Heptaplet,LH, 5.5-5.8(m,1H); 6.4-6.7(m,LH), 7.2-8.0(m,811);
65 1-521

J=7THz), 3.9-4.3(m,lH); 5.2-5.6(m,1H), 6.3-6.7(m, 1 H);
7.1-8.1(m,8H);
[-514

H-NMR (in DMSO-d% 8 ppm: 0.9-1.5(m,2H), 1.36(d,
6H,J=THz); 1.7-2.3(m,2H), 3.0-3.9(m,3H); 3.50(Heptaplet,
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29
LHJ=6Hz), 4.0~4 3(m,LH); 5.2-5.6(m. 1 H) 6.4-6.7(m, 1 H);
7.0-8.1 (m,13H);

1-522

H-NMR (in DMSO-d%) 8 ppm: 0.8-1.3(m,2H), 1.37(d,
6H J=7Hz); 1.6-2.2(m,2H), 3.1-3.9(m, 3H); 3.5 L(Heplaplet,
LH J=7Hz),4.0—4.3(m, 1 H); 5.3-5.7(m,1H), 6.3-6.7(m,H);
7.1-8.0{m,6H);

[-523

[I-NMR (in DMSO-d6) 8 ppm: 0.8-L.4(m,2H), 1.6-2.1
(m,2H); 2.9-3.7(m,3H), 3.7-4.1(m,1H); 5.1-5.4(m,LH),
6.1-6.4(m,1H); 7.1-8.2(m,13H);

[-524
H-NMR (in DMSO-d6) 8 ppm: 0.8-1.5(m.5H), 1.6-2.2

(m,2H); 2.3-2.7(m,2H), 3.0-3.8(m,3H); 3.9-4.3(m.1H),
5.4-5.8(m, 1H); 6.3-6.6(m, LE), 7.0-8.0(m,8H);

1-525

H-NMR (in DMSO-d®) 8 ppm: 0.9-1.6(t01, 2H) 0.96(dl,6H,
J=611z); 1.7-2.6(m,311), 2.89(d,2I1,J=7I1z); 3.0-3.8(m,311),
3.9-4.2(m,1H); 5.2-5.6(m, H), 6.2-6.6(m, | H); 7.1-8.1(m,
1-526

H-NMR (in DMSO-d°) 8 ppm: 1.30(d,6H,I=7Hz),
1.7-2.0(m,2H), 2.34(s,3I0), 2.4-2.6(m, H), 3.0-3 3(m,2H),

3.3-3.8(m,3H); 3.9-4.2(m,1H), 5.2-5.6(m,1H); 6.3-6.6(m,
1H), 7.0-8.0(m,7H);

1-527

I-NMR (in DMSO-%) § ppm: 0.7-1.5(m,511), 1.8-2.2
(m,2H), 2.2-2.6(in,2H), 3.1-3.3(m,2H), 3.59(s,3H), 3.9-4.2
(m,2H), 3.91(s,3H), 5.4-5.7(m,1H), 6.36.6(m, LH), 6.52(s,
LH), 7.0=7 4(mn,5H);

In the same manner as io Example 3, compouads [-22 (o
[-26 cao be prepared.

TABLE 12
-2
R' R OH
o
(Ri=H) ou
RI
R.E
Compound Rt R? R* R' R’

22 H { 4 8¢ CIT,
123 ( i 1 3¢ ClL,
124 H H 24 H i-Pr
[-25 6-C1 H H H CH,
126 6-Cl H H H i-br

In the same maoner as in Example 4, compounds [-32 to
1-36 can be prepared,

n

15

10

40

45

GG

5

Y

30

TABLE 13

R4 OH

RY

(Rf=H)

R?
N
Compound R* R r* R* R®
[-32 H H 4-F H CH,
[-33 H 59 H H CH,
[-34 r H H H i-Pv
[-35 6-Cl H H H CH,
36 6-Cl I I II i-Pr
FORMUT.ATION EXAMPLE |
Tablels
Compound [-51 1.0y
Lactose g
Cryslal celluiose sowder 8.0 g
Corn starch 30 g
Hydroxypropyl celiulose L0 g
CMC-Ca iig
Magnesium stearate 058
Total 200 g

The above components weee mixed by 2 usual method
and theo tabletted to produce 100 lablets cach containing 10
mg of the active ingredient.

FORMULATION EXAMPLE 2

Capsules

Compound (-5
Lactosc

Crystal cellulose powder L0
Magnesium sicarate .

Totul

The above components were mix ed by a usual method
and then packed in No. 4 gelatin capsules to obtain 100
capsules each containing 10 mg of the active ingredient.

FORMULATION EXAMPLE 3

Soft capsules

Compound [-51 1.00 g
PEG (pulysthylene giycal) 400 3.89 g
Saturated lally acid Liglyeeride 15.00 g
Pepperminc oil 00t g
Polysarbate 80 0.10 g
Tolal 20.00 g

The above componeats were mixed and packed in No. 3
soft gelatin capsules by a usual method to obtain 100 soft
capsules cach containing 10 mg of the active ingredicnt.
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FORMULATION EXAMPLE 4 FORMULATION EXAMPLE 7
Ointment Grannles
Compouad [-51 1,0 g (100 2) 5 Compound I-51 10g
Liquid paraliin 1.0 g (100 gi Lactose 6.0 g
Cetanol 5.0 g (200 2y Crystal cellulose powde: 63 g
White vaseline 68.4 5 (5304 g) Carn siarch 508
Ethylparaben adgiolg) Hydroxypropyl cellulose 10g
1-menthol 0.5 g (0.5 g) Magnesiunt stearate 0.5 g
10
Total 200

Total 1000 &

The above components were mixed by a usual method 1o
abtain a 1% (10%) ointment.

FORMULATION EXAMPLE 5

Suppasitory

Compound [-53 O3
Witepsol H15~ 46.% 3
Wilspsal W25~ 520 g
Polysorbate 30 0.1 2
Total 1000 2

“Trademack for triglyceride compound

The above components were melt-mixed by a usual
method aad poured into suppository containers, followed by

cooling for solidification 1o obtain 100 supposilogies of 1 g 3

each containing L0 mg of the ac¢tive compoaent.
FORMULATION EXAMPLE 6

lojection formulation

Compound -5 1 mg
Digtilled water for 5 ml
injection formuintion

The formulation is prepared by dissolving the compound
in the distilled water whenever it is required,

5 The above components were graaulated by a usual
melbod and packaged to obtain 100 packages each conlain-
ing 200 mg of the granules so that each package contains 10
mg of the active Ingredicnt.

20 .

We claim:
1. A compouad of the formula,
E (Al

25

Z=—CH(OH)—CH,—CH(OH)—CH,—C0QO0.%Ca.

2. A method for reducing hyperlipidemia, hyperlipopro-
leinemia or atherosclerosis, which comprises adminislering
an effective amount of the compound of formula A as

40 defined in claim 1.
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[INK-104]
After 2 days at 40°C(pH3)
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FIG. 1
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1
STABLE PHARMACEUTICAL.
COMPOSITION

The present application is a continuation-in-part of U.S.
application Ser. No. 08/894,279 filed Aug. 18, 1997, now
abandoned.

FIEL.D OF THE INVENTION

‘The present invention relates to a pharmaceutical com-
position with high stability and, more precisely, to a phar-
maceutical composition comprising an HMG-CoA reductase
inhibitor of which the stubilily varies depending on pH,
especially (E)-3,5-dihydroxy-7-[4'-4"-Huorophenyl-2'-
cyclopropyl-quinoliu-3'-y1]-6-heplenoic acid, or its salt or
cster.,

BACKGROUND OF THE INVENTION

It is known that 7-substituted-3,5-dihydroxy-6-heptenoic
acids ot a gencral formula:

OH OH
RW/COOI-I

wherein R represents an organic group, have HMG-CoA
reductase-inhibiting activity, and are useful as medicines for
hyperlipemia and also as medicines for atherosclerosis (sce
US. Pat. Nos. 4,739,073, 5,001,255, 4,751,235, 4,804,679,
EP-B-304,063).

However, these 7-substituted-3,5-dilydroxy-6-heptenoic
acids are unslable al low pH, and require some particular
means for formulating them into preparations. A means ol
formulaling them along wilh ao alkaline medivm, such as
calcium cacbonate or sodium carbonate, inlo preparations
with pH of 8 or higher (see U.S. Pat. No. 5,356,896), and a
meaos of formulating themn along with a basic agent, such as
magnesium oxide or sodium hydroxide, into preparations
with pH of 9 or higher (see EP-B-336,298) have been
proposed.

(E)-3,5-dihydroxy-7-[4'-4 "-lluocophehyl-2
"-cyclopropyl-quinolin-3'-yl]-6-heptenoic acid (hereinatter
this may be referred lo as NK-104) to be represented by a
structural formula:

I

HO) HO

or its salt or cster is onc of HMG-CoA rcduclasc inhibitors
that are represented by the above-mentioned general
formula, and is known to be useful as a medicine for
fiyperlipemin and also as a medicine for atherosclerosis (see
EP-B-304,063). NK-104 is also uastable at low pH, and
many dillicullivs have been vncountered in formulating it
into preparations.

It has been reported that these HMG-CoA reductasc
inhibitors are formulated into preparations with pH 8 or

£
n

Ly
(=]

[
by

40

S0

55

Q

=)
tn
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higher, desirably pH 9 or higher, but unexpectedly, it has
been found that NK-104 and ils salts and esters are still
unsfable even within a high pH range.

Therefore, preparations comprising NK-104 or its salt or
ester, if formulated in conventional manncrs, have low
time-dependent stability, and are problematic in that their
outward appcarance changes with the lapse of time. Given
the situation, the development of stable preparations com-
prising il is desived.

SUMMARY OF TIIE INVENTION

We the present inveators have variously studied in order
to obtain stable pharmaceutical compositions comprising
NK-104 and, as a result, have found unexpectedly that
NK-104 is slable within a relatively low pH range. On the
basis of this finding, we have completed the present inven-
lion.

Furthermore, we investigated decomposition products of
NK-104 and luvastatio in an aqueous solution of pH3. The
decomposition product of NK-104 was found in small
quantily and consisted only of the lactonized form of
NK-104 (see FIG. 1). On the other band, decomposition
products of fluvastatin were found in relatively large quan-
tilies consisting of more than one type of products which are
belicved to include an optical isomer and a lactopized form
of fluvastatin (see FIG. 2). These results showed that the
decomposition pattern and stability of NK-104 and Huvas-
tatin were different in the same pH.

In addilion, we have further found that, if a basic sub-
stance is added to a pharmaceutical composition comprising
NK-104 in such a manoer that the aqueous solulion or
dispersion of the composition may have pH of from 6.8 to
8, the cumposilion s stable.

An object of the present invention is to provide a phar-
maceutical composition comprising NK-104, or its salt or
ester, of which the aqueous solution or dispersion has pIl of
{rom 6.8 (o less Lhan 8, preferably hus pH ol from 6.8 (0 7.8.

The active ingredieat of the composition of the present
invention is NK-104 10 be rtepresenled by the above-
mentioned structural formula, The coafiguration in this
subsltance, NK-104 is not specifically defined herein. In
addition, NK-104 may be in any form of its salts and cstcrs.
‘The salts include, for example, sodium salt, porassium salt
and calcium salt. Preferred is calcium salt of NK-104.

BRIEF DESCRIPTION OF DRAWINGS

[IG. 1 is a histogram of NK-104 decomposition products
analyzed by HPLC.

[1G. 2 shows histograms of fluvastatin decomposition
products analyeed by HPLC.

DETAILED DESCRIP'TON OF THE
INVENTION

The pH as ceferred to herein indicates the pH value to be
determined in such a manner that a unit dosc of a solid
preparation comprising NK-104 or ils salt or ester is
sampled and dissolved or dispersed in from 1 to 10 m! of
pure water, and the pll of the resuliing aqueous solution or
dispersion is measured.

A basic substance may be added to the pharmaceutical
composilion comprising NK-104 to control the pH of the
composition, which may be any of antacids and pH regula-
tors including, for example, antacids such as magnesium
aluminomelasilicate, magnesium aluminosilicale, magne-
sium aluminum silicate, magnesium aluminate, dry alumi-
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num hydroxide, syathetic hydrolalcite, syathetic aluminum
silicate, magnesium carbonate, precipilated calcium
carbonate, magpesium oxide, aluminum hydroxide, and
sodium hydrogeacarbonaie; and pH cegulators such as
[L-arginioe, sodium phosphate, disodium
hydrogenphosphate, sodium dihydrogeophosphate, potas-
sium phosphate, dipotassium hydrogenphosphate, potas-
sium dihydrogenphosphate, disodium citrate, sodium
succinale, ammonium chloride, und sodium benzoate. Of
these, preferred are magnesium aluminometasilicate, mag-
nesium alutninosilicale, and L-arginine.

Even more preferred arc basic substances that may be
added to the pharmaceutical composition comprising
NK-104 to control the pH of thc composition and that
maintain the outward appearance and stability of said com-
position. These may be any of alkaline carth melal silicales
locluding aluminum, and organic base compounds. For
example, alkaline earth metal ineans magnesium, cilcingm,
barium, cte. Preferred is magnesium. Particularly preferred
alkaline earth metal silicates including aluminum are mag-
oesium aluminometasiticate (NEUSILIN FH2), magnesium
aluminosilicate (NEUSILIN A), and magnesium aluminum
silicate (VEEGUM F). The preferred orgunic buse is argin-
ine. An even mare preferred base is L-arginine.

The pharmaceutical composition of the present invention
can be formulated into various forms of preparations, but
preterred are peroral solid preparations. For example, the
composilion may be [ormutated into (ablets, granules,
powders, troches, capsules, chewables, film-coated prepara-
tioas of these, and even sugar-coated preparations thereof,

Where the pharmaceutical composition of the prescat
invention is formulated into such peroral solid preparations,
any ol vehicles (excipients), binders, disinlegrators and

lubricants can be added thereto, if desired. The preparations

may be formulated from the compasition along with any of
these, in any ordinary mauoner.

The vehicles (excipients) include, lor example, lactose,
corn starch, denatured corn starch, manaitol, sorbitol, wood
cellulose, tine crystalline cellulose and calcium carbonate,
which can be used eilher singly or as combined.

The binders inelude, lor example, hydroxypropyl
cellulose, hydroxypropylmethyl cellulose, polyvinyl
pyrrolidone, polyvinyl alcoliol, and partial saponificates of
these, which can be used either singly or as combined.
Especially preferred is hydroxypropylmethyl cellulose.

The disintegrators include, for example, low substituted
hiydroxypropyl cellulose, carmellose, sodium carboxystarch,
calcium carmellose, corn starch, partially-alphatized starch,
sodium ¢loscarmellose and clospovidone, which can be used
either singly or as combined. Cspecially preferred is low
substiluted hydroxypropyl cellulose.

The lubricanls iacludes, for example, magnesivm slearale,
stearic acid, palmitic acid, calcium stcaratc and lalc, which
can be used either singly or as combined.

The amounts of the ingredients constituting the compo-
sition of the prescar invention are ot specifically defined.
For example, the amount of NK-104 or its salt or esler may
be [rom 0.01 to 40% by weight, prelerably {rom 0.05 Lo 10%
by weight, more preferably from 0.5 o 5% by weight; and
the basic substance may be added to the composition in such
an amount that is uecessary for making the aqueous solution
or dispersion of the composition have pH of from 6.8 10 less
than 8. Where the composition is [ormulated into peroral
solid preparations, it is desirable that the vehicle is added
thereto in an amoual of [rom 30 0 95% by weight, the
binder in an amount of trom 1 to 20% by weight, the

.
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disintegrator i an amount of from [ to 30% by weight, and
the lubricant in an amount of from 0.5 to 10% by weight.

If further desired, any additional compounents, such as
sweeteners, Havorings and colorants may also be added to
the composition of the present invention.

The necessary amount of the basic substance lo be added
1o the composition of the invention in ocder to make the
aqueous solution or dispersion of the composition have pH
of from 6.8 fo less than 8 may be from about 1 to 6.5% by
weight or so, if magnesium aluminomectasilicate
(NEUSIT.IN FH2) is used, from about 0.5 to 2% by weighl
or so. if magnesium atuminosilicate (NEUSILIN A) is used,
from ahout 2 to 8% by weight or so, if magnesium alu-
migium silicate (VEEGAM F) is used, or from about 0.01 to
0.1% by weight or so, il L-arginine is used singly. As
mentioned above, it is preferable that the hasic substance is
used singly. However, two or more such basic substances
can be used in combination.

The composition of the present invention ean be coated to
give flm-coated lablets or sugar-coated tbleis. As the
conling base, lor example, usable are celluloses such as
hydroxypropyl cellulose, hydroxypropylmethy! cellulose;
and also aminoalkyl methacrylate copolymer E, while sugar,
aud pullulan. As the plasticizer for the hase, for example,
usable are macrogol 6000, triethyl citrate, and triscetylpro-
pyleae glycol.

The pharmaceutical composition of the present inveation
can be praduced according to aoy ordinary methads cmploy-
able in producing peroral solid preparations, If sticring
granulation is employed, this may be conducted as follows.
['irst, NK-104, a basic substance, a vehicle, a binder and a
disintegrator are mixed. Next, water is added to the resulting
mixture, then granulated with stirring, dricd and dressed to
give dcy granules. Furlher, the granules are mixed with a
lubricant, and pelletized with a pellctizer into pellets. Also
employable is fuidized bed granulation, which may be
conducted as follows. First, NK-104, a basic subslance, a
vehicle and a disintegrator are mixed. Then, an aqueous
solution of a binder is sprayed over the resulting mixture,
using a Huidized bed granulator, to preparc granules. These
granules are mixed with a lubricant, and then pelletized with
a pelletizer nto pellets.

Using ordinary coating devices, the pellets as produced
according lo the above-mentioned methods can be conted
with a solution or suspension comprising o coating base and
optivnally u plasticizer und a colorant 10 give lilm-coated
tablets or sugar-coated lablets.

BLST MODLS OF CARRYING QUT THE
INVENTION

LExamples ol the pharmaceutical composition of the
present inveation are mentioned below, which, however, are
got intended to restrict the scope of the inveation.

Example 1

Decomposition Products of NK-104 and
Fluvastatine

Decomposition products of NK-104 were analyzed by
HPLC after incubation [or two days at 40° C. in aqueous
solution of oIl 3. NK-104 produced a single product, a
lactonized form of NK-104 (see FIG. 1). The decomposition
products of fluvaslatin were also analyzed for comparison.
Fluvastatin produced many types of products, which are
believed 10 include an oplical isomer of fluvasiatin and a
lactonized form of Huvastatio (see FIG. 2).
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The conditions uadec which NK-104 and Fluvastatine
decomposition products were analyzed are as follows:

HPLC system: Type LC-10 (Shimadz, Japan)

Column: DEVELOSIL ODS-HG-5 (NOMURA CHEM.,

Japan)
Mobil Phase: MeQH/0.02 mol/T,
3)=7/3

Sample: NK-104 or Huvastatin/pH 3/40° C., 2 days

Deleclor: SPD-MLOAVP, UV 245 mm

NK-104 anc Auvastatin have common ct-O-dihydroxy-g-
ene carboxylic acid chemical stouctuce, However, NK-1 04
and fluvastatin differ in the types and amount of decompo-
sition products, Namely, NK-104 provides a small quantity
of one type of decomposition product while fluvastatin
provides compacatively large quantities of different types of
decomposilivn products (see FIGS. | and 2). Such difler-
ences show that stability of cach depends not only on the
chemical structure of c-8-diliydroxy-e-cac carhoxylic acid
but also oa the chemical steuctuces that are unique to cach.

fn the following examples, the low substituted hydrox-
ypropyl cellulose was commercinlly available as sold or a
medicine additive and contains from 5-16% of —OCHL O
group. Hydroxypropylmethyl cellulose 2910 contains
28-30% —OCIL, and 7-12% —OC1,—OI1. Both low
substituted hydroxypropyl cellulose and hydroxypropylm-
cthyl cellulose 2910 as used in the examples are described
in The Pharmacapocia of Japan, 12ih edition.

Example 2

phasphate buffer (pH

{1}

=

h

Herein produced were tablets cach having the composi- 0
tion mentioned below.
Caleium Sait of NIC- (14 10 mg 15
Laclose 101.4
Low Substitured Mydioxypropyl Cellulose 12.0
Hydroxypropylmethyl Cellulose 2910 2.0
Magnesium Aluminometasilicate 2.4
Magnesium Steaiale 1.2
Total (ane table) 120.0 &l
The components of the above-mentioned composition,
excepl magnesium stearale, were mixed Lo prepare 4 homo-
geneous powdery mixture, to which was added a sujtable a5
amoun! ol pure waler, The resulting mixtuce was granulated
wilh stiering, and pellctized to give pellets, Magnesium
stearate was added (0 and mixed with these pellets, which
were then tabletied fnlo NK-104-containing rablets.
Example 3 0
[o the sume manner as in Example 2, herein produced
were tablels cach having the composition mentioacd below,
55
Calcium Salt of NK-104 L0 mg
[actose 102.8
Tow Substituted Hydroxypropyl Celiulose 2.0
Hydroxypropylmcthy! Callolose 2910 2.0
Dipolassium Hydrogenphosphate 1.0 .
Magnesium Stearate 1.2 60
Iotal (one iabiel) 120040
Example 4 63

[0 the same manner as in Example 2, herein produced
were tablets each having the composition mentioned below.

Chlcium Sall of NK-104 1O mg
Lactise 3.7
Fow Subwtinited Hydroxypropyl Cellulose 2.
Hydroxypropylmethyl Ceilulose 2910 2.0
L-arginine 0.1
Muagneaium Steacate 1.2
Total (oae tablet) 120.0
Example 5
In the same manner as ia Example 2, herein produced
were lablets cach having the composition mentioned below.
Calcium Salt of NK-104 LU mg
Lactose 103.2
Low Substituted Hydroxypropyl Cellulose 12,0
Hydroxypropylmethyl Cellulose 2910 L0
Magnesium Aluminometasiticnte 0.6
Magaesium Stearate 2
Total (one tablet) 120.0

TEST 1

The pH of a 5% suspension of tablets produced in any of
Examples 2 to 5 (the suspeasion was prepared by suspend-
ing one tablet in 2.4 ml of pure waler) was measured.

Alter having been stored at 60° C, for 2 weeks, the
percentage retention of caleium salt of NK-104 in the tablets
was measured according to HPLC. After having been stored
at 60° €. for 3 days, the change in the outward appearance
ol the tublets was observed. The test resulls are shown in
Table [,

TABLE |
Example 2 Example 4 Example 4 Lxanple 5
pH of 5% Suspension 7.3 1.7 7.5 7.1
Percentage Retention of 97% 7% 93% 924
Ca NK-104
Change in Qutward No change No change No change No change
Appealance

Coatrol Examples ! to 3

[o the same manoer as in Lxample 2, herein produced
were control tablets eaclr having the composition mentioned
below. These tablets were tested in the same manacr as in
Test L, to determine the pH of the 5% suspension of each
tablet, the perccatage retention of Ca NK-104, and the
change i the outward appearance of the tablets. The test
resulls are shown in Table 2.

TABLEL 2
Control Coatrol Control
Example  Example  Hxample
1 i 3
Ca NK-104 10 ng L0 myg L0y
Laclose 103.8 98.8 28.8
Low Subsrilnted Hydroxypropyl 2.0 12,0 12.0

Cellulosc
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TABLE 2-conlinued

8

TABLE 4-continued

Control Controi Coutrol Cxample  Couirol Control
Example  Example  Example 7 Example 5 Example 6
1 = 3
Magnesium Stearate 1.2 1.2 1.2
Iydroxypropyl Ceilulose 2.0 2.0 20 Total {cne tablel) 20,0 1260 1200
2910 oLl ot 3% Suspension 7.5 9.3 9.4
Sodium Ascorbate 5.0 NK-104 cemnining (%) atler 2 weeks 93.4 56,0 —_
Ascorbic Acid 3.0 al 66° C
Magnesiun Stearate 12 10 Chunge in Ouiward Appeamace, aller No Chinged —
Total {one tablet) ian.0 1200 120,05 2 weeks ar 60" C, change to brown
pH af 5% Suspension 6.6 6.3 33 Change in Outward Appeninnce, afler — - Changed
Pereentage Reteotion of Ca NK- 104, 38% 7% 387G stored at 60” C. for 3 days o pale
atter stored at 60° C. for 3 weeks yellowish
green

Change in Qutward Appearance, after  No change No change No change

stared ac 60° C. for 3 days

As in Tables L and 2 showing the test results, it is obvious
that the percenmlage rctention of Ca NK-104 in the 5%

suspension ol the composition having pH of 7 or higher is )

high, after having been stored at 60° C. for 2 weeks, while
the same in the 5% suspension thereof having pH of lower
than 6.6 beeomes lower with the decrease in the pH value
thereof.

Example & and Control Example 7

L the same maoner as in Example 2, herein produced
were tablets each having the composition mentioned below.
These tablets were tested in the same manner as in Test L, (o
determine the pH of the 5% suspension of each tablet, and
the change in the outward appearance of the tablets. The test
results are shown in Table 5.

Example 6 and Contol Example 4 = TABLE 5
In the same manner as in Example 2, hecein produced Example 8 Cowrot
: 2 ; : 7
were tablets each having Lhe composition meationed below. Example 7
These tablets were tested in the same manner as in Test 1, to Ca NK-104 10 wg 10 mg
detormine the pH of the 5% suspension of each tablet, and 30 Lactose 1019 939
the change in the outward appearance of the tablets. The test ~ Low Substied Hydroxypropyl Celluloss 124 =
sults are shown in Table 3 Hydroxypropylmethyl Cellulosc 29 10 20 20
S| a a1 1abke 3. Sodium Hydrogenearbonate 2.0 9,9
Magnesium Stearate L2 1.2
TABLE 3 Total (ave tablet) 120,06 120.0
35 PH ot 5% Suspension 7.8, u.8
Examiple 6 Coatrl Example 4 Change in Ouiward Appearance, aller No change  Changed
stoted ul 60” C, for 3 days dark navy
Ca NK-104 10 mp 10 mg blue
Loctose 10314 939
Low Substituted Hydroxypropy! 12.0 120
sl 40 Example 9 and Control Example 8
Hydroxypropylmethyl Celiulose 29 10 2.0 24 xamp . p
Maghesium Aleminomelnsilicate 24 9.9 In the same manner as in Lxample 2, herein produced
P 1 S) il bl - .o u
;’i‘:ﬁ"“::;"’: t‘f’t‘)“’“’ o SE oy were tablets each liwving the composition mentioned below.
1 able <UL = - - .
pH 05(5% Suspension 18 93 I'hese tablets were tested in the same maoner as i lest 1, 1o
Chauge in Outward Appeacancs, after Mo change  Changed ta pale determine the pH of the 5% suspension of each tablet, and
stoved at 61" C, for 3 days gellowish brown 43 the change in the outward sppearance of the tablels. ‘The test
resulis are shown in Table 6.
Example 7 and Control Examples S and 6 TABLE 6
In the same manner as in Example 2, herein produced 50 Example 9 Control
were lablels eich having the compositiva mentioned below, Example ¥
These tablets were tested in the same maaner as in Test Lo Ca NK-104 10 mg L0 mg
determine the pH of the 5% suspension of each fablet, and Lactose 102.3 939
the changc in the outward appearance of the tablets. The lest Low substituled Hyd roxypropyl Celluiose 12.0 12.0
ssults h in Table 4 55 Hydioxyprepylmetlyl Cellulose 2010 2.0 2.0
resulls are shown in Table 4. Mipolassium Hydrogenphosphate 1.4 0.9
Magnesium Stearale 1.2 1.2
TABLE 4 Total (one tubjet) 1200 12000
pH of 5% Suspension 77 3.4
Example Contraf Control Change (n Quiward Appencance. after stored at  No change  Changed
7 Fxample 5 Example 6 60 60° C. for 3 days ta arange
Ca NK-1u4 LU mg L mg 1.0 mg . . . .
Lactose 163.7 958 939 As Is obvious from the test resulls in Tables 3 to 6, no
160[";’ fubﬁm‘ite{l Hydsoxypropy! 124 120 change in the outward appearance of the tablets was found
= d?o(::p.npvnnemv: Cellutose 911 - _ - when the 5% suspensions of the tablets had pH of 8 or lower,
TC-SR ‘ s 20 65 even afler having been stored at 60° C for 3 days, but the
L-acgiaine 0.1 3.0 99 outward appearance ol the tablels chaoged when the 5%

suspensions of the tablets had pll of higher thaa 8
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Example 10
Magnesium Aluminometasilicate
In the same mannee as n LExample 2, herein produced
were fablets eacl having the composition mentioncd below,
The tablets were tested in the same manner as in Test | to
determine the pH of the 5% suspension ol cach tablet, but
the peccentage retention of Ca NK-104 and the change in
outward appearance of the tablets were observed one month
after storing at 60° C. The test resulls are shown in Table 7.

TABLE 7

[ 2 3 a 3
Ca NK-104 wg 10mg (Omg 10mg 10wg
Lactose W4 100.8 918 5A8 0
Low substiluled 12,0 12.0 12,0 250 12,0
Hydroxypropyl Cellulose
Hydroxypropylmeihyl 2.0 2.0 2.0 2.0 2.0
Cellulose 2910
Magzaesium 24 20 12.0 0.6 10338
Aluminometasilicate
Magnesium Steaiate 1.2 1.2 1.2 L2 1.2
‘lolal (ane tablet) 20,0 1200 120.0 (200 1204
pH of 3% Suspension 7.8 8.1 Y. 9.0 0.3
NK-104 remaining rate 7.4 96.5 922 &4.5 &1
(%) afled 1 wonth at
60°¢ C.
Change in Qutward No Paie Pale Pale No
Appeaiance, after change  yellow  yellow  yellow  change

stored at 607 C.
tor I menth

Example 11
Magnesium Aluminosilicate

In the same manner as in Example 2, herein produced
were lablets each having the composition mentioned below,
The tableis were tested in the sarme mannce as in Test | o
determine the pH of the 5% suspension of each tablet, but
the percentage retention of Ca NK-104 was observed at hoth
2 weeks and one month after storing at 60° C. and the change
in oulward appearance of the tablets was observed onc
month after storing at 60° C. The test resulis are shown in
Table 8.

TABLE 8

| 2 3 L3 -]
Ca NK-i04 1WOmg LUmg LOmg 10Omg LO mg
Lactose 103.2 102.6 1018 98.3 96.3
Low substituted 120 120 120 120 12,0
Hydroxypropy! Cellulose
Hydroxypropylmethy) 7.0 20 2.0 2.0 20
Cellulose 2910
Magnesium 0.6 12 2,0 50 70
Aluminosilicate
Magnesiumn Stearate 2 1.2 (2] 1.2 12
Total (one tablet) 120.0 120.0 120.0 1200 120,0
pH ol 3% Suspension 0.8 7.8 8.1 3.4 3.7
NK-104 remaining race 973 98.5 917 7.4 B6.4
(%) after two weeks at
60"
NK- 104 remaiving rate 97.5 93.5 2! 30.7 79.1
{%) alier | month at
6U° C
Change in Outwaid No No Ne No No
Appearance, after stored  change  change  change change  change

ac 607 C. for 1 manth

Examplc 12
Magncesium Aluminum XSilicate

In the same manner as in Examplic 2, herein produced
were lablets sach having the composition meationed below.

o

10

I3

40

45

3
<

n
(v

60}

10

The tablets were tested in the same maaner as in Test 1 to
determine the pH of the 5% suspeasion of each tablel, but
the percentage retention of Ca NK-104 and the change in
outward appearance of the tablets were observed one moath
after storing at 60° C. The test results are shown in "able 9.

TABLE 9

| 2 2 4 s
Ca NK-104 Wmg i0mg LOmg Nmg L0 mg
Lactose 1on.2 99.4 97.8 918 43.8
Low subslituted a 12.0 129 128 2.0
Hydioxypropyl Cellulose
Hydroxypropylmethyl 20 ERY 10 2.0 2.0
Celiulose 2910
Magnesium Aluminum 3.4 4.4 6.0 12.0 0.0
Sificate
Magncsium Stearale e 1.2 1.2 L2 L2
Total (one tablet) 20,0 120.0 1200 120.0 20,0
pH of 3% Suspeasion 7A 8.2 9.1 9.7
NK-104 remaining mte 97,7 8.3 925 4.3
(%) after 1 moath at
60" C.
Change in Ourward No No Pale Pale Ciray
Appearance, after stored change  change  vellow gray

al 60" C. for 1 moath

INDUSTRIAL APPLICABILITY OF THE
INVENTION

The pharmaceutical composition of the present invention
bus goud lime-dependent stability, with baving no ¢hange in
the outward appearance thereol even alter having been
stored long. Therefore, the composition is good in medical
use, cspecially in the form of peroral solid preparations.

The pharmaceutical compositions of the present invention
thal contains NK-104 or salt or ester thereof are especially
useful for treating a patient, particularly a human, that is
suffering from or susceptible to hypeclipemia or atherascle-
rosis by administering the pharmaceutical composition to
such patient

Particularly preferred unit dosages have been described in
the examples above. It will be appreciated the specifically
prelered dosuge amounts of a pharmaceutical compusition
of the invention used in a given therapy will vary according
10 various known factors such as the particular compositions
formulated, the specific compound utilized, the mode of
application, the particular site of administration, etc. Opti-
mal administration rates for a given protocol of adminisira-
tion can be readily ascertained by those skilled in the art
using conventional dosage determination tosts conducted
with regard 10 the foregoing guidelines.

The iavention has been described in detail with reference
to preferred embodiments thercof. However, it will be
appreciated thal those skilled in the art, upon consideration
of this disclosure, may make modifications and improve-
ments within the spirit and scope of the invention as set forth
i the following claims,

What is claimed is:

L. A pharmacentical composition comprising (E)-3,5-
dihydroxy-7-[4'-4"-llurophenyl-2'-¢ yelopropyl-quinolin-3'-
yl]-6-heptenaic acid, ar its sall or cster, and a pharmaceu-
tically ncceptable carrier, of which an aqueous solution or
dispersion of the pharmaceutical composition has pll of
from 6.8 1o 7.8:

2. The pharmaceutical composition as claimed in claim L,
wherein the salt of (E)-3,5-dihydeoxy-7-[4'-4"-
ﬂuorophenyl-2’~cyclopropyl-quirlo1in—3‘-y1]~6—hcplenoic
acid is a calcium salt of the acid.
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3. The pharmaceutical composition of claim 1 wheeia the
composilion further comprises a basic subsiance.

4. The pharmaceutical composition of claim 3 wherein the
basic substance is an organic base compound.

5. The pharmaceutical composition of claim 3 wherein the
basic substance is an alkaline earth metal silicate.

6. The pharmaceutical composition of claim § wherein the
basic subslance is an aluminum compound.

7. The pharmaceutical composition of claim § whercin the
alkaline earth metal silicate is a magnesium salt.

8. The pharmaceuiical composition of claim 3 wherein the
basic substance is one or more selected from magnesium
aluminometasilicate, magnesium aluminosilicate and mag-
nesium aluminum silicate,

9. The pharmaceutical composition of claim 3 wherein the
basic substance is L-arginie.

10. The pharmaceutical composition of claim 3 wherein
the composition [urlther comprises al leasl one material

“n

w

12

selected from the group coasisting of vehicles,
disintegrators, binders and Iubricants.

L1. The phammaceutical composition of claim 3 wherein
the composition lurther comprises a peroral solid prepara-
lion.

12. The pharmaccutical composition of claim 3 wherein
the composition further comprises a lactose vehicle.

13. The pharmaceutical composition of claim 3 wherein
the composition further comprises hydroxypropyl cellulose
with a low degree of substitution.

14. The pharmaceutical composition of claim 3 wherein
the composition further comprises a binder of hydroxy
propylmethyl cellulose.

15. The pharmaceulical composition of claim 1 wherein
the composition further compriscs at least one material
selected from the group comsisting of vehicles,
disintegrators, binders and lubricants.

* * * Ed *
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CRYSTALLINE FORMS OF PUTAVAS TATIN
CALCIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is 2 continuation of U.S. patent applica-
tion Ser. No. 137280431, filed Qcr. 25. 2011, which is a
continuation of U.S. patent application Ser. No. 12/331,086,
filed on Dec. 9, 2008, now abandoned: whiclyis a continvation
of U.S. patent application Ser. No. 10/544,752, filed on Aug.
8, 2005, now abandoned; which was a 371 of Intemational
Patent Application No. PCT/EP2004/050066. filed on Feb. 2,
2004, and cliins priority to Curopean Patent Application No.
03405080.7, filed on Feb. 12, 2003, all ol which are incorpo-
rated herein by reference in their entireties.

Lhe present wvention is directed to new crystalline forms
and the amorphous torm of Pitavastatin caleium, pracesses
for the preparation thereo fand pharmaceutical compositions
comprising these forms.

The present invention relates to new crystalline forms and
the amorphous form of Pitavastatin calcium. Pitavasatin is
also known by the names NK-104. Ttavaswatin and Nisvasta-
tin. Pitavastatin calcium is known by the chemical name:
(3R,SS)-7—[2-cchopropyl-4-(4-ﬂuoropheny!)qui‘lmlin-J-yl]-
3.5-dihydroxy-6(L)-heptenoic acid hemicalcium salt. Pitav-
astatin calcium has the tollowing formula:

Pitavastatin calcium las cecently been developed as a new
chemically synthesized and powerful statin by Kowu Com-
pawy Lid, Japan. On the basis of reported data. the potency of
Pitavastarin is dose-dependent and appears (v be equivalent to
that o' Atorvastatin. This new statin is safe and well tolerated
in the treatment of patients with hypercholesterolaemia. Sig-
nilicant interactions with a number of ather commeonly used
drugs can be considered to be extremely low,

Processes for the preparation of Pitavastatin are described
n EP-A-0304063 and EP-A-1099694 and in the publications
by N. Miyachi et al. in Tetrahedron Letters (1993) vol, 34,
pages 8267-8270 and by K. Takahashi et al. in Dull. Chem.
Sce. Jpn. (1995) vol. 68,2649-2656. These publications
describe the synthesis of Pitavastatin in great detail but do not
describe (e hemicaleium sall of' Pitavastatin, The publica-
tions by L. A Sorbera etal. in Drugs of the Future { 1998) vol.
23, pages 847-859 and by M. Suzuki et al. in Bicorganic &
Medicinal Chemistry Letters (1999) vol, 4, pages 2977-2982
describe Pitavastatin caleium, however. a precise procedure
lorits preparation is nut given. A full synthetic procedure [or
the preparation ol Pitavastatin calciuny is described in EP-A-
0520406. In the process described in this patent Pitavastatin

calcium is obtained by precipitation front an aqueous solution 5

asa white ceystalline material witha melting point of 190-192
C. It is known that phannaceutical substances can exhibit
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polymuorphism. Polymorphism is commonly defined as the
ability of any substance 1o have two or more different crystal
structures. Drug substances may also eacapsulate solvent
molecules when crystallized. These solvates or hydrates are
referred to as pseudopolymorpbs. It is also possible that the
amorphous form is cncountered. Different polymorphs,
picudopolymorphs or the amorpbous form differ in their
physical properties such as melting point, solubility etc.
These can sippreciably influence pharmacentical properties
such s dissolution rate and bivavailubility. It is also economi-
cally desirable that the product is stable for extended periods
oftime without the need for specialized storage conditions. it
is therefore important to evaluate polymorphism of drug sub-
stances. Furthennore, (he discovery of new crystalline poly-
moephic torms of a drug enlarge lhe repertoire of materials
that & formulation scientist has with which (o design a phar-
maceutical dosage form of o deug with a largeted release
profile or other desired characteristics. We now have surpris-
ingly found novel crystalline forms of Pitavastatin calcium,
herein designated as form A, B, C. D, E aad F, and the
amorphous Form of Pitavastatin culcium.

Accordingly. the present invention is directed to the poly-
morphic Forms A, B, C, D, E and F, and the amorphous form
of Pitavastatin calcium salt (2:1).

One object of the invention is a crystalline polymorph of
(3R.58)-7-[2-cyclopropyl-4-(4-fiuorophenyl)  quinolin-3-
ylI-3.5-dihydroxy-6(F)-heptenvic acid hemicalcium salt,
herein designated as Form A, which exhibils o characteristic
X-ray powder diffraction pattern with characteristic peaks
expressed in d-values (A) and in 26 as given in Table |
(vs—very strong intensity. s=strong intensity, m=medium
intensity, w=wenk intensity. vw=very weak intensity).

TABLE L

d-spacing [A] Augle [20] Rel. ntensity
L7.6 5.0 s
11N 608 s
9.2 9l s
BY 10.0 w
8.4 105 nm
8.1 Lo m
6.7 133 yw
6.5 13.7 s
6.3 14.0 w
6.1 14.7 w
3.57 159 v
e 169 w
317 7.1 vw
+4.82 144 m
4.64 191 w
4.27 20,8 vs
4.2 211 m
410 216 n
3.87 219 m
3.74 237 n
1.67 242 s
3.33 252 w
3.29 271 in
RO 29.6 Yw
2,95 .2 w
2.63 340 w

Auother object ol the invenlion is a crystalline polymorph
of (3R.58)-7-[2-cyclopropyl-4-(4-Huaropheny)quinolin-3-
yl]-3,5-dihydroxy-6(E)-heptenvic acid hemicalcium  salt,
herein designated as Form B, which exhibits a characteristic
X-ray powder diffraction pattern with characteristic peaks
expressed in d-values (A) and in 26 as given in Table 2.



Case 1:14-cv-05575-UA Document 1 Filed 07/23/14 Page 55 of 61

US 8,557,993 B2

4
TABLE 4
d-spacings aud 28 aggles tor Fomm B,
d-spacing (A} Angle | 26] Rel. Intensity . d-spacing (A} Anglc [20] Rel, ntensity
bl
190 4.5 w 7.5 50 m
L6.6 53 v 13.3 6.3 m
142 8.2 s 13.0 6.8 s
[L3 .7 s 10,1 3.7
3? gi m 8.8 100 m
b _ u 1o 8.6 10,2 m
8.5 0.3 w
X 8.2 1.8 m
78 1.3 m
7.6 (7 w &8 o v
126 - 6,35 135 m
oG5, B 6.20 14,3 s
139 o ; 5.78 15 vw
147 . 5 5.52 161 m
149 w 5.8 168 w
15.6 w 4.87 182 w
16.3 m 4.80 185 m
17.0 vW 4.66 9.0 w
17.4 v - 4.46 19.9 m
18.0 w 434 20,5 m
18.7 m 4.23 210 vs
19.3 m 4.09 7 s
20.0 s 3.99 223 w
0.5 N ,
426 %D 2 [V:I 3.80 234 m
X 370 240 m
4.19 2L.2 w. shoulder 25 - M
413 215 m pY 236 =
3.97 224 m 3 262 m
3.8 232 §
3.73 23.6 m
3.64 4.4 vw Another object of the invention is a crystalline pol ymorph
3. ol e lbroad 0 of (3R,58)-7-[2-cyclopropyl-4-(4-fluorophenyquinolin-3-
342 260 w 3 ) 3 s
3.37 26.4 M ¥1]-3.5-dihydroxy-6(E )-heptenoic acid hemicalcium salt,
130 27.0 w herein designated as Form [, which exhibits a characteristic
el B A X-ray powder diffraction pattern with characteristic peaks
3.09 8.9 w . . S
i expressed in d-values (A) and in 26 as given in Table 5,
Another object of the invention is a erystalline polymorph TABLE S
of (3R.55)-7-[2-¢yclopropyl-4-(4- fluorophenyljquinolin-3-
y1]-3.5-dihydroxy-G(E)-heptenoic acid hemicalcium salt, —— dsoncingsand Oanglesforformg.
herein designated us Form €, which exbibits a characteristic ) ‘ )
X-ray powder diffraction pattern with characteristic peaks 4n d-spacing (4 Angle [20] Rel. Incensity
expressed in d-values (A) and in 26 as given in Table 3. 200 24 -
17,7 30 ]
y 13,4 6.6 ¥
[ABLE 3 i o :
I 10.0 8.9 s
-5 1k and 28 ayl for Farn C, 45 83 o0 "
d-spacing [A] Angle [20] Rel. Intensity ;g :8; il
36 41 o 6.5 13 s
15.9 5.6 5 6.3 13.6 m
14 7.8 m 6.3 140 s
0.6 8.3 m 30 3.84 15.2 vw
PO 103 m 5,56 159 w
19 e I 539 164 w
S.06 17.5 W 5.24 169 vw
198 17.9 w 4,99 172.8 vw
4.74 18.7 w0 4.84 18. m
4.55 19.5 s 35 469 — w
4.3 20.6 m 4,39 20.2 Vs
411 215 yw 4.34 204 m
106 19 o 4.30 20,7 m
384 23.1 i 4.24 209 m
371 240 w 4.21 211 vs
3.58 24.8 w 60 42 2L6 m
' 408 217 m
3.%9 223 m
Another abjeet of the invention is a erystalline polymorph a7 235 m
of (3R,58)-7-[2-cyclopropyl-4-(d-Auorophenyiquinolin-3- g s m
yli-3,3-dihydroxy-6( 13)-heptenoic acid hemicalcium salt, 3'3'0 iji ;Vw
herein designated as Form D, which exhibits 3 characteristic 55 150 154 .
335 6.6 m

X-ray powder diffraction pattern with charucleristic peaks
expressed in d-values (A) and in 20 as given in Table d.
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IABLE S-continued

d-spuciugs and 20 anples for Foym E

d-spacing [4] Aungle (28] Rel. nrensity
296 U2 w
2,64 34,0 vw

Anather object of the invention is a coystaltine polymorph
of (3R,58)-7-{2-cyclopropyl-4-(4-fuoropheny!quinolin-3-~
ylI-3.5-dihydroxy-6(E)-heprenoic acid hemicaleium salt,
herein designated as Form F. which exhibits a characteristic
X-ray powder diflraction paltern wilh characieristic peaks
cxpressed in d-values (A) and in 20 as given in Table 6.

TABLE6
d-spaci 26 sug
d-spracing [A) Angle [26] Rel. Intensity
122 3.1 m
138 3.6 w
12.6 7.0 s
100 8.8 m
9.2 9.6 s
8.7 10,2 w
8.1 10.9 "
72 L1.3 w
74 1.9 m
Tl 12.5 m
6.8 13.0 s
0.5 13.7 m
6.2 44 5
8.04 14,7 m
3,79 13.3 VW
370 13.5 w
5.28 16.8 m
303 17.6 W
4.85 8.3 m
4.01 2.3 m
451 19.7 m
4.30 20.6 m
(B 21.2 vs
4.08 218 3
3.90 ey s
384 231 W
374 23.8 w, shoilder
3.69 24.1 ]
339 248 s
340 25.7 m
4o 26.2 YW
3as 26.6 m
3.31 26.9 w
3.14 28,4 w
362 20.5 w
3,00 29.8 Viu
2.89 30.9 1

Small changes in the experimental details can cause small
deviation in the d-values and 20 of characteristic peaks in the
X-ray powder diffraction patterns.

Another object of the invention is the amorphous form ol
(3R.SS)~?~[2-cycIupmpyl4«{4-Huurophcny1)quinolin-3-yl]-
3,5-dihydroxy-G6(E)-heptenoic acid hemicalcium salt which
exhibits chacacteristic X-ruy powder diffraction pattemns ns
depicted in F1G. 7.

Powder X-ray dilTeaction is performed on 4 Philips 1710
powder X-ray diffractometer using Cu k (al) radiation
(154060 A); 20 ungles are recorded with an experimental
errorof'=0.1-0.2°. A discussion of the theory of X-ray powder
difraction pattems can be found in *X-ray diffraction proce-
dures” by H. P Khig and L. . Alexander. J, Wilev, New York
(1974).
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Furlbermore. the present invention is directed Lo processes
for the preparation of Form A, B, C, D. E and F, and the
amorphous form of Pitavastatin calcium.

Form A can be generully prepared from Pitavastatin
sodium upon reaction with CaCl, in an aqueous reaction
medium. Alternatively, Form A of the invention may also be
obtained insitu [rom the free acid (3R, 58)-7-{ 2-eyclopropyl-
4-(4-Auorophenyl)quinolin-3-y1]-3, S-dihydroxy-6( E)-hep-
tenoic acid) or the corresponding lactone with Ca(OH),.
advantageously also in wi aqueous reaction medium. The
aqueous reaction medium usually contains at least 80% b.w.
of waler; preferably it is water or water containing minor
amounts ol solvents and/or reactants from previous steps.
Fonm A may contain up 1o 15% waler, preferably about 3 o
[2%, mwore preferably 9 1o 11% ol water.

Form B can be generally prepared by suspending form A in
ethanol containing water as a co solvent. The amount of water
is preferably about 1 ta 50%.

Form C can be generally prepared by suspending form A in
isopropanol containing water as a co salvent. The anount of
water is preferably about | to 50%. especially | to 20% and
more preferably about 5%. Form € can also be prepared from
@ mixture of isopropunol and a ketone solvent, containing
waler as a co solvent. Preferably, the kstone solvent is
acetone, and the amount ofketone solvent are about | to 30%,
more preferably about 0%, The aniount of water is prefer-
ably about 1 to 20%, more preferably about 5%.

Form D> can be generally prepared by suspending torm 4 in
absolute ethanol.

Form E can be generally prepared by suspending form A in
1,4-dioxane containing water as a co solvent. The amount ot
water is preferably about | to 50%.

Form F can be generally prepared by suspending form A in
methaiol containing water as a co solveat. The amount of
waler is preferably aboul | o 50%.

In the above mentioned pracesses smal] amaounts ot seed-
ing crystals of the desired crystalline form may be added to
the reaction mixture. Preferably small amounts are about | to
20 weight %. more preferably about § weight %, Seeding
crystals may be added before or, where uppropriate. after the
step initiating the crystallization (e. g, cooling, addition of
non-solvent ete. ns described above). Addition before initiat-
ing the crystallizalion is of specific technical intcrest.

The amorphous form can be generally prepared by addition
of a non-solvent to a concentrated solution of Pitavastatin
calcium in an organic solvent. As nou-solvent may be taken
for example heptane or methyl tert-butyl ether, whereas
cxamples for the organic solvent ure 1 4-dioxance, tetrahydro-
furan and cthyl methyl ketone. It is preferable that the non-
solvent and solvent are miscible. The amorphous form can
also be prepared by lyophilization of an aqueous selution of
Pitavastatin calcium.

Preparations of polymorphic forms A, B, C, D, E, F as well
as the amorphous form are usually done in substantially pure
reaction systems, esseatially consisting of the educt specified,
preferably in substantiaily crystalline forin, aud solvents and/
or non-solvents as given above.

Another object of the present invention are processes tor
the preparation of crystalline forms of Piavastatin calcium
essentially free of residual organic solvent.

Particularly, the present invention is related to processes
for the preparation of crystalline forms of Pilavastatin cal-
cium essentinlly free of residunl organic solvent by exposing
the erystalline form of Pitavastatin calcium 1o an atmosphere
with a defined relative air humidity. More particularly, the
present invention is directed 1o a process for the preparation of
any crystalline o or amorphous forar of Pitavastatin cal-
cium whicl is essentially free of residual organic solvent.
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These can. [or exanmiple, be prepured by expusing the crystal-
line form1 or amorphous form to an atmesphere with a relative
air humidity of 5 to 100%. Preferably. these are prepared by
exposure to an inert gas stream with a defined relative air
humidity to exchange residual organic solvent with water. [n
general, a relative air humidity of 5 to 100%, especially 40 to
80%. is used.

Another object of Lhe present invention are pharmaceutical
compositions comprising an effective amount of crystalline
polymurphic Form A, B, C, 1D, K or ¥ or the amorphous form
of Pitavastatin caleium, and a pharmaceutical acceptable car-
rler.

These polymorphic forms may be used as single compo-
nentor as mixtures with other crystalline forms or the amor-
phous form.

As 10 the novel polymorphic forms and amorphous form of
Pilavastatin calcium it is prelerred that these coutain
25-100% by weight, especially 50-100% by weight, of at
least one ol the novel forms, based on the tolal umount of
Pitavastatin calcium. Preferably, such an amount of the novel
polymorphic forms vr amorphous form of Pitavastatin cal-
cium is 75-100% by weight, especially 90-100% by weight.
Highly preferred is an amount ol 95-100% by weight.

The compositions ofthe invention include powders. grant-
lates, aggregates and other solid compositions comprising at
least one of the novel forins. ln addition, the compositions
that are contemplated by the present invention may further
include diluents, such as cellulose-derived materials like

pawdered cellulose, microcrystaltine cellulose, microfine :

cellulose, methyl cellulose, ethyl cellulose, hydroxyethyl cel-
lufose, hydroxypropyl cellulose, hydroxypropylmethyl cellu-
lose, carboxymetlyl, cellulose salts and other substituted and
unsubstituled celluloses; starch: pregelating zed starch; inor-
ganic diluents like calcium earbonate and calcium diphos-
phate and other diluents known to the pharmaceutical indus-
try. Yet other suitable diluents include waxes, sugars and
sugar alcohols like mannito) and sorbitol, acrylate polviners
and copolymers. as well as pectin, dextrin and gelatin.

Further excipients that are within the contemplation of the
present invention include binders, such as acacia gum, proge-
latinized starch, sodium alginate, glucose and other binders
used in wet and dry granulation and direct compression
tableting processes. Excipients that also may be present in the
solid compositions further iuclude disintegrants like sodium
starch glyeolat, crospovidone, low-substituted hydroxypro-
pyl cellulose and others. [n addition, excipients may include
tableting lubricants like magnesium and colcium stearate and
sodium stearyl fumarate; Ravorings; swecteners: preserva-
tives, pharmaceutically acceptable dves and glidants such as
silicon dioxide,

The dosages include dosnges suitable for oral, buceal, rec-
tal, parenteral (including subcutaneous, intramuscular, and
intravenous), inhalant and ophthalmic administration,
Although the most suitable route in any given case will
depend on the nature and severity of the condition being
treated, the most preferred route of the present invention is
orul. The dosages may be conveniently presented in unit
dosage form and prepared by any ol the methads well-known
in the art of pharmacy.

Dosage forms include solid dosage forms, like tablets,
powders, cupsules, suppositories, suchets, troches and losen-
ges ns well as liquid suspensions and elixirs. While the
deseription is not intended 1o be limiting, the invention is also
not intended (0 pertain to true solutions of Pitvastatin cal-
ciim whereupon the properties that distinguish the solid
forns of Pitavastatin calcium are lost, However, the use of the
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novel forms w prepure such solutions is considered  be
within the contemplation of the invention.

Capsule dosages, of course, will contain the solid compu-
sition within a capsule which may be made of gelatin or other
conventional encapsulating matertal. Tablets and powders
may be coated. Tablets and powders may be coated with an
enterie coating. The enteric coated powder forms may have
cuatings comprising phihalic ucid cellulose acelate. hydrox-
ypropylmethyl-cellulose phthalate, polyviny! alcohol phtha-
late, curboxymethylethyleellulose. o capolymer of styrene
and maleic acid, a copolymer of methacrylic acid and methyl
tmethacrylate, and like materials, and if desiced. they may be
employed with suitable plasticizers and/or extending agents.
A coaled tablet may have a coating on the surface of the tablet
ar may be a tablet comprising a powder or granules with an
enteric-coating.

Preferred unit dosages of the pharmaceutical compositions
of this invention typically contain from 0.5 to 100 mg of the
novel Pilavasiatin calcium (orms or mixtures thereol with
each other or other orms of Pitavastatin calcium. More usu-
ally, the combined weight of the

Pitavastatin calcium fonus ofaunit dosage arc from 2.5 mg
to 80 mg, for example 5, 10, 20 or 40 mg.

The following Examples illusteate the invention in more
detail. Temperatures are given in degrees Celsius.

EXAMPLE |
Preparation of Form A

4.15 gr of (3R.55)-7-{2-cvclopeapyl-4-(4-Nuorophenyl)
quinolin-3-yl]-3,5.dihydroxy-6(E)-heptenoic acid tert-butyl
ester (Piavastatin tert-buryl ester) was suspended in 52 ml ol
a mixture of methy! tert-butyl ether and methanol (10:3). To
this mixture were added 2,17 ml of a 4M aqueous solution of
NaOEL and the resulting yellowish solution was stirred for 2.5
hours at 50° €. Ihe reaction mixture was cooled to room
temperature followed by the addition of 50 ml water and
stirring for an additional hour. The aqueous phase was sepa-
rated and once extimcted with 20 ml ofmethyl tert-butyl ether.
To this aqueous solution were added a solution of 0.58 ar
CaCl, in 80 ml of water over a period of 1 hour. The resulting
suspension was stirred for about 16 hours at room tempera-
ture. The suspension was filtered and the obtained solid was
dried at 40° C. and 50 mbar for about 16 hours. The obtained
product is crystal Form A which is characlerized by an X-ray
powder diffraction pattem as shown in FIG. 1. Further char-
acterization of the oblained Form A by thermogravimetry
coupled with FT-IR spectroscopy revealed a water content of
about 10%. Dillerential scanning calodmetry revealed a
melting point 0f 95° C,

EXAMPLE 2
Preparation of Form B

100 my Pitavastatin calcium Form A was suspended in 2 ml
water and slimed at room temperature for 30 min, followed by
the addition of 2 ml of ethanol and additional stirring for 18
hours, The suspension was filtered und dried in air, yielding
36 my of Form B. The obtained crystal Form B is character-
ized by an X-ray powder diftraction pattern as shown in FIG.
2. Further characterization of the obtained Form B by ther-
mogravimetry coupled with FT-IR spectroscopy revealed a
water content of abuut 10%.
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EXAMPLE 3

Preparation of Formi C

62 mg Pitavastatin calcium Form A was suspended in 2 p
isopropanol containing 5% water. Tlis suspension was
heated to 60” C.. which led to alinost complete dissolution ol
Forim A, und again cooled to mom temperature, Al this tem-
perature the suspension was stirred for 66 hours. The result-
ing suspension was lillered. once washed with some isopto-
panol conraining 5% water, and dried in air. The obtained
crystal Form C is characterized by an X-my powder diffrac-
tion pattern as shown in FIG. 3. Further characterization of
the obtained Form C by thermogravimetry co upled with FT-
IR spectroscopy revenled that the sample contains about 6.3%
isopropancl and a small amount of water.

EXAMPLE 4
Preparation of Form C

65 mg Pitavastatin culcium Form A was suspended in o
mixture of 0.9 ml 1sopropanol. 0.1 mlacetone and 40 ul water.

Stirring this suspension for about 1 hour led to nearly com- 2

plete dissolution. Seeding with 4 mg of Form ¢ (from
example 3) and stirring for 2 hours led to the formation of a
conceutrated suspension. This suspension was diluted with
the same amount of solvent mixture as above and stirred for
an additional 40 howrs. The suspension was filtered and the
obtained solid was dried al 40° C, for about 10 min. Analysis
by X-ray powder diffraction indicates the product to be crys-
tal Form C as shown in FIG. 3.

EXAMPLE 5
Preparation of Form D

60 mg of Pitavastatin calcium Form A was suspended in |
ml absolute ethanol and stirred at room temperature for 20
hours. The resulting suspension was filtered and dried in air.
The oblained crystal Form D is characlerized by an X-ray
powder diffraction pattern as shown in IIG. 4.

FXAMPLE 6

Preparation of Fonu [

60 mg of Pitavastatin calciwm Form A was suspended ina sn

mixture of !,4-dioxane and water (1:1), and stirred for 18
hours at room temperature. The resulting suspension was
filtered and dried in air. The obtained crystal Form E is char-
aclerized by an X-ray powder difTraction patlem as shown in
FIG. 5.

EXAMPLE 7
Preparation of Formn I!

60 mg of Pitavastatin calcium Form A was suspended in 3
ml methanol containing 20% water, and stirred al 40° C, or 1
hour. The resulling suspension was slowly coaled to room
temperature and stirring was continued for 4 hours. The sus-
pension was heated again to 40° C, stirred for 30 min, slowly
cooled to room temperature and stirred for an additionally 15
hours. The suspension was filtered and the obtained white
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solid dried in air. Ihe obtained crystal Form F is characlerized
by an X-ray powder diffraction pattem as shown in FIG. 6.

EXAMPLE 8
Proparation of the Amorphous Form

62 mg of Pitavastatin caleium Form A was dissolved in 0.3
rul 1,4-dioxane. To this stirced solution was slowly added 2.3
ml n-heptane at roont lemperature, and stirred for an addi-
tional 16 hours. The resulting. suspension was fltered and
driedin air. The obtained solid was amorphous as is shown by
the X-ray diffraction patterm given in FIG. 7 (top).

EXAMPLE 9
Preparation of the Amarphous Form

60 ng of Pitavastatin calcium Form A was dissolved in 1.5
ful ethyl methyl kelone, 1o this solution was added in steps of
I mi each 30 sec a total of 21 ml methy! teet-buty! ether, The
cesulting suspension was stirred ot room temperature for
aboult 16 hours, The suspension was filtered and the obtained
solid was dried in air. An X-ray diffraction study on the
product showed it to be amorphous, see FIG. 7 (hotton).
Further charscterization of the obtined produc! by thermo-
gravimelry coupled with FT-IR spectroscopy revealed that
the sample contained about 5.5% methyl tert-buty! ether,
DitTerential scanning calorimetry showed the sample to have
a glass transition temperature ol about 68° C.

BRICEF DESCRIPTION OF TITE DRAWINGS

FIG. 115 a characteristic X-ray powder diffraction pattern
for Form A.

FIG. 2 is a characteristic X-ray powder diffraction pattern
lor Form B.

FIGS. 3A and 3B are two characledstic X-ray powder
diffraction patterns for Form C.

FIG. 4 is a characteristic X-ray powder dilfraction patlern
tor Form D

FIG. 5 is a characteristic X-ray powder diffraction pattern
for Form E.

FIG. 6 s a characteristic X-ray powder diffraction pattem
for Form F.

F1GS. TA and 7B are (wo characleristic X-ray powder
diffraction pattcros for the amorphous forni.

The ivention claimed is:
L. A crystalline polymorph A, B, C, D, E, F, or the amor-
phous  form. of (3R,58)-7-[2-cyclopropyl-4-(4-fluo-
rophenye)quinolin-3-yi]-3,5-dihydroxy-6(E)-heplenvic acid
hemicaleium salt wherein
A) polymorph A exhibits & characteristic X-my powder
diffraction pattern with characteristic peaks expressed in
20at5.0(s), 6.8 (s), 9.1 (s), 10.0(w), 105 (m). 11.0 (m).
13.3 (vw), 13.7 (s), 4.0 (w), 14.7 (w), 15.9 (vw), 169
(W), 17.1 (vw), 184 (m), 19.1 (w). 20.8 (vs), 21.1 (in),
21.6 (1), 22.9(m), 23.7 (), 24.2(s), 25.2 (W), 27.1 (m).
29.6 (vw), 30.2 (w), 34.0 (w):

B3) polymorph B exhibits a churacteristic X-ray powder
dilTruction putlem with characteristic peaks expressed in
26 at 4.6 (w), 5.3 (vs), 6.2 (3), 7.7 (s). 9.2 (m), 9.6 (m),
103 (w), 113 (m), LLT (w), 12,6 (vw). 13.0 {w), 13.9
(m), 14.7 (vw), 14.9 (w), 15.6 (w), 16.3 (m), 17.0 (vw),
17.4 (vw), 18.0 (w), 18.7 (m), 19.3 (m), 20.0 (s). 20.5
{w). 20.8 {m), 21.2 (w. shoulder), 21.5 (m). 22.4 (m),



Case 1:14-cv-05575-UA Document 1 Filed 07/23/14 Page 59 of 61

US 8,557,993 B2

11
23.2(5). 23.8 (m), 24.4 (vw), 25.2 (w, broad), 26.0 (w),
26.4 (vw), 27.0 (W), 27.9 (vw), 28.9 (w):

C) polymorph C exhibits a characteristic Neray powder
diffraction pattern with characteristic peaks expressed in
20 at4.1 (m),5.6(s), 7.8 (m), 8.3 (m), [O3(m), 1 1.6 (w),
[7.5 (w), 17.9 (W).18.7 (m). 195 (5), 20.6 (m). 21.5
(vw). 21.9 (m), 23.1 (m), 24.0 (w). 24.8 (w);

12} polymarph 13 exhibits a characleristic Keray powder
dilfraction patter with characteristic peaks expressed in
26001 5.0(m). 6.5 (m).6.8(s). 8.7 (m). 10.0 (m). 10.2 (m),
108 (m). [3.1 (w), 13.5 (m), 143 (s), 15.3 (vw), 16.1
(m), 16.8 (w). [8.2 (w), 185 (m). 19.0 (w) 199 (m),
20.5(m), 21.0(vs),21.7(5).22.3 (w), 23 .4 {m), 24.0(m).
25,6 (w), 26.2 (m):

E) polymorph E exhibits a characteristic X-ray powder
difTraction pattem with characteristic peaks expressed in
20 al 4.4 (vw), 5.0 (), 6.6 (s). 6.8 (5). 8.9 (s). 10.0 (m),
[0.3(5), 10.8 (m), 13.3(s), 13.6 (m), [4.0(s). 15.2 (vw),

5.9 (w), 16.4 (W), 169 (vw). 178 (vw), 8.3 (m), I18.9 »

(w), 20.2 (vs), 20.4 (m), 20.7 (m), 20.9 (m), 21.1 (vs),
216 (m), 21.7 (m), 22.3 (m), 23.5 (m). 23.8 (in). 24.1
(W), 24.7 (vw). 25.4 (vw), 26.6 (1), 30.2 (w). 34.0 (vw);
and

F) polymorph F exhibits a churacteristic X-ray powder

diffraction patteru with chamcteristic peaks expressed in
20at 5.1 (m), 5.6 (w), 7.0 (s). 8.8 (m), 9.6 (s). 10.2 (w).
10.9(m), 1 1.3 (w). LLY(m), 12.5(m), 13.0(3), 13.7 (m),
14.4.(s), 14.7 (m). [53 (vw), 155 (w), 16.8 (m), 17.6
(W), 3.3 (m). 19.3 (m), 19.7 (m), 20.6 (m). 21.2 (vs),
21.8 (s), 22.8 (3),23.1 (w), 23.8 {w, shoulder), 24.1 (s).
24.8 (s). 25.7 (m). 26.2 (vw). 26.6 (m), 26.9 (w). 28.4
(w), 29.5 (w), 29.8 (vw), 30.9 () wherein, for each of
said - polymorphs, (v8) stnds  or  very strong
intensity: (s) stands for strong intensity; (m) stands tor
medium intensity; (w) stands for weak imtensity: (vw)
stands for very weak intensity.

2. A process for preparing the crystalline polymorph or
amorphous form according to ¢laim 1, wherein:

the erystlline polymomph or amorphous form being pre-

pared is the erystalline polymorph A: and

the process comprises reacting (3R.58)-7-[2-cyclopropyl-

4-(4-Muorephenyl)quinolin-3-yl]-3,5-dihydroxy-6(E)-
heptenvic acid sodiun salt with CaCl” ur an aqueous
reaction medium,

3. A process for preparing lhe crystalline polymorph or
amorphous form according to claim 1, whercin:

the crystalline polymorph or amorphous form being pre-

pared is the crystalline polymorph B; and

the process comprises suspending the crystalline poly-

morph A in ethanol contatning water as # cosolvent,

4. The process according to claim 3. wherein the water is
present inan amount of 1 to 50% by volume of the suspension
of (SR,SS)—7-[2—cyclopropyl-4-(4-ﬂu0ropheny])quinoliu—S-
v11-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium sale.

5. A process lor preparing the crystalline polymorph or
amurphous [orm according 1o claim I, wherein:

the crystalline polymorph or amorphous form being pre-

pared is the crystalline polymorph C; and

the process comprises suspending the crystalline poly-

morph A the process comprises suspending the crystal-
litie polyinorph A in isopropanal Containing water as o
cosolvent.

6. The process according to cloim 5. wherein the water is
presentinan amount of | to 50% by volume of the suspension
ol (3R.SS]—7-[Z—cyclupmpyl-di-(zl-ﬂuoropheuyl)quiuolin—3-
y1]-3.5-dihydroxy-6(E)-heptenvic acid hemicalcium salt,
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7. A process for preparing the cryslalline polymaorph or
amotphous form according to claim 1. wherein:

the erystalline polymorph or amorphous form being pre-

pared is the crystalline polymarph C: and

the process cowmprises suspending the crystalline poly-

morph A in-a mixture of isopropano! and 1 ketone sal-
vent, containing water as a cosolvent,

8. The process according (o claim 7, wherein the kelone
solvent is acetone.

Y. The process according (o claim 7, wherein the kelone
solvent is present in an amouat of 1 to 30% by volume of the
suspension of (3R,58)-7-[2-cyclopropyl-4-(4-Aucrophenyl)
quinolin—?'—yl]-3.5-dihydroxy~6(E)-hep(enoic acid hemical-
cium salt.

10. The process according to claim 7, wherein the water is
present inan amount of 1 to 20% by volume of the suspension
of (3R,SSJ—?-[!-C)'Uit:pmpy|-4-(4—ﬂuumphenyl)quinulin—3-
y1]-3,5-dihydroxy-6(L )-heptenoic acid hemicaleium salt.

L1 A process [or preparing (he crystalline polymaorph or
amorphous form according to claim 1, wherein:

the crystalline polymorph or amorphous form being pre-

pared is the crystalline polymorph D; and

the process comprises suspending the crystalline poly-

morph A in absolute ethanol.

12. A process for preparing the crystalline polymorph or
amorphous form according to claim 1. wherein:

the erystalline polymorph or amorphous form being pre-

pared is the crysialline polymorph E: and

the process comprises suspending the crystalline poly-

morph A in 1,4-dioxane containing water as a cosolvent.

13, The process according to claim 12, wherein the wuler s
present in the amount of | to 50% by volume of the suspen-
sion of (3R,SS)-7-[2-cycIoprupyl—‘l-(tl-ﬂuomphenyl)quino—

s lin-3-yl1-3,5-dihydroxy-6(E)-heptenoic  acid hemicalcium

salt.
[4. A process for perparing the crystalline polymorph or
amorphous form according to claim 1, wherein:
the erystalline polymorph or amorphous forui being pre-
pared 15 the crystalline palymorph F; and
the process comprises suspending the crystalline poly-
morph A in methanol containing water as a cosolvent,
15. The process according to claim 4, wherein the wateris
presentinanamountof | to 50% by volwne of the suspeunsion
of (3R,SS)-7~[2—cyclupropyI-4—(4—ﬁuorophenyl)quino]in-B—
y11-3,5-dihydroxy-6(E)-heptenoic acid hemicaicium salt.
16. The process according to claim 2, whercin (3R,58)-7-
[2-cyclopropyl-4-(4-fluoropheny Nquinolin-3-v1]-3,5 -dihy-
droxy-6(E)-heptenoic acid hemicaleium salt is isolated by
filtration and dried in air or vacuum,
17. The process according to claim 2, wherein seeding is
cartied out with erystals of the desired crystalline palymorph,
18. A process preparing the crystalline pol ymorph or amor-
phous form according claim 1, wherein:
the crystalline polymorph or amorphous form being pre-
pared is the amorphous form; and
the process comprises adding a non-solvent lo a solution of
(BR,5 8)-7-[2-cyclopropyl-4-(4-flucroplienyquinolin-
3-yl]-3,5-dihydroxy-6(I)-heptenoic acid hemicalcium
salt in an organic solvent.
19. The process according to claim 18, wherein the non-
solvent is selected lrom heptane and methy) lert-butyl ether.
20."The process according to claim 18, wherein the orgonic
solvent is selected from 1,4-dioxane. tetraliydrolfuran and
ethy| methy! ketone.
21. A process for preparing the crystalline polymorph or
amarphous form according claim 1, wherein:
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the crystalline polymorph or amomhous form being pre-

pared ts the amorphous forn; and

the process comprises drying an aqueous solution of (3R,

53)-7-[2-cyclopropyl-4-(4-thuoraphenylquinalin-3-
¥1I-3,5-dihydroxy-6(E)-heptencic  acid hemicalcium
salt by lyophilization.

22. A pharmaceutical composition comprising an etfective
amount of the crystalline polymorph or amorphous form
according to claim 1, and a pharmaceutically acceplable car-
rier.

23. A crystalline polymorph A, B, C, D, E. T, or the amor-
phous funn, of (3 R §)-7-| 2-cyclopropyl-4-(4-Nuoruphe-
ayllquinolin-3  -yl]-3 5-dihydroxy-6(E)-heptenoic  acid
hemicalcium salt of eloim 1, wherein polymorph A has an
X-ray powder diffraction pattern substantially as depicted in
FIG. 1, polymorph B has an X-ray powder diffraction pattern
substantially as depicted in FIG. 2, polymorpl C has an X-ray
powder ditlruction pattern substantially as depicted in FIGS.
3A and 3B, polymorph D has an X-ray powder diffraction

pattern substantially as depicted in F1G. 4, polymorph I has 2

an X-ray powder diffraction pattern substantially as depicted
in FIG. 5, polymomh F hos ai X-ray powder diffraction
pattern substantially as depicted in FIG. 6, and

the amorphous form has an X-ray powder ditfraction pat-

tern substantially as depicted in FIGS. 74 and 7B.

24. A crystalline polymorph A of (3R,58)-7| 2-cyclopro-
pyl-4-(4-fluarophenyl)quinalin-3-yl]-3,5-dihydroxy-6(13)-
heptenoic acid hemicalcium salt, which exhibits 2 ¢luracter-
istic X-ray powder difraction pamtern with characteristic

praks expressed in 26 015.0 (s), 6.8 (s). 9.1 (s), 10.0(w), 10.5 5

(m). 11O (m). 13.3 (vw), 13.7 (s), 14.0 (w), 4.7 (w), 15.9
(vw). 16.9 (w), 17.1 (ww), 18.4 (m), 19.1 (w). 20.8 [vs), 21.1
(m). 21.6 (m), 22.9 (in), 23.7 (m), 24.2 (5), 25.2 (w), 27.1 (m),
29.6 (vw 1. 30.2 (w), and 34.0 (w). wherein (vs) stands forvery
strong intensity, (s) stands for strong intensity, (n) stands for
medium intensity, (w) stands for weak intensity, and (vw)
stands for very weak intensity.

25. A crystalline polymorph A of (3R.58)-7] 2-cyclopro-
pyl-4-(4-AuoroplLenyyuinelin-3-yl]-3,5-dihydroxy-6(E)-
heptenvic acid hemicalcium sult, having an X-ray powder
diffraction puttern substantially as depicted in FIG. 1.

26. A crystalline polymorph B of (3R.58)-7-[2-cy¢lopro-
pyl-4-(4-tfluorophenyquinolin-3-y!)-3.5-dihydroxy-6(L)-
heptenoic acid hemicalcium salt, which exhibits a character-

istic X-ray powder diffraction pattern with characteristic -

peaks expressed in 20 at 4.6 (w), 5.3 (vs). 6.2 (s), 7.7 (s), 9.2
(m), 9.6 (m), 103 (w). 113 (m). [1.7(w), 12.6 (vw). 13.0(w),
139 (m), 14.7 (vw), 14.9 (w), [5.6 (w), 16.3 (m), 17.0 (vw),
174 (vw), 18.0 (w). [8.7 (m), 19.3 (m). 20.0 (s), 20.5 (w).
20.8 (1), 21.2 (w, shoulder), 21.5 (m). 22.4 (m), 23.2 (5).23.8
(m), 24.4 (vw), 25.2 (w, broud). 26.0 (w), 26.4 (vw), 27.0(w),
27.9 (vw), and 28.9 (w), wherein (vs) stands for very strong
intensity, (s) slands for strong intensity, (m) stands for
medium intensity. (w) stands for weak intensity, and (vw)
stuids for very weak intensity.

27. A crystalline polymorph B of (3R,38)-7-[2-cyclopro-
pyl-4-(4-Huorophenyl)quinolin-3-yl)-3,5-dihydroxy-6(E)-
heptenoie acid hemicaleium sult, baving an X-ray powder
ditfraction patteent substantially as depicted in FIG. 2.

28. A crystalline polymorph € of (3R.58)-7[2-cyclopro-
pyl-4-(4-fluoropheny lquinelin-3-yl]-3,5-dihy droxy-6()-
hepienoic acid hemicalcium sall, which exhihits a characler-
istic X-ray powder diffiaction partern with characteristic
peaks expressedin 20 at4 1 (m), 5.6(s). 7.8 (m), 8.3 (m). 10.3
(m), 116 (w), 17.5 (w), 17.9(w), 18.7 (), 19.5 (s). 20.6 (m),
215 (ww), 21.9(m), 23.1 (m), 24.0(w), and 24.8 (w), whersin
(vs) stands tor very strong inlensity, (s) stands for strong
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inteusity. (m) stands for medium intensity, (w) stands lor
weak intensity, and (vw) stands for very weak intensity.

29. A erystalline polymorph C of (3R.58)-7[2-cyelopro-
pyl-4-(4-fuorophenyl)quinolin-3-y1] -3,5-dihydroxy-6{ E)-
heptenoic acid hemicalcium salt, having an X-ray powder
diffruction pattem substantially as depicted in FIGS. 3A and
iR,

30. A crystalline polymorph D af (3R,58)-7[2-¢cyclopro-
pyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-dihydroxy-6(E)-
heptenoic acid hemicalcium salt, which exhibits a character-
istic X-ray powder diffraction pattern with characteristic
peuks expressed in 268 aL 5.0 (m), 6.5 (m), 6.8 (s), 8.7 (m), 10.0
(m), 10.2 (m), 10.8 {m), 13.1 (w), 13.5 (m), 14.3 (s). 15.3
(vw), 16.1 (m), 16.8 (w), (8.2 (w), 18.5 (). 19.0 (w), 199
{m), 20.5 (m), 21.0 (vs), 21.7 (s), 22.3 (W), 23,4 (m), 24.0 {m).
25.6 (w). and 26.2 (m), wherein (vs) stands for very strong
intensity, (s) stands for strong intensity. (m) stands lor
medium intensity. (w) stands tor weak intensity, and (vw)
stands for very weak intensity.

3L, A crysulline polymorph D of (3R,58)-7[2-cyclopro-
pyl-d-(4-fluorophenyl)quinolin-3-y1)-3, 5-dihydroxy-6(E)-
heptenvic acid hemicalcium salt, having au X-ruy powder
diffraction pattern substantially as depicted in FIG. 4.

32. A erysialling polymorph E of (3R.58)-7[2-cyclopro-
pyl-4-(4-fluorophenylquinolin-3-yl|-3,5-dilydroxy-6(E)-
heptenoic acid hemicalcium salt, which exhibits a chacacter-
istic X-ray powder diffraction patiern with characteristic
peaks expressed in 20 at 4.4 (vw). 5.0 (3}, 6.6 (s), 6.8 (s),
8.9(s), 10.0(m}, 10.3 (s), LO.8 (m), 13.3 (), 13.6(m), 14.0(3),
15.2 (vw), 15.9 (w), 16.4 (w), 16.9 (vw), 17.8 (vw), 18.3 (m),
18.9 (w), 20.2 (vs), 20.4 {m), 20.7 (m). 20.9 (m), 21.1 (vs),
21.6 (m), 21.7 (), 22.3 (m), 23.5 (i), 23.8 (m}, 24.1 (w),
247 (vw), 25.4 (vw). 26.6 (im), 30.2 (w), and 34.0 (vw),
wherein (vs) siunds for very sirong intensity, (s) stands for
slrong intensity, (m) stands tor medium intensity. (w} stands
for weal intensity, and (vw) stands for very weak intensity.

33. A erysualline polymorph E of (3R,58)-7-[2-cyclopro-
pyl-4-(4-fluorophenyliquinolin-3-yl|-3.5-dihydroxy-6(F)-
heptenoic acid hemicaletum salt. haviag an X-ray powder
dillruction pattern substantially as depicted in FIG. 5,

34. A crystalline polymorph F of (3R,58)-7| 2-cyclopropy!-
4-{4-fAuorophenylquinolin-3-y1]-3.5-dihydroxy-6(li)-hep-
tenoic acid hemicalcium salt, which exhibits a characteristic
X-ray. powder diffraction pattern with chacacteristic peaks
expressed in 20 al 5.1 (m), 5.6 (w), 7.0 (s). 8.8 (n), 9.6 (),
10.2(w), 10.9(m), [1.3 (w), 1 1.9(m), 12.5 (m), 13.0(s), 13.7
(m), 14.4 (s). 14.7 (m). 153 (vw). 15.5 (w), 168 (m), |7.6
(w), [8.3 (m), 19.3 (m). 19.7 (m), 20.6 (mn), 21.2 (vs), 21.8 (s),
22.8 (s), 23.1 (w), 23.8 (w, shoulder), 24.1 (5), 24.8 (3), 25.7
(n), 26.2 (vw), 26.6 (m). 26.9 (), 28.4 (w), 29.5 (w), 29.8
(vw), and 30.9 (m). wherein (vs) stands for very strong inten-
sity, (s) stands for strong intensity, (m) stands for medium
infensity, (w) stands for weak intensity. and (vw) stands for
very weak intensity.

35. A crysalline polymorph ¥ of (3R, 58)-7[ 2-cyclupropyl-
4-(4-fluorophenyljquinolin-3-y||-3,5-dihydroxy-6(E)-hep-
tenoic acid hemicalcium salt. having an X-ray powder dif-
fraction pattern substantially as depicted in FIG. 6.

36. Theamorphous form of (3R,58)-7[2-cyclopropyl-4-(4-
fluorophenyl)quinolin-3-y11-3,5-dilyydroxy-G6(E)-heptenoic
acid hemicalcium salt.

I7. Theamorphous form o(3R,58)-7| 2-cyclopropyl-d-(4-
Huorophenyl)quinolin-3-y1[-3,5-dihydroxy-6(E)-heptenoic
acid hemicalcium salt, having ai X-ray powder diffraction

5 pattern substantially as depicted in FIGS. 7A and 7B,

38. A process [or preparing the crystalline polymorph or
amorphous form according to claim 1, wherein:
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the crystailine polymarph or amorphous form being pre-

pared is the ¢rystalline polymorph F; and

the process comprises suspending the crystalline poly-

morph A in methanol containing water as a cosolvent.

39. The process according to claim 38, wherein the water is s
presentin an amount of 1 to 50% by volume of the suspension
of (3R.SS)—?[2-cyck:pmpyl-4-(4-ﬂuomphenyl)quirmliu-S-
yl]-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt.
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