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Anthony J. Viola
Andre K. Cizmarik
Jennifer L. Dereka
Zachary W. Silverman
EDWARDS WILDMAN PALMER LLP
Attorneys for Plaintiffs
Kowa Company, Ltd.,
Kowa Pharmaceuticals America, Inc., and

Nissan Chemical Industries, Ltd. : CV dint I 2y
750 Lexington Ave. ‘ % ; o e P

New York, NY 10022
(212) 308-4411

UNITED STATES DISTRICT COUR

SOUTHERN DISTRICT OF NEW YORE B
USD.C. S.D.N.Y.

Kowa Company, Ltd., Civil Action No.
Kowa Pharmaceuticals America, Inc., and
Nissan Chemical Industries, Ltd.,

Plaintiffs,
COMPLAINT

V.
Amneal Pharmaceuticals, LLC,

Defendant.

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 defendant Amneal Pharmaceuticals, LLC (“Amneal”),

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(b)-(c) and 1400(b). Personal jurisdiction over the
defendants in New York is proper under N.Y. C.P.L.R. §§ 301 and 302(a) and because
defendants are doing business in this jurisdiction.

Parties

2. 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.

81 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, Amneal is incorporated in Delaware having a place
of business in Bridgewater, New Jersey. Upon information and belief, Amneal filed Abbreviated
New Drug Application (“ANDA”) No. 20-5961.

6. Upon information and belief, Amneal is currently transacting 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.
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8 Upon information and belief, Amneal derives 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. Amneal is
registered with the N.Y. State Department of State, Division of Corporations, to do business as a
foreign corporation in New York. By filing its ANDA, Amneal has committed, and unless
enjoined, will continue to commit a tortious act without the state of New York, that Amneal

expects or should reasonably expect to have consequences in the State of New York including in

this Judicial District.
The New Drug Application
8. 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. 22-3 63).

9. 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.

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

on August 3, 2009.

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

approved.

The Patents in Suit

12. 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
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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 (.)r atherosclerosis, which comprises administering an effective amount of
the pitavastatin drug product.

13. 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.

14. 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
B, was duly issued on October 15, 2013 to inventors Paul Adriaan Van Der Schaaf, Fritz Blatter,
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.

15. 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.

16. 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.

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



Case 1:14-cv-02758-UA Document 2 Filed 04/17/14 Page 5 of 50

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

COUNT I

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

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

20.  Upon information and belief, defendant Amneal filed an Abbreviated New Drug
Application (“ANDA”) with the Food and Drug Administration (“FDA”) under 21 U.S.C. §
355() (ANDA No. 20-5961) seeking approval to market 1 mg, 2 mg, and 4 mg tablets

comprising pitavastatin calcium.

21. By this ANDA filing, Amneal has indicated that it intends to engage, and that
there is substantial likelihood that it will engage, in the commercial manufacture, importation,
use, 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, Amneal has indicated that its drug product is bioequivalent to Plaintiffs’ pitavastatin drug
product.

22.  Byits ANDA filing, Amneal 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.

23. By aletter dated March 5, 2014 (the “Notice Letter”), Amneal informed KCL and

NCI that Amneal had filed a certification to the FDA, pursuant to 21 U.S.C. § 355(G)(2)(B)(iv)(I).
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Upon information and belief, on or about March 7, 2014, KCL received the Notice letter. On or
about March 7, 2014, NCI received the Notice Letter.

24.  The Notice Letter, purporting to be Amneal’s Notification Pursuant to 21 U.S.C. §
355()(2)(B)(ii)(), asserts that in Amneal’s opinion, the ‘336 patent purportedly is
“unenforceable, invalid, and/or not infringed, either literally or under the doctrine of equivalents,
by the manufacture, use, sale, offer for sale, and/or importation of the drug product for which
ANDA No. 205961 has been submitted by Amneal.”

25.  Amneal’s filing of ANDA No. 20-5961 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).

26. Amneal’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).

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

28.  Unless Amneal 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.
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COUNT II

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

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

30.  Upon information and belief, approval of ANDA 20-5961 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.

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

32.  Upon information and belief, Amneal 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-
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 Amneal (e.g., including, without limitation, physicians, pharmacists, pharmacy
benefits management companies, health care providers who establish drug formularies for their

insurers and/or patients). Amneal will be marketing its pitavastatin drug product with specific
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intent to actively induce, aid and abet infringement of the ‘336 patent. Amneal knows or
reasonably should know that its proposed conduct will induce infringement of the ‘336 patent.
33.  Unless Amneal 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 III

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

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

35.  Upon information and belief, Amneal’s proposed pitavastatin drug product
comprises pitavastatin calcium as referenced in the claims of the ‘336 patent.

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

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

38.  Upon information and belief, sale of Amneal’s proposed pitavastatin drug product
will result in direct infringement of the ‘336 patent.

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

40.  Upon information and belief, Amneal knows that Amneal’s proposed pitavastatin

drug product is not a staple article or commodity of commerce which is suitable for substantial

noninfringing use.
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41.  Upon information and belief, approval of ANDA 20-5961 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.

42.  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 IV

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

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

44.  Amneal’s Notice Letter, purporting to be Amneal’s Notice of Certification under
21 U.S.C.§ 355(3)(2)(B)(iv), indicates that Amneal intends to manufacture, use, sell, or offer for
sale, its proposed pitavastatin drug product prior to the expiration of the ‘993 patent.

45.  The Notice Letter asserts that in Amneal’s opinion, the ‘993 patent purportedly is
“unenforceable, invalid, and/or not infringed, either literally or under the doctrine of equivalents,
by the manufacture, use, sale, offer for sale, and/or importation of the drug product for which
ANDA No. 205961 has been submitted by Amneal.”

46.  Amneal’s filing of ANDA No. 20-5961 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).
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47.

Amneal’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).

48.

Unless Amneal 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:

(2)

(b)

(©)

(d)

a declaratory judgment pursuant to 28 U.S.C. § 2201 et seq. that making, using,
selling, offering to sell and/or importing Amneal’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 Amneal’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 Amneal’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;

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 Amneal to commercially make, use, sell, offer to sell or

import its pitavastatin drug product or any drug product containing pitavastatin

10
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be no earlier than the date following the expiration date of the last to expire of
the Livalo® patents (as extended, if applicable);

(e) 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 Amneal’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

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

Court may deem just and proper.

Dated: New York, New York
April 17, 2014
Kowa Company, Ltd.,
Kowa Pharmaceuticals America, Inc., and
Nissan Chemical Industries, Ltd.

By their attorneys,

= .
0 <
Anthony 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

11
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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

12
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EXHIBIT A
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[57] ABSTRACT

A compound of the formula

{a]

Z=—CH(OH)—CH,—CH(OH)—CH,—C00.%Ca
have HMG—CoA inhibiting effects, making them use-
[u] as inhibilors of cholesterol biosynthesis. The com-
pound may be prepared as a pharmaceutical for reduc-
ing hyperlipidemia, hyperlipoproteinemia or
atherosclerosis.

2 Claims, No Drawings
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1
QUINOLINE TYPE MEVALONOLACTONES

This is a division, of application Ser. No. 07/631,092,
filed on Dec. 19, 1990, which is a continuation of 07/233,
752, filed Aug. 19, 1988.

The present invention relates to novel mevalonolactones
having a quinoline ring, processes for their production,
pharmaceutical compositions containing them and their
pharmaceulical uses parlicularly as anli-hyperlipidemic,

hypolipoproteinemic and anti-atherosclerotic agents, and

intermediates useful for their production and processcs for
the production of such intermediates.

Some fermentation metabolic products such as
compactine, CS-514, Mevinolin or semi-synthetic deriva-
tives or fully synthetic derivatives thereof are known to be
inhibitors against HMG-CoA reductase which is a rate
limiting ¢nzyme for cholesterol biosynthesis. (A. Endo 1.
Med Chem., 28(4) 401 (1985))

CS-514 and Mevinolin have been clinically proved to be
potentially useful anti-hyperlipoproteinemic agents, and
they are considered to be effective for curing or preventing
diseases of coronary artery sclerosis or atherosclerosis.
(IXth Int. Symp. Drugs Affect. Lipid Metab., 1986, p30,
p31, p66)

However, with respect to fully synthetic derivatives,
particularly hetero aromatic derivatives of inhibitors against
HMG-CoA reductase, limited information is disclosed in the
following literatures:

WPI ACC NO. 84-158675, 86-028274, 86-098816,
86-332070, 87-124519, 87-220987, 88-07781, 838-008460,
88-091798 and 88-112505.

The present inventors have found that mevalonolactone
derivatives having a quinoline ring, the corresponding dihy-
droxy carboxylic acids and salts and esters thereof have high
inhibitory activities against cholesterol biosynthesis wherein
HMG-CoA reductase acts as a rate limiting enzyme. The
presenl invention has been accomplished on the basis of Lhis
discovery.

The novel mevalonolactone derivatives of the present
invention are represented by the following formula I:

O]

wherein Ry, Ry, R,, R, and R? are independently hydrogen,
Cy.6 alkyl, C5_g cycloalkyl, C,_5 alkoxy, n-butoxy, i-butoxy,

sec-butoxy, R'R®N- (wherein R7 and RS are independently s

hydrogen or C,_; alkyl), trifluoromethyl, triluoromethoxy,
difluoromethoxy, fluoro, chloro, bromo, pheunyl, phenoxy,
benzyloxy, hydroxy, trimethylsilyloxy, diphcayl-t-
butylsilyloxy, hydroxymethyl or —O(CH..),0R*® (wherein
R*® is hydrogen or C, ; alkyl, and 1 is 1, 2 or 3); ar when
located at the ortha position to each other, R and R?, or R?
and R* together form —CH=CH—CH==CH—; or when
located at the ortho position to each other, R and R*
together form —OCR )R '9)O-—wherein R'® and R' are
independently hydrogen or C,; alkyl); Y is —CH,—,
—CH,CH;—, —CH=CH—, —CH_,—CH=CH— or
—CH=CH—CH,—; and Z is -Q-CH,WCH,-CO,R 2,

30

40

2
R (o] O§ [6)
HCY

(@] Q
RlT o Rll
CO.R12
assT
(o]

(wherein Q is —C(O)—, —C(OR*?),— or —CH(OH)—;
W is —C(0)—, —C(OR™),— or —C(R™)(OH)—; R is
hydrogen or C,_; alkyl; R'? is hydrogen or Rt (wherein R*"
is physiologically hydrolyzable alkyl or M (wherein M is
NH,, sodium, potassium, % calcium or a hydrate of lower
alkylamine, di-lower alkylamine or tri-lower alkylamine));
two R*? are independently primary or seconclary C, ¢ alkyl;
ot two R'? together form —(CH,)a— or —(CH,);—;: R
and R'® are independently hydrogen or C,_; alkyl; and R is
hydrogen, C,_¢ alkyl, C, 5 alkenyl, C5 4 cycloalkyl,

R®

(wherein R® is hydrogen, C,_, alkyl, C,; alkoxy, fluoro,
chloro, bromo or triflucromethyl), phenyl-(CH,),—
(whetein m is 1, 2 or 3), —(CH,),CH(CH,)-phenyl or
phenyl-(CH,), CH(CH,)— (wherein n is 0, 1 or 2).

Various substituents in the formula I will be described in
detail with reference to specific examples. However, it
should be understood thal the presenl invention is by no
means reslricted by such specific examples.

C,¢ alkyl for RY, R?, R3, R*, R® and R? includes, for
example, methyl, cthyl, n-propyl, i-propyl, n-butyl, i-butyl,
sec-butyl and t-butyl. C,_; alkoxy for R?, R®, R®, R* and R¢
includes, for example, methoxy, ethoxy, n-propoxy and
1-propoxy.

C,._5 alkyl for R'" includes, for example, methyl, ethyl,
n-propyl and i-propyl.

C,.; alkyl for R'? includes, for example, methyl, elhyl,
n-propyl and i-propyl.

Alkyl for R'* includes, for example, methyl, ethyl,
n-propyl, i-propyl, n-butyl and i-butyl.

M is a metal capable of forming a pharmaccutically
acceplable salt, and it includes, for example, sodium and
potassium.

CO,M includes, for example, —CO,NH, and —CO,H.
(primary to tertiary lower alkylamine such as
trimethylamine).

C,.s alkyl for R¥ includes, for example, methyl, cthyl,
n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, t-butyl,
n-peatyl and n-hexyl.

C;.s cyeloalkyl for R includes, for example, cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl.

C,.; alkenyl for R® includes, for example, vinyl and
i-propenyl.

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

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

C,.5 alkyl for R” and R® includes, for example, melhyl,

s ethyl, n-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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3

optlical isomers. The compounds of the formula I include all
ol these optical isomers and all of the mixtures thereof.

Among compounds having carboxylic acid moictics fall-
ing outside the definition of —CO.R™ of the carboxylic
acid moiety of substituent Z of the compounds of the present
invention, those which undergo physiological hydrolysis,
after intake, to produce the corresponding carboxylic acids
(compouads wherein the —CO,R' moiety is —CO,H) are
equivalent Lo the compounds of the present invention.

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

In the following preferred, more preferrcd still further
perterred and most preferred examples, the numerals for the
positions of the substituents indicate the positions on the
quinoline ring. For example, N' shown by e.g. 1' or 2'
indicates the position of the substiluent on the phenyl
substituted at the 4-position of the quinoline ring (the carbon
connected to the guinoline ring is designated as 1Y), The
meanings of the respective substituents are the same as the
above-meantioned meanings.

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

fluoro, chloro, bromo, C,; alkyl, C,; alkoxy, C,q
cycloalkyl, dimethylamino, hydroxy, hydroxymethyl,
bydroxyethyl, trifluoromethyl, trifluoromethoxy,
difiuoromethoxy, phenoxy and benzyloxy.

Further, when R is hydrogen, it is preferred that R* and
R” together form methylenedioxy.

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

Other preferred combinations of R* and R* include
3'-mcthyl-4'-chloro, 3',5'-dichloro, 3',5'-difluoro, 3',5'-
dimethyl and 3'-methyl-4'-fluoro.

Preferred examples for R? include primary and secondary
Cy.6 alkyl and C, ¢ cycloalkyl.

Preferred examples for Y include —CH,—CH,— and
—CH=Cl—.

Preferred examples for Z include

HO O O\ o

—CH(OI)CH,CH.(OH)CH,CO,R*?, —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
present jnvention will be described.
As more preferred examples for RY, R® and RS, when both

R? and R are hydrogen, R* is hydrogen, 5-fluoro, 6-Auoro, s

7-fluoro, 8-fluero, 5-chloro, 6-chloro, 7-chloro, 8-chloro,
5-bromo, 6-bromo. 7-bromo, 8-bromo, 5-methyl, 6-methyl,
7-methyl, 8-methyl, 5-methoxy, 6-methoxy, 7-methoxy,
8-methoxy, S-trifluoromethyl, 6-trifluoromethyl,

7-trifluoromethyl, 8-trifluoromethyl, 6-trifluoromethoxy, s

6-difluoromethoxy, 8-hydroxyethyl, 5-hydroxy, 6-hydroxy,
7-hydroxy, 8-hydroxy, 6-ethyl, 6-n-butyl and
7-dimethylamino.

When R® is hydrogen, R' and R? together represeat
6-chloro-8-methyl, 6-bromo-7-methoxy, 6-methyl-7-chloro,
6-chloro-&-hydroxy, 5-methyl-2-hydroxy, 6-methoxy-7-
chloro, 6-chloro-7-methoxy, 6-hydroxy-7-chloro, 6-chloro-
7-hydroxy, 6-chloro-8-bromo, S-chloro-6-hydroxy,
6-bromo-8-chloro, G-bromo-8-hydroxy, 5-methyl-8-chloro,
7-hydroxy-8-chloro, 6-bromo-8-hydroxy, 6-methoxy-7-
methyl, 6-chloro-8-bromo, 6-methyl-8-bromo, 6,7-ditluoro,
6.8-difluoro, 6,7-methylencdioxy, 6,8-dichloro, 5.8-

w
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dimelhyl, 6.8-dimethyl, 06,7-diwethoxy, 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-trimcthy1, 6,7,8-trichloro,
5-fluoro-6,8-dibromo or 5-chloro-6,8-dibromo.

As more preferred examples for R* and R*, when R? is
hydrogen, R" is hydrogen, 4-methyl, 4-chloro or 4'-Auoro.
When both R* and R* are not hydrogen, they logether
represent 3',5"-dimethyl or 3'-methyl-4'"-luoro.

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

As preferred examples for Y, —CH,—CH.— and (E)—
—CH=CH-—may be mentioned. As more preferred
examples for Z, the abave preferred examples for Z may be
mentioned.

Now, still Lurther prelerred substituents of the compounds
ol the present invention will be described. As examples for
R’, R* and R® , when both R* and R are hydrogen. R' is
hydrogen, 6-methyl, 6-cthyl, 6-triffuoromethyl, 6-hydroxy,
6-methoxy, G-chloro, 6-bromo, 6-n-butyl and
7-dimethylamino. )

When oaly R® is hydrogen, 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-
difluoro.

As still further preferred examples for R* and R*, when R3
is hydrogen, R* is hydrogen, 4'-chloro or 4'-fluoro, or R? and
R* together represent 3'-methyl-1-fluoro.

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

Still further preferred examples for Y include (E)}——
CH=CH—.

As still further preferred examples for Z, the above-
mentioned preferred example for Z may be menlioned.

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

As the most preferred examples for RY, 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”, R3 is
hydrogen and R* is hydrogen, 4-chloro or 4'-Auora.

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

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

Now, particularly preferred specific compounds of the
present invention will be presented. The following com-
pounds (a) to (z) are shown in the form of carboxylic acids:
However, the present invention include not 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 5-position, and sodium
salts and lower alkyl esters (such as methyl, ethyl, i-propyl
and n-propyl esters) of the carboxylic acids, which can be
physiologically hydrolyzed to the carboxylic acids.

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

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

(¢c) (E)-3,5-dihydroxy-7-[4-(4"-fluorophenyl)-2'-(1"-
methylethyl)-6"-mcthyl-quinolin-3'-yl]-hept-6-cnoic acic

(d) (E)-3,5-dibydroxy-7-[4'-(4"-Huorophenyl)-2'-
(1"methylethyl)-6',7"-dimethoxy-quinolin-3'-yl]-hepl-6-
enoic acid
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(¢) (E)-3,5-dihydroxy-7-[4'-(4"-luorophenyl)-2'-
cyclopropyl-quinolin-3'-yl]-hept-6-enoic acid

(£) (E)-3,5-dibhydroxy-7-[4'-(4"-fluorophenyl)-2'-
cyclopropyl-6'-chloro-quinolin-3'-yl1]-hept-6-enoic acid

(g) (E)-3,5-dihydroxy-7-[4'-(4"-Huorophenyl)-2'-
cyclopropyl-6'-methyl-quinolin-3'-yl]-hept-6-cnoic acid

(h) (E)-3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-2'-
cyclopropyl-6',7'-dimethoxy-quinolin-3'-y1]-hept-6-enoic
acid

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

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

(k) (E)-3,5-dihydroxy-7-[4'-(4"-chlorophenyl)-2'-(1"-
wethylethyl)-6'-methyl-quinolin-3'-yl]-hept-6-¢noic acid

(O (E)-3,5-dihydroxy-7-[4'-(4"-chlorophenyl)-2°-(1"-
methylethyl)-6',7'-dimethoxy-quinolin-3'-yl]-hept-6-¢noic
acid

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

(n) (E)-3,5-dihydroxy-7-[4'-(4"-chlorophenyl)-2'-
cyclopropyl-6'-chloro-quinolin-3'-yl]-hept-6-cnoic acid

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

(p) (E)-3,5-dihydroxy-7-[4'-(4"-chlorophenyl)-2'-
cyclopropyl-6'7'-dimethoxy-quinolin-3'-yt]-hept-6-enoic
acid

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

() (E)-3,5-dihydroxy-7-{4-phenyl-2'-(1"-methylethyl)-
6'-chloro-quinelin-3'-yl]-hept-6-enoic acid

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

(t) (E)-3,5-dihydroxy-7-[4-phenyl-2'-( 1"-methylethyl)-
6',7-dimethoxy-quinolin-3'-y1]-hept-6-enoic acid

(u) (E)-3,5-dihydroxy-7-[4'-phenyl-2'-cyclopropyl-
quinolin-3'-yl]-hept-6-enoic acid

(v) (E)-3,5-dihydroxy-7-[4'-phenyl-2'-cyclopropyl-6'-
chloro-quinolin-3'-y1]-hept-6-enoic acid

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

(x) (E)-3,5-dihydroxy-7-{4'-phenyl-2"-cyclopropyl-6*,7'-
dimethoxy-quinolin-3'-yl]-hept-6-e¢noic acid

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

(z) (E)-3,5-dihydroxy-7-[4'-(4"-Auorophenyl)-2'-
cyclopropyl-6'-methoxy-quinolin-3'-yl]-hept-6-cnoic acid

The mevalonolactones of the formula I can be prepared by
the tollowing rcaction scheme. The cnal III can also be
prepared by processes K, L and M.

R3 R4
Re
R
COzR2!
O -
N R3
R-

vit
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R? '
>
CH,OH
>

In the above reaction scheme, R, R*, R, R*, R®, R¢ and
R'? are as defined above with respect to the formula I, and
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R*' and R* independently represent C,_, lower alkyl such
as methyl, ethyl, n-propyl, i-propyl or n-butyl.

Step A represents a reduction reaction of the ester to a
primary alcohol. Such reduction reaction can be conducted
by using various metal hydrides, preferably diisobutylalu-
minium hydrde, in a solvent such as tetrahydrofuran or
toluene at a temperature of from -20° to 20° C., preferably
from ~10° to 10° C.

Step B represents an oxidation reaction of the primary
alcohol to an aldehyde, which can be conducled by using
various oxidizing agents. Preferably, the reaction can be
conducted by using pyridinium chlorochromate in methyl-
ene chloride at a temperature of from 0° to 25 ° C,, or by
using oxalyl chloride, dimethyl sulfoxide and a tertiary
aming such as triethylamine (Swern oxidation), or by using
a sulfur trioxide pyridine complex.

Step C represents a synthesis of a 3-ethoxy-1-hydroxy-
2-propene derivative, which can be prepared by reacting a
compound V to lithium compound which has been prelimi-

narily formed by treating cis-1-ethoxy-2-(tri-n-butylstannyl) :

ethylene with butyl lithium in tetrahydrofuran.

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

Step D represents a synthesis of an enal by acidic hydroly-
sis. As the acid catalyst, it is preferred to employ p-toluene
sulfonic acid, hydrochloric acid or sulfuric acid, and the
reaction may be conducted in a solvent mixture of water and
tetrahydrofuran or ethanol at a temperature of from 10° to
25° C. The 3-ethoxy-1-hydroxy-2-propene derivative
obtained in Step C can be used in Step D without purification
ie. by simply removing tetra-n-butyl tin formed simulta-
neously.

Step E represents a double anion condensation reaction
between the enal I1I and an acetoacetate. Such condensation
reaction is preferably conducted by using sodium hydride
and n-butyl lithium as the base in tetrahydrofuran at a
temperature 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 conudcted by using a metal hydride,
preferably sodium borohydride in ethanol at a temperature
of from -10° to 25° C., preferably from —10° to 5° C.

Further, the reduction reaction may be conducted by using
zine 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 for hydrolyzing the ester. The hydrolysis
can be conducted by using aa equimolar amount of a base,
preferably potassium hydroxide or sodium hydroxide, in a
solvent mixture of water and methanol or ethanol at a
temperature of from 10° to 25° C. The free acid hereby
obtained may be converted to a salt with a suitable base.

Step H is 4 step [or forming 2 mevalonolactone by the
dehydration 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 molecular sieve.

Further, the dehydration reaction may be conducted in dry
methylene chloride by using a lactone-forming agent such as
carbodiimide, preferably a water soluble carbodiimide such
as N-cyclohexyl-N'-[2'-(methylmorpholinium)ethyl]
carbodiimide p-toluene sulfonate at a temperature of from
10° to 35 ° C., preferably from 20° to 25° C.

Step J represents a reaction for hydrogenating the double
bond connecting the mevalonolactone moiety and the quino-
line ring. This hydrogenation reaction can be coaducted by
using a catalytic amount of palladium-carbon or rhodium-
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carbon in a solveat such as methanol, ethanol, tetrahydro-
furan or acetonitrile at a temperature of from 0° to 50° C.,
preferably from 10° to 25° C.

Step K represents a reaction for the synthesis of an
o,B-unsaturated carboxylic acid ester, whereby a trans-form
o,B-unsaturated carboxylic acid ester can be obtained by a
so-called Horner-Wittig reaction by using an alkoxycarbo-
nylmethyl phosphonate. The reaction is conducted by using
sodium hydride or potassium t-butoxide as the base in dry
tetrahydrofuran at a temperature of from -30° to 0° C,
preferably from -20° to —-15° C.

Step L represents a reduction reaction of the o,f-
unsamrated carboxylic acid ester to an allyl alcohol. This
reduction reaction can be conducted by using various metal
hydrides, preferably diisobulylaluminiumhydride, in a sol-
vent such as dry tetrahydrofuran or toluene at a temperature
of from -10° to 10° C., preferably from -10° to 0° C.

Step M represents an oxidation reaction of the allyl
alcohol to an enal. This oxidation reaction can be conducted
by using various oxidizing agents, particularly active man-
ganese dioxide, in a solvent such as tetrahydrofuran,
acetone, ethyl ether or ethyl acetate at a temperatrue of from
0° to 100° C., preferably from 15° 1o 50° C.

Step N represents a reaclion for the synthesis of an
o, P-unsaturated ketone by the selective oxidation of the
dihydroxy carboxylic acid ester. This reaction can be con-
ducted by using activatcd manganese dioxide in a solvent
such as ethyl ether, tetrtahydrofuran, benzene or toluene at a
temperature of from 20° to 80° C., preferably from 40° to
80° C.

In addition to the compounds disclosed in Examples given
hereinafter, compounds of the formulas [-2 and I-5 given in
Table 1 can be prepared by the process of the present
invention. In Table 1, i- means iso, sec- means secondary
and c- means cyclo. Likewise, Me means methyl, Et means
ethyl, Pr means propyl, Bu meaus butyl, Pent means pentyl,
Hex means hexyl and Ph means phenyl.

TABLE 1
12 (REZ=H)
R? R OH 15 (R12=Na)
Rl RZ RS R4 RS RG
6-OMe H H H b H
6-OMe H 4F H QP H
6-Br H 4-F H P 2
6-Me §-Me 4F H b H
7-OMe 3-OMe  4-F H  iPr H
6-Br 5§ 2-F H  iPr u
6,7 4-F H @b H
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TABLE 1-continued

-2 (R'2 e H)

R¢ OH -5 (R12 = Na)

R3

Rl R R} R’ RS RS
H H 4-F " H
H H 4-Ph H i-Pr H
H H 4-PhCH, H i-Pr H
6-Cl H 4-I IT c-Pr 38
6-Cl H 4-F H sec-Bu H
6-OCH,Ph 3 4-F H i-Py H
H H 4-F H i-Bu H
H H 4-F H c-Pent H
6-Cl H 4-1 II c-Pent I
6-Mc,N H 4-F H i-Pr H
6-Me H 4-F 3} c-Pr H
6-I-Pr H 4-F H -Pr H
7-Me H 4-F H c-Pr H
6-OMe H 4-F H ¢-Pr H
6-Br H 4-F H c-Pr H
6-i-Pr 0 4-F H c-Pr H
6-Cl 8-Cl 4- H c-Pr 138
5-F 6-Br 4-F H i-Pr 8-Br
6-OMe 7-OMe 4-F H i-Pr 8-OMe
6-Me 7-Me 4-F H i-Pr 8-Me
6-CI 7-Q1 4-F H i-Pr 8-Cl
H H 4-F H c-Bu H
H H 4-F H c-Hex 158
6-OMe 7-OMe H H i-Pr H
6-OMe 7-OMe 4-C1 H -Pr H
6-OMe 7-OMe H H c-Pr H
6-OMe 7-OMe 4-Ci H c-Py H
6-OMe 7-OMe 4-F H c-Pr H
6-Me H H H i-Pr H
6-Me H 4-Cl Ix i-Pr jot
6-Me H H H c-Pr H
6-Me H 4-Cl H c-Pr H
6-Me H 4-F H c-Pr H
6-Cl H H H i-Pr H
6-Cl H 4-Cl H i-Pr H
6-Cl I H H c-Pr H
6-Cl 11 4-Cl I c-Pr H
6-Cl H 4-F H c-Pr H
H H H H i-Pr  H
H H 4-Cl H i-Pr

H H H H c-Pr H
H H 4-Cl 28 c-Pr H
FL I 4-F 38 c-Pr H

Further, pharmaceutically acceptable salts such as potas-
sium salts or esters such as ethyl esters or methyl esters of
these compounds can be prepared in the same manner.

The compounds of the present invention exhibit high
inhibitory activities against the cholesterol biosynthesis
wherein HMG-CoA reductase acts as a rate limiting enzyme,
as shown by the test results given hereinafter, and thus are
capable ol suppressing or reducing the amount of choleslerol
in blood as lipoprotein. Thus, the compounds of the present
invention are useful as curing agents against hyperlipidemia,
hyperlipoproteinemia and atheroscleosis.
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They may be formulated inlo various suilable formula-
tions depending upon the manner of the administration. The
compounds of the present invention may be administered in
the form of free acids or in the form of physiologically
hydrolyzable and acceptable esters or lactones, or pharma-
ceutically acceptable salts.

The pharmaceutical composition of the present invention
is preferably administered orally in the form of the com-
pound of the present invention per se¢ or in the form of
powders, granules, tablets ot capsules formulated by mixing
the compound of the present invention with a suitable
pharmaceutically acceptable carrier including a binder such
as hydroxypropyl cellulose, syrup, gum arabic, gelatin,
sorbitol, tragacanth gum, polyvinyl pyrrolidone or CMC-Ca,
an excipient such as lactose, sugar, corn starch, calcium
phosphate, sorbitol, glycine or crystal cellulose powder, a
lubricant such as magnesium stearate, talk, polyethylene
glycol or silica, and a disintegrator such as potato slarch.

However, the pharmaceutical composition of the present
invention is not limited to such oral administration and it is
applicable for parenteral administration. For example, it may
be administered in the form of ¢.g. a supposiiory formulated
by using oily base material such as cacao butter, polyethyl-
ene glycol, lanolin or fatty acid triglyceride, a transdermal
therapeutic base formulated by using liquid paralfin, while
vaseline, a higher alcohol, Macrogol ointment, hydrophilic
ointment or hydro-gel base material, an injection formula-
tion formulated by using one or more materials selected
from the group consisting 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 membranes such as an
ocular mucous membrane, a nasal mucous membrane and an
oral mucous membranc.

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

The daily dose of the compound of the formula I is from
0.05 to 500 mg, preferably from 0.5 to 50 mg for an adult.
It is administered from once to three Limes per day. The dose
may of course be varied depending upon the age, the weight
or the condition of illness of the patient.

The compounds of the formulas I1 to VII are novel, and
they are important intermediates for the preparation of the
compounds of the formula [. Accordingly, the present inven-
tion relates also to the compounds of the formulas II to VII
and the processes for their production.

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

PHARMACOLOGICAL TEST EXAMPLES
Test A: Inhibition of cholesterol biosynthesis from acetate in
vitro

Enzyme solution was prepared from liver of male Wistar
ral billialy cannulated and discharged bile for over 24 hours.
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 homogenate according to the modified method of
Knauss ct. al.; Kuroda, M., ct. al., Biochim. Biophys. Acta,
489, 119 (1977). For assay of cholesterol biosynthesis,
microsome (0.1 mg prolein) and sup lraction (1.0 mg
protein) were incubated for 2 hours at 37° C. in 200 g of the
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reaction mixture containing ATP; 1 mM, Glutathione; 6 mM,
Glucose-1-phosphate; 10 mM, NAD; 0.25 mM, NADP; 0.25
mM, CoA; 0.04 mM and 0.2 mM [2-'*CJsodium acetate (0.2
uCi) with 4 pl of test compound solution disselved in water
or dimethy! sulfoxide. To stop reaclion and saponify, 1 ml of
15% EtOH-KOH was added to the reactions and heated at
75° C. for 1 hour. Nonsaponifiable lipids were extracted with
petroleum ether and incorporated '*C radioactivity was
counted. Inhibitory activity of compounds was indicated
with 1IC50.

Test B: Inhibition ol cholesterol biosynthesis in culture cells

Hep G2 cells at over 5th passage were seeded to 12 well
plates and incubated with Dulbecco’s modified Eagle
(DME) medium containing 10% of fetal bovine serum
(FBS) at 37° C., 5% CO, uniil cells were confluent for about
7 days. Cells were exposed to the DME medium containing
5% of lipoprotein deficient serum (LpDS) prepared by
ultracentrifugation method for over 24 hours. Medium was
changed to 0.5 ml of fresh 5% LpDS containing DME before
assay and 10 gl of test compound solution dissolved in water
or BMSQ were added. 0.2 4Ci of [2-'Clsadium acetate (20
wl) was added at O hr(B-1) or 4 hrs(B-2) afler addition of
compounds. After 4 hrs further incubation with [2-*'C]
sodium acetate, medium was removed and cells were
washed with phosphate buttered saline(PBS) chilled at 4° C.
Cells were scraped with rubber policeman and collected to
tubes with PBS and digested with 0.2 ml of 0.5N KOH at
37° C. Aliquot of digestion was used for protein analysis and
remaining was saponified with 1 ml of 15% EtOH-KOH at
75° C. for 1 hour. Nonsaponifiable lipids were extracted with
petroleum ether and C radiouclivily was counted. Counls
were revised by cell protein and indicated with DPM/mg
protein. Inhibitory activity of compounds was indicated with
IC50.

Test C: Inhibition of cholesterol biosynthesis in vivo

Male Sprague-Dawley rats weighing about 150 g were fed
normal Purina chow diet and water ad libitum, and exposed
to 12 hours light/12 hours dark lighting pattern (2:00
PM-2:00 AM dark) prior to use for in vivo inhibition test of
cholesterol biosynthesis. Animals were separated groups
consisting of five rats as Lo be average mean body weight in
each groups. Test compounds at dosage of 0.02-0.2 mg/kg
body weight (0.4 ml/100 g body weight), were dissolved in
waler 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 in rats. As
control, rats were orally administered only water or vehicle.
At 90 minutes after sample administration, rals were
injected intraperitoneally with 10 uCi of [2-**Clsodium
acetate at volume of 0.2 ml per one. 2 Hours later, blood
samples were obtained and serum were separated immedi-
ately. Total lipids were extracted according to the method of
Folch et al. and saponified with EtOH-KOH. Nonsaponifi-
able lipids were extracted with petroleum ether and radio
activity incorporated into nonsaponifiable lipids was
counted.

Inhibitory activity was indicated as percent decrease of
counts in testing groups (DPM/2 ml serum/2 hours) from
that in control group.

With respect Lo the compounds ol the present invention,
the inbibitory activities against the cholesterol biosynthesis
in which HMG-CoA reductase serves as a rate limiting
enzyme, were measured by the above Test A and B. The
results are shown in Tables, 2, 2-2, 3 and 3-2. Further, the
results of the measurements by Test C are also presented.
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TABLE 2

Inhibitory aclivities by Test A

Compound I5o (molar concentration)

(Compounds of the
preseunl invention)

I-13 1.25 x 1077
I-51 1.0x% 103
1-52 7.1 x 1078
I-53 1.9 x 1077
(Reference compounds)

Mevinolin 1.4x 107
C8-514 9.0 x 107°

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

TABLE 2-2

Relative activities by Test A

Compound Relative activities

(Compounds cf the
present invention)

16 1.75
-16 2.25
1-117 0.37
I-120 3.21
-522 0.76

> 9
Structures ol reference compounds:

(1) Mevinolin

(2) CS-514
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TABLE 3 4-(4-fluoraphenyl)-3-hydroxymethyl-2-(1'-methylethyl)-

[zhibitory aclivities by ‘lest B-1

Compound I, (molar concentration)

(Compound of the
present invention)

-5 1x 1077
(Reference compound)
CS-514 35x107

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

TABLE 3-2

Relative activities by Test B-1

Compound Relative aclivities
I-116 19.4
[-520 20,0

20.8

II-20

Results of the measurement of the inbibitory 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 coatrol group. The percent
decrease of counts after the oral administration of 10 mg/kg
of CS-514 was 55% under the same condition. The com-
pounds of the present inveation exhibited activities superior
to the reference compound such as CS-514 or Mevinolin in
Test A, and exhibited activities superior to CS-514 in Tests
B and C.
Test D: Acule toxicity

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

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

Example 1-a
Ethyl 4-(4'-fluorophenyl)-2-(1-methylethyl)-quinolin-3-yl-
carboxylate (compound VII-1)
The synthesis was conducted in accordance with the
method disclosed in J. Org. Chem., 2899 (1966).

6.45 g (0.03 mol) of 2-amino-4'-fluorobenzophenone, 3

5.53 g (0.035 mol) of ethyl isobutyrylacetate and 0.1 ml of
cone. sulfuric acid were dissolved in 30 ml of glacial acetic
acid, and the mixture was heated at 100° C. for about 10
hours. After confirming the substantial disappearance of
2-amino-4'-fluorobenzophenone by thin layer
chromatography, the reaction solution was cooled to room
temperature, and a mixlure 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
recrystallized from a small amount of ¢thanol to obtain 6.47
g (55%}) of white powder. Mclling point: 68°-70.5° C.
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quinoline (compound VI-1)

5.4 g (0.016 mol) of compound VII-1 was dissolved in dry
toluene under a nitrogen atmosphere and cooled in ice bath
to 0° C. To this solution, 40 ml of a 16 wt % diisobutyla-
luminium hydride-toluene solution was dropwise added, and
the mixture was stirred at 0° C. for two hours. After
confirming the complete disappearance of compound VII-1
by thin layer chromalography, a saturated ammonium chlo-
ride solution was added thereto at 0° C. to terminate the
reaction. Ethyl ether was added to the reaction mixture, and
the organic layer was separated. A gelled product was
dissolved by an addition of an aqueous sodium hydroxide
solution and extracted anew with cthyl cther. The ethyl ether
extracts were put together, dried over anhydrous magnesium
sulfate and fillered. The solvent was distilled off. The
residual oil underwent crystallization when left to stand. It
was recrystallized from ethyl acelate-n-hexane to obtain 3.3
g of whilte crystals. Yield: 70%. Melting point: 136°~137° C.

1.0
i-C

Example
4-(4'-Ruorophenyl)-2-(1'-methylethyl)-quinclin-3-yl-
carboxyaldehyde (compound V-1)

2.0 g (9.3 mmol) of pyridinium chlorochromate and 0.4 g
of anhydrous sodium acetate was suspended in 10 ml of dry
dichloromethane. To this suspension, a solution obtained by
dissolving 1 g (3.4 mmol) of compound VI-1in L0 ml of dry
dichloromethane, was immediately added at room temera-
ture. The mixture was stirred for one hour. Then, 100 ml of
ethyl ether was added thereto, and the mixture was throughly
mixed. The reaction mixture was [iltered under suction
through a silica gel layer. The filtrate was dried under
reduced pressure. The residue was dissolved in the isopropyl
ether, and insoluble substances were filtered off. The filtrate
was again dried under reduced pressure, and the residue was
recrystallized from diisopropyl ether to obtain 0.7 g (Yield:
70%) of slightly yellow prism crystals. Melting point:
124°-126° C.

Example 1-d
3-(3"-ethoxy-1'-hydroxy-2'-propenyl)-4-(4'-fluorophenyl)-2-
(1'-methylethyl)-quinoline (compound IV-1)

L.13 g (3.13 mmol) of cis-1-cthoxy-2-(tri-n-butylstannyl)
ethylene was dissolved in 8 ml of dry tetrahydrofuran, and
the solution was cooled to =78° C. in a nitrogen stream. To
this solution, 2 m! (3.2 mmol) of a 15 wt % n-butyllithium-
n-hexane solution was dropwise added. The mixture was
stirred for 45 minutes. Then, a solution prepared by dissolv-
ing 0.76 g (2.6 mmol) of compound V-1 in 10 ml of dry
tetrahydrofuran was dropwise added thereto. The reaction
mixture was stirred at =78° C. for two hours. Then, 2 ml of
a saturated ammonium chloride solution was added thereto
to terminate the reaction, The organic layer was extracted
with diethyl ether, and the diethyl ether extract was washed
with a saturated sodium chloride aqueous solution and dried
over anhydrous magnesinm sulfate. The solvent was dis-
tilled off under reduced pressure. The residue was separated
with n-hexane and acetonitrile. The solvent was distilled off
under recduced pressure from the acetonitrile layer, and an
oily substance thereby obtained was purified by silica gel
column chromatography (eluent: 2.5% methanol-
chloroform) to obtain 0.91 g of the desired compound in a
purified oily form.

II-MNR (CDCt;) & ppm: 1.1(t,3H,7Hz) 1.37(d,6I1,J=
THz) 3.7(m,1H); 3.7(q,2H,J=7Hz) 4.75(t,H,7Hz) 5.7(m,
1H) 5.95(m,1H) 7.05-8.2(m,SH)
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Example 1-e
(E)-3-[4-(4"-Huorophenyl)-2'-(1"-methylethyl)-quinolin-3'-
yllpropenaldehyde (compound [1-1)

0.91 g of compound IV-1 was dissolved in 20 ml of
tetrahydrofuran, and 5 ml of water and 100 mg of
p-toluenesulfonic acid were added thereto. The mixture was
stirred at oom temperature for 24 hours, The reaction
solution was extracted with diethyl ether a few times, The
extracts were washed with a saturated sodium chloride
aqueous solution and dred over anhydrous magnesium
sulfate. Then, the solvent was distilled off. The residue was
purified by silica gel column chromatography (eluent:
chloroform) o obtain the desired product as while prism
crystals. 0.4 g (50%). Melting point: 127°-128° C.

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

50 mg of 60% sodium hydride was washed with dry
petroleum elher and dried under a nitrogen stream, and then
suspended in 5 ml of dry tetrahydroturan. The suspension
was cooled to —15° C. in a nitrogen atmosphere. Then, 120
mg (0.92 mmol) of ethyl acetoacetate was dropwise added
thereto, and the mixture was sticred for 15 minures. Then,
0.6 ml (0.92 mmol) of a 15 wt % p-butyllithium-n-hexane
solution was dropwise added thereto, and the mixture was
stirred for 30 minutes. Then, a solution prepared by dissolv-
ing 160 mg (0.5 mmol) of compound TI-1 in dry
telrahydrofuran, was dropwise added thereto, and the mix-

ture was stirred for one hour. To the reaction mixture, 1 ml 3

of a saturated ammonium chloride aqueous solution was
added at —15° C. Then, the mixture was extracted three limes
with diethyl ether. The diethyl ether sclution was washed
with a saturated sodium chloride aqueous solution and dried
over anhydrous magnesium sulfate. The solution was evapo-
rated to dryness under reduced pressure. The residue was
recrystallized from diisopropyl ether to obtain 130 mg
(yield: 59%) ol white crystals. Melling point: 99°-101° C.

Cxample 1-g

Ethyl (E)-3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-2'-(1"-
methylethyl)-quinolin-3 ‘-yl]-hept-6-cnoate (compound
-11

110 mg (0.245 mmol) of compound 1I-1 was dissolved in
5 ml of ethanol in a nitrogen atmosphere, and the solution
was cooled 0° C. Then, 10 mg (0.263 mmol) of sodium
borohydride was added, and the mixturer was stirred for one
hour. Then, 1 ml of a 10% hydrochloric acid aqueous
solution was added thereto, and the mixture was extracted

three times with ethyl ether. The ethyl ether solution was _

washed with a saturated sodium chloride agqueous solution
and dried over anhydrous magnesium sulfate. Then, the
solution was evaporated to dryness under reduced pressure.
The residual oil was purified by silica gel column chroma-
tography (cluenl: 5% methanol-chloroform) lo obtain the
desired product as a pure colorless oily substance. 70 mg
(Yield: 64%)

[I-NMR (CDCl;) & ppm: 1.30(1,311,J=811z) 139(c,611J=
8Hz) [.4-1.8(m,2H); 2.42(d,2HJ=7Hz) 3.0-3.8 (m,2H)
3.50(m,1H) 3.9—4.6(m,2H) 4.20(q,2H,J=8Hz) 5.35(m,1H)
6.59%(m,LH) 7.10-8.18(m,8H)

Example 2
Sodium salt of (E)-3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-
2'-(1"-methylethyl)-quinolin-3 '-yl]-hept-6-¢noic acid
(compound [-51)
60 mg (0.133 mmol) of compound I-11 was dissolved in
3 ml of cthanol. Then, 0.26 ml of a 0.5N sodium hydroxide
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aqueous solution was dropwise added therelo. The mixlure
was stirred at room temperature for turther one hour, and
ethanol was distilled off under reduced pressure. Then, 5 ml
of water was added thereto, and the mixture was extracted
with ethyl ether. The aqueous layer was freeze-dried (o
obtain 40 mg (67%) of hygroscopic white powder. Melting
point: 207°-209° C. (decomposed).

Example 3
(E)-3,5-dihydroxy-7-[4’-(4"-Auorophenyl)-2'-(1"-
methylethyl)-quinolin-3'-yl]-hept-6-enoic acid (compound
I-21)

110 mg (0.244 mmol) of compound I-11 was dissolved in
10 ml of ethanol. Then, 0.79 ml of a 0.5N sodium hydroxide

s aqueous solution was dropwise added thereto. The mixture

was stirred at room temperature for further one hour, and
ethanol was distilled off under reduced pressure. Then, 10 ml
of water was added thereto, and the mixture was extracted
wilh ethyl ether. The aqueous layer was weakly acidified
(pIT 4) with a dilute hydrochloric aqueous solution and
extracted three times wilh ethyl ether. The elhyl ether layers
were put together and dried over anhydrous magnesium
sulfate. Then, the solvent was distilled off under reduced
pressure o obtain 90 mg of slightly yellow oily substance.
H-NMR (CDCl;) 6 ppm: 1.36(d,6H,J=7Hz) 2.4(m,2H)
3.5(m,1H) 3.45(m,1H); 3.8-4.6(m,2H) 5.40(dd,1H,J,=
19Hz,1.=8Hz) 6.55 (d,1H,J=(9Hz) 7.0-8.3(m,8H)

Example 4
(E)-6-[4'-(4"-fluorophenyl)-2'-(1*-methylethyl)-quinolin-3'-
ylethenyl]-4-hydroxy-3,4, 5,6-tetrahydro-2H-pyran-2-one
(compound [-31)

90 mg of compound I-21 was dissolved in 10 ml of dry
toluene, and the solution was refluxed under heating for 3
hours by means of a Dean Stark apparatus.

Tolucrne was distilled off under reduced pressure, and the
resicdlual solid was recrystallized from diisopropyl ether to
obtain 40 mg of colorless prism crystals. Melting point:
182°-184 ° C.

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

These diasteromers were separated and isolated by silica
gel thin layer chromatography. [Developping solvent:
t-BuOMe/hexane/acetone=7/2/1 (v/v), Ri=0.6 and 0.7
(obtained weight ratio: 1/2)]

Rf=0.7: trans lactone

H-NMR (CDCl;) & ppm: 1.40(d,6HJ=7Hz) 1.6(m,2H)
2.65(m,2H) 3.48(m,1H); 4.20(m,1H) 5.15(m,1H) 5.37(dd,
1H,J,=18Hz,J,=7Hz) 6.68(d,1H, J=19Hz) 7.1-8.2(m,SH)

Ri=0.6: cis lactone

H-NMR (CDCl;) § ppm: L.40(d,6H,J=7Hz) 1.6(m,2H)
2.65(m,2H) 3.48(m,1H); 4.20(m,1H) 4.65(m,1H) 5.40(dd,
1H,J,=18Hz,J,=7THz) 6.66(m,1H) 7.0-8.2(m,8H)

Example 5
6-[4'-(4"-Huoropheny)-2"-(1"-methylethyl)-quinolin-3'-
ylethynyl]-4-hydroxy-3,4,5,6-tctrahydro-2H-pyran-2-one
(compound [-41)

20 mg of a mixture of diastereomers of compound I-31
was dissolved in 5 ml of ethanol, and 10 mg of 3%
palladium-cartbon was added thereto. The mixture was
stirred under a hydrogen atmosphere. After confirming the
disappearance of the starting substance and the appearance

s of a new spot by thin layer chromatography, the palladium-

carbon was filtered off, and ethanol was distilled off to obtain
calorless oil.
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This oil was purified by preparative Lhin layer chroma-
tography to obtain 16 mg of the desired product as pure
colorless oil.

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

In the same manoper as in Example 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*, R2, R?,
R*, R® and R** correspond to the substitients of compound
VIL)

TABLE 4

(Compounds in this Table are compounds of the
formula VII wherein R® is hydrogen.)

Com- n.p.
pound  RY R? R? R? R® R#*  ("C)
VIk2  H H 4-F H CH; CH. 121-122
VIL-3 H | H H CH; C,Hs 102-102.5
VII-4 H H H H i-Pr C,H; 85855
VILS  6-Cl H H  CH, CH, 100.5-1015
VIL-6 6-Cl I3 H H i-Pr  C,Hs 105.5-106.5
VII-7 IT H 2-F L i-Pr G,y 101.0-102.0
VI-§  7Me H H H P CH. ol
VIL-9 H H 4-Cl H i-Pr CHy 134.0-136.5
VI-10 H H 4-OMe H i-Pr C,Hs 88.0-8%.0
VIt H 131 4-Me H i-Pr C,Hs 108.35-109.5
VII-12 6-Cl H 2-Cl H i-Pr C,H; 101.0-103.0
VI-13 H H 4-CF, M i-Pr Gl 117.5-119.0
VILi4 H I 3-Me 4F  i-Pr C,Hs oil
VI-15 H H 3-Me 5-Me i{-Pr  C.H; oil
VII-l6  6-OMe 7-OMe 4-F |38 i-Pc C,H; 96.0-98.0
VIL17 H H 4-F H  H. CH, 139.0-139.5
VIS H " 4-F H  oPr CHs oil
VIL-19  6-Cl H 4-F H i-Pt  C.Hs 94.5-955
VII-20 H H 4-F H c-Pr CH, 113.5-116.5
V21 H H 4-0Ph H  i-Pr CH; oil
VII-22  6-C1 §-Cl1 4-F H -Pr C.Hs 96.0-98.0
vil2: 6Cl  H H H  Ph CH, 118.8-1195
VIL-24  6-Cl H H H ¢-Pr CH; 97.0-985
VIL-2S H H 4-F H sce- CH; ol

Bu
VII-26  6-Me )5 4-F 38 i-Pr C,Hs 109.0-111.0
VI-27  6-OMe 7-OMe 4-F H c-Pr CH; 153.0-1535
VII-8

H-NMR (in CDCl;) & ppm: 092 (1,3H,J=7Hz), 1.41
(d,6H,J=6Hz); 2.47 (s,3H), 3.27 (Heplaplel,1H,J=6Hz) 3.96
(9,2H,J=7Hz), 7.0-7.8(m, 8H)

VII-14

H-NMR (in CDCl;) 8 ppm: 1.01 (t,3H,J=7Hz), 1.42
(d,6H,J=6Hz); 2.38 (s,3HJ=3Hz), 3.25(Heptaplet, 1H,J=
6Hz) 4.04 (q,2H,J=711z), 6.9 -8.1(m,7Hz)

VII-15

H-NMR(in CDCl,) & ppm: 0.97(t,3H,J=7Hz), 1.43 (d,6H,
J=6Hz}; 2.29 (s,6H) 3.25 (Heptaplet, 1H,J=6Hz) 4.00 (q,2H,
J=7Hz), 6.8-8.0(m,7H)

VII-18

H-NMR (in CDCL,) 8 ppm: 0.98 (1,3H,J=7Hz), 1.02
(1,3H,J=7Hz); 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 (t3H,J=7Hz), 1.41
(d,6H,J=6Hz); 3.25(Heptapet,lH,J=6Hz), 4.05(q,2H,]=
7Hz), 6.8-8.1(m, 13H)

VII-25

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

[a the same manner as in Example 1-b, compounds VI-2
to VI-27 were prepared. (In Table 5, RY, R?, R?, R* and R’
correspond to the substitucnts in compound VI.)
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TABLE 5

(Compounds in this Table are compounds of Lhe
formula VI wherein R® is hydrogen.)

m.p.
Compound R R? R® R* R® (°é)
vI2 H H pF H CH, —
VI-3 H H H H CH, 149-151
Vi-4 H H H H i-Pr 130-130.5
VI-5 6-Cl H 34 H CII: 139-141
VI-6 6-Cl H H H i-Pr 168-169
VI-7 H H 2-F H i-Pr 140.5-142.0
VI8 7-Me H H H i-Pr 155.0-157.0
VI-9 H H 4-C1 H i-Pr 192.0-195.0
VI-10 H H 4-OMec H i-Pr 186.0—138.5
VI-11 H H 4-Me H i-Pr 161.0-164.0
VI-12 6-Cl H 2-Ct H i-Pr 122.0-124.0
VI-13 q H 4-CF; H i-Pr 183.0-186.0
VI-14 H H 3-Me 4-F  i-Pr 161.0-162.5
VI-15 H H 3-Me 5-Me i-Pr 137.0-138.0
VI-16 6-Me 7-OMe 4-F H i-Pr 164.0-165.0
VI-17 a H 4F H  CH, 1415-1435
VI-18 H H 4-F H n-Pr 146.5-148.5
VI-19 6-Cl H 4-F H i-Pr 171.0-172.0
VI-20 H H 3-F H c-Pr 120-126
VI-21 H H 4-Oph H i-Pr 153.0-154.0
vi-22 6-Cl 8-Cl1 4-F H i-Pr 98.5-103
VI-23 6-Cl H g H Ph 171.5-172.5
VI-24 6-C1 34 H H c-I'r 84.0-86.0
VI-25 H H 4-F I sec-Bu  119.0-121.0
VI-26 6-Me H 4-F H i-Pr 160.0-161.5
vI27 6-OMe  7-OMe  4-F H c-Pr 162.0-163.0

In the same manner as in Example 1-¢, compounds V-2 to
V-27 were prepared. (In Table 6, RY, R®, R®, R* and R®
correspond to the substituents of compound of V)

TABLE 6

(Compounds in this Table are compounds of the
formula V wherin R” is hvdrogen.)

m.p.
Compound  R* R? R? 'OR* (°c)
V2 ol H pF H  CH,  125-128
V-3 H H H H CH, 143-146
V-4 H H H H i-Pr 92-93
V-5 6-Cl H H H CH. 220-222
V-6 6-Cl 33 I H 1-Pr 140-140.5
V-7 H H 1-F H i-Pr 121.5~124.0
V-8 7-Me H H H -Pr 108.1-109.2
V-9 H H 4-Cl H i-Pr 147.0-147.8
V-10 H H 4-OMe H i-Pr 135.6—136.8
V-11 H H 4-Me H i-Pr 119.4-120.4
V-12 6-Cl H 2-Ci )34 i-Pr 105,8-106.9
V-13 H H 4-CF; H i-Pr 163.7-164.2
V-14 H H 3-Me 4-F  i-Pr 161.1-108.1
V-15 H H 3-Me 5-Me i-Pr 120.8-122.3
V-16 6-OMe 7-OMe 4-F H i-Pr 164.4-163.2
V-17 H H 4-F H C,Hs 143.1-144.2
V-18 H H 4-F H a-Pr 150.2-155.3
V-19 6-Cl 38 4-F H 1-Pr 164.5-165.3
V=20 H H 4-F H c-Pr 150.1-151.6
v-21 H H 4-OPh  H -Pr 106.9-107.7
v-22 6-Cl 8-Cl 4-F H i-Pr 135.0-135.7
V-23 6-Cl i H H Ph 174.8-175.3
V-24 6-Cl 2] H H c-Pr 157.5-158:0
V-25 H H 4-F H sec-Bu  125.0-126.5
V-26 6-Me |28 4-F H i-Pr 155.0-157.0
V=27 6-OMe 7-OMe 4-F H c-Pr 200.0-200.5

In the same manger as in Example 1-d, compounds V-2
to IV-6 were prepared. (In Table 7, R, R?, R?, R* and R®
correspond to the substituents of compound [V.)
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TABLE 7 TABLE 9-continued
(Compounds in Lhis Table are compounds of the (Compounds in this Table are compounds of the
formula IV wherein R® is hydrogen.) 5 formula of 1T wherein R® is hvdrogen.)
Compound R* R* R* R' R m.p. (°C.) Com- m.p.
pound R? R? R3 R* R R=  (°Cy
V-2 H I3 4¥ H  CH, 177-179
V-3 H H H H CH, — 10 H H 40Me H  i-Pv CH; 78.0-785
V4 H H H H P — -1 g H 4-0Me H i-Pr  C,Hs 75.0-7%0
V-5 6-Cl H H H CH, — 10 12 6Cl  H 2C1 H Pt GH; oil
V-6 6-Cl  H H H iPr — -3 H " 4CF; H  iPr Gl 73.0-83.0
-14 H H 3Me 4F iPr C.H, 66.0-71.0
15 H H 3Me 5-Me Pt CH. oil
[n the same manner as in Example 1-e, compounds IT1-2 116  6-OMe 7-OMe 4-F H iPr  CH; 83.0-90.0
to II-27 were prepared. (In Table 8, R*, R%, R*, R* and R® w17 H 5! 4-F H  GHs GHs 940970
correspond to the substituents of compound I11.) 15 gg ?_Cl g ::IF, E Lfr' g"ﬁ‘ ‘ﬁll 0o113.5
205 22
I-20 H H 4-F H  cPr CHs 91.0-930
TABLE 8 I21 H H 4-0Ph  H iPr  C.H, 121.0-125.0
22 6Cl  8Cl  4F H i-Pr  CHs oil
(Compounds in this Table are compounds of the 11-23 6-C1 H H H Ph C,Hs oil
formula [T wherein R® is hvdrogen.) ag 24 6-Cl H H H c-Pr CH; 69.0-71.0
B k] H H 4-F H sec-  C,Hs oil
m,p. Bu
Compound R R* rR* RrR* RrR> °cy II-26 6-Me H 4-F H i-Pr C,Hs ol
27 6-OMe 7-OMe 4F H P CHy oil
-2 H H 4F H CH,  194-196
I1-3 H q H H CHy 170-1715
II-4 H H H H  iPr 107-108.5 25 117
[1-5 6-Cl 38 a B CHy  192-194 H-NMR(in CDCl,) & ppm: 1.21(1,3H,J=7Hz), 1.32(d,6H,
Q-6 &cl O " L e J=GHz); 2.2-2.4(m,2H), 2.5-2.7(m,1H) 3.28(s,1H), 3.34
i e I Pl N i (Heptaplet, LH,J=6Hz) 4.08(q,2HJ=7Hz), 4.3-4.6(m,1H)
-9 54 H 4-Q) H i-Pr ]43:()_1491 5.28(dd,lH,J=6HZ,J=15HZ), 6.53(dd,lH,J=1.5HZ,J=151‘IZ),
[I1-10 31 H 40Me H  iPr 137.4-140.1 30 6.9-8.0(m,8H)
II-11 H 3¢ 4+Me H  i-Pr 111.6-113.1 -12
1-12 5-Cl 21 ¢l H  i-Pr 33.3-84.5 . } e
el ‘;I b 1CF, M ;_Pr TibrE s H—NMR(m CDCl,) & ppm: 1.25(t,3H,J=7Hz), 1.33(d,6H,
II-14 H H 3Me 4F iPr  1243-126.4 J=6Hz); 2.2-2.4(m,2H), 2.5-2.8(m,1H); 3.32(s,2H), 3.38
I0-15 H H AMe  5-Me i-Pr 117.6-120.3 (Heptaplet, LH, J=6Hz); 4.13(q,2H J=7Hz), 4.2—4.6(m, 1H);
I-16 6-OMe 7-OMe 4-F " iPr 147.8-130.9 35 5.34(dd,1H,J=6Hz, J=15Hz), 6.53(dd,1H,J=1.5Hz,J=15Hz),
[I-17 H H 4F H  C.Hs 124.3-1285 7.0-8.0(m,7H)
II-13 H H 4F H nPr 117821215 Sa e
II-19 &l H 4F H  i-Pr  1352-1359 II-15
[11-20 H H 4+F H  cPr 141.3-1441 H-NMR (in CDCLy) 8 ppm: 1.23(t,3H,J=7Hz), 1.35(d,6H,
ks f0 sct 4T M in nmn J=6Hz); 2.2-2.4(m,2H), 2.31(s.6H); 2.6-2.8(m, 1H), 3.32(s
-22 - g 1-Pr —122 : .\
e e p H H  Ph g iaes 40 ZH), 3.35(Heptaple[,lH,J=6H;), 4.12(q,2H,J=7HZ), 4347
I-24 6-Cl H H H c-Pr 161.0-161.5 (ﬂl,lH), 5.30(dd,lH,J=6HZ,J=16HZ); 651(dd,lH,J=1HZ,J=
m-25 H H 4F o sec-Bu  78.0-81.0 16Hz), 6.7-8.0(m,7H)
HI-26 6Me H 4-F H  iPr 137.0-137.5 11-18
-27 6-OMe 7-OMe 4-F H cPr 189.5-191.0 H-NMR (in CDCls) 3 ppm: 1.00 (1,3H,J=7Hz), 1.26(t,
45 3H,J=7Hz); 1.6-2.3(m,2I), 2.42 (d, 2H J=6Hz); 2.6-3.2(m,
II-22 3H), 3.35(s,2H) 4.11(q,2H,J=7THz), 4.3-4.7(m,1H) 5.27(dd,
H-NMR(in CDCl;) & ppm: 1.40(d6H,J=7Hz), 3.44 1H,J=6Hz,J=16Hz) 6.46(dd,1H,J=1.5HzJ=16Hz), 6.9-8.0
(Heptaplet,1H,J=7Hz); 5.93(dd,1H,J=8Hz,J=16Hz), 6.8-8.1 {m,8H)
(m,14H) 9.34(d,1H,J=8Hz) : 122
In the same manner as in Example 1-f, compounds II-2to 50 ~ H-NMR(in CDCl;) é ppm: 1.26(t,3H,J=7Hz), 1.33(d,6H,
11-27 were prepared. (In Table 9, RY, R?, R?, R* and R’ J=6Hz); 2.43(d,2H,J=6Hz), 2.6-2.9(m,1H) 3.36(s, 2H), 3.44
correspond to the substituents of compound I1.) (Heptaplet,1H,J=6Hz) 4.13(q,2H,J=7Hz), 4.3-4.7(m,1H)
5.30(dd,1H,J=6Hz,J=16Hz), 6.33(dd,1HJ=1.5HzJ=16Hz),
TABLE 9 7.0-7.6(m,6H)
. 55 I1-23
(Com_pounds m this 'I‘abl_e are compounds of the H—NMR(in CDCL) $ ppm: 1.230,31_[’_]:71_{2)’ 2.21(d,2H,
formula of [T wherein R® is hvdrogen.) J=6HZ); 2.4—2.6(m,1H), 3.25(5’2}1) 4.09(q,2H,J=7HZ),
Com- m.p. 4.1-4.4(m,1H) 5.08(dd,1H,J=6Hz,J=16Hz), 6.26(dd,1H,J=
pound R? R* R’ RY R R¥ (C) 1.5Hz,J=16Hz), 7.0~8.0 (m,13H)
- 60 1125
-2 q H -F H CH, GC,H; oil . «
s u u . H G CH 105106 H-NMR(in CDCL,) & ppm: 0.96(d,6H,J=6Hz), 1.26(t,3H,
-4 H H H a iPr  C,H; 88.5-90.5 J=7Hz), 1.8-2.4(m,1H), 2.43 (d,2H,J=6Hz), 2.6-2.9(m,1H),
-5 6Cl  H H o CH; Gl 7782 2.88(d,2H,J=7Hz), 3.36(s,2H), 4.14(q,211,J=71Iz), 4.3-4.7
= e 5 o B B (m,1H), 5.0-5.5(m,1H), 6.3-6.7(m,LH), 6.9-8.1(m,3H)
= 2 & s
-8 7Me H H H  iPr GH, 65-74.0 6s [I-26
-9 H H 4-Cl H Pr CoHs 91.0-94.0 H-NMR(in CDCl) 8 ppm: 1.25(t,3H, J=7Hz), 1.32(d,6H,

J=6Hz), 2.32(s,3H), 2.39(d,2H, J=7Hz), 2.6-3.1(m,1H),



Case 1:14-cv-02758-UA Document 2 Filed 04/17/14 Page 26 of 50

5,856,336

23

3.36(s,2H), 3.41(Heptaplet,1H,J=6Hz), 4.11(y,2H,J=7Hz),
4.3-4.7(m,1H), 5.0-5.5(m,1H), 6.3-6.7(m,1H), 6.8~7.9(m,
7H)
11-27

H-NMR (in CDCl,) 8 ppm: 0.8-1.5(m,4H), 1.26(1,3H,)=
7Hz), 2.0-2.9(ra,4H), 3.42(s,2H), 3.71(s,3H), 4.00(s,3H),
4.20(q,2H,J=7Hz), 4.4-4.8(m,1H), 5.3-5.8(m,H), 6.4-6.9
(m,1H), 6.58(s,1H), 7.0-7.5(m,5H)

In the same manper as in Example 1-g, compounds I-12
to I-127 were prepared. .

TABLE 10
-1
COR1E
m.p. ("CJ)

Comr- Mass
pound  RY R R? R* R R spectim
[-12 H H 4-F H CH; CoHs oil

Mje 423,292

264, 249

I-13 48 136 H H CH, G,y 92-105
14 H H H H i-Pr C,Hs 97-100
I-15 6-Cl 24 H H CH, GC,H, oil
I-16 6-Cl1 H 28 H i-Pr C.Hs oil
17 H H 2-F H  iPr C.H; il
[-18 7-Me H H H i-Pr C,Hs oil
-19 H H 4Ccl  H P C,H; 98-104
I-110 I H 4-OMe [ i-Pr C,IIs 94-98
[-111 H H 4-Me H i-Pr CyHs 7985
I-112 6-Cl H 2-Ci H i-Pr C,Hs oil
13 H H 4CE, H  iPr C.Hs 117-128
[-114 H H 3-Me 4F  i-Pr C,Hs 85-92
15 H 534 3Mc  5-Me i-Pr C,H. ol
-116 6-OMc 7-OMc  4-F H i-Pr CHs gum
17 H 51 47 H  GH, Gl oil
I-118 H H 4-F H n-Pr C,Hs oil
[-119 6-Clt H 4-F H i-Pr C,Hy 7982
1120 H H 4-F H c-Pr C,Hs 100-104
[-121 H H 4-OPh  H i-Pr C,Hy otl
[-222 6-Cl 8-Cl 4-F H i-Pr C,Hs 133-143
-123 6-Cl I H H Ph C,Hs gum
I-124 6-Cl H H H c-Pr C,Hs oil
125 H H 4-F H sec-Bu  C,H, oll
126  6Me H 4-F H i-Pr C,Hs ol
-127 6-OMe 7-OMe 4-F H c-Pr C,Hs gum
[-17

H-NMR (in CDCL,) 8 ppm: 1.29(t,3H,1=7Hz), 1.40(d,6H,

J=6Hz); 1.4-1.7(m,2H), 2.3-2.5(m,2H) 2.9-3.2(m,1H), :

3.49(Heptaplet, 1 H,J=6Hz) 3.5-3.8(m,1H), 3.9-4.5(m,2H)
4.20(q,2H,J=7Hz), 5.2-5.7(m,1H) 6.5-6.9(m,1H), 7.0-8.2
(m,81T)
I-18

H-NMR (in CDCL,) & ppm: 1.0-1.4(m,2H), 1.31(t,3H,J=
7Hz); 1.3%(d,6H,J=6Hz), 2.3-2.5(m,2H) 2.52(s,3H),
3.1-34 (m,lH) 3.48(Heptaplet,1H,J6Hz),3.5-3.8(m,1H)
3.8-4.1(m,1H), 4.20(q,2H,J=7Hz) 4.2-4.5(m,1H), 5.2-5.6
(m,1H) 6.4-6.8(m,1H), 7.0-8.0(m,8H)
I-19

H-NMR (in CDCl;) 8 ppm: 1.29(t,3H,J=7Hz), 1.38(d,6H,
J=611z); 1.4-1.8(m,2H), 2.3-2.5(m,2H) 3.2-3.4(m,1H),

w

10

30

40

45

50

60

24
3.49(Heplaplel,1H,J=6Hz) 3.6-3.8(m,1H), 3.9-4.2(m,1H)
4.20(q,2H,J=THz), 4.3-45(m,1H) 5.2-5.5(m,1H), 6.5-6.8
(m,1H) 7.0-8.2(m,8H)
I-110

H-NMR (in CDCly) & ppm: 1.29(t,3H,J=7Hz), 1.40(c,6H,
I=6Hz); 1.5-1.6(m,2H), 2.3-2.5(m,2H) 2.8-3.0(m,1H),
3.4-3.6(m,lH) 3.52(Heptaplet,1H,J=6Hz), 3.88(s,3H)
3.9-4.1(m,1H), 4.20(q,2H,J=7Hz) 4.3-4.5(m,1H), 53-5.5
(m,1H) 6.5-6.7(m,1H), 6.9-8.1(m,8H)

H-NMR (in CDCL,) 6 ppmm: 1.30(,3H.J=7Hz), 1.3-1.5(m,
2H); 1.39(d,6H,J=6F1z), 2.3-2.5(m,2H) 2.43(s,3H), 2.8-3.0
(m,1H) 3.50(Heptapict, 1 H,J=6Hz), 3.5-3.7(m,1H) 3.9-4.2
(m,1H), 4.19(q,2H,1=7Hz) 4.2-4.5(m,1H), 5.2-5.6(m,1H)
6.4-6.8(m,1 H), 6.9-8.2(m,8H)

I-112

H-NMR (in CDCL) & ppm: 1.30(1,3H,J=7Hz), 1.3-1.6(m,
ZH); L37(d,6H,J=6Hz), 2.3-2.5(m,2H) 2.9-3.2(m,1 H), 3.47
(Heptaplet,lH J=6Hz) 3.5-3.8(m,1H), 3.9-4.1(m, 1 H) 4.19
(q,2H,J=THz), 4.2-4.5(m,1H) 5.3-5.7(m,1H), 6.5-6.8(m,
1H) 7.1-8.1(m,7H)

I-113

H-NMR(in CDCL,) 8 ppm: 1.0-1.3(m,2H), 1.30(t.3H,J=
THz); 1.40(d,6H,J=6Hz), 2.3-2.4(m2H) 3.3-3.5(m,1H),
3.49 (Heptaplet, 1H,J=6Hz) 3.6-3.7(m,LH), 3.9-4.1(m,1H)
4.18(q,2H,J=7THz), 4.2—4.5(m,1H) 5.1-5.5(m,1H), 6.5-6.8
(m,1H) 7.2-8.2(m,8H)

I-114

H-NMR (ia CDCL,) & ppm: 1.2-1.4(a1,2H), 1.30(t,3H,J=
7Hz); 1.39(d,6H,J=6Hz), 2.32(bs,3H) 2.3-2.5(m,2H),
3.0-3.3(m,1H) 3.50(Heptaplet,1HJ=6Hz), 3.6-3.8(m,1H)
3.8-4.1(m,1H), 4.20(q,2H,J=7Hz) 4.3-4.6(m,1H), 5.2-5.6
(m,1H) 6.5-6.8(m, 1H), 7.0-8.2(m,7H)

[-115

H-NMR (in CDCL,) & ppm: 1.1-1.4(m,2H), 1.30(t,3H.J=
7Hz); 1.40(d,6H,J=6Hz), 2.2-2.5(m,2H) 2.35(s,6H),
2.7-3.1(m,1H) 3.51(Heptaplet, 1HJ=6Hz), 3.6-3.7(m,1H)
3.8-4.1(m,1H), 4.20 (q,2HJ=7Hz) 4.2-4.6(a1,1H), 5.2-5.6
(m,1H) 6.4~6.8(m,1H), 6.8-8.2(m,7H)

I-116

H-NMR (in CDCl;) 8 ppm: 1.30(t,3H,J=7Hz), 1.37(d,6H,
J=6Hz); 1.5-1.8(m2H), 2.3-2.5(m,2H) 2.9-3.2(m,1H),
3.46 (Heptaplet,1H,J=6Hz) 3.6-3:8(m,1H), 3.75(s,3H)
3.9-4.1(m,1H), 4.07(s,31) 4.20(q,21L,J=7Hz), 4.2-4.5(m,
1H) 5.1-5.5(m,1H), 6.4-6.8(m,2H) 7.1-7.5(m,5H)

[-117

H-NMR(in CDCL,) 8 ppm: 1.30(t,3H,J=7Hz), 1.37(t,3H,
J=7Hz);, 1.4-1.7 (m,2H), 2.2-2.6(m,2H) 2.8-3.2(m,3H),
3.6-3.9(m,1H) 3.9-4.7(m,4H), 5.2-5.7(m,1H) 6.3-6.7(m,
1H) 7.0-8.2(m,3H)

I-118

H-NMR (in CDCL,) & ppm: 1.01(1,3H,J=7Hz), 1.27(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,1H); 3.9-4.1(m,LH), 4.18(q.2H,J=7Hz); 4.2-4.35
(m,1H), 5.2-5.6(m,1H); 6.4-6.7(m,11T), 7.0-8.1(m,8H);
[-119

H-NMR (in CDCl;) 8 ppm: 1.2-1.5(m,2H), 1.31(t,3H,J=
7Hz); 1.37(d,6H,J=7Hz), 2.3-2.6(m,2H); 3.0-3.4(m,lH),
3.49(Heptaplet,1H,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,1H); 5.2-5.6(m, H), 6.4-6.8
(m,1H); 7.0-8.1(m,7H);

[-120

H-NMR (in CDC13) § ppm: 0.8-1.8(m,6H), 1.30(t,3H,J=
7Hz); 2.1-2.6(m,3H), 2.9-3.3(m,1H); 3.4-3.7(m,LH),
3.8-4.6(m,2H); 4.20(q,2H,J=7Hz), 5.4-5.8(m,LH); 6.4-6.3
(m,1H), 6.8-8.0(m,8H);

121
H-NMR (in CDCL,) 8 ppm: 1.29(1,3H,J=7Hz). 1.39(d,6H,
J=6Hz); 1.4-1.9(m,2H), 2.3-2.5(m,2H); 2.7-3.2(m,1H),
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3 51(Heptaplet,1H,J=6Hz); 3.6-3.8(m,1H), 3.94.2(m, 1H);
4.19(q,2HJ=7Hz), 4.3-4.6(m,1H); 5.2-5.6(m,111), 6.4-6.8
(m,1H); 6.9-8.2(m,13H);
1-122 :

H-MNR (in CDCl,) 8 ppm: 1.1-1.8(m,2H), 1.31(1,3H,J=
7Hz); 1.41(d,6H,J=6Hz), 2.3-2.5(m,2H); 2.9-3.4(m,1H),
3.50(Heptaplet,1H,I=6Hz); 3.6-3.8(m,1H), 3.9-4.5(m,2H);
4.20(q,2HJ=7Hz), 5.2-5.6(m, H); 6.4-6.8 (m,1H), 7.1-7.3
(m,SH); 7.72(d,1H,I=6Hz);

1-123

H-NMR (in CDCL;) & ppm: 0.8-1.5(m,2H), 1.29(1,3H, I=
THz); 2.2-2.4(m,2H), 2.6-2.9(m,1H); 3.2-3.6(m,1H),
3.7-4.3(m,2H); 4.17(q,2H,J=7Hz), 5.0-5.4(m,1H); 6.1-6.5
(m,1H), 7.0-8.2(m,13H);

1-124

H-NMR (in CDCL,) § ppm: 0.8-1.8(m,6H), 1.29(t,3H,J=
7Hz), 2.2-2.6(m,3H), 2.8-3.2(m,1H), 3.3-3.7(m,LH),
3.94.5(m,2H), 4.19(q,2H,J=7Hz), 5.4-5.8(m,1H), 6.5-6.8
(m,1H), 7.1-8.0(m,8H),

15

26

I-125

NMR (in CDCl;) & ppm: 0.94(d,6H,J=6Hz), 1.0-1.7(m,
3H), 1.27(t,3H,J=7Hz), 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,1H), 6.2-6.7
(m,1H), 6.9-8.0(m,8H),
I-126

H-NMR (in CDCL;) & ppm: 1.0-1.6(m,3H), 1.21(t,3H,J=
7Hz), 1.34(d,6H,J=6Hz), 2.34(s,3H), 2.37(d.2H,J=THz),
2.9-3.7(m,2H), 3.8-4.5(m,2H), 4.15(q.2HJ=THz), 5.0-5.5
(m,1H), 6.3-6.7(m,LH), 6.9-8.0(m,7H),
I-127

H-NMR (in CDCL,) & ppm: 0.8-1.9(m,8H), 1.29(t,3H,J=
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,IH), 5.4-5.&m,1H), 64-6.8
(m,1H), 6.56(s,1H), 7.0-7.4(m,5H)

In the same manner as in Exmple 2, compounds 1-52 to
[-527 were prepared.

TABLE 11
I-5 (R12= Na)
R2
m.p,
Compound R? R* R? R* R R'? °C)
[-52 H H 4-F H CH; Na 138-142
(decomposed)
[-53 H H H CH; Na 130-132
(decomposed)
[-54 ] H H i-Pr Na 196-197
(decomposed)
[-55 6-Cl H H CH, Na 211215
{(decomposed)
[-56 6-Cl -4 H H i-Pr Na 195198
(decomposed)
-57 H H 2-F H i-Pr Na 193-201
{decomposed)
[-58 7-Me H 38 H i-Pr Na 170-175
{decomposed)
1-59 H H 4-Cl H i-Pr Na 193-202
(decomposed)
I-510 2 H 4-OMe H i-P1 Na 178-193
(decomposed)
I-511 H = 4-Me H i-Pr Na 187200
(decomposed)
1-512 6-Cl H 2-Cl H i-Pr Na 203-209
(decomposed)
513 2 q 4-CF; H i-Pr Na 200-212
(decomposed)
I-514 H H 3-Me 4-F  i-Pu Na 195-200
(decomposcd)
315 H H 3-Me 5-Me i-Pr Na 192-197
(decomposed)
[-516 6-OMe 7-OMe  4-F H i-Pr Na 239-245
(decomposed)
[-517 (I 88 4+ I C.Hy Na 230-237
(decompased)
[-51% 34 34 4-r I o-Pr Na 193-200

(decomposed)
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TABLE 11-continued
I-5 (R"2=Na)
R R* o
m.p.
Compound R' R* R? R*  R® R (°C.)
[-519 6-Cl H 4-F H i-Pr Na 193-198
(decomposed)
1-520 )¢ H 4-I H c-Pr Na 197199
(decomposed)
1-521 H H 4-OPh H 1-Pr Na 180-189
(decomposed)
[-522 6-Cl 3-Cl1 4-F H i-Pr Na 183-187
(decomposed)
I-523 6-Ct H H ot Ph Na 190-196
(decomposed)
1-524 6-Cl H H H c-Pr Na 204-210
(decomposed)
[-325 H H 4-F H sec-Bu Na -
1-526 6-Me H 4-F H i-Pr Na 204-208
(decomposed)
I-527 6-OMe 7-OMe 4-F H c-Pr Na 234-238
(decomposed)
1-57 35 H-NMR (in DMSO-d®) 6 ppm: 0.9-1.3(m,2 H), 1.35(d,

H-NMR (in DMSO-d®%) & ppm: 0.9-1.2(m,2H), 1.37(d,
6H,J=7Hz); 1.6-2.1(m,2H), 3.48(Heptaplet,IH J=6Hz);
3.7-4.3(m,4H), 5.3-5.6(m,1H); 6.4-6.7(m,1H), 7.1-8.1(m,
8H);

1-58

H-NMR (in DMSO-d%) & ppm: 0.9-1.2(m,2H), 1.31(d,
6H,1=7Hz); 1.7-2.2(m,2H), 2.50(s,3H); 3.3-4.5(m,5H),
5.2-5.6(m,H); 6.3-6.6(m,1H), 7.1-7.9(m,8H);

1-59

H-NMR (in DMSO-d%) 8 ppm: 0.9-1.3(m,2H), 1.33(d,
6H,J=7Hz); 1.6-2.2(m,2H), 3.48(Heplaplel,lH J=7THz);
3.5-4.6(m,4H), 5.2-5.6(m,2H); 6.3-6.6(m,1H), 7.1-8.1(m.
8H);

1-510 )

H-NMR (in DMSO-d®) & ppm: 1.0-1.3(m,2H), 1.32(d,
6H,J=7Hz); 1.6-2.2(m,2H), 3.0-3.8(m,4H);, 3.86(s,3H),
4.0-4.3(m,1IT); 5.3-5.6(m, 1), 6.3-6.6(m,1I); 6.9-8.1(m,
8H);

[-511

H-NMR (in DMSO-d®) & ppm: 0.9-1.3(m,2H), 1.33(d,
6H,J=7Hz); 1.7-2.1(m,2H), 2.41(s,3H); 3.2-4.3(m,5H),
5.3-5.6(m,1H); 6.3-6.6(m,1H), 7.0-8.3(m,8H);

1512

H-NMR (in DMSO-d°) & ppm: 0.9-1.3(m,2H), 1.33(d,
6H,J=7THz); 1.6-2.2(m,2H), 3.1-3.8(m,3H); 3.48(Heptaplet,
1H,J=7Hz),3.9—4.2(m,1H); 5.3-5.7(m,LH), 6.3-6.7(m,1H);
7.0-8.1(m,7H);

1-513

H-NMR (in DMSO-d®) & ppm: 0.8-1.3(m,2H), 1.34(d,6H,
J=7Hz); 1.6-2.2(m,2H), 2.7-3.9(m,3H); 3.49(Heptaplet,1H,
J=7THz), 3.94.3(m,[H); 5.2-5.6(m,1H), 6.3-6.7(m,1H);
7.1-8.1{m,8H);

I-514

Ell

6H,J=THz); 1.7-2.1{m,2H), 2.30(d,3H,J=2Hz); 3.0-3.8(m,
3H), 3.51(Heptaplet, IH J=7Hz); 3.9-4.3(m, 1 1), 5.3-5.6(m,
1H); 6.3-6.6(m,1H), 6.9-8.1(m,7H);
I1-515

H-NMR (in DMSO-d%) & ppm: 1.0-1.2(m,2H), 1.35(d,
6H,J=THz); 1.6-2.2(m,2H), 2.35(s,6H); 3.0-3.8(m,3H),
3.51(Heptapiet, 1H,J=7Hz); 4.0-4.3(m,1H), 5.3-5.6(m,1H);
6.3-6.6(m, 1H), 6.8-8.0(m,7H);
1-516

H-NMR (in DMSO-d%) & ppm: 0.9-1.3(m,2H), 1.31(d,

<

4 6H,J=7Hz); 1.7-2.0(m,2H), 3.2-3.7(m,4H); 3.62(s,3H),

3.9-4.2(m,1H); 3.94(s,3H), 5.1-5.5(m, 1 H); 6.2-6.6(cn,1H).
7.0-7.5(m,6H); :
-517

H-NMR (in DMSO-d° & ppm: 0.9-1.5(m,2H), 1.34(t,3H,

s0 J=7Hz); 1.6-2.2(m,2H), 2.7-3.4(m,4H); 3.6-4.3(m,2H),

5.2-5.7(m,1H); 6:1-6.6(m, L), 6.9-8.1(m,8H);
1518

H-NMR (in DMSO-d®) 6 ppm: 0.8-1.3(m,2H), 1.01(1,3H,
J=7Hz); 1.6-2.1(m,4H), 2.7-3.8(m,5H); 3.9~4.3(m,1H),

55 5.2-5.7(m,1H); 6.3-6.6(m,1H), 7.1-8.1(m,SH);

1519

H-NMR (in DMSO-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,
{H,J=7Hz), 4.0-4.3(m,1H); 5.3-5.6(m,1H), 6.3~6.6(m, 1H);

60 7.2-8.1(m,7H);

1-520
H-NMR (in DMSO-d®) & ppm: 0.8-1.5(m,6H), 1.7-2.2

(m,2H); 23-2.7(m,1H), 3.0-3.9(m,3H); 4.0-4.3(m,1H),

5.5-5.8(m,1H); 6.4-6.7(m,1H), 7.2-8.0(m,8H);

65 1-521

H-NMR (in DMSO-d®) & ppm: 0.9-1.5(m,2H), 1.36(d,
611,I=THz); 1.7-2.3(m,211), 3.0-3.9(m,311); 3.50({Ieptaplet,
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1H,J=6Hz), 4.04.3(m,1H); 5.2-5.6(m,1H) 6.4-6.7(m,1H);
7.0-8.1 (m,13I1), TABLE 13
1-522 ) L3
: R? RY OH
H-NMR (in DMSO-d% § ppm: 0.8-1.3(m,2H), 1.37(d, °
6L I=7Hz); 1.6-2.2(m,2H), 3.1-3.9(m,3H); 3.51(Heptaplet,
1H.J=7Hz),4.0-4.3(m, 1H); 5.3-5.7(m,1H), 6.3-6.7(m,1H);
7.1-8.0(m,6I1); o
[-523 10
H-NMR (in DMSO-d6) & ppm: 0.8-1.4(m,2H), 1.6-2.1
(m,2H); 2.9-3.7(m,31), 3.7-4.1(m,1H); 5.1-5.4(m,1H),
6.1-6.4(m,1H); 7.1-8.2(m,13H);
1524 . l LA
32 H H 4-F H CH;
H-NMR (in DMSO-d6) 8 ppm: 0.8-1.5(m,5H), 1.6-2.2 1-33 H H H H CH,
(m,2H); 2.3-2.7(m,2H), 3.0-3.8(m,3H); 3.9-4.3(m,1H), i3‘5‘ gCl [E_II g g lcl;lf
. 3 . =2, . 5
5.4-5.8(m,1H); 6.3-6.6(m,1H), 7.0-8.0(m,3H); % e e b B e R
[-525
H-NMR (in DMSO-d®) 8 ppm: 0.9—1.6(m,2H) 0.96(d,6H, FORMULATION EXAMPLE 1
J=6Hz); 1.7-2.6(m,3H), 2.89(d,2H,J=7Hz); 3.0-3.8(m,3H),
3.9-4.2(w,1H); 5.2-5.6(m,1H), 6.2-6.6(m,1H); 7.1-8.1(m, 25 T ol
SH); - ablels
Compound [-51 10 g
1-526 Laclose 50g
) Crystal cellulose powder 8.0 ¢
H-NMR (in DMSO-d®) & ppm: 1.30(d,6H,J=7Hz), > Corn starch 30g
1.7-2.0(m,2H), 2.34(s,3H), 2.4-2.6(m, 1H), 3.0-3.3(m,2H), Cydroxypropy! cellalase ge
:]?1—3[)_378(()m8’3013)’ ;75]'3)—""2(“1,”{)’ 5.2-5.6(m,1H); 6.3-6.6(m, Maguesium stearate O.I ;
, f.U=o.l(m, >
Total 200 g
1-527
35
H-NMR (in DMS0-d®) & ppm: 0.7-1.5(m,5H), 1.8-2.2 The above components were mixed by a usual melhod
(m,2H), 2.2-2.6(m,2H), 3.1-3.3(m,2H), 3.59(s,3H), 3.9-4.2 and then table'tted.to produce 100 tablets each containing 10
(m,2H), 3.91(s,3H0), 5.4-5.7(m,1H), 6.3-6.6(m,1H), 6.52(s, ~ Mg of the active ingredient.
1H), 7.0-7.4(m,5H); FORMULATION EXAMPLE 2
40
In the same manner as in Example 3, compounds [-22 to
1-26 can be prepared. Capsules
Compound [-31 10¢g
TABLE 12 Lactose 35¢g
L2 45 Crystal cellulose powder 100 g
R# RY OII - Magnesium stearale 0.5
Total 150 ¢g
50 The above componeuts were mix ed by a usual method
and then packed in No. 4 gelatin capsules to obtain 100
capsules each conlaining 10 mg of the active ingredient.
FORMULATION EXAMPLE 3
5
Soft capsules
N B R ’ 1 Compound [-51 1.00 g
Compound R R i 5 R PEG (polyethylene glycol) 400 3389 g
Saturated fatty acid triglyceride 15.00 g
;?é S g :I_F : ggs 60 Peppermiat oil 001 g
I:E " H I o " ire Polysarbate 80 0.0 g
1-25 6-Cl H H H CI; .
126 6-Cl H H f i-Br ot 000¢

o5 The above components were mixed and packed in No. 3
In the same manner as in Example 4, compounds 1-32 to soft gelalin capsules by a usual method to obtain 100 sofl
[-36 can be prepared. capsules each containing 10 mg of the active ingredient.
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FORMULATION EXAMPLE 4 FORMULATION EXAMPLE 7
Ointment Granules
Compound [-51 1.0g ({100 g) 5 Compound I-51 10g
Liquid paraffin 100 g (100 g) Lactose 60 g
Cetanol 2003 (2009 Crystal cellulose powder 65¢g
White vaseline 68.4 g (594 g) Corn starch 50g
Ethylparaben 0.1g(01¢g Hydroxypropyl cellulose 1.0¢g
L-menthol 055059 Magnesium stearate 05 g

10
Total 100.0 g Total 200 g
The above components were mixed by a usual method to
obtain a 1% (10%) ointment.

LE ) o 15 The above components were granulated by a usual

FORMULATION EXAMPLE 5 method and packaged to obtain 100 packages each contain-

ing 200 mg of the granules so that each package contains 10

Suppository

mg of the active ingredient.

Compound I-51 10g » We claim:
mjl‘jjf,} {;[{,J;:-: ;“;35 1. A compouad of the formula,
Polysorbate 80 0.lg
Total 100.0 g » 1 Rl
*Trademark for triglyceride compound
zZ

The above cowponeuls were melt-mixed by a usual
method and poured into suppository containers, followed by
cooling for solidification to obtain 100 suppositories of 1 g 30
each containing 10 mg of the active component.

O

FORMULATION EXAMPLE 6 N A
o - 35
Injection formulation Z=—CH(OH)—CH2—CH(OH) CH,—COO0.%Ca.
Compeund [-51 1mg 2. A method for reducing hyperlipidemia, hyperlipopro-
i gl teinemia or atherosclerosis, which comprises administering
injection formulation ) ,
an effective amount of the compound of formula A as

40 defined in claim 1.

The tormulation is prepared by dissolving the compound
in the distilled water whenever it is required.
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1
CRYSTALLINE FORMS OF PITAVASTATIN
CALCIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/280,431, filed Oct. 25, 2011, which is a
continuation of U.S. patent application Ser. No. 12/331,086.
filed on Dec. 9, 2008, now abandoned; which is a continuation
of U.S. patent application Ser. No. 10/544.752, filed on Aug,
8, 2005, now abandoned; which was a 371 of International
Patent Application No. PCT/EP2004/050066. filed on Feb. 2,
2004, and claims priority to European Patent Application No.
03405080.7, filed on Feb. 12, 2003, all of which are incorpo-
rated herein by reference in their entireties.

The present invention is directed to new crystalline forms
and the amorphous form of Pitavastatin calciumn, processes
for the preparation thereof and pharmaceutical compositions
comprising these forms.

The present invention relates to new crystalline tforms and
the amorphous form of Pitavastatin calcium. Pitavastatin is
also knowa by the names NK-104, Ituvastatin and Nisvasta-
tin. Pitavastatin calcium is lmown by the chemical name:
(3R, 58)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-y1]-
3,5-dihydroxy-6(E)-heptenvic acid hemicalcium salt. Pitav-
astatin calciwm has the following formula:

(ol

Pitavastatin calcium has recently been developed as a new
chemically synthesized and powerful statin by Kowa Com-
paoy Ltd, Japan. On the basis of reported data, the potency of
Pitavastatin is dose-dependent and appears to be equivalent to
that of Atorvastatin. This new statin is safe and well tolerated
in the treatment of patients with hypercholesterolaemia. Sig-
nificant interactions with a number of other commonly used
drugs can be considered to be extremely low.

Processes for the preparation of Pitavastatin are described
in 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 Bull. Chem.
Soc. Jpn. (1995) vol. 68,2649-2656. These publications
describe the syathesis of Pitavastatin in great detail but do not
describe the hemicalcium salt of Pitavastatin. The publica-
tions by L. A. Sorbera et al. in Drugs of the Future (1998) vol.
23, pages 847-859 and by M. Suzuki et al. in Bioorganic &
Medicinal Chemistry Letters (1999) vol. 9, pages 2977-2982
describe Pitavastatin calcium, however, a precise procedure
for its preparalion is not given. A full synthetic procedure for
the preparation of Pitavastatin calcium is described in EP-A-
0520406. In the process described in this patent Pitavastatin
calcium is obtained by precipitation from an aqueous solution
as a white crystalline material with a melting point ot 190-192
C. Tt is known that pharmaceutical substances can exhibit
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polymorphism. Polymorphism is commonly defined as the
ability of any substance to have two or more different crystal
structures. Drug substances may also encapsulate solvent
molecules when crystallized. These solvates or hydrates are
referred to as psendopolymorphs. It is also possible that the
amorphous form is encountered. Different polymorphs.
pseudopolymorphs or the amorphous form differ in their
physical properties such as melling point, solubility etc.
These can appreciably influence pharmaceutical properties
such as dissolution rate and bioavailability. 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. Furthermore, the discovery of new crystalline poly-
morphic forms of a drug enlarge the repertoire of materials
that a formulation scientist has with which to design a phar-
maceutical dosage form of a drug with a targeted 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 and F, and the
amorphous form of Pitavastatin calcium.

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-fluorophenyl)  quinolin-3-
y1]-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt,
herein designated as Form A, which exhibits a characteristic
X-ray powder diffraction pattern with characteristic peaks
expressed in d-valves (A) and in 20 as given in Table 1
(vs=very strong intensity, s=strong intensity, m=medium
intensity, w=weak intensity, vw=very weak intensity).

TABLE 1
d-spacines and 20 angles for Form A.
d-spacing [A] Angle [26] Rel. [ntensity
17.6 50 s
13.0 6.8 s
9.7 9.1 s
8.8 10.0 w
8.4 103 m
8.1 110 m
6.7 13.3 W
6.5 13.7 s
6.3 14.0 w
6.0 14.7 w
5.57 159 vw
5.25 16.9
517 171 vw
4.82 184 m
4.64 19.1 w
4.27 208 vs
4.20 211 m
4.10 21.6 m
3.87 229 m
3.74 237 m
3.67 24.2 s
3.53 252 w
3.29 271 m
3.02 29.6 vw
2.95 302 w
2.63 340 w

Another object of the invention is a crystalline polymorph
of' (3R,58)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-
y1]-3,5-dihydroxy-6(E)-heptenoic 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 20 as given in Table 2.
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TABLE 2 TABLE 4
d-spacings and 26 angles for Form B. d-spacings and 26 angles for Form D.
d-spacing [A] Augle [26] Rel. Intensity 2 d-spacing [A] Angle (20] Rel. Intensity
19.0 4.6 w 17.5 5.0 m
16.6 5.3 vs 13.5 6.5 m
14.2 6.2 s 13.0 6.8 s
N =7 s 10.1 8.7 m
9.6 9.2 m 2.8 100 .
9'2_ — m 10 8.6 10.2 in
8.5 10.3 w 82 0.8 .
7.8 11.3 m :
T ] w 6.8 13.1 w
7.0 12.6 vw s ] m
68 13.0 w 620 143 s
6.4 13.9 m & 578 153 vw
6.0 14.7 YW - 532 16.1 m
594 14.9 w 5.28 16.8 w
5.66 15.6 w 4.87 18.2 w
543 16.3 m 4.80 185 m
3.22 17.0 vw 4.66 190 w
5.10 17.4 vw 4.46 9.9 m
492 18.0 w o 434 205 m
o 18.7 m 4.23 210 vs
439 19.3 m 409 217 s
443 0.0 s 3.99 23 w
433 20.5 w
; 3.80 234
4.26 20.8 m = o -
4.19 202 w, shoulder 25 3'47 55.6 w
4.13 213 m ' :
i o it 340 26.2 m
183 23.2 s
3.73 23.6 m
3.64 244 vw Another object of the invention is a crystalline polymorph
ii; ;;3 g L 30 of (3R,58)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-
337 6.4 - y1]-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium sait,
3.30 27.0 w herein designated as Form E, which exhibits a characteristic
;*ég f;-g W X-ray powder diffraction pattern with characteristic peaks
! . w . . . . P——
‘ 1 expressed in d-values (A) and in 20 as given in Table 5.
>
Another object of the invention is a crystalline polymorph TABLE §
of (3R,58)-7-[2-cyclopropyl-4-(4-fluoropheny!)quinolin-3-
1]-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt, d-spacines and 26 angles for Form E.
yli-2 lydroxy P! C R sal —  d-spacingsand 20 ang
herein designated as Form C, which exhibits a characteristic ] )
X-ray powder diffraction pattern with characteristic peaks 40 d-spacing [A] Angle [20] Rel. Intensity
expressed ia d-values (A) and in 26 as given in Table 3. 20,0 44 o=
17.7 5.0 s
TABLE3 134 6.6 s
13.1 6.8 s
d-spacings and 26 aneles for Form C. 45 lgg 133 rsn
. ) 8.6 103 s
d- Angle 26 Rel. Intensit
spacing [A] gle [20] el. Intensity PGt e "
21.6 4.1 m 6.6 3.3 s
159 5.6 . 6.3 13.6 m
114 7.8 m 6.3 140 §
10.6 8.3 m 50 5.84 15.2 vw
8.6 10.3 m =0 159 w
7.7 1.6 w 5.39 16.4 w
5.06 17.5 w 5.24 169 vw
495 17.9 W 4.99 17.8 yw
4.74 18.7 m 4.84 18.3 m
4.58 19.5 s 55 4.69 18.9 w
431 20.6 m 4.39 20.2 vs
413 215 vw 4.34 204 m
4.06 21.9 m 4.30 207 m
3.84 23.1 m 4.24 209 m
371 24.0 w 4.21 201 Vs
3.38 24.8 W 60 4.12 2L.6 m
4,08 217 m
3.99 223 m
Another object of the invention is a crystalline polymorph 3.77 235 m
. 5 - 33
of (3R,58)-7-[2-cyclopropyl-4-(4-fluoropheny!)quinolin-3- Ry 238 m
j A . pl s 3.69 241 w
y1]-3.5-dihydroxy-6(E)-heptenoic acid hemicalcium salt, i ¥E v
herein designated as Form D, which exhibits a characteristic 65 3.50 254 v
3.35 26.6 m

X-ray powder diffraction pattern with characteristic peaks
expressed in d-values (A) and in 20 as given in Table 4.
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TABLE 5-continued

d-spacings and 26 angles for Form E.

d-spacing [A] Angle [26] Rel. Intensity
296 30.2 W
2.64 34.0 vw

Another object of the invention is a crystalline polymorph
of (3R,58)-7-[2-cyclopropyl-4-(4-fluoropheny!)quinolin-3-
y1]-3,5-dibydroxy-6(E)-heptenoic acid hemicalcium salt,
herein designated as Form F, which exhibits a characteristic
X-ray powder dilfraction pattern with characteristic peaks
expressed in d-values (A) and in 26 as given in Table 6.

TABLE 6

d-spacing and 26 angles for Form F.

d-spacing [A] Angle [26] Rel. Intensity
172 5.1 m
15.8 5.6 w
12.6 7.0 s
10.0 8.8 m
9.2 9.6 s
8.7 1.2 w
8.1 10.9 m
7.8 1L.3 w
74 11.9 m
7.1 125 m
6.8 13.0 s
6.3 13.7 m
6.2 14.4 s
8.04 14.7 m
5.79 15.3 v
5.70 15.5 W
5.28 16.8 m
5.03 17.6 W
4.85 13.3 m
4.61 19.3 1
4.51 19.7 m
4.30 20.6 m
4.18 212 Vs
4.08 21.8 s
3.90 22.8 s
3.84 23.1 w
374 23.8 w., shoulder
3.69 24.1 s
3.59 24.8 s
346 25.7 m
340 26.2 vw
3.33 26.6 m
331 26.9 w
3.14 284 w
3.02 29.5 w
3.00 29.8 VW
2.89 30.9 m

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 of
(3R,58)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-y1]-
3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt which
exhibits characteristic X-ray powder diffraction patterns as
depicted in FI1G. 7.

Powder X-ray diffraction is performed on a Philips 1710
powder X-ray diftfractometer using Cu k (al) radiation
(1.54060 A); 28 angles are recorded with an experimental
error of £0.1-0.2°. A discussion of the theory of X-ray powder
diffraction patterns can be found in “X-ray diffraction proce-
dures” by H. P. Klug and L. E. Alexander, J. Wiley, New York
(1974).
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Furthermore, the present invention is directed to processes
for the preparation of Form A, B, C, D, E and F, and the
amorphous torm of Pitavastatin calcium.

Form A can be generally prepared from Pitavastatin
sodium upon reaction with CaCl, in an aqueous reaction
medium. Alternatively, Form A of the invention may also be
obtained in situ fromthe free acid ((3R,58)-7-[2-cyclopropyl-
4-(4-fluorophenyl)quinolin-3-y1]-3,5-dihydroxy-6(E)-hep-
tenoic acid) or the corresponding lactone with Ca(OH),,
advantageously also in an aqueous reaction medium. The
aqueous reaction medium usually contains at least 30% b.w.
of water; preferably it is water or water containing minor
amounts of solvents and/or reactants from previous steps.
Form A may contain up to 15% water, preferably about 3 to
12%. more preferably 9 to 11% of 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 to 50%.

Form C can be generally prepared by suspending form A in
isopropanol containing water as a co solvent. The amount of
water is preferably about 1 to 50%. especially 1 to 20% and
more preferably about 5%. Form C can also be prepared from
a mixture of isopropanol and a ketone solvent. containing
water as a co solvent. Preferably, the ketone solvent is
acetone, and the amount of ketone solvent are about 1 to 30%,
more preferably about 10%. The amount of water is prefer-
ably about | to 20%, more preferably about 5%.

Form D can be generally prepared by suspending form A 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 of
water is preferably about 1 to 50%.

Form F can be generally prepared by suspending form A in
methanol containing water as a co solvent. The amount of
water is prelerably about 1 to 50%.

In the above mentioned processes small amounts of 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 5 weight %. Seeding
crystals may be added before or, where appropriate, after the
step initiating the crystallization (e. g. cooling, addition of
non-solvent etc. as described abave). Addition before initiat-
ing the crystallization is of specific technical interest.

The amorphous forn can be generally prepared by addition
of a non-solvent to a concentrated solution of Pitavastatin

5 caleium in an organic solvent. As non-solvent may be taken

for example heptane or methyl tert-butyl ether, whereas
examples for the organic solvent are 1,4-dioxane, tetrahydro-
furan and etlhyl 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 solution 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, essentially consisting ofthe educt specified,
preferably in substantially crystalline form, and solvents and/
or non-solvents as given above.

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

Particularly. the present invention is related to processes
for the preparation of crystalline forms of Pitavastatin cal-
cium essentially [ree of residual organic solvenl by exposing
the crystalline form of Pitavastatin calcium to an atmosphere
with a defined relative air humidity. More particularly, the
present invention is directed to a process for the preparation of
any crystalline form or amotphous form of Pitavastatin cal-
cium which is essentially free of residual organic solvent.
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These can, for example, be prepared by exposing the crystal-
line form or amorphous form to an atmosphere 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. In
general, a relative air humidity of 5 to 100%. especially 40 to
80%, is used.

Another object ol the present invention are pharmaceutical
compositions comprising an effective amount of crystalline
pulymorphic Form A, B. CC, D, B or F or the amorphous [orm
of Pitavastatin calcium, and a pharmaceutical acceptable car-
rier.

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

As to the novel polymorphic forms and amorphous form of
Pitavastatin calcium it is preferred that these contain
25-100% by weight, especially 50-100% by weight, of at
least oue of the novel forms, based on the total amount of
Pitavastatin calcium. Preferably, such an amount of the novel
polymorphic forms or amorphous form of Pitavastatin cal-
cium is 75-100% by weight. especially 90-100% by weight.
Highly preferred is an amount of 95-100% by weight.

The compositions ofthe invention include powders, granu-
lates, aggregates and other solid compositions comprising at
least one of the novel forms. In addition, the compositions
that are contemplated by the present invention may further
include diluents, such as cellulose-derived materials like
powdered cellulose, microcrystalline cellulose, microfine
cellulose, methyl cellulose, ethy! cellulose, hydroxyethyl cel-
lulose, hydroxypropyl cellulose, hydroxypropylmethyl cellu-
lose, carboxymethyl, cellulose salts and other substituted and
unsubstituted celluloses; starch: pregelatinized starch; inor-
ganic diluents like calcium carbonate and calcium diphos-
phate and other diluents known to the pharmaceutical indus-
try. Yet other suitable diluents include waxes, sugars and
sugar alcohols like mannitol and sorbitol. acrylate polymers
and copolymers, as well as pectin. dextrin and gelatin.

Further excipients that are within the contemplalion of the
present invention include binders, such as acacia gum, prege-
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 include disintegrants like sodium
starch glycolat, crospovidone, low-substituted hydroxypro-
pyl cellulose and others. In addition, excipients may include
tableting lubricants like magnesium and calcium stearate and
sodium stearyl fumarate; flavorings: sweeteners; preserva-
tives; pharmaceutically acceptable dyes and glidants such as
silicon dioxide.

The dosages include dosages suitable for oral, buccal, 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
oral. The dosages may be conveniently presented in unit
dosage form and prepared by any of the methods well-known
in the art of pharmacy. .

Dosage forms include solid dvsage forms. like tablets,
powders, capsules. suppositories, sachets, troches and losen-
ges as well as liquid suspensions and elixirs. While the
description is not intended to be limiting. the invention is also
not intended to pertain to true solutions of Pitavastatin cal-
cium whereupon the properties that distinguish the solid
forms of Pitavastatin calcium are lost. However, the use of the
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novel forms to prepare such solutions is cousidered to be
within the contemplation of the invention.

Capsule dosages, of course, will contain the solid compo-
sition within a capsule which may be made of gelatin or other
conventional encapsulating material. Tablets and powders
may be coated. Tablets and powders may be coated with an
enteric coating. The enteric coated powder forms may have
coatings comprising phihalic acid cellulose acetate, hydrox-
ypropylmethyl-cellulose phthalate, polyvinyl alcohol phtha-
late, carboxymethylethylceliulose, a copolymer of styrene
and maleic acid, a copolymer of methacrylic acid and methy!
methacrylate, and like materials, and if desired, they may be
employed with suitable plasticizers and/or extending agents.
A coated tablet may have a coating on the surface of the tablet
or 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 Pitavastatin calcium forms or mixtures thereof with
each other or other forms of Pitavastatin calcium. More usu-
ally, the combined weight of the

Pitavastatin calcium forms of a unit dosage are from 2.5 mg
to 80 mg, for example 5, 10, 20 or 40 mg.

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

EXAMPLE |
Preparation of Form A
4.15 gr of (3R,58)-7-[2-cyclopropyl-4-(4-fluorophenyl)

quinolin-3-yl]-3.5-dihydroxy-6(E)-heptenoic acid tert-butyl
ester (Pitavastatin tert-butyl ester) was suspended in 52 ml of

* 2 mixture of methyl tert-butyl ether and methano] (10:3). To

this mixture were added 2.17 mi of a 4M aqueous solution of
NaOFH, and the resulting yellowish solution was stirred for 2.5
hours at 50° C. The reaclion 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 extracted with 20 ml of methyl tert-butyl ether.
To this aqueous solution were added a solution of 0.58 gr
CaCl, in 80 ml of water over a period of 1 hour. The resulting

s suspension was stirred for about 16 hours at roon1 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 characterized by an X-ray
powder diffraction pattern as shown in FIG. 1. Further char-
acterization of the obtained Form A by thermogravimetry
coupled with FT-IR spectroscopy revealed a water content of
about 10%. Differential scanning calorimetry revealed a
melting point of 95° C.

EXAMPLE 2
Preparation of Form B

100 mg Pitavastatin calciun Form A was suspended in 2 ml
water and stirred 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 and dried in air, yielding
36 mg ot Form B. The obtained crystal Form B is character-
ized by an X-ray powder diffraction pattern as shown in FIG.

3 2. Further characterization of the obtained Form B by ther-

mogravimetry coupled with FT-IR spectroscopy revealed a
watet content of about 10%.
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EXAMPLE 3

Preparation of Form C

62 mg Pitavastatin calcium Form A was suspended in 2 ml
isopropanol containing 5% water. This suspension was
heated to 60° C., which led to almost complete dissolution ot
Form A, and again cooled to room temperature. At this lem-
perature the suspension was stirred for 66 hours. The result-
ing suspension was filtered, once washed with some isopro-
panol containing 5% water, and dried in air. The obtained
crystal Form C is characterized by an X-ray powder diffrac-
tion pattern as shown in FIG. 3. Further characterization of
the obtained Form C by thermogravimetry coupled with FT-
IR spectroscopy revealed that the sample contains about 6.3%
isopropanol and a small amount of water.

EXAMPLE 4
Preparation of Form C

65 mg Pitavastatin calcium Form A was suspended in a
mixture of 0.9 mlisopropancl, 0.1 ml acetone and 40 ul water.
Stirring this suspension for about 1 hour led to nearly com-
plete dissolution. Seeding with 4 mg of Form C (from
example 3) and stirring for 2 hours led to the formation of a
concentrated suspension. This suspension was diluted with
the same amount of solvent mixture as above and stirred for
an additional 40 hours. The suspension was filtered and the
obtained solid was dried at 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.

EXAMPILE 5
Preparation of Form D

60 mg of Pitavastatin calcium Form A was suspended in 1
m] absolute ethanol and stirred at room temperature for 20
hours. The resulting suspension was filtered and dried in air.
The obtained crystal Form D is characterized by an X-ray
powder diffraction pattern as shown in FIG. 4.

EXAMPLE 6
Preparation of Form E

60 mg of Pitavastatin calcium Form A was suspended in a
mixture of 1.4-dioxane aud 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-
acterized by an X-ray powder dillraction pattern as shown in
FIG. 5.

EXAMPLE 7
Preparation of 'orm T

60 mg of Pitavastatin calcium Form A was suspended in 3
ml methanol containing 20% water, and stirred at 40° C. for 1
hour. The resulting suspension was slowly cooled 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 foran additionally 15
hours. The suspension was filtered and the obtained white
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solid dried in air. The obtained crystal Form F is characterized
by an X-ray powder diffraction pattern as shown in FIG. 6.

EXAMPLE 8
Preparation of the Amorphous Form

62 mg of Pitavastatin calcium Form A was dissolved in 0.3
ml 1,4-dioxane. To this stirred solution was slowly added 2.3
ml n-heptane at room temperature, and stirred for an addi-
tional 16 hours. The resulting suspension was filtered and
dried inair. The obtained solid was amorphous as is shown by
the X-ray diffraction pattern given in FIG. 7 (top).

EXAMPLE 9
Preparation of the Amorphous Form

60 mg of Pitavastatin calcium Form A was dissolved in 1.5
ml ethyl methyl ketone. To (his solution was added in steps of
1 ml each 30 sec a total 0of 21 m] methyl tert-butyl ether. The
resulting suspension was stirred at room tempetature for
about 16 hours. The suspension was filtered and the obtained
solid was dried in air. Au X-ray diffraction study on the
product showed it to be amorphous, see FIG. 7 (bottom).
Further characterization of the obtained product by thermo-
gravimetry coupled with FT-IR speciroscopy revealed that
the sample contained about 5.5% methyl tert-butyl ether.
Differential scanning calorimetry showed the sample to have
a glass transition temperature of about 68° C.

BRICF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a characteristic X-ray powder diffraction pattern
for Form A.

FIG. 2 is a characteristic X-ray powder diffraction pattem
for Form B.

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

FIG. 41y a charactenistic X-ray powder diffraction pattern
for Form D).

FIG. § is a characteristic X-ray powder diffraction pattern

for Form E.
FIG. 6 is a characteristic X-ray powder ditfraction pattern

s forForm F.

FIGS. TA and 7B are two characteristic X-ray powder
diffraction patterns for the amorphous form.

The invention claimed is:
1. A crystalline polymorph A, B, C. D, E, F, or the amor-
phous  form, of (3R,5S8)-7-[2-cyclopropyl-4-(4-fluo-
rophenye)quinolin-3-y1]-3.5-dihydroxy-6(E)-heptenoic acid
hemicalcium salt wherein
A) polymorph A exhibits a characteristic X-ray powder
diffraction pattem with characteristic peaks expressed in
26 at5.0 (5),6.8 (s). 9.1 (5). 10.0 (w), 10.5 (m), 11.0 (m),
13.3 (vw), 13,7 (s), 14.0 (w). 14.7 (w), 15.9 (vw), 16.9
(w), 17.1 (vw). 18.4 (m), 19.1 (w), 20.8 (vs), 21.1 (m),
21.6(m),22.9(m), 23.7 (m), 24.2 (s), 25.2 (W), 27.1 (m),
29.6 (vw), 30.2 (w), 34.0 (w);

B) polymorph B exhibits a characteristic X-ray powder
diffraction pattem with characteristic peaks expressedin
28 at 4.6 (w), 5.3 (vs), 6.2 (s), 7.7 (5), 9.2 (m), 9.6 (m),
103 (w), 11.3 (m), 11.7 (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),
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23.2 (s), 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 X-ray powder
diffraction pattern with characteristic peaks expressed in
28at4.1 (m),5.6(s),7.8(m), 8.3 (m), 10.3 (tn), 11.6 (w),
17.5 (w), 17.9 (w),18.7 (m), 19.5 (s), 20.6 (m). 21.5
(vw), 21.9 (m), 23.1 (m), 24.0 (w), 24.8 (w);

[7) polymorph [) exhibits a characleristic X-ray powder
diffraction pattern with characteristic peaks expressed in
26at5.0(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), 18.2 (w), 18.5 (m), 19.0 (w), 19.9 (m),
20.5 (m),21.0(vs), 21.7 (s), 22.3 (w), 23.4 (m), 24.0 (i),
25.6 (w), 26.2 (m);

E) polymorph E exhibits a characteristic X-ray powder
diffraction pattern with characteristic peaks expressed in
20 at 4.4 (vw), 5.0 (s), 6.6 (5), 6.8 (5), 8.9 (s), [0.0 (m).
10.3 (s), 10.8 (m), 13.3 (s), 13.6 (m), 14.0(s), 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 (m), 22.3 (m), 23.5 (m), 23.8 (m), 24.1
(w).24.7 (vw), 25.4 (vw), 26.6 (m). 30.2 (W), 34.0 (vw):
and

F) polymorph F exhibits a characteristic X-ray powder
diffraction pattern with characteristic peaks expressed in
26 at 5.1 (m), 5.6 (w). 7.0 (s), 8.8 (in). 9.6 (s), 10.2 (w),
10.9(m), 11.3 (w), 11.9(m), 12.5 (m), 13.0(s). 13.7 ().
14.4 (s), 14.7 (mm), 15.3 (vw). 15.5 (w), 16.8 (m), 17.6
(w), 18.3 (m), 19.3 (m), 19.7 (m). 20.6 (m), 21.2 (vs),
21.8 (s),22.8 (s), 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 (m); wherein, for each of
said polymorphs, (vs) stands lor very strong
intensity; (s) stands tor strong intensity; (m) stands for
medium intensity; (w) stands for weak intensity; (vw)
stands for very weak intensity.

2. A process for preparing the crystalline polymorph or

amorphous form according to claim 1, wherein:

the crystalline polymorph or amorphous form being pre-
pared is the crystalline polymorph A; and

the process comprises reacting (3R,55)-7-[2-cyclopropyl-
4-(4-fluoropheny!)quinolin-3-y1]-3,5-dihydroxy-6(E)-
heptenoic acid sodium salt with CaCl* in an aqueous
reaction medinm.

3. A process for preparing the crystalline polymorph or

amorphous form according to claim I, wherein:

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 containing water as a cosolvent.

4. The process according to claim 3, wherein the water is
present in an amount of 1 to 50% by volume of the suspension
of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-
y1]-3.5-dihydroxy-6(E)-heptenoic acid hemicalctum salt.

5. A process for preparing the crystalline polymorph or
amorphous torm according to claim 1, 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 suspeading the crystal-
line polymorph A in isopropanol containing water as a
cosolvent.

6. The process according to claim 5, wherein the water is
presentin an amount of 1 to 50% by volume ot the suspension
of (3R,58)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-
y1]-3.5-dibydroxy-6(E)-heptenoic acid hemicalcium salt.
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7. A process for preparing the crystalline polymorph or
amorphous form according to claim 1, 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 in a mixture of isopropanol and a ketone sol-
vent, containing water as a cosolvent.

8. The process according to claim 7, wherein the ketone
solvent is acetone.

9. The process according to claim 7, wherein the ketone
solvent is present in an amount of 1 to 30% by volume of the
suspension of (3R.5S)-7-[2-cyclopropyl-4-(4-flucrophenyl)
quinolin-3-yl]-3,5-dihydroxy-6(E)-heptenoic acid hemical-
cium salt.

10. The process according to claim 7, wherein the water is
present in an amount of 1 to 20% by volume of the suspension
of (3R,58)-7-[2-cyclopropyl-4-(4-Muorophenyl)quinolin-3-
vl1]-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt.

11. A process for preparing the crystalline polymorph 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 crystalline polymorph or amarphous form being pre-

pared is the crystalline 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 water is
present in the amount of | to 50% by volume of the suspen-
sion of (3R,58)-7-[2-cyclopropyl-4-(4-Auorophenyl)quino-

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

salt.
14. A process for perparing the crystalline polymorph or
amorphous form according to claim 1, wherein:
the crystalline polymorph or amorphous form being pre-
pared is the crystalline polymorph E; and
the process comprises suspending the crystalline poly-
morph A in methanol containing water as a cosolvent.
15. The process according to claim 14, wherein the water is
presentin an amaunt of 1 to 50% by volume of the suspension

s of (3R.38)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-

y11-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt.
16. The process according to claim 2, wherein (3R,58)-7-
[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-y1]-3.5-dihy-
droxy-6(E)-heptencic acid hemicalcium salt is isolated by
filtration and dried in air or vacuum.
17. The process according to claim 2, wherein seeding is
carried out with crystals of the desired crystalline polymorph.
18. A process preparing the crystalline polymorph 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 to a solution of
(3R,58)-7-[2-cyclopropyl-4-(4-fluoropheny!)quinolin-
3-yl1]-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium
salt in an organic solvent.
19. The process according to claim 18, wherein the non-
solvent is selected from heptane and methy! tert-butyl ether.
20. The process according to claim 18, wherein the organic
solvent is selected from 1,4-dioxane, tetrahydrofuran and
ethyl methyl ketone. g
21. A process for preparing the crystalline polymorph or
amorphous form according claim 1, wherein:
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the crystalline polymorph or amorphous form being pre-

pared is the amorphous form; and

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

58)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-
v1]-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium
salt by lyaphilization.

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

23. A crystalline polymorph A, B, C, D, E, F, or the amor-
phous form, of (3 R,5 8)-7-[2-cyclopropyl-4-(4-fluorophe-
nyl)quinolin-3  -y1]-3,5-dihydroxy-6(E)-heptenoic  acid
hemicalcium salt of claim 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. polymorph C has an X-ray
powder diffraction pattern substantially as depicted in FIGS.
34 and 3B, polymorph D has an X-ray powder diftraction
pattemn substantially as depicted in FIG. 4, polymorph E has
an X-ray powder diffraction pattern substantially as depicted
in FIG. 5, polymorph F has an X-ray powder diffraction
pattern substantially as depicted in FIG. 6, and

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

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

24. A crystalline polymorph A of (3R,5S)-7[2-cyclopro-
py1-4-(4-fluorophenyl)quinolin-3-y1]-3,5-dihydroxy-6(E)-
heptenvic acid hemicalcium salt, which exhibits a character-
istic X-ray powder diffraction pattern with characteristic
peaks expressed in 28 at 5.0 (s), 6.8 (s), 9.1 (s), 10.0 (w), 10.5
(m), 11.0 (m), 13.3 (vw), 13.7 (s), 14.0 (w), 14.7 (w), 15.9
(vw), 16.9 (w), 17.1 (vw), 18.4 (m), 19.1 (w), 20.8 (vs), 21.1
(m), 21.6 (m), 22.9 (m), 23.7 (n), 24.2 (). 25.2 (w), 27.1 (m),
29.6 (vw), 30.2(w), and 34.0 (w), wherein (vs) stands {or very
strong intensity, (s) stands for strong intensity, (m) 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-fluorophenyquinolin-3-yl]-3,5-dihydroxy-6(E)-
heptenoic acid hemicalcium salt, having an X-ray powder
diffraction pattern substantially as depicted in FIG. 1.

26. A crystalline polymorph B of (3R,5S)-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
peaks expressed in 20 at 4.6 (w), 5.3 (vs), 6.2 (s). 7.7 (8), 9.2
(m), 9.6 (m), 10.3 (w), 11.3 (i), 1 1.7 (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 (n), 19.3 (m), 20.0 (s). 20.5 (W),
20.8 (m), 21.2 (w, shoulder), 21.5 (in), 22.4 (m), 23.2 (s). 23.8
(m), 24.4 (vw), 25.2 (w, broad), 26.0 (w), 26.4 (vw), 27.0 (w),
27.9 (vw), and 28.9 (w), wherein (vs) stands for very strong
intensity, (s) stands for strong intensity, (m) stands for
medinm intensity, (w) stands for weak intensity, and (vw)
stands for very weak intensity.

27. A crystalline polymorph B of (3R,58)-7-[2-cyclopro-
pyl-4-(4-fluorophenyl)quinolin-3-y1]-3.5-dihydroxy-6(E)-
heptenoic acid hemicalcium salt, having an X-ray powder
diffraction pattern substantially as depicted in FIG. 2.

28. A crystalline polymorph C of (3R,38)-7[2-cyclopro-
pyl-4-(4-fluoropheny!)quinolin-3-y1]-3.5-dihydroxy-6(E)-
heptenoic acid hemicalciwm salt, which exhibits a character-
istic X-ray powder diffraction pattern with characteristic
peaks expressed in 20 at4.1 (m), 5.6 (s), 7.8 (m), 8.3 (m), 10.3
(m), 11.6 (w), 17.5(w), 17.9 (w), 18.7 (m), 19.5 (5), 20.6 (m).
21.5 (vw), 21.9 (m). 23.1 (m), 24.0 (w). and 24.8 (w), wherein
(vs) stands for very strong intensity, (s) stands for strong,
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intensity. (m) stands for medium intensity, (w) stands for
weak intensity, and (vw) stands for very weak intensity.

29. A crystalline polymorph C of (3R,5S)-7[2-cyclopro-
pyl-4-(4-fluorophenyl)quinolin-3-y1]-3,5-dihydroxy-6(E)-
heptenoic acid hemicalcium salt. having an X-ray powder
ditfraction pattern substantially as depicted in FIGS. 3A and
3B.

30. A crystalline polymorph D of (3R.58)-7[2-cyclopro-
pyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-dihydroxy-6(E)-
beptenoic acid hemicalcium salt, which exhibits a character-
istic X-ray powder diffraction pattern with characteristic
peaks expressed in 28 at 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), 18.2 (), 18.5 (m), 19.0 (w), 19.9
(m), 20.5 (m), 21.0 (vs), 21.7 (s). 22.3 (w), 23.4 (1), 24.0 (m),
25.6 (w), and 26.2 (m). wherein (vs) stands for very strong
intensity, (s) stands for strong intensity, (m) stands for
medium intensity, (w) stands for weak intensity, and (vw)
stands for very weak intensity.

31. A crystalline polymorph D of (3R,58)-7[2-cyclopro-
pyl-4-(4-fluoraphenyl)quinolin-3-yl]-3,5-dihydroxy-6(E)-
lieptenoic acid hemicalcium salt, having an X-ray powder
diffraction pattern substantially as depicted in FIG. 4.

32. A crystalline polymorph E of (3R,5S)-7[2-cyclopro-

s pyl-4-(4-fluorophenyl)quinolin-3-y1]-3.5-dihydroxy-6(E)-

heptenoic acid hemicalcium salt, which exhibits a character-
istic X-ray powder diffraction paitern with characteristic
peaks expressed in 20 at 4.4 (vw), 5.0 (s), 6.6 (s), 6.8 (5),
8.9(5),10.0(m), 10.3(s), 10.8 (m), 13.3 (). 13.6 (m), 14.0(5),
152 (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 (m), 22.3 (m), 23.5 (m), 23.8 (m), 24.1 (w),
24.7 (vw), 25.4 (vw), 26.6 (m), 30.2 (w). and 34.0 (vw),
wherein (vs) stands [or very slrong intensity, (s) stands for

5 strong intensity, (m) stands for medium intensity, (w) stands

for weak intensity, and (vw) stands for very weak intensity.

33. A crystalline polymorph E of (3R,58)-7-[2-cyclopro-
pyl-4-(4-fluorophenyl)quinolin-3-y1]-3,5-dihydroxy-6(E)-
heptenocic acid hemicalcium salt, having an X-ray powder
diflraction pattern substantially as depicted in FIG. 5.

34. A crystalline polymorph F of (3R.58)-7[2-cyclopropyl-
4-(4-fluorophenyl)quinolin-3-y1]-3,5-dihydroxy-6(E)-hep-
tenoic acid hemicalcium sait, which exhibits a characteristic
X-ray powder diffraction pattern with charactetistic peaks
expressed in 28 at 5.1 (m), 5.6 (w), 7.0 (s), 8.8 (m), 9.6 (),
10.2 (w), 10.9 (m), 11.3 (w), 11.9 (m), 12.5 (m). 13.0(s), 13.7
(m), 14.4 (s), 14.7 (m), 15.3 (vw), 15.5 (w), 16.8 (m), 17.6
(W), 18.3 (m), 19.3 (m), 19.7 (m). 20.6 (m1), 21.2 (vs), 21.8 (5),
22.8 (s), 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),and 30.9 (m), wherein (vs) stands for very strong inten-
sity, (s) stands for strong intensity, (m) stands for medium
intensity, (w) stands for weak intensity, and (vw) stands for
very weak intensity.

35. A crystalline polymorph F of (3R,58)-7[2-cyclopropyl-
4-(4-fluorophenyl)quinolin-3-y1]-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. The amorphous form of (3R,38)-7[2-cyclopropyl-4-(4-
Ruorophenyl)quinolin-3-y1]-3,5-dihydroxy-6(E)-heptenoic
acid hemicalcium salt.

37.’Iheamorphous form of (3R,58)-7[ 2-cyclopropyl-4-(4-
fluorophenyl)quinolin-3-y1]-3,5-dihydroxy-6(E)-heptenoic
acid hemicalcium salt, having an X-ray powder diffraction
pattemn substantially as depicted in FIGS. 7A and 7B.

38. A process for preparing the crystalline polymorph or
amorphous form accordiog to claim 1, wherein:
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the crystalline polymorph or amorphous form being pre-

pared is the crystalline polymorph F; and

the process comprises suspending the crystalline poly-

morph A in methanol containing water as a cosolvent.

39. The process according to claiin 38, wherein the wateris s
present inan amount of 1 to 50% by volume of'the suspension
of  (3R,58)-7[2-cyclopropyl-4-(4-fluorophenyl)quinotin-3-
y1]-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt.
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