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Civil Action No

Plaintiffs,
COMPLAINT

Orient Pharma Co., Ltd.,

Defendant.

Plaintiffs, Kowa Compan¡ Ltd. (*KCL"), Kowa Pharmaceuticals America, Inc.

("KPA")(collectively, "Kowa"), and Nissan Chemical Industries, Ltd. ("NCI") bytheir

undersigned counsel, for their Complaint against defendant Orient Pharma Co., Ltd. ('oOrient"),

allege as follows:

v

D

n

I'

ljå'rÍl I r'lG14

N.Y.

Case 1:14-cv-02759-UA   Document 2    Filed 04/17/14   Page 1 of 61



Jurisdiction and Venue

1. This is an action for patent infringanent arising under the patent laws of the

United States, Title 35, United States Code and arising under 35 U.S.C. gg 271(e)(2),271(b),

271(c), and28l-283. Subject matter jurisdiction is proper under 28 U.S.C. g$ 1331 and 1338(a)

Venue is proper under 28 U.S.C. $$ 1391 (cX3) and 1400(b). Personal jurisdiction over the

defendant in New York and this district is proper under N.Y. C.P.L.R. $$ 301 and 302(a) and/or

Fed. R. Civ. P. 4(k)Q).

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.

3. NCI 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, Orient is a corporation organized and existing under

the laws of Taiwan having a place of business in Taipei, Taiwan. Upon information and belief,

Orient filed Abbreviated New Drug Application ("ANDA") No. 20-5932.

6. Upon information and belief, Orient intends to transact business in the Southern

District of New York, at least by making and shipping into this Judicial District, or by using,

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

into this Judicial District.
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7. Upon information and belief, Orient will derive substantial revenue from

interstate and/or international commerce, including substantial revenue from goods used or

consumed or services rendered in the State of New York and the Southern District of New York.

By filing its ANDA, Orient has committed, and unless enjoined, will continue to commit a

tortious act without the state of New York, that Orient expects or should reasonably expect to

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

The New Drus Application

8. KPA sells drug products containing pitavastatin calcium (the'þitavastatin drug

product") under the trade name Livalo@ in the United States pursuant to the United States Food

and Drug Administration's approval of a New Drug Application ("NDA") held by KCL (NDA

No.22-363).

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 dyslipidonia.

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

issued on January 5,1999 to inventors Yoshihiro Fujikawa, Mikio Suzuki, Hiroshi lwasaki,

Mitsuaki Sakashita, and Masaki Kitahara, and assigned to plaintiff NCI. The'336 patent claims,
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inter alia, the pitavastatin drug product, and a method for reducing hyperlipidemia,

hyperlipoproteinemia or atherosclerosis, which comprises administering an effective amount of

the pitavastatin drug product.

13. PlaintiffNCl has been and still is the owner through assignment of the '336

patent, which expires on Decernber 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. 6,465,477 ("the '477 paterfi"), entitled "stable

Pharmaceutical Composition," a true and correct copy of which is appended hereto as Exhibit B,

was duly issued on October 15,2002 to inventors Toyojiro Muramatsu, Katsumi Mashita, Yasuo

Shinoda, Hironori Sassa, Hiroyuki Kawashima, Yoshio Tanizawa, and Hideatsu Takeuchi, and

jointly assigned to plaintifß KCL and NCI- The '477 patentclaims, inter alia,pharmaceutical

compositions containing pitavastatin salts.

15. Plaintiffs KCL and NCI have been and still are the owners through assignment of

the'477 patent, which expires on December 20,2016. KPA holds a license from KCL for the

'477 patent.

16. United States Patent No. 8,557,993 ("the'993 patent"), entitled "Crystalline

Forms of Pitavastatin Calcium," atrue and correct copy of which is appended hereto as Exhibit

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

Martin Szelagiewicz, and Kai-Uwe Schoening, and ultimately was assigned to plaintiff NCI.

T};re'993 patent claims, inter gþ crystalline polymorphs or the amorphous form of pitavastatin

or processes for preparing the same.
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17. 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.

18. 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.

19. Plaintiff KCL manufactures the Livalo@ drug products as sold by KPA.

20. Plaintiffs Kowa and NCI will be substantially and irreparably harmed by

infringement of any of the '336,'477, or '993 patents (the "Livalo@ patents"). There is no

adequate remedy atlaw.

COUNT I

INFRINGEMENT OF THE '336 PATENT UNDER 35 U.S.C. Q 271(eX2XAl

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

each of the foregoing paragraphs.

22. Upon information and belief, defendant Orient filed an Abbreviated New Drug

Application ("ANDA") with the Food and Drug Administration ("FDA") under 21 U.S.C. $

355(D (ANDA No. 20-5932) seeking approval to market I -9, 2mg, and 4 mg tablets

comprising pitavastatin calcium.

23. By this ANDA filing, Orient 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, andlor 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,

Orient has indicated that its drug product is bioequivalent to Plaintifß' pitavastatin drug product.
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24. By its ANDA filing, Orient seeks to obtain approval to commercially

manufacture, use, import, offer for sale, and/or sell, alleged generic equivalents of Plaintifß'

Livalo@ pitavastatin drug product prior to the expiration date of the '336 patent.

25. By a letter dated March 20,2014 (the "Notice Leffer"), Orient informed Kowa

and NCI that Orient had filed a certification to the FDA, pursuant to 21 U.S.C. g

355(iX2XBXivXI). On or about March 21,2014, KPA received the Notice Letter. On or about

March 24,2014, KCL and NCI received the Notice Letter.

26. The Notice Letter, purporting to be Orient's Notification Pursuant to 2l U.S.C. $

3550X2X8)(ii), asserts that in Orient's opinion, the'336 patent purportedly is "invalid,

unenforceable, and/or will not be infringed by the commercial manufacfure, use, sale or

importation of the drug products described in Orient's ANDA.',

27. Orient's filing of ANDA No. 20-5932 for the purpose of obtaining FDA approval

to engage in the commercial manufacture, use, importation, offer for sale andlor 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. g 271(e)(2)(A).

28. Orient's manufacfure, use, importation, offer for sale, and/or sale, or inducernent

thereof, of its proposed pitavastatin drug product will directly infringe or induce infringanent of

at least one claim of the '336 patent under 35 U.S.C. g 271(e)(2)(A).

29. Upon information and belief, Orient's proposed label for its pitavastatin drug

product will include the treatment of at least one of hyperlipidemia, hypertipoproteinemia, and

atherosclerosis.
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30. Unless Orient is enjoined from infringing and inducing the infringement of the

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

remedy at law.

COI]NT II

OF THE METHOD CLAIM OF' .336 PATENT
I]NDER 35 E 271lbt

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

each ofthe foregoing paragraphs.

32. Upon information and belief approval of ANDA 20-5932 is substantially likely to

result in the commercial manufacfure, 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.

33. Upon information and belief Orient's proposed label for its pitavastatin drug

product will include the treatment of at least one of hyperlipidemia, hyperlipoproteinemia or

atherosclerosis.

34. Upon information and belief, Orient is aware or reasonably should be aware, of

the widespread use ofpitavastatin 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

eflects 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 hyperlipidernia or mixed dyslipidemia would be readily apparent to

customers of Orient (s.g., including, without limitation, physicians, pharmacists, pharmacy
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benefits management companies, health care providers who establish drug formularies for their

insurers and/or patients). Orient will be marketing its pitavastatin drug product with specific

intent to actively induce, aid and abet infringement of the '336 patent Orient knows or

reasonably should know that its proposed conduct will induce infringønørt of the '336 paterft.

35. Unless Orient is enjoined from infringing and inducing the infringønent of the

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

remedy at law.

COUNT III

INFRINGEMENT OF'THE ME CLAIM OF THE '336 PATENT
UNDER 35 U.S.C. S 2711c)

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

each ofthe foregoing paragraphs.

37. Upon information and belief, Orient's proposed pitavastatin drug product

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

38. Upon information and belief, Orient's proposed pitavastatin drug product will be

especially made for use in a manner that is an infringement of the '336 patent.

39. Upon information and belief, Orient knows that Orient's proposed pitavastatin

drug product will be especially made for use in a manner that is an infringement of the '336

patent.

40. Upon information and belief, sale of Orient's proposed pitavastatin drug product

will result in direct infringernent of the '336patent.

41. Upon information and beliet Orient's proposed pitavastatin drug product is not a

staple article or commodity of commerce which is suitable for a substantial noninfringing use.
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42. Upon information and belief, Orient knows that Orient's proposed pitavastatin

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

noninfringing use.

43. Upon information and belief, approval of ANDA 20-5932 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.

44. Plaintiffs will be substantially and irreparably harmed if defendant is not enjoined

from contributing to the infringemørt of the '336 patent Plaintifß have no adequate remedy at

law.

COUNT IV

INFRINGEMENT OF THE '477 PATENT UNDER 35 TI.s.c. ô 27tGtQ\(A,r

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

each ofthe foregoing paragraphs.

46. Orient's Notice Letter, purporting to be Orient's Notice of Certification under 21

U.S.C.$ 355(iX2XB)(ii), indicates that Orient intends to manufacture, use, sell, or offer for sale,

its proposed pitavastatin drug product prior to the expiration of the '477 patent.

47. The Notice Letter asserts that in Orient's opinion, the'477 patent purportedly is

"invalid, unenforceable, and/or will not be infringed by the commercial manufacfure, use, sale or

importation of the drug products described in Orient's ANDA."

48. Orient's filing of ANDA No. 20-5932 for the purpose of obtaining FDA approval

to engage in the commercial manufacture, use, importation, offer for sale and/or sale, or the
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inducement thereof, of its proposed pitavastatin drug product before the expirati on of the '477

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

49. Orient's manufacture, use, importation, offer for sale, sale, and/or importation of

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

claim of the '477 patentunder 35 U.S.C. g 271(e)(2)(A).

50. Unless Orient is enjoined from infringing the '477 patent, Plaintiffs will suffer

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

v

INFRINGEMENT OF THE '993 PATENT UNDER 35 U.S.C. I 271(eX2l(Al

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

each ofthe foregoing paragraphs

52. Orient's Notice Letter, purporting to be Orient's Notice of Certification under 21

U.S.C.$ 355(D(2XB)(ii), indicates that Orient intends to manufacture, use, sell, or offer for sale,

its proposed pitavastatin drug product prior to the expiration of the '993 patent.

53. The Notice Letter asserts that in Orient's opinion, the'993 patent purportedly is

"invalid, unenforceable, andlor will not be infringed by the commercial manufacture, use, sale or

importation of the drug products described in Orient's ANDA."

54. Orient's filing of ANDA No. 20-5932 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 undsr 35 U.S.C. g 271(e)(2)(A).
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55. Orient's manufacfure, use, importation, offer for sale, sale, and/or importation of

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

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

56. Unless Orient is enjoined from infringing the '993 patent, plaintiffs will suffer

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

WHEREFORE, Plaintifß request the following relief,

(a) a declaratory judgment pursuant to 28 U.S.C. ç 2201et !eq. that making, using,

selling, offering to sell and/or importing Orient'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;

(b) a declaratory judgment pursuant to 28 u.s.c . ç 2201et sgl. that the making,

using, offering for sale, selling and/or importing of Orient'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;

(c) a declaratory judgment pursuant to 28 u.S.c. ç 2201et sgt. that the making,

using, offering for sale, selling and/or importing of Orient's pitavastatin drug

product or any drug product containing pitavastatin, will contribute to the

infringanent of at least one claim of one or more of the Livalo@ patents;

(d) a declaratory judgment pursuant to 28 U.S.C. g 2201et ggq. and an order

pursuant to 35 U.S.C. $ 271(e)()(A) providing that the effective date of any

FDA approval for Orient to commercially make, use, sell, offier to sell or import

its pitavastatin drug product or any drug product containing pitavastatin be no
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(e)

(Ð

G)

earlier than the date following the expiration date of the last to expire of the

Livalo@ patents (as extended, if applicable);

a permanent injunction restraining and enjoining against any infringement by

defendant, its officers, agents, attorneys, employees, successors or assigns, or

those acting in privity or concert with them, of the Livalo@ patents, through the

commercial manufacfure, use, sale, offer for sale or importation into the United

states of orient's pitavastatin drug product or any drug product containing

pitavastatin, and/or any inducement of or contribution to the same;

Attomeys' fees in this action under 35 U.S.C. g 285; and

Such further and other relief in favor of Plaintifß and against defendant as this

Court may deem just and proper.

Dated: New York, New York
Apnl 17,2014

Kowa Compan¡ Ltd.,
Kowa Pharmaceuticals America, [nc., and
Nissan Chemical Industries, Ltd.

attorneys,

AnthonyJ. Viola
Andre K. Cizrnarik
Jennifer L. Dereka
Zachary V/. Silverman
EDWARDS WILDMAN PALMER LLP
750 Lexington Avenue
New York, NY 10022
(2t2) 3O8-441r
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David G. Conlin (to be admittedpro hac vice)
Kathleen B. Carr (to be admittedpro hac více)
Adam P. Samansky
EDWARDS TVILDMAN PALMER LLP
111 Huntinglon Avenue
Boston, MA02l99
(617)239-0100
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5,856.336
1

QUINOLINE TYPE MEVALONO I.ACTONES

-I'his is a division, of application Scr. No. 07i63I,O92.
filed on Dcc. 19, 1990, which is a coofinuation of t171233,
752, filed Aug. 19, 1988. 5

The present invention relates to novel mevalonolactones
having a quinoline ring, processes for their procluction,
pharmaceutical compositions containing them ancl their
pharmaceuticai uses particularly as anti-hvperlipidemic,
h¡;polipoproteinemic and aûti-atherosclerotic agents, and ..-
intermèdiatcs uscful for thcir production and prõccssós for 1D

thc production of such intcrmcdiatcs.
Some fermentation metâbolic products such as

compaclíne, CS--514, Mevinolin or semi-svnthetic deriva-
lives or ful1v synthetic clerivatives thereof are known to be
inhibitors against HMG-CoA recluctase rvhich is a rate
limiting (Jnz]¡me for cholcsterol biosynthcsis. (4. Endo J.
Metl Chem., 28(4) 401 (1985))

CS-514 and Mevinolin have been clinically proved to be
potentially useful anti-h¡rperlipoproteinemic agents, an<1

thev are c<.¡nsirlered to be effective lor curing r:r preventing
diseases of coronary erterv sclerosis or atherosclerosis-

R'SY

(rvhcrcin Q is -C(OF, C(OR112- or 
-CH(OH)-;w is -c(o)-, -c('oRr3)2- o. i(R'.Xou¡-; Ri' lá

h.vclrogen or Cr-, alkyl; RI2 is h-vdrogen or Rla (wherein Rr'l
is physiologìcally hyclrolyzable alkyl or lvl (rvherein M is
NHo, soclium, potassium, l) calcíum or a hvdrate of lorver
alkylapine, di-l<-rwer alkylamine or trilower alkylamine)):
two R'" a,r_e indepcndentlv primarv or seconclary Cr_u alkyl;
or two^Rl3 togcthcr tbrm {CH)- or 1C-U-¡-; ti1'
and RlE arc indopcndcntly hydrogcn or C,_. alþl; and I{5 is
hydrogen, Cr-u alkyl, C-_, alkenyl, Cr-u cycloalkyl,

2

Rr¡ o o

o o

Rlr
Rl; o

co3Rr2

o

15

2A

(IXth Int. Symp. Drugs Afiect. Lipid Metal¡., f986, p30.
p31, p66)

Horvever, with respect to fully syûthetic derivatives,
particularly hetcro aromatic dcrivatives ofinhÍbitors againsl 25

HMG-CoArecluctase, limitecl information is clisclosed in the
f<-rllowing literatures:

wPr ACC NO. 84-158675, 86-028274, B6-098816,
8 6 -33207 0, 87 - 1245 1. 9, 87 -nO987, 8B-0778 1, 88-008460,
88-091798 and 88-112505. 30

The present invenlors l¡ave t'ound that mevalonolactone
derívatives having a quinoline ring, the corresponding dihy-
droxy carboxylic acids and salts and esters thereof have high
inhibitory activities against cholcsterol biosynthcsis wherein
HMG-CoA recluctase acts as a rate limiting enzyme. The 35

present invention has been accomplished on the basis of this
discover.v-.

The novel mevalonolactone derivatives ol the present
invention are represented by the tbllowing formula t, 

.,,
RJ (r)

4_5

Y-Z

(rvhcrcin Iì.e is hydrogcn, C,_o alþI, C,_" alkoxy, fluoro,
or trifluoromethyl), phenyl-(CH=),"-
l, 2 or 3), -<CHr)"CH(CH,)-phenyl or

chloro, bromo
(wherein m is
phenyl-(CH"),,CH(CH-)- (wherein n is 0, 1 or 2).

Various substituents in the tbrmula I will be describecl in
detail with reference to speciûc examples. However, it
shoulcl be understood that the present inventioo is by ncr
means restricte<l by such specitc exarnples.

Cr-6 altr,vi for Ii1, R2, Rt, Ro, Ru ancl Re inclucles, tbr
examplc, mothyl, eth.vl, n-propyl, i-propyl, n-butyl, i-bulyl,
sec-bulyl and t-but.vl. Cr_, alkoxy tbr Rl, R:, R3, Ru ancl Ro
includes, for example, methoxy, erboxy, n+ropoxy and
r-propoxy.

Cr-, alkvl tt¡r Rrr inclucles, for example, methyl, ethyI,
n-propy'l ancl ipropyl.

Cr_, alkyl lcrr Rr3 inclucles, lbr example, mer.hyl, ethyl,
n-propyl ancl i-propyl.

Alkyl tbr Iì1r includes, ttrr example, mcthyl, clhyl,
n-propyi, i-propyl, n-butyl and i-butyl.

M ìs a metal ca1>able of forming a pharmaceutically
acreptable salt, and it includes, 1'or example, sodium and
potassium.

50 COrM inclucles, for example, 
-CO'NH4 

and 
-CO"H.(primary to tertiary lowcr alkylaminc such as

trimethylamine).
Cr-u alkyl for R5 inciucles, for example, mcrhyl, cthyl,

n-propyl, i-propyl, n-butyl, i-butyl, sec-[ruryl, t-but],1,
n-pentyl and n-hexyl.

Cr-u cvcloalkyl for Rs includes, tbr example, cyclopropyl.
cyclobutyl, c¡,clopent1,l and cyclohexyl.

C^-, alkenyl tbr R' includes, tbr example, vinyl and
i-propenyl.

Phcnyl-(CH.)-- for Iì5 includcs, tbr examplc, benzyl,
B-phen¡rleth,vl ancl y-phenylpropyl.

Phenyl-(CHr),"CH(CH3F tbr Rs inclucles, tbr example.
cr-phenylethyl and cr-benzylerhyl.

Cr-, alkyl [<-rr R7 ¿rncl RB includes, for example, methyl,
ethyl, n-propyl and i-propyl.

Further, these compoundsmay have at least one or two
asymmetric cart'ron atoms and may have at least two to tbur

¡; Þ5

Rr

wherein Rr, R2, R3, R, and Ró are independently hydrogen,
Cr_u alkyl, C._u cvcloalkyl, Cr_^ alkoxy, n-butox_v, i-butox.v,
sec-butoxv, RRSN- (whereio R7 and RS are indepenclentlv :-5

hyclrogen or C.-, alkyl), trifl uoromethyl, trifluoromethox¡'.
clifluoromethoxy, fluoro, chloro, bromo, phenyl, phenoxl'.
benzyloxy, hydroxy, trimethylsilyloxy, diphen.vl-t-
bu t,vlsily loxy, hydroxvmethyl or 

-O(CH-),OR1e 
(w,herein

R1n is hydrogen or Cr-3 alkyl, anct I is 1, 2 or 3); or when tio
locatecl at the ortho position to each other, Rr ancl R2, or R3
and Ra together tbrm -{H:CH-CH:CH-; or when
located at the ortho position to each other, R1 and R:
together lorm 

-OC(Rr5)(Rt")O{wherein 
Rti ancl Rlö are

independently hydrogen or Cr_3 alkyl); Y is -CII.-. o,s

-CH2CIFI:-, -CH:CH-. -CH:-CH:CH- or

-CH:C'H-OFI--; and Z is -Q-CH.WCH2-CO2I{r2,
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optfual isomers. The compounds of the formula I include all dimethyl, 6,8-dimethyl, 6,7dimethoxy, 6,7-<líeLhoxy, 6,7-
of these oplical isomers and all of the mixtures thereot'. dibromo or 6,8-clibromo.

Among compounds having carboxylic acid moieties fall- When Rr, R2 and R6 are not hydrogen, thcy togcther
ing outside the delinition of 

-CO-R12 
ol the cartroxylic represent 5,7-dimethoxy-S-hydrôxy, 5,8-di¡h1o;o-6-

acid moiety of subsrituent Z of the ccimpounds of rhe preient 5 hyàroxy, 6,7,8-trimeth oxy, e l Si-trimeíiyl 6,7,8-rrichloro,
invention, those which unclergo physiological hydroiysis, 5-fluoro-6,8-dibromo or 5-chlo¡o-6,B-dibromo.
after intake, to produce the corres¡^onding carhoxylíc acids As more preferrect examples for R3 ancl Ra, when R3 is
(compouncls wherein the -{O^R'z moiety is -CO'H) are hydrogeo, Ra is hydrogen, 4'-methyl, 4'-chloro or 4'-fluoro.
equivalenl to the compounds of the present invention. lVhen both R3 and Ra are trot hydrogen, they together

Now, pretèrred subslituents of the compouncls of the ,,. represent 3',5'<limethyl or 3'-methyl-4-iluoro.
prescnt. invention wili be described. As morc prcferrcd examples for R5, thc above-mcntioncd

In the following prcferrcd, more prefercd still further pretcrred examples of Rs may' bc mentioncd.
perferred and most pretèrred examples, the numerals fbr the ds pretèrrecl examples for Y, --CH'-{.H.- and (E)-
positions of the substituenls indicate the positions on the 

-CH:CH-may 
be mentioned. Às more preferred

quinoline ring. For example, N'showr¡ b-v e.g. L'or 2' exampleslorZ,theabovepretèrredexamplesforZmaybe
inciicates the position of the substituent on the phenyl 1s mentionecl.
substituted a1 ihe 4-position of the quinoline ring (the carbon Norv, still turther preterred substituents of [he compouncls
counected to l.he quinoline ring is desiguatecl as l). The o[ the present invenrion will be described. ds examples for
meanings of the respective substituenls a¡e the same as the Rl, l{2 and Iì6 , when both lì2 and Ró are hydrogeñ, Rr is
al¡ove-mentioned meanings. hydrogen, ó-mcthvl, ó-ethyl, 6-rrifluoromcthyl, 6-hydroxy,

Preferred substituents tbr R1, R2 and Rd are hydrogen, :.0 6-methoxy, 6-chloro, 6-bromo, 6-n-butyl ancl
fluoro, chloro, bromo, Cr-. alkyl, Cr-. alkoxy, C..u 7-dimethylamino.
cycloalkyl, dimcthylamino, hydroxy, hydroxymcthy¡, When only Rö is hydrogen, Rr and R: represent 6,8-
hydroxyethyl, trifluoromethyl, trifluoromerhoxy, dichloro, 5,8-dimeth54, 6,8-dimeth¡4, 6,7-dimethory*, ó,7-
difluoromethox¡ phenoxy and benz.vloxy. diethox.r', 6,7-ditrromo, 6,8-dibromo, 6,7-difluoro and 6,8-

Furlher, when R6 is hydrogen, it is preferred that Rr and 25 difluoro.
R2 together form methylenedioxy. As still further pretèrred examples 1'or R3 ancl Ra, rvhen R3

.{s pretèred examples for R3 and Ra, rvhen Ra is is hydrogen, Ra is hydrogen,4'-chloro or 4'-fluoro, or Ri and
hy<lr<,rgen, R5 is hvdrogen, 3'-fluoro, 3'-chloro, 3'-methyl, R¿ together represent 3'-methyl-4'-fluoro.
4'-methyl, 4'-chloro and 4'-fluoro. Still further pretèrred examples for R5 include eth.v1,

Other preferred combinatitus of R3 and R+ include 30 n-propyl, i-propyl and cyclopropl.l.
3'-methyl-4'-chloro, 3',5'-dichloro, 3',5'-difluoro, 3',5'- Still further pretèrred examples for Y include (E!-
dimethyl and 3'-methyl4'-fluoro. CH:CH-.

Prcferrecl examples for R5 incluclc primzuy ancl seuxdary ,As still further preferred examples for I the above-
Cr-u alkyl and Cr-u cycloalkyl. menlioned preferred example for Z may be mentionecl.

Prcferred examples firr Y include -CHz-{H"- and 35 Norv, the most prcferred sutrstifuents tbr the compounds

-CII:CII-. 
of the presenl invention wili l¡e clescribed.

Prererred examples ror Z incrude 
o.ffi!""ä"if:::ïl:å:ä:iriï,ltå,;ltJ".1åi;rîiål

o

-cH(orDcr 12cII-(oÐcl-r^co2R12, 
-c[I(orDCH'c(o)CH2CO2R12 ancl 

-CH(OH)CH2C(OR1'ì)2CH2CO2RÍ2.Noq more preferred substituents ofthe compounds of the
present invention w'ill Lre described.

As more preferred examples for Rr, R2 and Rò, lvhen both
Rr and R6 are hvdrogen, Rr is hydrogen, 5-fluoro, ó-fluoro,
7-fluoro, 8-fluoro, 5-chlo¡o, 6-chloro, 7-chloro, B-chloro,
5-bromo, 6-bromo, 7-bromo, S-bromo, -5-methyl, 6-methyl,
7-meth¡il, .S-methyl, 5-methoxy, 6-methoxy; 7-metboxy,
8-methoxy, -5-trifluoromethyl, 6-trifluoromethyl,
7-trifluoromethyl, B-trifluoromethyl, 6-trifluoromethoxy,
6-dilluoromethoxy, B-hydroxyethyl, 5-hydroxy, ó-hydroxS'.
7-hydroxv, 8-hydroxy, 6-ethyl, 6-n-butyl and
7-climcthylamino.

When Rd is hy<lrogen, R1 and R2 together represent
6-chloro-8-methyl, 6-bromo-7-methoxy, 6-methyl-7-chloro,
6-chloro-B-hydroxv, 5-methyl-2-hyclroxy, 6-methoxy-7-
chloro, 6-cbloro-7-methox¡ 6-hydroxy-7-chloro, 6-chloro-
7-hydroxy, 6-chloro-8-bromo, -5-chloro-6-hydroxy,
6-bromo-B-chloro, 6-bromo-8-hydrox,r', 5-methyl-B-chloro,
7-h-vclroxv-B-chloro, 6-bromo-8-hvdrox¡ 6-methoxy-7-
methvl, 6-chloro-B-bromo, 6-methyl-8-bromo, 6,7-clifluoro.
6.8-clifluoro, 6,7-methylenedioxy, 6,8-dichloro, 5,8-

ó-chloro.
When only R6 is hydrogen, Rl and R2 together represent,

tor example, 6,7-dimethoxy.
As the most pretbned examples lbr R3 and Ru, R3 is

hydrogen and R4 is bydrogen, 4'-chloro or 4'-fluoro.
The most preferred examples ttrr R-s include i-propvl and

cyclopropyl. The most preferred example for Y may be
(E)-c'H:cH-.

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

Norv, particularly pretèrred speciflc compounds of the
present invention will be prescnted. The following com-
pouncts (a) to (z) are shoq,n in the form ofcarbbxylic acids.
However, the present invention include not only the com-
pounds in the tbrm of carboxyiic acids but also the corre-
sponding lactones tbrmecl by the condensation of the car-
boxylic acids with hydroxy at the 5-position, and sodium
salts ancl lower alþl esters (such as methyl, ethy1, i-propyl
an<J n-propyl eslers) of the carbox¡4ic acicls, which can be
physiologically hydrolyz.ed to the carboxylic acids.

(a) (E)-3,-5-dihydroxy-7-[4'-(4" -lluorophenyl)-2'-(1 "-
methylethyl)-qu¡o1¡¡-3'-¡rll-hept-6-enoic acid

(b) (Ê)-3,5-dihydrox,v-7-[4'-(4" -fl uorophenyl)-2'-(1 "-
mcú)'lethyl)-6'-chloro-quinoli¡--3'-yl]-hcpt-ó-enoic acid

(c) (E)-3,5-dihydroxy-7-14'-(4"-fl uorophenyl)-2'-( 1 "-
methylethyi)-6'-mcthyl-quinolin-3'-yl]-hcpt-6-enoic acicl

(cl) (E)-3,5-dihyclroxy-7-[4'-(4"-duorophenyl)-2'-
( l "methylethyl)-6',7'-dimethoxy-quinolin-3'-yll-hept-6-
enoic acicl

HO tì---ìo

ç"

o
1t')

45

50

55

60

ó-s
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(e) (E)-3,5-clihydroxy-7-[4'-(4" -fluorophenyl)-2,-
cycþropyl-quinolin-3'-yl]-hept -6-enoic acicl

(f) (E)-3,5 -dihydroxy-7-[4'-(4" -fluorophe nyl) -2' -
cyclopropyl-6'-chloro -quinolin-l'-yl]-hept-6-enoic acid

(g) (E)-3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-2'- s
cyclopropyl-6'-methyl-quinoli¡-l'-yl]-hepr-ó-enoic acid

(b) (E)-3,5-dihyrlroxy-7-[4'-(4"-fl uorophenyl)-2,-
cyclopropyl-6',7'-dimethoxy-quinolin-3'-yll-hep1-6-enoic
acid

(i) (E)-3,5-dihy <lroxy -7 -14'-(4"-chlorophenyt)-2'-( t,' - ro
methyleth),1)-qui nolin-3'-),1]- hept-6-eaoic acid

û) (E)-3,-s-dihy ckoxy -7 -14'-(4"-chloroptrenyt)-2'-( 1,, -
methylethyl)-6'-chloro-quinoli¡-l'-y1]-hepr-6-enoic acid

(k) (E)-3,-5-ciihyclroxy-7-[4'-(4"-chtorophenyl)-2'-(1', -
melhylethyl)-6'-methyl-quinolin-3'-yll-hepr-ó-enoic acid 1s

(l) (E)-3,5-dìhydroxy-7-[4'-(4"-chlorophenyl)-2'-( t "-
methylethyl)-6',7'-dimethoxy-quinolin-3,-yl]-hept-6-enoic
acid

(m) ( E)-3,-5- d ih ydroxy -7-[4' -(4" -chlorophenyl)-2,-
cyclopropyl-quinolin-3'-yl]-hept-6-eûoic acid 20

(n) (E) -3,5 -dih ydroxy -7-[4' -(4 " -chlorop h e nyt) -2, -
cyclopropyl-6'-chloro-quinolin-3'-yl]-hept-6-cnoic acid

(o) (E)-3,5-dihydroxy-7-[4'-(4"-chlorophenyl)-2'-
cycþropyl-6'-methyl-quinoli¡-l'-¡rl]-hcpr-6-enoic acid

(p) (E)--r,-s -clihydroxy - 7-[4'-(4 " -chlorop h enyl) -2, - zs
cyclopropyl-6'7'-tlimethoxy-quinolin-3'-yl]-hept-6-enoic
acid

(q) (E)-3-s-dihy droxy -7 -14' -phenyl-2'-(1 "-methylerhyt)-
quinolin-3'-yll-hept-6-enoic acid

(r) (E)-3,5-dihydro4v-7-[4'-phenyl-2'-(1"-methylethyl)- -ro
óichloro{uinolin-3'-yl]-hept-6-enoic acid

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

(t) (E)-3,5-dih y dr oxy -7 -f4' - phenyl-2'-( 1 "-methyleth¡r1)-
6',7'-dimcthoxy-quinolin-3'-yl]-hept-6-enoic acid 35

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

(v) (E)-3,5-dihy droxy -7 -14' -phen¡rl-2'-cvclopropyl-6'-
ctrloro-quinolin-3'-yl]-hept -6-enoic acid

(w) (E) -3,-5-cl ihy dr oxy -7 -14'-p henyl-2'-cyclopropyl- 6'- +o
methyl<¡uinolin-3'-yl]-hepr6-enoic acid

(x) (E)-3,5-dih y droxy -7 -14' -phenyl-2'-cvclop ropyt-6,,7, -
dimethoxy-quinolin-3'-y1]-hept-6-enoic acicl

(y) (E)-3,5{ihyclroxy-7-[4'-(4"-fluorophe nyt)-2, -(L,, -
methylethyl)-6'-methoxy-quinolin-3'-yl]-hepr-ó-enoic acid 4s

(z) (E)-3,5-dihydroxy-7-14'-(4"-fluorophenyl)-2'-
cyclopropyl-6'-methoxy-quino¡¡-l'-yl]-hcpr-6-cnoic acid

The mevalonolactones of the formula I can be prepared by
thc following reaclion schemc. The enal III can also be
preparecf by processes Ç L ancf M. 50

RJ R4

CìO:R¿r

n->

6

RJRi
-continued

CH¿OH

N R5

VI
R1

R5

Ri Ri

N R5

Iv
Rr

cHo

N Ri

R4

RJ

-E->

-õ->

-D->

-E->

COilìr¿

-F->

Rr

Rt

R

RJ

cHo

N

Rl
oEl

OH

OH

Rt

R3 o

Rr

:f

N

IIN

Vü

Rs

60 Rt
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ñ R5

I-1

R4

I-2 (R12 = H)
I-5 (RE- Na)

RJ R4

N R5

f-3

R4

Rs

t-4

cHo

5,856,336

J

{onfinued
I7

R3R{Ri OH

OH

oFt

OH

o o

CO2R12

->

-l->

-E->

10

Rr

R2

35 Rr

R2

60

N R5

R4

N R5

N Rs

R4

N

CO¿Ru

CH¿OH

cHo

T>
R:

R:

R2

RrRl v¡u
R3

R3

CO:Rr2 15

20 -ü->-E->

N Rs

LXR
25

30

4t)

45

50

:)

R3

RiRr OH

OHRJ CO2(rz

o o
-ñ>

R5

R
N I-1

R4 OFI

CqRt¿

N

t-6

ln the above reaction scheme, Rt, R2, R3, R4, R5, R6 and
R13 are as defined above with respect to the formula I, and

R3

R3

R2
Rl

N

65
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Rzt ancl R22 independentlv represent. (ìr-u lower allyl such c¿ubon in a soivent such as methanol, ethanol, letrahy<iro-
as methyl, ethyl, n-propyl, ipropyl or n-butyl. furan or acetonitrile a¡ a remperarure of from 0" to 50" c.,

Step A represents a recluction reaction of the ester to a preferably from 10o to 25" C.
primary alcohol. Such recluction reaction can be conducted Step K represenß a reacdon for the synthesis of ar
b,r,' using various metal hydrides, preferably diisobut,vlalu- 5 c¿,¡3-unsaturatèd cartnxylic acid ester, *hereúy a tuans_form
minium hydride, in a solvent such as tetrahydrofuran or c¿,p-unsaturated carbox-r,.lic acid cster can bc obtainccl by a
toluene at a temperature of from -20o ro 20" C., preferably' so-called Horner-Wilig reaction by using an alkoxycarúo_
tìom -10" to 10" C.

Srep B represenrs an oxidarion reacrion of the primary :Jåiitiliå:ä*ï:::-Itå':ï:'i:x,î""::ii:t;1y;îi
alcohol to an al<lehycle, which can be conclucted by using 10 tetrahydrófuran at ; t€mperature ol from -30" to 0o C.,
various oxidizing agents. Pretèra{rl,q the reaction can be prefeåblv from -20- to -15" c.
co¡ducted by using pyridinium cblorochromate in methll- srep L represeots a reclucrion reactio¡ of the ct,B-
ene chloride at a temperât¡¡re of tiom 0" to 25 o C., or by ,ro.u'iru*d cãrboxylic acid ester to an allyl atcohol. 

.l,his
using oxaly'l chloricle, ctimetb;rl sulfoxide and a tertiary ,J;.ri",;*iáo"oot"conclucreclbyusiÁgvariousmetal
aminc such as tricthylamine (Sw'cm oxidation), or by using 1s hy¿ridÀ, pr..f..oùt¡,. cliisoburylaluminíumhyãri¿e, in a s.l_
a sulfur trioxide pyridine complex' vent such as dry tetrahydroluran or toluene at a temperature

Step C represents a synthesis oI a 3-ethoxv-1-hydroxy- of frorn _t0" tå 10" i., preferably tiorn _10" to 0ô C.
2-propene derivative, u,hich can he prepared hy reacting a ô.
comp.und V r. li¡hium compountt which has u""n p."'t'iåil ^, -"^ttl .Y ::l_tesents 

ao oxidalion reaction of the allyl

narily f'ormed by rrearing cis-1.-ethoxy-2-(trln-uutyrsrannl,i¡ , lÏ:.T]l"..1l,ll1l; 
Thi" oxiclation reaction can be conclucted

elhylene with butyl lithium in tetrahvdrofuran. 
""i'' -" by using various oxidizing agcnts, particularly activc man-

,As the reacrion rcmpcrarurc, ir is prcfcrrcd ro employ . ^c.|1:: *:*1.- 
a solvent such as tetrahydrofr:ran,

lo\¡i temperalure at a lår,el of from -60" to _7g" c. 
'"r " acctonc' cthyl cthcr or clh54 acetatc at a tempcratruc of l¡om

srepDreprcsenrsasynrhesisof ancnalbyacidichycrroly- o"j: tn3. c'' preferably from 15" to 50o c'
sis. AÀ the acirt catalysi, it is pretbrrecl to ernploy p-ic,lueáe zs l*p N rcprcsents a reaction for the synthesis of an

sulf<¡nic aci<t, hyctrochkrric aiicl or sulturic-acicl, an¿ the cr,.p-unsaturated ketone by the selective oxidation of the

reaction maybetonductedin asolventmixtureof v.i,aterancl dihydroxy carboxylic acid ester. This reaction can be con-

tetrahyclrofuran or ethanol at a teûìperature of frorn 10o to ducred by. using activatecl manganese dioxide in a solvent

25" C. The 3-ethox.v-1-hyctroxy-2-propene derivarivc such as eth.vl elher, tetrahydrofuran, benzene or toluene at a

obrainecl inSrepCcanÉer".ãiosi"pD*-iihourpurificatic,n :o le11n$aturc 
of tiom 2()" to 8(f C., prcterably from 4O" ¡o

i.c. by simply removing tctra-n-trufvl ¡in formôd simulra- 80" C'

neously. In addition to the compounds clisclose cl in Examples given
Step E represents a double anion conclensation reaction hereìoafter, compounds of the formulas I-2 and I--5 given in

between the enal III ancl an acetoacetate. Such conclensation lhble 1 can be prcparccl by thc proccss of thc present
reacti6n is prelerably conducted by usin_e s<xlium hyclricl. 35 invention. In Table 1, i- means iso, sec- means secondary
and n-butyl lithium as the base in tetrahydrofuran at a and c- mcans c.vclo. Likewisc, Mc means mcthyl, Et means
temperaturc of lrom -80" to 0o C., preferably lrqm -30o to ethyl, Pr means propyl, Bu means butvl, Pent means pentyl,

-10" C. Hex means hexvl and Ph means phen.l.l.
Sl.ep F represents a reduction reactìon of the carbonyl

group, which can be conudctcd by using a metal hydridc. +o

preferably sodium borohvclricie in elhanoi at a temperature
of Aom -10o to 25" C., pretèrably from -10" to -5o C.

Further, the reduclion reaction may be conducted bv using
zinc borohydride in dry'ethyl ether or rlry tetrahyclrol'uran at
a lemperan¡re of -100o to 25" C., pretèrably trom -80" to ¿-s

-50" c.
Stcp G is a step for hydrolyzing the estcr. thc hydrolysis

can lre conductecl by using an equimolar aûìount of a base,
prctèrably polassium hydroxidc or sodium hy'droxidc, in a
solvent mixture of rvater antl mettranol or ethanol at a 50

tempcraturc of tirom 10" to 25" C. 'Ihc licc acid hercby
obtained mav be converted to a salt \¡¡ith a suitable base.

Step H is a step for forming a mevalonolactonc try the
dehydration reaction of the tiee hydroxy acid I-2. The
dehydration reaction can t¡e conducted in benzene or ¿olueoe i5
under reflux while removing thc resulting watcr or by adding
a suitable dehydrating egent such as molecular sieve.

lurthcr, the clehydration reaclion mây bc conductecl in dry
melhylene chloride by using a lactone-forming agent such as
carbodiimide, preferably a water soluble carbodiimide such oo

as N-cyclohexvl-N'-[2'-(methylmorphol inium )ethyl]
carbodümicle p-toluene sulfonatc at a lemperalure ol f¡om
10" to 35 " C., pretèratrl,v tiom 20" ro 25o C.

Step J represents a re¿tclion t'or bvdrogenating the doubie
bond connecting the mevaìonolactone moiety and tbe quino- o-s

line riug. This hvclrogenation reaction can be conclucted lry
using a catalytic amount of palladium-cartron or rhodium-

TABT-E 1

R! R4

N

R,I

OH

OH

R¿ RJ

t-2 (R12 = H)
I-5 (Rr¿ = !a)

R6

Rt

RT Ró

&OMe
GOMe
GBr
GMe
7-Ol\lc
6-Br

6,1

H
4-F
4-['
4-F
4-F
2-F

4-F

H
H
H
S-Me
8-ONlc
H

H
H
H
H
H
H

H

i-P¡
i-Pr
i-Pr
i-P¡
i-P¡
i-P¡

i-Pr

H
H
H
Ét

H
H

H
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f'urtber, pharmaceutically acccptablc salts such as potas-
sium salts or este$ 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 biosvnthesis
w'herein HIVIG-CoAreductase acts as a rate limiting enz¡rme,
as shown bv the test results given he¡einafter, ¿ncl thus are
capable of suppressing or reducing the am<-runt c¡f cholestcr<¡1
in bloocl as lipoprorein. Thus, the compounds ofthe present
invention are useful as curing agents against hyperlipidemia,
hyperlipoproteinemia and atheroscleosis.

5,856.336
t2

They may be lbrmulatecl into various suitable formula-
tions depending upon the manner of the administration. The
compounds of lhe prcsent invention may be administered in
the tbrm of free acids or in the form of physiologically

5 hydrolyzable and acceptable esters or lactones, or pharma-
ceutically acceptable salts.

The pharmaceutical composition of the present invention
is preferably administered orally in rhe fo¡m of the com-
pound of the present invention per se or in the form of

rù powders, granules, tablets or capsuies tbrmulated try mixing
the compouncl of the present invention with a suitatrle
pharmaceutically acceptable carrier including a binder such
as hydroxypropyl celhrlose, syrup, gum arabic, gelatin,
sorbitol, tragacânth gum. poly'vinyl pyrrolidone or CMC-Ca,

,. an excipient such as lactose, sugar, corn starch, calcium-' phosphate, sorbitol, glycine or crystal cellulose powcleç a
lubric¿nt such as magnesium stearale, talk, pol.vethylene
gly<nl or silica, and a disintcgrator such as potato starch.

Ilorvever, the pharmaceutical composition of the present

,n inveution is not lirnited to such oral administration and it is-" applicable for parenteral aclministration. f;or example, ir may
be administered in the form of e.g. a suppository fo¡mulated
by using oily basc matcrial such as cacao buuer, polyethyl-
ene glycol, lanolin or fatty acid triglyceride, a transdermal

,- therapeutic base frrrmulated by using liquid paraffin, white-- vaseline, a higher alcohol, Macrogol ointmenl, hydrophilic
ointment or hydro-gel base material, an injection formula-
tion ibrmulated by using one or more materials selected
ftom the group consisting of poiyethylene glycol, hydro-gel

.n base matcrial, distillcd watcr, distillcd w'atcr for injcction
and excipient such as lactose or corn starch, or a tbrmulation
tbr aclministration through mucolts membranes such as an
ocular mucous membrane, a nasal mucous membrane and an
(rral muc<¡us membrane.

35 Funher, the compounds of the present invenfion may be
combined w'ith trasic ion-excbange resins w-hich are capable
of binding bile acids and yet no1 being absorbed in gas-
trointestinal tracl.

The daily dose of thc compound of thc formula I is tÌom
4r) 0.05 to 500 mg, preferably from 0.5 to 50 mg for an adulr.

[t is aclministered from once to three Limes per day. The d<¡se
may of course be varied clepending upon the age, the weight
or the c<xdilion of illness of the patient.

The compounds of the it¡rmulas II to VII are novel, and

4-. they are importart iotermediates for the preparation of the
compounds of the formula I. Accordingl¡,, the present inven-
tion relates also to the compounds of the formulas II to VII
and the processes for their production.

Nos., the present invention will be descritred in further
-n detail with reference to Test Examples tbr the pharmaco-

logical activities of the compounús of the present invention,
their Preparatìon Examples aud Formulation Examples.
Ilowever, it should be understood that the present ínvention
is b.v no means restricted b¡r such specific Examples.

55 PHATìMACOLOGICAL'I'ES-I'EXAMPLES
Test A: Inhibition of cholesterol biosynthesis from acetate in
vitro

Enzyme solution n'as prepared from liver of male Wistar
rat billial¡r cannulated and discharged bile for over 24 hou'".

rit) Liver w'as cut out at mid-da¡k and microsome and superna-
tant fraction which w'as precipitable with 4G-30Øa oÊ saru-
ration of ammonium sultàte (sup traction) wcre prepared
from live¡ homogenate accr:rcling tr: the modiûecl method of
Knftuss ct. al.; Kurocla, M., et. al., Biochim. Biophys. Acta,

ós 489, lI9 (1977). For assay of cholesterol biosynrhesis,
micnrs<.¡me (0.1 mg protein) aod sup tiactic¡n (1.0 mg
protein) were incubated for 2 hours at 37" C. in 200¡d of the

1l

TABLE 1-continued

R:j R4

N Rs

oIt

ot{

RJ R5

I-2 (Iìr2 = H)
I-5 (Rrz= Na)

R6

Rl

Rl R R6

H H 4-F H H

H
H
rt-cl
6-Cl
6-OCH2Ph
H
H
6{l
6-Mc.N
6-Me
6-i-Pr
?-Me
6-OMe
6-8r
6-i-P¡
6-Ct
5-F
ó-OMe
6-Mc
6-Ct
H
TI

6-OMe
6-OMe
6-OMe
6-OìVle
6-OMe
6-Me
6-Me
6-Me
6-Me
6-M€
it-cl
6-Cl
ó-cl
6{l
6-cl
H
H
H
II
tI

H
TI

FI

H
H
H
H
H
f{
E
H
H
H
H
H
8-Cr
6-Br
7-OMe
7-lvle
7-Cl
TI

T¡
7-Oivle
7-Olvle
;--OMe
7-OMe
7-OìvIe
H
H
H
H
II
H
H
I.I
II
H
H
ft
H
H
II

i-Pr
i-P¡
c-Pr
sec-Bu
i-P¡
i--Bu
c-Pe nt
c-Pcùt
i-P¡
c-Pr
i-P¡
c-Pr
c-P¡
c-Pr
c-Pr
c-P¡
i-Pr
iPr
i-P¡
i-P¡
c-Brr
c-[Iex
i-P¡
i-P¡
c-Pr
c-Pr
c-Pr
iP¡
ÈP¡
c-Pr
c-P¡
c-P¡
i-Pr
i-Pr
c-Pr
c-Pr
c-Pr
i-P¡
i-Pr
c-Pr
c-P¡
c-Pr

H
H
I.i
H
H
H
H
rI
H
H
H
H
H
H
H
II
8-B¡
8-OMe
8-ùle
8-Cl
H
ÍI
H
E
H
H
H
H
I'I
H
H
H
H
H
ri
II
H
ft
H
t{
II
II

+PhcH2
4-Ph H

H
il
H
H
H
TI
H
H
H
H
H
H
II
FI
rI
H
H
H
H
H
II
H
H
H
H
H
H
rI
H
FI

H
TI

H
H
II
H
H
H
H
H
II

4-F
4-F
+F
4-t"'
4-F
4-F
4-F
4-Ir
4-F
.1-t
4-F
4-F
4-F
4-F
4-F
4-t
4-F
4-F
4-F
4-F
H
4-Ct
H
4-Ct
4-F
II
4-CÌ
H
4-Cì
4-ç
H
4-Ct
E
4-CI
4-F
H
4-Ct
H
4-Cl
+F
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reaction mixture conlainingATP; 1 mM, Clutatbi<¡ne; 6 mM.
Glucose -1-phosphare; 10 mM, NAD; 0.25 mM, NADp; 0.25
mM, CoA; 0.04 mM and 0.2 mM [2-1'tc]sodium acerate (0.2
pci) with 4 ¡l of test compound solution dissolved in w'ar.e¡
or climeth¡,I sulfoxide. To slop reaction and saponil.v, 1 ml of 5

l57c EIOH-KOH rvas adcled to the reactions and heated al
7-5' C. tbr t hour. Nonsaponifrable lipicls were extracted with
petroleum ethcr and incorporated raC radioactivity was
counted. Inhibitory aciivity of compouncls r*'as indicaæd
with IC-50. lt)

Test B: Inhibition of cholesterol biosynthesis in culture cælls

Hep G2 cells at over 5th passage were seeded to 12 rvell
plates ancl incubated w'ith Dulbecco's modified Eagle
(DME) medium containing lûVc of fetal bovine serum ls
(FBS) at 37" C.,5Vo COrvnril cells were confluent for about
7 days. Cells were exposecl 1o the DME medium containing
-57o of lipoprore.in defìcient serum (LpDS) prepared by
ultracentrifugation mcthod tbr ovcr 24 hours. Mcdium w-as
changed to 0.5 ml of fresh 5% LpDS containing DME before ?0

assay ancl 101¿l of test compound solution dissolved in warer
or DMSO were added. O.2 pCí o|t2-l4Clsodium acetate (20
url) was added at O hr(B-l) or 4 hrs(B-2) after addition o[
compounds, After 4 hrs further incubation wirh [2-14C]
sodium acetate, medium was removed and cells were ã
washcd wÌth phosphate buftbrcd salinc(PtsS) chilled at 4" C.
Cells were scraped tvith rubl¡er policeman and collected to
tubes w'ith PtsS and digcstcrl wirb 0.2 ml of 0.-5N KOH ar
-j7" C. Aliquot of digesrion was usec'l for protein analysís ancl
remaining was saponited rvith I mI of lsEa EIOH-KOH at 30

75" C. for t hour. Nonsaponifiable lipitls lvere extracted with
pel.roleum ether ¿ncl 1*C radi<¡activity w'¿Ls counled. Counts
were revised by cell protein ancl indicated with DPM,¡mg
protein. Inhibitory activity of compounds u'as inclicared with
IC50. 3s

Test C: Inhibitíon of choleslerol bios¡rnthesis in vivo
Male Sprague-Darvley rats weighing about 150 g were tèd

normal llrina chow'dict and water ad libiflrm, and exposcd
to 12 hours lighril2 hours ciark lighting pattern (2:00 ar
PM-2:00 AM dark) prior to use tbr in vivo inhibition test oI '
cholesterol biosynthesis. Animals were separated groups
consisting of ûve rats as tt.¡ be âverage mean botly w,eight in
each groups. Test compounds at dosage of 0.02-{.2 mg,'þ
bod¡r w"eight (0.4 mU100 g body- weight), were dissolved in ,-
water or suspended or in O.57a methyl cellulose ancl orally -

administered at 3-3 hours lrefore mid-dark (8:00 PM), while
cholcsterol biosynthesis reaches ro m¿-rimum in rats. As
control, rats ¡Ã€re orallV aclministered only w'ater or vehicle.
At 90 minutcs alter sample aclministration, rals were _^

injected intraperitoneally with 10 ltci of ï2-l4clsodiurn 't'
acetate at volume of 0.2 ml per one. 2 Hours later, blood
samples were obtained and serum were separated immedi-
ately. Total lipids rvere extracted according to the melhod of
Folch ct al. and saponificd with EIOH-KOH. Nonsaponifi- 

-_--

able lipids \Ã,ere extracted w-itb petroleum ether and raclio -'-'

activity incorporated into nonsaponiflable lipicls w'as
counted-

Inhibitor,v activity \l/as indicated as percent decrease of
counts in testing groups (DPM/'2 m1 serum,12 hours) from 69
thaf in control group.

lVith respecl lo the compounds ol the present invention,
the inhibitorr' actìvities agaìnsr the cholesterol biosynthesis
in which HMG-CoA reductase serves as a rate limiting
enzyme, were measurecl by the above Test A and B. The o-s

results are show-n in Tables, 2, 2-2,3 ancl 3-2. Further, the
resulls ol the mcasuremcnls by 'Ibst C are also prcsenlcd.

f¡hibitory activitic bv 'lþst A

I-Ð (molar conccntrarion)

t4

TABLE 2

Cornpound

(Cocrpouds of the
prcsent inventionj

I-:13

t-5r
t-52
I--sj

1.ã x 10-t
1.0 x -1.0 

3

7.1 x1O-e
.1.9 x 10-7

'1.4 x 10-8
9.0 x 10-e

(Refe¡e¡ce co¡rpomds)

lvlevino lin
cs-5r4

ktTable2-2, the relative acdvities are shown based on the
activities of CS-514 bcing evalualed to bc 1.

^TABLE 2-2

Relati\€ activities bv Test A

Compouod Rela¡ive actirjties

(Compouads of the
presen! inveution)

I--t6
I-1 1.6

f-117
I-12r)
t-522

1.7-s

?.25
o.37

4.76

Structures of reference compound^s:

(1) Mevinolín

Il:rc o

(2) CS-s14

o

OH

o

o FI

II

OII

H
CTI;

o
H

CH:
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Exzrmple 1-b
4-(4'-fl uoropheûyl) -3-hydroxymethy l-2-(1'-methylethyl)-
quinoline (compound VI-l)

5.a g (0.016 mol) of compound VII-1 was dissolved in dry
s toluene uncler a nitrogen atmosphere and cooled in ice l'rath

to 0" C. -Ib this solution, 40 ml of a 16 wt Ì/o didsobntyla-
luminium hytlride+oluene solution was <lropwise a<lded, and
the mixture was stirrecl at 0" C. for fw'o hours. Af¿er
confirming the complete clisappearance of compound VII-1

10 by thin l¿ryer chromatograph¡ a saturate<l ammonium chlo-
ride solution was added thereto at 0" C. to terminate tbe
reaction. Ethyl ether rvas added to the reaction mixture, and
the organic layer was separated. A gelled product was
clissolved by an acldition of an aqueous sodium hydroxicle

15 solution and ex¡ractcd anew \rith ethyl ethcr. Thc crhyl cther
extracts we¡e put together, driecl over anhydrous magnesium
sulf¿le and filtered. The solvent was distilled oll-. The
resiclual oil underwent crystallization w-hen left to stancl. It
was rec¡vstallized from ethyl acetate-n-hexane to obtain 3.3

:o g of white crvstals, Yield: 707o. Melting point: 13ó"-i.37" C.

Example l-c
4-(4 -fluorophenyl)-2-( 1'-me thylethyl)-quinolin-3-yl-

15

TABLE 3

Cornpound

(Coe¡poutrd of ¡he
present iuvention)
I--i1
(Rcfcrence ænrpound)
cs-514

lxlu

3.5x1û7

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

T,ABLE 3-2

Relative activities bv Tes¡ B-1

C--ompoun<l Relative activities

Lr16 19.4
I-520 20.o
II-20 20.s

Results of the measurement of the inbibirory acrivities by carboxyaldehyde (compound v-1)
Test C ' ' 2s 2.0 g (9.3 mmol) of pyriclinium chlorochromate and 0.4 g

The percent decrease of counrs after the oral arrministra- 1f gnVarous sodium acetate was suspended in 10 ml of dry
rion of b.05 mg1,kg of compou¡d I-520 was 55Ta relatiiie to dicbloromethanc. To this suspension, a solution obtained by

thc measured value of lhe control group. 'fhc perccni dissolving I,g (3-4 mmol) of compound vI-1 in 10 ml of dry

decrease of counts after the oral adminiitratìon of l0 ms^(s dichloromertane, rvas immecliately added at room l€mera_

olCS-514was55Vounclerthes¿meconclirion.1-t".i-l 30 ture._Themixturewasstiredforonehour.Then, 100mlof
pounds of the present invention exhibited aclivities "up".i-. th-l,"tq:** added thereto' ancl the mixture was throughly

io the relèrenee compouncl such as CS-51-4 o. tvt"tlncrtin in mixed' The .¡eaction mixlure was lìltered under suction

TestA,andexhibitectactivitiessuperiorroCs-sl4i"i;$s through a silica gel layer' The filtrate was dried under

B ancl C. ^ reducetìpressure.Theresicluewasdissolvedintheisopropyl

Test D: Acute toxicity 35 ether, and insoluble substances were filtered oft. Jbe filtrate

Ao.sva CMC suspension of a resr compounct was oraly ::::q1fl-11"Í-::der 
reduced pressure' and the residue u'as

administered ro ICRm¿te mice (group of three .i"").'i;å l"""Jr"1lit^Îd-lt?Ï 
düsopropvl ether to obtain 0'7 g (Yictd:

ecute roxiciry was determined based on rhe morraliry ai;; 

"\7")_.,*^"'u:ntly 

yellow prism crystals' Melting point:

seven da¡rs. With compound I-57, I-58, I-59, I-511, l-512, .- -"'
I-5 1 3, I-51 4, l-51 5, I -5 17 and I--523 of the presenr invenrion, *''

rhe mcrrtarir¡, was evo even when they weie oraliy acrminis- 3-(3,-ethoxy-r,-oror"-fiÏi:l""jrT-o-,o,-o"".ophenyr)_2_
tered in ân amount of lüX) mg'lig. (1'-merhylerhyl)-quinoline (compound IV_l)Exampre ., "*Tl'"åf;'*HiJJ."rî åî'Jr"åäi"1iï;îfå'åfiiXi?Ethyl (E)-3,5-clihvdroxyl-[4'-(4"-fluorophen¡'1)-2'-( l'- thetlurion was coolecl to _7go C. in a nitrogen stream. To
methylethyl)-qutoo¡n-3'-,vll-hept-6-enoâte (compoundl-11) úis soturion, Z Àr 1:.i*L"li"f , iS ir, äì_Uut,utt,Urro'_
(prepared by steps of Example 1-a through Example I-q) n-hcxane .ãiutloo was clropwise added. 'rtre mixture was

Exampre 1-a ,. iäïtå'r-it T'ii:,i$i"ïî:','iïWr;'"å'iilì:il;
Ethl'l 4-(4'-fluorophenyl)-2-(1'-methylethyl)-quinolin-3-y1- tei-rahydrohìaa rvas ctiopwise idcled thereto. The reac¡ion
carboxylate (compound VII-I) mixtuie was sriryecl at -7g" C. for two hours. Then, 2 ml of

The synthesis was conducled in accordance with the a saturated ammonium chloride solufion was adcled thereto
method disclosed in J. Org. Chem., 2899 (f966). to terminate the reaction. The organic layer was etracred

6.45 g (0.03 mol) of 2-amino-4'-fluorobenzophenone, 55 wih diethyl ether, and the diethl¡l ether extracr was washed
5.53 g (0.035 mol) of ethyl isobutyrylacetate and 0.1 ml of *'i1h a satu¡ated sodium chloride aqueous solution ancl clriecl
conc. sulfuric acicl were dissoh'ect in 30 ml ofglacial acetic over anhydrous magnesium sulfa¿e. The solvent was dis-
acid, ¿nd thc mixturc was heatcd at 100" C. tbr about l0 tilled offunder reduced pressure. The residue rvas separated
hours. Afte¡ conûrming the substantial disappearance of u'ilh n-hexane and acetonitrile- The solvent was distilled oll
2-amino-4'-fluorobenzophenone by thin layer oo under reclucetl pressrre liom the acetonilrile layer, ancl an
chromatography, the reaction solution rvas cooled to room rrily substance thereby otrtained was puriûed by silica gel
temperature, and a mixture of 45 ml of conc. aqueous column chromatography (eluent: 2.5Vo methatol-
ammonia and 120 ml of water coolecl with ice, was gradually chloroform) to obtain 0.91 g of the desirecl compound in a
adclecl thereto. A separated oily substance was solidifred purifred oily t-orm.
when ieli to stand overnight in a refrigerator. This solid was o-s II-MNR (CDC13) ò ppm: l.I(tlLI,Tllz) 1.37(d,6IIJ:
recrystailizecl from a small amount of ethanol to obrain 6.47 7Hz) 3.?(m,1H); 3.7(q,2H,I=7Hz) 4.75(L,lIl,7Hz) 51(m.
g (55Va) of white powdcr. ùlelting poinr: 68"-70.5" C. lH) 5.95(m,1H) 7.05-S.2(m,SH)
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Example 1-e aqueous soluti<¡n was <Iropwise addecl thereto. The mixture
(Ð-3-14'-(4"-Auorophenyi)-2'-(I"-methylethyl)-quinolin-3'- wãs stirred at room tempèrarure fbr turther one hour, ancl
yl]propenaldehyde (compound III-1) ethanol was distillecl offunder reduced pressure. Then,5 ml

0.91 g of compound IV-l was dissolved in 20 ml of of water was adde<l thereto, and the mìxture rvas extractedtetrahydrofuran, and 5 ml of water and 100 mg of 5 with ethyl et¡er. ttre aqueous layer w-as freeze{ried rop-toluenesulfonic acicl r¡'ere addecl thereto. The mixture was oUtain +õ mjl O,l,/o¡ of hygroscopic whitc powder. Mcllingsrirred ar room remperarurc for 24 hours. The reacrion ;;il2#_:òé. i. 10""ä:.p*"ã¡.solution was extracted with diethyl ether a few times. The r-'''-' -"'
extracts were washcd with a saturatcd sodium chloride Example 3
aqueor¡s solution and dried over anh¡iclrous magnesium 1ù (E)-3,5-dihyclroxy-7-[4'-f4,'-flnorophenyl)-2'-(1,'-
sulfate . Then, the solvent was distilled off. Thc residue w'as '* melhylethyl)-quinolin-:'-yt]-hept-6-enoic ^ 

acid 
'(óompouncl

purified by silica gel column chromatography (eluent: l-21)
chloroform) to obtain the <lesired product as white prism 110 mg (0.244 mmol) of compound I-11 was dissolved in
crystals. O.a g(5(Vc). Melting point: 127"-128" C. l0mIof ethanol.lhen,O.79 mlòf a0.5Nsodium hydrr:xide

Example 1-f 1s âQüeoüS solution was dropwise addcd thereto. 'I'he mixturc
Ethyl (E)-7-[4'-(4',-liuorophenyl)-2'-(1"-methylerhyl)- was stirred 1l rlom temperature for ñrrther one hou¡ and
quinolin-í-y1]--5-h¡rdroxy-3-åxohãpío-6-ènoat" 1.ó-poííc ethanol was distilled of undcr reduced pressure. l'hen, 10 ml
ti-f¡ ' of $'eler was added thereto, and the mixture was extracted

-5ô mg of 607o sodium hydride was washed wirh drv ytj! :Jhyl. ether. The aqueous l¿rver was weaklv acidifretl
petroleuä ether:rnci tlriecl un<ier a nirrogen stream, ancl theí :o (pll 4) with a dilute hydrochloric aqueous solu¡ion and

suspended in 5 ml of dry terrahydrofuian. The suspension extracted lbree times w'ith ethyl ether. The ethyl el.her layers
wai cooled ro -15o C. ina nitrogen atmosphere. ThLn, 120 wele put togcther ancl clried ovcr anhydrous magncsium
mg (0.92 mmol) of ethyl acetoaóetare wasdropwise aãded sulfare. Then' the solvent was distilled off under recluced

thãreto, and the mixrurã was stirrecl fo¡ 15 miìrutes. Then. pressure to obtain 90 mg oi slightty yellow oily substancc.

0.6 ml (0.92 mmol) ola 15 wt 7a n-buryllirhium-n-hcxao" ,s ^ !-NYl !C?-Ct"l ð ppm: 1.36(<1,6H)=7Hz) 2.a(m,2H)
solution nas clropwise added thereto, utt¿ th" mixru¡e was 3'1(m'1Ð--3.'ai(m'iH); 3.8-4.6(m'2H) 5-40(dd,1H,J1=
srirred tbr 30 minìtes. Then, a solution preparecl by dissolv- l9Hz'I^=8Hz) 6.55 (d,1H,J=19H2) 7.0-{.3(m,BH)
ing 160 mg (0.5 mmol) of compound III-I in dry Example4
l.etrahyclrofur:rn",vas dropwise addecl thereto, ¿rnd the mix- -^ (E)-6-14'-(4"-fluorophenyl)-2'-i1',-methylethyl)-quinolin-3,-
ture was stirred for one hour. To the reaction mixnrre, I ml 30 jrfétn""yf j_+_t ydroxy_3,4, 5,6-tetrahyclro_2H_pyran-2_oneof a saturated am¡ronium chloride aqueor¡s solution.was i.nrnpoír,i.r r_3l)
added at -15" C. Then, the mixture was ext¡acted three times ' S0';g i,f .ã-puund I_21 was tliss'lvect in l0 ml of ¿rvwith diethyl ether. The cliethyl ether solution w-as w¿shed mtuene,-anà r¡".otrtlon was refluxecl under heating for 3with a saturated sodium chloride aqucous solution ancl driccl 

- _ h;;;;by;"^ of a Dean Srark appararus.
over anhyclrous magnesium sulfate. The solution rvas evapo- 3s .l'olucnc 

-u" dirti1l"d oü unclcr rc¿ucc¿ pressurc, an<ì therated to dryness uncler recluced pressure. The residue was residual solid was recrvstallized from clüsopropyl ether to
1e9r¡¡ta,llized from diisopropyl ether to obtain 139^ag obrain 40 mg ot'colorress prism crysrals. Melting poinr:(yteld: 59o/a) of r¡,hite crystals. Melting point: 99"-101" C. iSZ;_fSì ;ð. --

Example 1-g By silica gel thin chromatographv, the product gave tlvo
Eth],I (E)--3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-2'-(1"- *" absorption spots clcrse to each other attributable to the
methS'lcthyl)-quinolin-3 '-yl]-hept-6-cnoate (compouncl diastereomers. (Developping solveot: 3â./¿ methanol-
I-11) cblorofbrm)

110 mg (0.245 mmol) of compound II-1 rvas dissolvecl in These diasteromers were separated and isolated by silica
-5 ml of ethanol in a nitrogen atmosphere, and the solution ,. Bel lhin laycr chromatography. fDevelopping solvcnt:
was coolecl {}" C. Then, 10 mg (0.263 mmol) of sodium 

*-' t-BuOMe¡'hexaneiacetone='7i2i1 (v,'v), Rf=0.6 and 0.7
borohydride wa,s added, ancl the mixturer was stirred for one (obtained weight ratio: ll2)]
hour. Then, I ml of a !0o/o bydrochloric acid aqueous Rf=0.7: trans lactone
solution was addecl therero, and rhe mixture \.vas exrracted H-NMR (CDCI3) ô ppm: 1.40(c1,6H)=7Hz) f .6(m,2H)
three times with ethyl ether. The ethyl ether solution 1¡¡¿5 -^ 2.65(m,2H) -Ì.JB(m,1H\; 4.20(m,1H) 5.1-5(m,1 H) 5.37(dd,
washcd with a saturatcd soclium chloridc aqueous solution ''' lH,Jr=13¡¡rJz=7Hz) 6.68(d,1H, l=l9Hz) 7.1-8.2(m,8H)
and dried over anhydrous magnesium sulfate. Then, the Rf=0.6: cis lactone
solution was evaporated to dryness under reduced pressure. H-NMR (CDCI3) t\ ppm: 1.40(d,6HJ=7Hz) f .6(m,2H)
The residual oil vvas puriñed by silica gel column chroma- 2.65(m,2H) 3 dS(m,1H); 4.20(m,1H) 4.ó5(m,1H) -5.40(dd,
tography (eluent: 59á methanol-ctrloroform) ro obtain rhe -- lHJr=L8Hz)-="1fl2¡ 6.66(m,1H) 7.0-8.2(m,8H)
desìred product a-s a pure colorless oily suústance. 70 mg tt
(Yield: 64Vo)

rI-NMR (CDCI.) ô ppm: 1.30(r,3rr,J:8rrz) 13e(d,6rrJ= 9;i1".--0..i:':ophenvl)-2'-(1"-methvlethvl)-quinolin-3'-
8Hz) 1.4-r.8(m ,iít>;').q24d,2rii=titz) s.o-t.s' <i",üri il::Ï.ililvdroxv-3'4,5'6-tetrahvdro-2H-pvran-2-onc
3.5t)(m,1H) 3.9-4.ó(m,2H)' a.2o(q,2H J=sHz) s.35im.1 Hj ... ('""TpjlT"t ? -
6 se(m,1H) 710-s is(m.BH) \ )'--/ .' 

**TåTTlåTi,iïis¡.:1iïi:iJ.läTïî1';r"i
Example 2 pallaclium-carbon w¿s acldecl theret<;. The mixiure was

Sodium salt of (E)-3,-5-dihydroxy-7-[4'-(4"-fluorophen/)- sti¡recl unde¡ a hydrogen armosphere. Afler coniìrming the
2'-(1"-methylethyl)-quinolin--3 '-yl]-hept-6-enoic acicl disappearanræ of the starting substance and the appearance
(compound I-51) ó-s of a new spot by thin layer chromatography, the puilu,tiu*-

60 mg (0.1-33 mmol) of compouncl I-11 was dissolved in cartron was filterecl off, ancl ethanol,,r,as ctistilted oÌl'10 obtain
3 ml of ethanol. 'l'hcn, O.26 ml of a 0.5N sodíum hyclroxidc colorlcss oil.
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This oil was puriûed by preparative thin layer chroma-
tography to obtain 16 mg of the desired producl as pure
colorless oil.

MS(mle): 408(M*+H), 407(M*), 366, 292, 278
In the same manner as in Example 1-a, compounds IíII-2 s

lo W-27 were prepared. The physical properties of these
compounds are shorvn in làblc 4. (In the'fable, R1, R2, R3,
Ra, R5 ancl R21 correspond to the substitients of compound
VII.)

TABI-E 4

vI-i
vI-3

10 1'f-4
!'I-5
\{-6
vt-7
vt-8
!'I-9

(Conpouods in this Täble are conpouods of the
fonrula VII wherein R6 is h\.dpÈen.l

1-s VI-10
v[-tt
!'I-r?
vI-13
vt-14
vf-15

-- vÌ-ló¿o vr-t7
vI-18
\rl_19
vt-:0
Vl:21,
vt-12

25 v,-zz
w-24
vt-25
vt-ló
vt-21

20

TABLE 5

Compoud Rr R: R5 R4

(C'ompouods iq this 'Iàble are compountls oli the
foflnula vI wh€rein Ró is hvdreÈen. )

m.P-

ic.)

Com-
pound Rl

m.p.
R:

H
H
H
fI
H
H
H
H
H
l.I
H
H
H
H

H
H
H
6-Ct
é-cl

lvle
H
i-
H
H
FI

p-F
H
H
f-I
H
2-þ-

H
4-Ct
4-Olvlc
4-Me
2-Ct
4-CF-.

-:-\le
3-ìVle

4-F
4-F
4-F
4-F
4-I-
4-OPh

,nn-rr',
130-130.5
f-i9-141
16.9-.169

1+0.5-143.0
155.0-157.0
192.Ct-195.Õ

186.0-188.5
161.0-164.0
122.0-!24.0
183.0-186.0
161.0-163.-s
1-37.û-1.r8.0
164.0-165.0
141.5-143.5
146.5-148.5
1'11,.O-177.O
72t)-126
15-1.¡J-154.0

9S.5-103
171._\-t72-5
84-C'-86.0
't19.O-12t.0

1ó0.0-1ó1.5
ló1û-16-ì.0

H CHr
H CH5
H i-Pr
FI CIt3
H i-P¡
H i-Pr
H i-Pr
H i-Pr
H i-Pr
II i-Pr
H i-P¡
H ;Pf
+F i-Pr
5-Me i-Pr
H i-Pr
lI c:Hs
H l-P¡
H i-Pr
H c-Pr
H i-Pr
H i-Pr
H Plr
II c-P¡
[I scc-Bu
H i-Pr
H c-Pr

\1I-2
vti-3
VII-4
\¡fI- 5
\¡IT-6
vII-7
vfI-8
vtt-9
vlf-10
!'II- 11

vII-12
\,1I-13
vll-14
vfl-15
vII-16
vII-17
VIt-rs
vII-19
vli-20
vII-f1
vn-)!
VII-2.ì
vfi-24
VII.]-S

TT

H
H
o-Ll
6-Cl
I.I
7-\{c
H
H
H
6-CI
FI
II
H
6-OMe
H
H
6-Cl
II
H
6-Cl
ó-cl
6-Cl
t{

4-F
H
H
H
H
?-F
H
4-Cl
4-O:\4e
4-Me
l-ct
4-CF3
3-l1e
-i-Ve
4-F
4-F
4-F
4-F

4-OPh

càH-e cH3

CrHu
Cr14
C"tL
CrIA
Crfl
C.FI.

crtlu
CrH.
C.Ht
CrIt

CtH.t
C.Ht
CH.
CrHt
C:Ht

H
H
H
H
H
[I
H
H
H
H
H
FI
II
H

CH.
CHt
i-P¡
CHt
i-Pr
i-P¡
i-P¡
i.Pr
i-Pr
i-P¡
i-Pr
i-Pr
i-P¡
iP¡
i-Pr

¡ -P¡
i-Pr
c-Pr
i.Pr
i-Pr
Ph

u- Pr
scc-
Bu
i-P¡
c-Pr

Me

H
H
H
H
H
¡I
H
II
H
t{
H
FI

+F
5-
ÊI

H
H
H
H
H
H
H
H
H

fI
H

crIL
Crlt
L^2H< 88.0-A9.0
c¿Hs 'lrl8.5-109.5

c2I{s tt0:1.0-103.0

121-7'12
102-1{J?.5
85J5.5
100.5-101.5
r05.5-106.5
10_r.o-102.0
oü
134.0-1-?ó.5

117.-s-119.6
oil
oil
96.0-93.0
1.1q.0-1 39.5
oil
94.5-95.5
113.5-1r6.5
oil
96.0-98.0

6-Ct
H
TI
H
ó-N{e
H
H
6-Cl
H
H
6-Ct 8-Cl 4-F
6-CI H ÉI
rt-cl I-I rI
[I H 4.F
6-Me H 4-I"
6-OMe 7-OMe 4-l

7-OMe
H
H
H
H
H

7-OMe
H
TI
H
H
H
s-ct 4-F
HH
HH
H 4-F

30

vï-26
t:II-17

6-\4e [I 4-F
6-OMe 7-OMe 4-F

c:H5 113.8-119.5
cH. 97.0+8.5 35
CH. oil

c:us 109.0-1_t1.0
cH. 153.0-15.i.5

In thc same manncr as in Example 1-c, compouncls V-2 to
V-27 were prepared. (ln 'Ihble ó, Rl, R3, R3, Iì4 and R5
correspond to the substituents of compound of V.)

]ABLE 6

(Conrpounds io rhis Tàble are comporurds of the
lbnnula V ç,herei¡ R'j is hyrl¡oge¡.1

VII-8
40 co*pouod R¡ R2 R' R' R5 il|.l

II-NMR (in CDCÐ ò ppm: O.92 (I,3IIJ=7IIz), I.4I v-z
(rJ,6Hj=6Hz); 2.a7 $,3H),3.27 (Heptapter,lHJ=6Hz) 3.9ó u3
(q,2H,I:7Hz),7.0-7.8(m,8H) v-4

VII-14 45 i.;
H-NMR (in CDCI") ð ppm: 1.01 (r,3HJ=7Hz), 1,42 v-7

(d,6HJ=6Hz); 2.38 (s,3HJ=3Hz), 3.25(Heptaplet, 1HJ- i.i
6[lz) 4.04 (q,zÍI):7Hz), 6.9 -8.L(m,7ÍIz) v.ra
VII-15 \'-rl

H-NMR(in CDCTJ ðppm:0,9(r,3H,I:7Hz),1.43 (d,6H. 50 ,Ïl?
I=6Hz);2.29 (s,6H) 3.25 (Heptaplel,IHJ=6Hz) a.00 (q,2H, ;i;
J=7Hz), ó.8-3.0(m,7H) v-15

vII- 18 !._i 6

H-NMR (in CDCI") ð ppm: 0.98 (t,3HJ=7Hz), 1.02 - Ï1;
(t,3H J =-l Hz); r.6-2,.3(m,2H), 2.&¡3.1(m,2H) 4. 03 (q.2 HJ = I I 

v- i I
7Hz),6.9-6.1(m,8H) v-ao

vll 2l v-1r

H-NMR (in CDCI3) ò ppm: 1.03 (t,3HJ=7Hz), L.4l Y.].
(d,6H,J=6Hz); 3.25(Fleptapet,rH,J=6Hz), 4.05(q,2H,J= u,, 

v-21

7Hz), 6.8-B.r(m, 13H) 
v_rôw_25 Y-?7

H
H
H
Õ-Lt
6-Cl
H
7--Nle

H
H
H
o-Ll
H
H
H

H
H
6-Cl
H
H
ó-c1
6-Cl
6-Ct
H
6-Me
6-Olvfe

p-F
H
H
II
H
j-F
H
4-Cl
4-Oìvle
4-Mc
2-Cl
+-cF]
.i-lfe
_?-Me

4-F
4-F
4-F
+F
+oPh
4-þ
f{
t{
4-F
4-F
4-F

fI
H

H
II
H
H
H
H
H
II
H
+F
5-Me

CH,
cH.
i-Pr
cH.
i-P¡
i-P¡
i-P¡
i-P¡
i-Pr
i-PL
i-Pr
i-P¡
i-Pr
i-Pr

C,Et
n-P¡
i-P¡
c-Pr
i-Pr
i-P¡
Ph

c-Pr
sec-Btr
i-Pr
c-P¡

H
H
H
H
Ii
E
H
H
H
H
II
H
H
H

11,5-12S
143_146
9143
z)0-2)?
.140-14û.5
121.5-11+.0
105.1-1U9.1
M7.A-ßi.8
1-15.6-136.8
119.4-r10.4
105.8-106.9
),63.'7-!64.2
161.1-I08.1
tl0.s-121.i

6-O\fe 7-OMe 4-F F{ i-Pr 164.4-165.2
H
H
TI

H
H
8-Cl
H
H
H
Ii
7-OMe

743.7-144.2
150.2-155_3
164.5-_ró5..1

150.1-151.6
106.9-1û7.7
i35.0-1.ì5.7
174_.C-175.-t

157.5-158.0
r25.0-,116.5
155.0-157.0
?00.0-20f1.5

H
FI

II
H
H
H
H
H
H
t¡
H

H-NMR (in CDCI.) ò ppm: 0.97 (d,6HJ=6Hz), 2.0-2.6
(m,lH); 2.85 (d,2H,t=7Hz), 3.5r(s,3H), 6.s-s.r (m,sH)

In the same manner as in Example 1-b, compounds Vf-2 ó-s In the same manûer as in Ex¿mple 1-d, crmpouncls IV-2
ro VI-27 were prepared. (In Table -5, Rr, R2, R3, Ra ancl Rs to IV-6 rvere prepared. (In Table 7, Rr. R2, R5, Ra and Rs
corrcspond to thc substitucnts in compound VI.) corresponcl to thc substiaucnts ol compouncl IV.)
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TABLE 7

22

TABLE 9-continued

(CìompouncLs iû thls fable are compounds of tbe
fomula lV rvherein Ró is htdrosen.)

(Cìornp ounrls i¡ this 'Iable are compounds c'f tlÌe
R6 is hvdroeen.lôf tT

J

Compourd Rr R2 Rr R t Rs m.p- ("C.) Con-
pound R

m.p.
RI R3 R4

177-1.79

In the same manner as in Example 1-e, compounds III-2
to lIl-27 we¡e prepared. (In Table 8, Rl, R2, R3, Ru and Rs
correspond to the substiuents of compound III.)

TABLE 8

(Cborpounds in Lhis 'lhble are üompoulds o[ the
lb¡nula III rvherein R6 is hvdrogen. )

û¡.P,

fv-2
I!'-3
IV-4
IV-5
t!'-ó

HH+ËHCH:.
HHHHCH.,
HHHIIi-Pr
6-CI HHHCH-
6-Cl II ti tI i-Pr

n-10
r-1.1

lil If-12
II-13
II-T4
tl-15
n-16
TI-1?

15 II-18
fI-r9
II.20
II-f1
Ü-22
TT.23

,ô I[-34
-" II-:5

4-O\,fc
4-O_\lc
2-Ct
4-CF3
3-Me
-ì-Me
4-F
4-F
4-F
4-F
4-F
4-OPh

H i-P¡
H i-Pr
H i-Pr
II i-P¡
+F i-P¡
5-ù1e i-P¡

75.0-78.0
oil
78.0-€.ì.0
66.re.t'l.O
oil
83.0-90.0

H
6-Cl
Ét

TI
H

H
H
ó-cl
H
H
6-Cl 8-Ct 4-F
6-Ct H H
6-Ct H H
HH+-F

H
H
H
II
H
H

H
H
II
H
H

C.H.
CrH.
CzH-
c2H5
CJL
c?Hj
crlI,7-Olvle6-OMe H

H
f{
[I
H
fI
H
lf
H
H

H
H

i.Pr
GH. CrH. 94.0-97.0

oil
oil

n-Pr CtH-
i-Pr C?IIs
c-Pr Crll,
i-Pr C.H,
i-P¡ C:Hs
Ph crH_.
c-Pr Cjl.
sec- C.H,
Bu
i-Pr C¿H,
c-Pr CrH.

oil
lll.0-.113.5
91.0-9.1.0
121.0-125.0
oil
oil
6c).o-,1 1.1)

oil

tIl-l
fn-3
III.4
Itr.5
IiI-6
fu-7
tII-s
nI-9
tlt- r0
Itr.11
Itr-12
IIi-13
III.14
IÛ-1J
III.16
III..17
IU-1.tì
III-19
Iü-]O
III.21
ßt-27
Itr-11
[Ir-24
ttr-25
III-26
ilL-)7

H
H
H
6-Cl
6-Cl
H
7-Nfe
t{
H
TI

6-Cl
H
H
H
6-Otle
H
t'I

H
H
ó-ct
GCI
6-Cl
TI
6-Me
6-Où1e

H
H
H
H
[I
H
H
H
H
[I
H
H
H
H
?-oMe
H
II
H
H
H
3-Cl
H
H
II
H
7-Ot\4e

4-F
TI
TI

II
II
2-F
H
+ct
4-OMe
+Me
2-Cl
+CF..
3-ìçîe
.1- ñte
+F
+F
+F
+F
+F
+oPh
4F
H
TI
+F
+F
+1.

H
1{
H
!t
H
H
H
H
H
H
TI
H
4-F
-l-Me
H
H
II
H
H
H
H
TI
H
II
TI
H

cH.
cH3
i-P¡
CII..
i-Pr
i-Pr
i-P¡
i-Pr
i-Pr
i-Pr
i-Pr
i-P¡
i-Pr
i-Pr
i-Pr
C.Ht
n-P¡
i-P¡
c-Pr
i-Pr
i-Pr
Ph
c-Pr
sec-Bu
i-Pr
c-Pr

Compound Rr R2 Rr R5 ("c.) II-?6
il-)7

ó-Vfe tI .1-F

6-OMe 7-OMe 4-l-

25 Il-7
H-NMR(in CDC13) õ ppm: 1.21(t,3H,J=7Hz), r32(d,6H,

I :6Hz); 2.2-2..4(m,2H), 2.s-2.7 (m,IH) 3.28(s,1 H), 3.34
(Heptaplet, lH,J=6Hz) a.08(q,2HJ=7Hz), 1.34.6(m,1H)
5.28(dd, iI LJ=6IIz,J= l-5I Iz), ó. 53(dd,r f I J:1 .5flz J =tÍltz),

:o 6.9-3.0(m,8H)
ll-12

H-NMR(in CDCI3) ô ppm : 1.25(t,3H J =7Hz), 1.33(d,6H,
J = 6Hz) ; 2.2-2,.a(m,2R), 2.5-2. s( m. 1 H) ; 3.32(s,2H), 3.38
(Hep ta pl et, 1 H, J =6Hz) ; a. ß \q,zH "I =7 Hz), 4.24. 6 (m,IH) :

35 5.34{dd,1H.J:6H2, J=15H2), 6.53(dcl,rHJ=r.5HzJ=1-5Hz),
7.tl-3.0(m,7H)
II-15

II-NMR (in CDCI') ò ppm: 1.23(t,3llJ=7llz),1.35(d,6ll,
l=6Hz); 2.2-2.a(m,2}J), 2.31(s,6H); 2.6-2.8(m,rH), j.32(s.

40 2H); 3.35(Hcptaplct,IH ) =6Hz), a. Iã(q,2H,J =7 Hz); 4.34.7
(m,1H), 5.30(dd,rHJ=6HzJ =L6Hz)' 6.51(rlcl,1HJ=lHz,J=
16Hz), 6.7-8.0(m,7H)
II-I8

H-NMR (in CDCI3) ô ppm: 1.00 (L,3H,J=7HZ), t.26(t,
+s 3lIJ :7112\; 1.6-2.3(m 2Il), 2.42 (d, 2ÍI) :6llz); 2.61.2(m,

3 H ), 3. 3s (s, 2H) a.[ßa,zH J =7 Hz). 4.1-4.7 (m. LH) 5 .27 (dd,
1 H J:6HzJ:1 óHz) 6.4ó(dcl, 1 H,J =7. SHz J : L6Hz), 6.9-.3.0
(m,8H)
tI22

H-NMR(h CDCI3) ô ppm: 1.26(t,3H)=7Hz), 1.33(d,6H,
J =6Hz); 2.43(d,2H,J =6Hz), 2.6-2.9(m,1H) 3.3ó(s, 2H), 3.aa
(Hepraplet, l H J=6 Hz) 4. t 3(q,2H J=7H2.), 4.3-4. 7(m, I H)
5.30(cld,1H,J=6HzJ=r6Hz), 6.53(dd,1 HJ=1 .5HzJ = I6Hz),
7.0a.6@,6il)

s5 II-23
H-NMI{(in CDC13) ô ppm : 1.23(1,3H J =7 Hz), 2.21.(d,2H,

I = 6Hz) ; 2.4-2.6(m,t[). 3. 2s(s,2H) 4.09(s,2H ) =7Hz),
a. 1-4.4(m,1H) 5.08(dd,1H,J=6Hz,I=t6Hz), 6.26(dd,1HJ:
I.5Hz,I:I6Hz), 7.0-8.0 (m,13H)

60 II25
H-NMR(in CDCIJ ò ppm: 0.96(d,6H,I=6Hz), 1,.26(t3H,

I =lHz), 1.8-2.a(m.1 H). 2..43 (d.2H,I =6Hz), 2.6-2.9(m,r}]),
2.8 8(d,2tt J ="7 f Iz), 3.3 6(s,2r l), a. I a\qQH J =7 lIz), 4.34.7
(m,lH), 5.(t-5.5(m,tH), 6.3-6.(m,1H), ó.9-e.1(m,3H)

6-\ lI-26
H-NMR(in CDCI3) ò ppm: 1.25(t,3H,I=7Hzl, r32(d,6H.

J :6Hz'¡, 2.32{s,3H), 2.3t) (t1,2H, J =7 Hz), 2.ó-3. 1 (m, 1 H),

194-196
714-777.5
1rl7-108.5
192-194
125.5-r27
80.1-a0.2
121,.1-t22.3
148.0-149.1
t3i-1-140.1
111.6-tl-1.1
8-1-8+4.5
126.2-1?3.3
.t24.3-11d.4
1 17_6-1:0.-l
'r47.8- r50.9
124.3_118.5
11 7.8-1::r.5
1-r5.2-135.9
141.3_I44.1
oit
111-lz2
141.&-t44.3
161.0-I6.1.5
78.ù+1.0
1_r?.0-.t37.5
189.5-19.i _0

ilt-22
H-NMl{(in CDCI3) õ ppm: r.40(d6H,J=7Hz), 3.44

(Heptaplet,lHJ=7Hz); -5.93(dd,1HJ=8Hz,J=r6Hz), 6.8-8. r
(m,1aÐ 9.34(d,1HJ=8Hz)

In the same manner as in Example 1-t, com¡rouncls II-2 to so

ll-27 wcre prcpared. (In 'Iàblc 9, Iì1, R2, R3, R4 and lls
correspond to the substinrents of compound II.)

TABLE 9

(Comporrntls in ihis làbte are compourds of the
tbrmula of n w'herei¡ Ró is hvd¡osen.ì

Con-
pound Rr R2 Rj R4 R5 Rri

a.P.

CC.J

TT.?

IT.3
u-4
II--s
II-6
tt-7
II-8
fI-9

H
H
H
6.CI
6-Ct
H
'l-Me
H

crH.
C.Ht
C.Ht
CrÉL
c.IL
C.Ht
C.G
cr[I-

H
H
H
II
H
H
H
H

p-F
fI
H
II
H

H
4-Ct

H
H
t{
II
H
H
H
r{

cH"
cH_.
i-Pr
cH3
i-Pr
i-Pr
i-Pr
i-Pr

oil
105-106
83.5-90.5
77-.s2
9ó-98
c'il
68.5J4.0
91.{}-t4.0
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3.36(s,2H), 3.41(Heptaple t, lH,l = 6Hz), 4. I l{<1,2H ) =7 Hz).
a 3a.7 (m,IH), 5.G-5.5(m,1 H), ó.3_6.(m,1 H), 6.s-7. e(m,
7H)
n-27

H-NMR (in CDCI") ð ppm: 0.8-1.-5(m,aH), 1.26(r,3HJ= s
7 Hz), 2.o-2.9(m,4H), 3.42(s,2H), 3. 71 (s,3H), 4.00(s,-lH),
a.20(q.2H I =1 Hz), 4. 44 8(m, IH), 5. -l-i.8(m, i H), 6.4-{. 9
(m,1H), 6.58(s,1H), 7.0-7.5(m,-sFI)

In the same manner as in Example 1-g, compcluncls I-12
Lo I-127 rvere prepared.

TABLE 10

24
3.49(Hep taplet, :LH,J=6Hz) 3. 6-3.8(m.1 H), 3.9a.2{m,Itl)
a.2o(q,2H 

"I =THz), 4.3 4. 5( m,IH) s. 2-5.s (m, 1 H), 6*5-ó.8
(m,1H) 7.t)-8.2(n,8H)
l-110

H-NMR (in CIlClr) ð ppm: 1.29(t,3HJ=7Hz;¡,1.4(d,6H,
J =6Hz); I .5-1 .6(m,?H), 2.3-2.5(m,2H) 2.8-3.0(m, I H),
3.4-3.6(m,1H) 3.-52(Heptaplet,lH,J=6Hz), 3.88(s,-3H)
3.9-a. 1 (m,1 H), a.20(q,2H,J =7Hz) 4.34.5 (m.1 H), 5.3-5.s
(m,1H) 6.5-6.7(m,lH), 6.9-{.1(m,8H)

H-NMR (in CDCI_.) ò ppm: 1.30(t,3HJ=7Hz),1.3-1^5(m,
2H); l.3e(d,óH ) :6Hz), 2.3-2.s(m,2H) 2.43(s,3H), 2.8-3.0
(m,1 H) 3.50(Heptapiet,lHJ:óHz), 3.5-3.7(m,1H) 3.94.2
(m, 1 H), a.l 9(q,2H 

"l 
:7 Hz.) 4.24.5(m,1 H), -5. 2-5. 6(m, 1 H)

6.a-{.8(m,1 H), 6.9-4.2(m,eH)
l-r12

l-1

=H)

Di R1

N

m.P.('c-)
ìvlass

R: Rr Rl Rs Rl? specorum

10

1-s H-NMR (in CDCL) ð ppm: 1.30(r,3H)=7Hz), t.3-1.6(m,
2H); L.37 (<t,6H,J =6Hz), 2.12.5(m,2Í1) 2.9-3.2\m,IH), 3.47
(Heptaplet, lH J =6H¿) 3.5-3.8(m,rH), 3.9-4. 1(m,1 H) 4. 19
(q,2H l=7Hz'¡, 4.2-4.5(m,1H) 5-3-5.7(m,1H), ó.5-6.8(m,
1H) 7.1-8.I(m,7H)

20 I-113
H-NMR(ín CDCIâ) ò ppm: 1.0-1.3(m,2H), 1.30(r.3HJ=

7 Hz); I.40(d,6H,J :6Hz), 2.3 -2.4(m,2H) 3. 1-3. 5 ( m, 1 H),
3.49 (Heptaplet, lHJ=6Hz) 3.6-3.7(m,1H), 3. 9-a. r(m,lH)
a. 1 B(q,2FU=7H z), 4.24.5(m,1H) 5. 1 --5.s(m,1 H), 6.-s-6.8

zs (m,lH) 7.2-B-2(m,8H)
I-114

H-NMR (in CDCI.) ò ppm: 1.2-1.4(m,2H), 1.30(t,3HJ-
7 Hz); r.39(d,6H,J =6Hz), 2.32(bs,3H) 2.3-2.5(m,2H),
3.Ct--3.3(m, 1 H) 3.50(Heptaplet,IH J =6Hz), 3. 6-3.8(m, 1 H)

30 3.8--4.1(m,1. H), a.2tt(q,2H,J=1 Hz) 4.34.6(m,1H), 5.2-5.6
(m,1 H) ó.-5-6.8(m, I H), 7.O-8.2(m,7H)
I-115

II-NMR (in CDCI') ò ppm: 1.1-1.4(m,2II), 1.30(I,3IIJ:
7 Hz) ; 1 .40 (d,6H,J= 6Hz). 2.2-2. 5 (m,zH) 2.35 (s,6H),

3i 2.7 -3.7(m,LH) 3.5 l(Hcpraplcr, 1HJ=6Hz), 3. 6-3.7(m,1 H)
3.8-a. 1 (m,1 H), a.2O (q,ZH,J =THz) 4.21.6(m, IH), s.2-5 .6
(m,1H) ó.a-6.8(m,1H), 6.8-8.2(rn,7H)
I-i1ó

H-NMR (in CDCI,) ò ppm: 1.30(t,3HJ=7Hz),1.37(d,6H,
4t) I=6Hzl; 1.-5-1.8(m,2H), 2.3-2.5 (m,ZH) 2.9-3.2(m, t H),

3.46 (Heptaplet,lH,J=6Hz) 3.6-3:8(m,1H), 3.75(s.3H)
3. 9-4. 1(m,1 II), 4.0(s,3I I) a.2û(q2tl J =7 [rz), 4.24.5(m,
1H) 5. 1-5.5(m, 1H). 6. 4-6.8(m,2H) 7 .t-7 .s(m,st7)
I-1L7

4s H-NMR(in CDCI3) ô ppm: 1.30(t,3H)=7Hz), 1.37(t,3H,
I =7 Hz), 1.4-L.7 (m,2H), 2.2-2.6(m,2H) 2..3-3.2(m,3H),
3.6-3.9(m,1 H) 3.9-4.7(m,4H), 5.2-5.7(m,1 H) 6.34.7 (m,
1H) 7.G-8.2(m,8H)
I- 11.3

s0 H-NMR (in CDC13) ò ppm: 1.01(t,3HJ=7Hz), 1..27(t,3H,
I =7 Hz); r.4-2.1(m,4H), 2.3-2.6(m,2H) ; 2.8-3.3(m,3H),
3. 6-3.3( m,lH): 3. 9-a. i(m,r Ð, a. L8(q,ZH,J =THz\; 4.24 5
(m,1 I I). s.2-5. 6(m,r I! ; 6.4-6.7 (m,IÍl). 7.0-8. r(n,Bf I) ;
I-119

55 H-NMR (in CDCI.) ô ppm: 1.2-1.5(m,2H), t.3t(r,3HJ=
1 Hz) ; 1.37 (d,6H J =7 Hz), 2. 3-2.6 (m,2H); 3.0-3 -4(m, I H),
3.49(Heptaplet,IHJ=6Hz); 3.6-3.8(m,1H), 3.8-4.2(m,1H);
a.2{\q,2H J =7 Hz), 1.3-4.5 (m,1 H); -5. 2-5.6(m, I H), 6.4-6.8
(m,1H); 7.0-8.1(m,7H);

60 I-120
H-NMR (in CDCI3) ò ppm: 0.8-1.8(m,6H), 1.30(t,3HJ-

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); a.20(ob2H,J -7 Hz), 5.4-5.8( m, rH); 6.4-6.3
(m,1H), ó.8-8.0(m,8H);

6-s I-121
H-NMR (in CDCtr) ô ppm: i.29(t.3HJ=7Hz),1.39(d,6H,

I =6Í17.,; 1 .a- 1 . 9(m.2H), 2. 3-2. 5 (m,ZH); 2.1 a. zfu ,1H) -

OH

OH

Rr

Com-
pouod R

l-72 H H

I-13
l-14
I-1 _5

I-16
117
I-1S
t-19
f-11ù
I-111
I-11 2
I-11-l
I-t 14
f-.rl 5
I-116
I-117
t-l13
t-1:19
1-11û
t-r?1

f-1?3
t-l14
I-125
f-1:6
l-117

Cì]H5
ì\4le

c:[I5
CzHs
CrHt
c:[!
c:H.
CrHt
CrHt
crI15
c?H-.
CrHt
C:I1
c:FIs

oil
413- 292
264,249
92-r05
97-100
oil
oil
oil
oil
98-104
94-98
79-95
oil
177-178
85-92
oil
gum
oil
oil
79-{3
100-r04
oil
133-]43
gum
oil
oil
oil
gum

4-E H CH3

TI ¡I CI'I..
H H i-Pr
HHCH.
H H i-Pr
2-F H i-Pr
H H i-Pr
4-Cl H i-P¡
4-OVe U i-Pr
4-\.le H i-Pr
2-Cl H i-P¡
4-Cl _. H i-P¡
-i-Me +F i-Pr
3-Mc 5-Mc i-P¡

H
I'I
H
H
H
H
H
II
H
H
H
H

II II
HE
6-Cl H
6-Cl H
HH
7--\.fe H
HH
II II
HH
6-CI H
HH
llH
HH
6-O\4c 7-OMe
H[I
TIH
6-CI H
HH
HH
6-Cì 8-Ct
6-Cl [I
6-Cl H
HII
6-I{e H
ó-OVe 7-OMe

CrHt
C¿H.4-F

4-F
4-F

4-F

i-Pr
c,Ils
n-P¡
i.Pr
c-Pr
i-P¡
i.Pr
Ph

c-Pr
sec-Brr
iPr
c-Pr

C.lL
CrHt
CrHt
CtH-t
C.H.
C.H-
c2[Is

C.It

4-OPh

C.Ht
CrHs

4-F
II
H
4-F
4-F
4-F

I-77
H-NMR (in CDCI.) ò ppm: 1.29(t,3H,l=7Hz),1.40(d,6H,

J=6Hz); i.4-1.7(m.3H), 2.3-2..5(m,2H) 2.9-3.2(m,1H),
3.49( f lep taple t, IfI J :6Ílz) 3.5-3.8(m,1 f I), 3.9-4.-5( m,2I I)
a.20(q,2H J =7 Hz), 5 .2-5.7 (n,LFI) 6.5-6.9(m,1 H). 7.01s. 2
(m,8II)
I-18

H-NMI{ (in CDCI;) t\ ppm: 1.0-1.4(m,2H), 1.31(1,3HJ:
7Hz); r.39(d,6H,J=6Hz), 2.3-2.-s(m,2H) 2.52(s,3H),
3. L-3.4 ( m, lH) 3.48(Heptaplet,LH ) 6Hz),3.5-3.8(m, 1H)
3..s-a. 1 (m, 1 H), a.?O(q,2H,I =7 Hz) 4.24.5 (m, tH), s .2-s . 6
(m,lH) 6.a-6.8(m,IH). 7.0-8.0(rn,8H)
I- l9

H-NMR (in CDCI') ò pprn: 1.29(t,3H,I=7Hz),1.38(d,6H,
I :6lIz\ ; 1 .4-1.8(m,2I I), 2.3-2.5(m,2II) 3.2-3.4( m, 1 I I).
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3.51(Heptaplet,lHJ=6Hz)' 3.6-3.8(m,1H), 3.94.2(m,l[): l-L%
a.L9(q)Lt)=7tlz),4.34.6(m,tfl); 5.2-s.6(m,1FÐ, 6..+-ó.8 NMR (in CDcÐ ô ppm: 0.94(d,6HJ=6Hz), 1.0_1.7(m,
(*,rÐ; 6.9-s.2(m,13II); 3þÐ,1.2ì(3,çJ=fu4 t.o-a.s¡*,:nl, z.çq¿2gl=7qz),r-r22 334.a(m,3H), a.rz(q,zuJ=7wz), 5.G-5.5(m,1tÐ,6.24.7

H-MNR (in CDCL) ò ppm: 1.1-1.8(n,2H), 1.31(ÍJHJ- s (m,tll), 6.9+j.O(m,SÈ),
7Hz); L.41(d,6HJ-6Hz), 2.3-2.5(m,2H); 2.9-3.4(m,LH), Lrz6
3'5O(Heptaplet,lHJ=6Hz)' 3.6-3.8(m'1H), 3.94-5(m,2Lr); H-NMR (in cDcl^) ð ppm: 1..0-1.6(m,3H), L.zL(t,3H)-a'20(q'2HJ=7Hz),5.2-5.6(m,trf;6'4-6.8 (m'1Ð' 7.r-,.¿ lHz), 1.34(d,6HJ=6Hz), 2.34(s,3H), 2.37(d,zHJ=7Hz),
(m -sFl); 7 .7 2(d,7H J =6Hz);r_123 ," ?e]_.1.4H), 3.8-a.5(m,2rÐ, a.Ls(q,zHJ=7Hz), s.o-s.s

H-NMR (in CDCI") ò ppm:0.8-1.5(m,2H), t.xs(t11J= '" Íî#I 6'3-6'7(m'1H)' 6'9-8'0(m'7H)'

7Hz); 2.2-2.4(m,2H), 2.6-2..9(m,IH); 3.21.6(m,IH),'-':_' -_ -- ..
3.74.3(m,2II);'4.r7(ó,2HJ=7Hzi,5.0-S-4<m,1Ð;'6.1-6i ___H. 

M (in CDCI3) ô ppm: 0.8-J..9(m,8FI), t.29(t,3tlJ=
(m,1H),'7.0-{í.2(rr,1àib; " 1Hz)'
't-L24 1s 2.L-2.6{m.3H),2.83.2(m,IrI), 3.72(s,3H), 4.rJ2(s,3H),

H-NMR (in CDCI) ô ppm: 0.8-1.8(m,6H), 1,29(t"3HJ= a.r9(p,pH,I=7I]z),4.34.6(m,1H), 5.a-5.8(m,1H), 6.4-{.8
7IJz), 2.2-2.6(m,3H), 2.s-3.2(m,1H), 3.3-3.7(m,1H), (n,lH),6.56(s,1H), 7.A-1.a@þ}J)
3.9-4.5(m,2f!, a.f9(q,2H,J=7Hz), 5-4-5.8(m,1H), 6.5-6.8 In tbe same manner as in Exmple 2, compounds I-52 to
(m,lH), 7.1-8.0(m,8H), I-527 were prepared-

TABLE 11

R3 Rr
I-_s (Rt = Na)

H.) otr
R1

N R5

OH

Compound R¡ R: R5 R4 Rs R12
m.P.

fc.)
I-52

I-53

I-54

f--s5

f-56

t5?

I-58

I-59

I-510

l-511

t-512

I-513

I-514

r-515

I-516

I-517

t-518

H

fI

H

6Ct

6-Cl

H

7-lla

H

H

H

GCt

H

H

H

GOMe

FI

TI

7-OM€

+F

H

H

H

H

z-F

H

+cl

+OMe

+Me

,ct
4-CT'.

3-Me

3-Me

+F

+F

+F

H

TI

ÉI

H

II

t{

TI

H

H

Êt

H

H

4-F

5-Me

H

TI

tf

CH¡

c.Ir5

i-Pr

CH.

i-Pr

i-Pr

ËP¡

i-Pr

i-Pr

i-P¡

i-Pr

i-Pr

i-Pr

i.Pr.

iP¡

c.FL

n-Pr

Na

Na

Na

Na

Na

Na

Na

Na

Na

Na

Na

Na

Na

Na

Na

Na

Na

H

II

TI

H

TT

f{

H

TI

TI

H

É¡

H

H

H

H

FI

138-742
(decompoæQ

730-132
(decomposeQ

796-197
(deæmposed)

277-215
(deæmposed)

195-19S
(deærnposed)

193-21J7
(decompored)

770-775
(deconrposed)

793-m2
(deæmposed)

778-793
(decomposed)

187-200
(deæmposed)

?fr3-2ß9
(decomporcd)

20tJ-212
(decomposcd)

195-20ù
(dæompæed)

792-797
(decomposed)

239--245
(deæmpo*d)

)30-237
(deompoæd)

193-200
(decompoæd)
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TABLE ll-continued

28

ô 0.9-1.3(m,2

6.9-S.1(m,7H);

I-5 (Rtz= Na)
R:i R4

N R5

on

=qt oII
Rt

Compound Rr R2 Ri R4 Rs Rl?
m.P.
("c)

I-519

I-520

I-521

Í-521

r-523

t-324

r-525
t-526

r-527

&cl

II

H

6-Ct

(;Cl

&cr

II
6-Me

GOMe

H

ËI

H

8-Cl

H

H

FI
H

+F

+F

+oPb

+F

TI

H

H

H

H

H

¡I

H

H
H

H

i-P¡

c-P¡

i-P¡

i-Pr

Ph

sec-Bu
i-P¡

+F
+F

Na

Na

Na

Na

Na

Na

Na
Na

Na

193-198
(deæmposed)

197:199
(decomposed)

180-189
(deæmpo*d)

183-187
(deæmpoæd)

190-196
(deæmpoæd)

"04--?70(decomposed)

20+-208
(dæomposed)

234.238
(deæmposed)

7-OMe +F

c-P¡

c-Pr

l-57 35
H-NMR (in DMSo{) ò ppm: 0.9-1.2(m,2ll),1.37(d, 

--

6H,I=7Hz); 1.6-2..7(m,2El, 3.48(Heptaplet,l.H,J-6Hz);
3.7-4.3(m,aH), 5.3-5.6(m,1H); 6.4-6.7(m,LH), 7.r-8.1(m,
8H);

H-NMR (in H), r.3s(d,
3.0-3.8(m,
5.3-s.6(m,

1.7-2.

II
I-58 û H-NMR (in DMSO-d! ò ppm: 1.0-L.2(n,ZH), 1.35(d,

-__H:WI (i" 9vq9-d:) ô ppmr o.e-1,.2(m,2lJ-), r..31(d, ru 6HJ=7Hz); 1.6-2.2@,írÐ.'á.rs1s,oH¡; à.0-:.ií1-,:È¡,
l\J17Hz); 1.7-2..2,(m,2H), 2.5(s,3H); 3.3-4.s(m,5H), 3.51(Hepraplet,lH,J=7Hz); 4.o4.3(m,rr¡, s.:-S.O(m,rH);
s.2-5.6(m,1H); 6.3-6.6(m,1H), 7.1-7.9(m,8H); 6.3-6.6(m,1H), 6.8-8.0(m,7H);
I-59 I-516

-_F:\YL (in DMSo-dl I pprn' 0.e-1.3(m,2lf), 1.33(4 ._ H-NMR (in DMso-dd) ô ppm: 0.e-1.3(m,2rl), i.31(cl,
!\J7t-ltz)1_1.6:-a.{yrz\1,_. 348(Heptaplet,tHJ=tE1r¡t as 6H¡=7ç1r¡; I.7-2.0(m,2tt), 3.2a.7(m,4g); 3.62(s,3H),
3.5-4.6(m,4FI), 5.2-5.6(m,2H); ó.3-6.6(m,1.H), 7.1-8.1(m, 3.94.2(m,rÍl); 3.9a(s,3H), 5.1-5.5(m,tH); tí.2-O.Oià,iH),
8H); 7.0-7.5(m,óH);
I-510 L5L7

__H:{VR (in DMSO-di ô ppm: 1.0-1.3(m,2t!, 1.-32(d, H-NMR(inDMSO-d6)òppm:0.9-1.5(m,zH),r34|63H,
6H,I=7Hz): t.6-2.2(m,z}l). 3.o-3.8(m,4H); 3.86(s,3H), so J=7Hz); 1.6-2.2(m,2H), 2.7a.a(m,alJ): 3.64.3(n,zrÐ,
4.0-4.3(m,1Il); 5.3-5.6(m,:L[f, 6.]6.ó(m,1H); 6.9-8.1(m, 5.2-5.7(m,1lt); ó.1-6.6(m,1l,f, 6.9-8.1(mgII);
8H); I-518
I-511 H-NMR(in DMSO-dó) ôppm:0.8-1.3(m,2H),1.01(rjH,

H_Ð!R (in DMSo-d1.ô pp-, 0.e-1.3(m,2H), 1.33(d, J=7Hz): 1,.62.1(m,aÍ\, l.i-z.t1m,swl r.o-+.n.,rn¡,
6HJ=t11r); r.71.I(m,2II), 2.41(s,3H); 3.2-a.3(m,5H), ss 5.2-5.(m,1H); 6.3-6.ó(m,1H),7.1-3.1(m,SÐ;
5.3-s.6(m,rH); 6.3-6.6(m,lH), 7.0-8.3(m,8H); t-Sts
r-5t2 H-NMR (in DMSO-d1 ô ppm: 0.9-1.3(m,zp, r.33(d,

r!ryyR (in DMSO{I ò ppm: 0.9-1.3(m,2r!, 1.33(d, 6HJ=7Írz);r.Ç2.2(m,2Íl,z.i>t.slm,ztg;i.+ogleptaprèt,
6HJ4Hz); r.Ç2.\m,2Ë), 3.1-3.8(m,3II); 3.,18(Heptaplet, tHJ=7Hz), 4.O-4.3(m,lll); 5.!5.ó(m,1Ð. 6.3-6.6(m,iH);
t H J =7 Ílz),3.9 42(m, 1 H) ; 5.3-s . (m,1 H), 6.3--6.7 (m, LH) ; ao 7 .2-3.I (m,7 H) ;7.0-8.1(m,7H); I-520
I-513 H-NMR (in DMSO-d6) ô ppm: 0.8-1.5(m,6H), L7-2..2
!t-\M.R (in DMSo-d) ð ppm: o.B-1-3(n,2H), 1.34(d,6H, (m,2H); 2.3--2.7(m,LH). -3.0-i.e(m,3H); 4.0-4.3(m,tH),
J-THz); I.6-2.2(m,2H),2.7-3.9(m,3H); 3.219(Heptaplet,lH, 5.5-5.S(m,lH); 6.4-6.7(m,tIJ.), 7.2-3.0(m,8þ;
l:-fHz), 3.9-4.3(m, 1H); -5.2-5.6(m,1H), 6.3-6.7(m,rH); as t-521
7.1-4.1(m,8H);
I-514

H-NMR (in DMSOd) ô ppm: 0.9-L.5(m,2H), 1.36(cl,
6H,I =7tlzl; I :7 -2.3(m,2Íf), 3.G-3.9(m,3ÉI); 3.50(lleptaplet,
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rHJ =611z), 4.0-43(m,1H); 5.2-5.6(m,1H) 6.a-6.7 (m,lH);
7.G-8.1 (m,13FI);

t-522

H-NMR (in DMSOdd) ô ppm: 0.8-.1.3(^,ZIÐ, 1.37(d, 5

6llJ=7tlz);1.6-2.2(m,2tl),3.1-3.9(m,3H);3.51(Heptaplet,
lH J =7 flzl *.o43(m, lH) ; 5.3-5 . (m, 1 H), 6.3-6.7 (m, LH) ;
7,1-8.0(m,6II);

l-523 10

H-NMR (io DMSo-d6) ò ppm: O.B-1.4(n)H\, t.61.1
(m,2ll); 2.9 -3.7 (m,3tr), 3.7 4.I(m,Lrl) ; s. 1-5.4( m,l tf ,
6. 1-6-4(m,1H); 7.1-8.2(m,13H);

T-52A

H-NMR (in DMSO-d6) ô ppm: 0.8-1.5(m,5bl),1.6-2.2
(m,2H); 2 3a.7 (m,2H), 3.0-3.8(m,3H); 3.9-4.3(m,1 t!,
5.,+-5.8(m,1H); 6.3-6.6(m,1H), 7.G€.0(m,8H);

t-525

H-NMR (in DMSOIó) ô ppm: 0.9-1.6(m,2FI) 0.96(d,6H,
I =6Hz) ; 1.7 a.6@,3}l), 2.89 (d 2H J :7Hz); 3. 0-3.8(m,3H),
3.9-a.2(m, 1H); s.2-s.6(m,1H), 6.24.6(m,IH); 7 .L-3. L(m, x
8H);

t-526

H-NMR (in DMSO-d6) ô ppm: 1.30(d,6H,J=7Hz), .^
t.7-2.0(m)H), 23a{s,3H), 2.4-2..6(m,tE), 3.0-3.3(m,2rl),'"
3.3-3.8(mJH); 3.9--a.2(m,1H), 5.2--5.6(m,1fl); 6.3-6.6(m,
1H), 7.G€.0(m,7H)

t-527

H-NMR (in DMSO-d6) õ ppm: 0.7-1_5(m"5H), 1.8-2.2 
3s

(m,2H),2.2a.6(mlH),3.1-3.3(m,2rt),3.5e(s3ÊÐ,3.e4.2
(m,2FI), 3.91(spI-I), 5.4-5.7(m, 1H), 6.3-6.6(m,1H), ó.52(s,
ir!, 7.G-7.a{m,sH);

In the same manûer as iu Example 3, compounds I-22 t<r

I-26 can be prepared.

40

TABLE 1.2

The above compoûen¡s were mixed by a usual method
and then tabletted to produce 10O tablets each cr:ntaining 10
mg of the active ingredient.

FORMULA]TON TìXAMPLE 2

30

TABLE T3

I-_ì
R:r R4

-rû
Rr

1-\ Compound Rl

OH

o o

N Rs

R R3 R+ Rs

f-i?
I-33
t-34
I-35
r-36

H
H
H
H
H

+F
H
H
H
TT

fT
H
H
TI
II

II
H
H
6Cl
6Ct

cFI3
cH'
i-Pr
CH"
i-Pr

FORMULATTON EXAMPLE 1

Täblets

Compound I-51
Iactose
Crystal cellulæe powder
Cortr s¿ûrch

Hydroxræropyl ællulose
CMC-Ci
Magûæium steæate

Total

1.5 g

å
20.0 g

.t.0
5.0
8.0
3.0
1.0

!

e

Capsules

Compou¡d I-51
Lacose
Crystal cellut$e pwder
Magn*im steaßte

Totâl 15.0 g

The above components wer€ mix ed by a usual method
and then packed in No- 4 gelatin capsules to obtain 100
capsules each containiug 1-0 mg of the active ingredient.

FORMULANON EXAMPLE 3

Soft epsules

1.O

3.-{

10.0
0.5

g

Rj R{ OH

OH

t-2 45

50(R6= Ð
Rr

N :)

Compound R¡ RJ RJ R4 R:
1.00 g
3.89 g

1-s.00 g
0.01 g
0.1t) g

20.00 g

Coarpourd [-51
PEG þlyethylene gtycol) 4O0
Satruared fattv acid triglvc€ride
Peppermilt oil
Polysorbatc 80

Totâl

In the same manner as in Example 4, compounds I-32 to
I-36 can be prepared.

60

6-s The atrove compor¡ents were mixed and packed in No. 3
sotl gelatin capsules by a usual method to obtain 100 soft
capsules each containing 10 mg of the active ingredient.

CE,
cH"
i-P¡
cH_.
i-P¡

H
fI
H
6-Cl
6-Cl

t-!z
t-23
t-24
L5
l-26

H
H
H
H
H

+F
H
TI
H
H

¡{
H
I.I
fI
H
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FORMULATION EXAMPLE 4
32

FORMULATION EXAMPLE 7

Oiutment GEtrules

Compound f-51
Uqoid paraffin
CetaÂol
White vaseline
Ethyþrabeo

1.0 g (r0.0 g)
10.0 g (10.0 g)
20.0 g (20.0 g¡
68.4 g (s9.a g)
0.1 g (0.1 g)
0.-s s (0.5 g)

100-0 g

5

10

Compound I-51
LacIose
Cr¡stal cellulæe powder
Corn starch
HydpLvprop!,I ùellulose
Magr6ium stemte

Total

g

1.0
6.0
6.5
5.0
t.u

L-menthol

Totâl

0-s g

20.0 g

The above compoûe¡ls w€re mixed by a usual m€thod to
obtain a l7o (l{Yo) ointm€nt.

T.OI{MULAfION EXAMPLE 5

Suppøitorv

The above componeûts were granulated by a usual
method and packaged to obtain l(X) packages each contain-
ing 200 mg of the granules so that each package contains 10

mg of the active ingredient.

We claim:
1. A compound of the formula,

tAl

15

Compound I-51
'lilireprcl FI.IS*
Witepsol lv35*
Polworbat€ &l

T¡thl

r.o g
46.9 C
52.t) g
0.1 g

100.0 g

?ß

25

F

"Iradema¡t for triglyceride com¡nud

The above components were melt-mixed by a usual
method and poured into suppository containers, followed by
cooling for solidiñcation ¡e 6þl¡in 100 suppositories of I g 30

each coûtaining 10 mg of the ¿ctive component.

FOI{MUT-ATTON ËXAMPLE 6

Injectioo formulatioo

Conpound f-51
Distilled mte¡ for
injection formularion

The t'ormulation is prepâred by dissolving the compound
in the distilled waùer whenever it is required.

35

Z-CH(oH)-CH2-CH(OHFCH"-COO. lâCa.
2. A method for rcducing hyperlipidemia, hyperlipopro-

leinemia or atherosclerosig which comprises ¿dministering
an effective amount of the compound of formula A as

ao defined in claim 1.

z

N Â

mg
nl:
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After 2 days at 40'C(pH3)
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INK-1041
After 2 days at 40"C(pH3)

Data: NK98601.D07 Method: NKSPÐ.MET Ch=l
mAbs Chrom: NK98601.C07 Atten5

us 6,465,477 Bl
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0

1

0 2A

min

5 10 15

lS: lnternalStandard

FIG. 1

NK-104 OH OH

NK-104

IS

F

Lactone LACTONE

Case 1:14-cv-02759-UA   Document 2    Filed 04/17/14   Page 34 of 61



[f.S. Patent Oct.tl,2002 Sheer 2 oÍ2

Data: R980605.D03 Method: Ch=l
mAChrom: R980605.C03 Atten4

[Fluvastatin]

0510 15 2A
min

After 2 days at 40"C(pH3)

Data: R980601.D16 Method: FLUVADEG.MET Ch=1
mAbs Chrom: NK9B0601.C16 Atten4

1

2A 40

lS: lnternalStandard

5

o1

us 6,465,477 ßL

60
min

I

1

0

5.552 12.879

14.505
I

IS

OH OH

Fluvastatin

F

Fluvastatin

Å

FIG. 2
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STABLE PIIARMACEUTTCAL higher, clesirably pH 9 or higher, but unexpecteclly, it has
COMPOSITION been founcl that NK-104 and its salts and esters are srill

unstable even within a high pH range.
The present application is a conlinuation-in-part of U.S. Therefore, preparations @mprising NK-104 or its salt or

application Ser. No. 08i894,279 filed Aug. 18, 1997, now s ester, if formulated in conventional manners, have low-
abandoned.

FIELD OF THE INVENTON
thc present invcntion rclales to a pharmaceutical com-

position with high stability ancl, more precisely', to a phar- i0
maceuticai c<rmposition comprising an HMG-Cc¡A reductase
inhibitor of q'hich the stability varies depending on pH,
especially (E)-3,5-dihydroxy-7-[4'-4"-fl uorophenyl-2'-
cyclopropyl-quinolin-3'-yl]-6-heptenoic acid, or irs sah or
ester.

BACKGROUND OF TI,IE INVENTION
It is knonn that 7-substinræd-3.5-dihydroxv-6-heptenoic

acicls <¡f a general formula:

time-dependent stabilit],, and are problematic in that their
outw¿rcl appearance changes with the lapse of time. Given
the situation, the development of statrle preparations com-
prising it is desired.

SUMMARY OF THE I}TVENTON

Wc thc present invcntors have variously sludicd in orcler
to obtain stable pharmaceutical compositions comprising
NK-104 and, as a result, have found unexpectedly that
NK-104 is stable witbin a relatively low pll range. On the
b¡sis of this ûnding, we have completed the present inven-
tion.

Furthermore. rve investigated decomposition producls of
NK-i04 ancl fluvasratin in an aqueous solution of pH3. The
decomposition product of NK-104 was f<¡und in small
quantity and consisted only of the lactonized tbrm of
NK-104 (see FIG. l). On the other bancl, decomposition
products of fluvasfatin wcrc found in relatively large quan-
tities con-sisting of more than one tvpe of proclucts which are
believed to include an optical is<¡mer and a lactonized fcrrm
of fluvastatin (see FIG. 2). These resulls showed rhat the
decomposition pattern and stability of NK-104 and fluvas-
tatin were differenr in the same pII.

In addition, we have further found that, if a basic sub-
stance is aclded to a pharmaceutical composition comprising
NK-104 in such a menner that the aqucous solution or
dispersion of the composition may have pH of from 6.8 to
8, the composition is stable.

An object of the present invention is to provicle a phar-
maccutical composition comprising NK-104, or its salt or
ester, of which the aqueou^s solution or dispersion ha^s pH of
from 6.8 to less than 8. preferably has pH of lrom 6.8 to 7.8.

The active ingredient of the composition of the present
invention is NK-104 to be represented bv the ¿bove-
mentioned structural formula. The configuration in this
subst¿nce, NK-104 is not specifrcally clelined herein. In
addition, NK-l04 mav be in any form of its saits and esters.
The salts include, lcrr example, sodium salt, potassium szLlr

ancl calcium salt. Pretèrred is calqium salt of NK-104.

BRIEF DËSCRIPTON OF DRAWINGS

FIG. f is a histogram of NK-104 decomposition proclucts
analyzed by HPLC.

FIG. 2 shows histr:grams of fluvastatin clecomposition
products analyzecl by IIPLC.

DETATI,ED DESCRIPTION OF THE
INVENTION

'I'he pfl as referred to herein indicates the pI{ value to lre
determined in such a manner that a u¡it dose of a solid
preparation comprising NK-104 or its salt or ester is
samplecl and clissoivecl or clispersed in tiom 1 to 10 ml of
pure vv'ater. anrJ the pH of the resulting aqueous sc.¡lution or
dispersion is measured.

A basic substance may be addecl to lhe pharmaceutical
composilion comprising NK-104 to control the pII of the
composition, rvhich may be any of antacids and pH regula-
tors including, tbr example, antacicls such as magnesium
aluminometasilicate, magnesium aluminosilicate, magne-
sium aluminum silicate, magncsium aluminate, dry alumi-

1-S

!0

25
wherein R represents an organic group, have IIMG-CoA
recluctase-iohibiting activity, and are useful as medicines for
hyperlipemia ancl also as mcdicines for atherosclerosis (see
U.S. Pat. Nos. 4,739,073, 5,001.,25 5, 4,7 5 I 235, 4,804,67 9.
EP-B-304,063). _ro

However, these 7-sulrstitlrted-3,-5-dihydrox¡i-6-heptenoic
acicls are unstable at low pH, and require some particular
means tbr tbrmulating them into preparations. A means of
formulating lhem along with an alkaline medium, such as
calcium cartronate or sodium carbonate, into preparations 35
with pH of 8 or higher (see U.S. Pat. No. 5,356,896), and a
means of tbrmulating them along with a basic agent, such as
magnesium oxide or soclium hyciroxide, iuto preparatious
with pH of 9 or higher (see EP-B-336,298) have been
proposed. 4rl

(E)-3,5-dihy droxy -7 -14'-4 " -fl uorophebyl-2
'-cyclopropyl-quinolin-3'-yl]-6-heprenoic acid (hereinatier
this may be referred to as NK-104) to be represented by a
struchrral tbrmula:

4_s

50

55

HO

or its salt or ester is one of HMG-CoÀ reductase inhibitors
that âre represented by thc above-mentioûed gcneral
formula, and is know'n to be useful as a medicine for
hyperlipemia and also as a medicine for atherosclerosis (see
EP-B-3O4,063). NK-104 is also unstable at low pH, and
many di.lüculties have been encountered in formulating it
into preparations.

It has been reported that these HMG,CoA reductase
inhibitors are formula¡ed into preparations with pII B or

60
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num hy<Jroxide, synthetic hyclrotalcite, synf hetic aluminum disintegralor ìn an amounl. of frt¡m I to 30Vc t>y weighr, and
silicate, magnesium carbonate, precipitated calcium the lubricant in an amount of tiom O.S to tOEo Uy iveignt.
carbonate, magnesium oúde, aluminum hydroxide,_ and If further desirecl, any additional components, such as
sodium hydrogencarbonate: and pFI regulators sucb as sweeteners, flavorings ancl colorants may^also be aclded toL-argiuine, sodium phosphate, tlisodium 5 the.un.,pu"itionof úepresentiuventioí.
hydrogenphosphate' soclium clihydrogcnphospha¡e' potas- Th. o"."."ury amount ofthe basic substance to be acrdedsium phosphate, dipotassium hydrogenphosphate, uoras- .- :; - : ::""-^.l
sium ãinyàrogenphosphare, disodium citrat". so'cr1ä ::,:h:..:1Tt:::tion 

of thc invcntion in order to matrie rhe

succinare,'amrñonio.n 
"hro.id", 

and sodium ¡"n,.onìilä-r åffiå'|9ì3T:J:ffH.i:i;:i:träåäîi:::räfithese, prelèrred are magnesium aluminometasilicate, mas- ro ___-.-.- -- '- -'

ne.sium aluminosilicate, and I-.-arginine. ' ""'Ë '" w'eight or so, if magnesium alumioomelasilicare

Even more preferred are basic subsrances that ma.l be fy,"YìJHil*i,'Jf"ìiî..1"1îïil[l,¡3J.Jffffii,ïså:
addecl to the pharmaceutical composition comprising from aboui2 to g7o by weight or so, if magnesium alu_NK-r01 to control the pH of the composition and that _- miniumsilicarelvEEcifvf,tisusea,orfromabout0.0lro
maintain the outward appearance and stabiliry ofsaid,com- ts 3.it. b]. ;;i!nì o, so, if L-arginine is used singly. Asposjtion. These may be any of alkaline e¿rth metal silicares mentioo"¿ at íue, ¡t is prcfcrable that thc basic substancc isinclucling aluminum' and organic base compounds'.For ,*ã t-glïHowever, two or more such basic substancesexample, alkaline earth metal means magnesium, calcium, 

"* U" uî.f in comt ¡nation.
barium, etc. Preferred is magnesium. Particularly preferred ;, - -._.
altrialine earrh metal silicates including aluminum 

"r"'äugl 
ro ^,-1h".::-I^:sition 

olthe present invention can be coaled to

nesium aluminomerasilicare (NEUSIL-ÍN rHz), mago"siür glTij{:lî"ted tablets or sugar-coated tablels. As the

aluminosilicare (NË,ustLIN À¡, ana magncsiúm dil;; ::.it_t:c l'l^*,t"r example, usable are ræIluloses such as

silicate (VEEGÙM r;. m" pretèrrecl organic t,use i" u.gìi- ::j1ÎÏry-Pl cellulose' hydroxypropylmcthyl cellulose;

ine. An à.r"n *o." píefeoed base is L_úginine. 
-'5"^ and also aminoalkyl methacrylate copolvmer E, wbite sugar,

rhe pharmaceuricar composirion orthe presenr invenrio, " ïj.,lJltgï"äJji.tJåå:::iïji:,'fi,:lï:äiff:-ffi*:
can be formul¿ted into va¡ious forms o[ prepararions, bur ;;i";;;]r;;i. 

'
pretèrred are peroral solid preparations. For example, the
õomposirion àay be tbrmulated inro rablets, g;;1";, ll:fo"ït-Teulicalcompositionofthepresentinvention
po-ã"rs, trochcs, capsules, chewables, nf*-"out"a"p."piiu- iT^b:-pt:gli.:-:d 

according to any ordinary metbods-employ-

iions of these, and 
"ï"o sugo.-ontecl preparation" ì¡"i"oi. :o inl: in..producing peroral solid preparations- If stirring

wherc thc pharmaccuticar composirioo or th" p....n, Fïjï:K!i1iä:ä|""i:1i$#::::"ï,iil::"iå:j:i:ä:invention is formulated into such peroral solid preparations. ,;,^:^-_-:.^, -l--
any or vehicres (excipienrs). uin<rers, ai"iorèg,oto,"^;n'ä trifiå:ii'"ïå:#,îå.Tiåïni,"åtÍï"fïätåiå
lubricants can be addecf thereto, if desired. The preparations ::.^-;-:. -_l_-".;:

may be rbrmurared r¡om the composition aiong wiih;ili ,' ffi"'l';1.-"iåiii*i)fhltl ;:i,Xiåï1#åi:JiT":these, in any orclinary manner.
rre vehicres (excþienrs) incrude. ror exampre,l¿*ose. :ä{:å,::tïì.î,:'$i"Ê,.ïi'î¿ïåil'lll;"i'l'"i"ill",tl

corn starch, clcnaturcd corn starch, mannitol, sorbitol, wood vehicle and â disintegrator are mixecl. Then, an aqueous
cellulose, fine crystalline cellulose and calcium carbonate, ap solution of a binder is sprayed over the resulting mixl.ure,
which can be usecl either singly c¡r as combined. using a fluidized bed gra^nulätor, to prepare granules. -Ihese

'fhe binders include, _for _examplc, hydroxypropyl granules are rnixecl wiih a lubricant, ãná theipelletizect w,ith
cellulose, hydroxypropvlmetbyl cellulose, polyvinyl ãpelletizer into pellets.
pyrroliclone' polyvinyl alc.hol' and partial sapourficalcs of u.iog ordínary c.ating rlevices, the pellets zs producedthese' which can be used either singly or as combined' a-. u..*aiig io-t¡" ooou"-men¡ioned methocls can be coatedEspecially preferred is hydr.xypropylmeth-vl cellul.se' with a *Trrriuo u. suspension c.mprising a coating base and

The disintegral.ors inclucle, for example, low substituted optionally a plasticizcr and a colòrantîo givc ûlrn_coated
b¡;drox-vpropyl cellulose, carmellose, sodium carboxy'starch. tu6"t" oi ,..n-_"out"d tobl"t".
calcium carmellose. corn starcb, partially-alphatized starcb,
sodium closcarmellose and ciospovidone, which can be usecl 5e BEST MODES OF CARRYING OUT TIIE
either singly or as combined. Especially pretèrred is low INVENTION
substituted hydroxypropyl ccllulose.

rhe lubricanrs incrudes. n r exampre, magnesium srearare, ,,å-:Ï:iä,,.å '*: J:*ï::,i:i:l,,îil,ï:ttå"å;l li:stearic acid, palmitic acid, calcium stearate and talc, w'hich ;;i;;;d;';;restrict the scope of the invenrion.can bc uscd either singly or as combined. s5
'Ihe amounts of the ingreclients constirudng the compo- Example I

sition of the present invention are ûot specifcally cleûned.
[,or cxamplc, thc amount of NK-104 or iìs salt or ester may Decomposition Proclucts of NK-104 ancl

be from O-.01 to 4oa/o try rveight, preferably from 0.0-5 to 109;¿ Fluvastatine

by N'eight, more pretèrably from 0.5 to 57o by weight; and eo Decomposition products of NK-104 r'ere analvzecl by
the basic substance may l're added to the composition in such HPLC after incubátion for tlvo davs at 40" C. in aqueous
an arnount that is nesessary for matrdng the aqueous solution solution of pH 3. NK-104 prtxlucecl a single product, a
or dispersion of the composiiion have pII of tiom 6.8 to less lacronized tbrm of NK-IO4 (sèe FIG. l). The ãecomposition
than 8. Where the composition is tbrmulated into peroral proclucts of fluvastatin were also analvzed for comparison,
solid preparation^s, it is desirable that the vehicle is added o-s Fluvastatin produced many types of produc-ts. which a.e
thereto in an amount of from 30 ro 95Ea by rveight, the believecl ro include an opùcai isomer oi fluvastatin and a
binder in an amount of from 1 to 2OVo tr-v rn'eight, the lactonizcd tbrm ol fluvastati¡ (sce FIG. 2).
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The conditions under which NK-1O4 and Fluvastatine

clecompr.rsition products were an¿lvzed are as f<¡llows:
HPLC system:'Iype LC-10 (Shimadz, Japan)
(lolumn: DL,VELOSIL ODS-[IG-5 (NOIVIURA CIIEM.,

Japan)
Mobil Phase: MeOH¡0.02 mol,,L phosphate buftèr (pH

3)=7;3
Sample: NK-104 or fluvastatin/pH 3140" C., 2 clays
Deteclor: SPD-MLOAVP, UV 245 mm
NK-104 ancl fluvastatin have common ct-ô-clihydroxy-e- 10

cne carboxylic acid chemical slruciure. Howcver, NK-104

decomposition products (see FIGS. I and 2). Such clifer-
ences show that stability of each depends not only on the
chemical strucrure of a-ò-dihydroxy-€-ene carboxylic acid
lrut also on lhe chemical structures that are unique to each.

In the following cxamplcs, thc lorv subslitured hydrox- 20

.v-¡rropyl cellulose rvas commercially available as sol<l for a

medicinc aclditivc and contains hom5-l6Vo of --{)C.H.OH
group. Hydroxypropylmethyl cellulose 2910 contains
28-3OVo --{CH3 and 7-I2Va 

-OC3Hó-OH. Both low
sul-rstituted hydro,xypropyl cellulose uird'hy.l.o*y-_propyl*- 2s

ethyl cellulose 2910 as usecl in the examples are tlescribed

and fluvastatin differ in the types and amount of clecompo- Example 5
sition products. Namely, NK-104 provicles a small quantitv
of one type of clecoáposition p'rocfuct while fluvastatií [n the- same manner as in lixample 2, herein produced
provides comparatively iarge quantities of different types of 1-i were tablets each having tbe composition mentioned below.

6

Calcíunr Salt of NK- 104
Lactosc
Los' Substirrrted Hvdroxlproptl Ccllu.tose
Hv&oxl'propylm€thyl Cellulose 3910
L-argirioe
illagneöium Stearaae

Total (onc tablct)

l.û mg
703.7

r2.ù
2-A

0.1
1.1

110_0

Calciun Salr oÈ NK-1t4
låctosc
LoE' Substirûted llyd¡oxvpropyl Cellulose
H,_vdrorypropvlmethvl Cellulose 29 j.0

Magnesìrun Alunìinottetasili€te
MagûesiuùÌ SteaÉte

Calcium Salt of NK-104
Ì¡cLôse
Low Substitured Hydroxlpropyl Cellulose
Hvdrc:Jpropvlûrethvl Cellulose 2910
Magnesiurn Âiuminornensilicate
Maglesiun Stearate

Tctal (one ¡ablet) 720.|i

pH of -sga Srspcnsion
Percentage Reæntion of
Ca ¡iK-104

4-ç Chaoge i¡ Ou[Erd No change No change No chalge No clunge
Âppearance

Control Examples 1 to 3
50

In the same manoer as in Example 2, herein procluced
were control tablets each having thc compositioD mentionccl
belorv. These tablets were tested in the same maflter as in
Têst 1, to determine rhe pH of the -57c suspension of each

5; tablet, the percentage retention of Ca NK-1O4, and the
change in the outwarcl appearance o[ the tablels. The test
resulls ¡re shown in Tal'rle 2-

TABLE 2
60

.1.0 mg
10-3.2

12.0
2.4
r)-(;

r.2

in lhe Pharmacopoeia of Japan, 12th edirion. TEST 1

Example 2 lhe pH of a -57c suspension of tablets proclucecl in anv of
. Herein produced were tableß each having the composi- -ì0 Examples 2 to 5 (the suspension was prepared by suspènd-

tion mentioned belorv. ing one tablet in 2.4 ml ãf pure \r,ateÐ Ças measurecl.

After having been stored ar 600 C. tbr 2 weeks, thc
percentage retertion of calcium salt of NK-104 in {he tableLs

,- w'as measured according to HPLC. After having been storedr) al 60" C. for 3 days, the change in the outwarã appearánce
of the tablets was observed. The test results are shown in
Table 1.

TotÂÌ (ore ¿ûblet) 1?O.O
40 TABLE 1

Example 2 Example 3 Exarnple 4 Exaorple 5

1-0 ng
ßr.4
'12.o

l.û

1,2

The components clf the above-mentionccl compclsition,
Èxcepf magncsium stcârate, were mixed to preparc a homo-
geneous porvdery mixture, to w'hich rvas added a suitable
amoun! of pure water. The resulting mixfure was granulated
with stirring, ancl pelletízecl ro give pellers. tvlagnesium
stcaratc was added 1o ¿nd mixcd with these pellets, which
were then t&bletted inro NK-1O4-containing tablets.

Example 3
In the same m¿nner as in Example 2, herein produced

were tablets each having the composition mentionecl lrelow.

7.8
970.? 97o/c

'7.5

93o'1a

7.1
92o¿/a.

Calciunr Salt of NK-104
Lactose
LoE Substiruted Hvdroxypropyl Cellulose
Hvdroxypropvlmethyl C'eltulose 2911)
Dipc.taösium Hyilrog€nphosphate
Magnesium Sleamte

Total (ore tablet)

1.ô mg
102.8

12.0
l.ù
1.,3

l.?

130.0

Cloatrcl
F-xanrple

1

Cont¡ol C'orúol
Example F,xarnple

z3

Example 4
In the same manner as in Example 2, herein produced

were tablets cach having thc composition menlioncd bclor '.

Ca NK-104
Laclose

1.0 mg
1(J3.3

6-í Low SubsLituted Ilydrcxyp¡opyl

1.0 rn¡l
e8.3
12.0

.t.0 mg
98.8
12.0

Cellulose
.l l.rl
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TABLË 2-continued

I
TABLE 4-continued

Conlrcl Cbtrbol Cbntrol
Example Example Exanrple

1,23
Hvdroxvpropyl Cellulose 2.A 2.A 2.0
?91A
Sodium Âsco¡bate 5-0
Ascorbic Acid 5.0
Vagoesiunr Stcaratc 1.2
Total (one tablet) 120.0 130.0 120.0
pH of Sd;c Suspensiou 6.6 6.3 -i.3
Perce¡tage Rc[entioD ot'C-a lúK-104, 889c 7'1,h 387c
afþr $tored at 60' C, tb¡ 2 rvecks
Cha¡ge i¡ Outs?rd Appearance, atier No change No chanÊe l{o chaûg€
stored at 60' C. for 3 da¡s

z\s in Tables 1 and 2 showing the rest results, it is obvious
that the pcrcentage retentio¡ of Ca NK-1.04 tn the 5Va
suspensiorì of the composition having pH of 7 or higher is
high, after having been stored at 60' C for 2 weeks, w-hile 20

the sâme in the SVo suspension thereof having pFI of lower
than 6.6 becomes low'er with the decrease in the pH value
thereot'.

Example 6 and Control Example 4

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

25

.TAtsLE 
3

Example 6 Cont¡ol Example 4

Maguesium Slearate
Total (otre tabler)
pH o1 59o Srwpensíon
NK-1ô4 remaining (%) after 2 wëcls
at 60" C.

10 Cìaoge in Ourwild Appeanncc, aftcr
3 rvrceks at ó0" C.
Change iu Outward ÀppeanÌce. atler
stored at ó0'" C. tbr 3 da¡r

J

F-xample Control Control
7 F.xanrple 5 F.xample ó

7.2
720.O

7.-i
93.4

No
.Y*"

7.2
1Ð.0

9.3
66.0

Changed
to brcwn

1,.2

120.0
9.8

15

Changed
lo pale

vellowish
g(e9rr

Example 8 and Control Example 7

In the same mann€r as in Example 2, herein produced
were tablets each having tbe composition mentiooed below
These tablets were tested in the same manner as iú Test L, 10

determine the pH of the 5clo suspension of each tablet, ancl
thc change in the ouward appcarance of the tablets. The lcst
results are shown in Table 5.

'tABt-E 5

Example 8 Control
Example 7

These tablets rvere tested in the same manner as in Test 1, ¡o ca NK-104
determine the pH of the 57o suspension of each tablet, and 30 t¡ctose
thc change in thc outr¡¡ard appearancc of the tablets. the test I-N substihr€d t{-vdroxwrcp,vl ceilulos€

results are shown in Table 3' t{ydrox¡prop1'lnedryl celluloæ 29lo
Sodi0m Hvdrogcnarbonate

1.O mg
101.3

1,2.4

2.í)
2.O

7.2
fn.0

7-S-

No cbange

1.0 mg
93.9
12.0

2.0
9.9
1.2

120.0
9.8

Chatrgcd to
dârk navy

blue

Magnesium Stearate
Toral (ore tablet)

35 pH of 5¿.7ø Suspension
Change in Outwüd AppeürancE, alter
skred at 60' C. t'or 3 days

Ca NK-104
Lactose
Low Substituted H!'droxvpropyl
Cellulose
Hydroxypropylmethyl Cellulose 291O
Magncsium Alumitronctasilicare
}lagsesium Stearate
Total (one tablet)
pH ot 5o:b Supensioo
Change iu Outward ;\ppearance, afìer
stored at (;0" C. fb¡ 3 days

I 0 ng
101.4

?.1)

2.4
1-2

120.ù
7.8

No change

2.O
9.9
r.2

120.0
8.-¡

Chaoged to pale
t€llowish hrom

1.0 mg
93.9
72.412.0

Example 7 and Control Examples 5 and 6

In the same manner as in Example 2, herein produced 50

were tablets each hâving the composition mentioned below.
These tablets ç'ere tested in the same manner as in Test .[, to ch NK_104

40 Example 9 and Clontrol Example B

In the same manner a.s in Example 2, hercin produced
were lablets each having the composition mentioned belo\¡,.
These tablets were tested in the s¿me manner as in Test L, to

.- determine the pH of the 5;oó suspension oleach tablet. and
a5 the change in the outvç,ard appearance ofthe tablets. Tbe test

results are shown io Table 6.

'XAtsLE 6

Example 9 Co¡trol
Example 8

deferminc the pH of the 57a suspension of eåch tablet, and låc¡ose
the change in the oufward appear¿ìnce ofthe tat¡lets- The tast Low substimted HydroxyProPd celh¡lose

resulß a;e shown in Table 4. ss l)'drcxlptopvtnre¿h]'l 
cellulose 2910

Dipotassiu¡n IIvdrogeuphosphate

1.0 mg
102.3

12.0
i.t)
1.0

120.0

NÌo change

1.t) mg
93.9
12.O

2.0
9.9
't.2

120.0
8.4

Changed
to orangc

TA.BI.E' 4

Exaurple Control Coûtrcl

Magnesium Stearate
Total (ooe labtet)
pH of 5Vc Supcnsion
Chan-ee in Ootward Appeantrce, after sto¡€d at
60" C. for 3 da¡r7 Emmple 5 Example ó 

OO

Ca NK-104
I¡ctosg
Low Substitutcd H1'droxypropyl
Cellulose
Ht'úoxypropylmc[hyl
TC-5R

l.û mg
103.7
'r:.0

1.0 mg 1.0 org
95.8 93.9
12.0 ri.ù

!0

As is obvious fr<.¡m the te,st results in Tables 3 to 6. no
change in the outw¿rd appearance of the tablets ivas found
when the 59a suspensions of the tablets had pH of8 or lower,

ós even atter having been stored at 60" C. tbr 3 days, but the
outw..¡rd appearance of the tablets changed rvhen the 57¿
suspensions of the tablets had pH of higher than .9.

(}llulo$e 3910 !.t)

L-arginine {).1
2.0
s.0 9.9
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Example l0

Mapesium Aluminometasilicate
In the same manner as in Example 2, herein produced

wcre tablets each having thc composìtion mentioned bclow.
The tablets were tested io the same m¿rnner as in Test 1 to
cletermine the pH of the 57c suspension of each tablet, but
the percentage retention of Ca NK-104 and the change in
ounva¡d appearance of the tablets were observed one month
after storing at ó0o C. Thc test results are shown in Table 7.

TABI^E 7

us 6,465,477 Br
10

The tablets were tested in the same manner as in Täst 1 to
determine the pI[ of the 57a suspension of each tablet, bur
the percentage retention of Ca NK-104 and the change in
oulward appearance of the table¡s were observed one month

s after storing at 60' C. The test results are shorvn in Table 9.

IAI]LE 9

3 4 )

4 5

1.0 ng 1-0 lrg .1.0 mg 1.0 mg 1.0 mg
10i.).? 99.4 97.8 91.8 43.8't2.0 D.a 1?.0 12.û 1?.'J

2.O 2.0 2.O 2.0 2.0

3.6 4.1 6.0 1?.0 60.0

7.2
120.0

8.2
98.8

1.0 mÉl

5i.8
12.0

t.0

50.0

1o cu NK-tû+
Lactose
Low sobstituted
Hvdroxtpropyl Cellulose
lll¡droxvÞropylmetb yl
Cetlulose 2910

15 Magnesium Aluminum
Sili€te
Magnesiun Stearate
Toal (one tablet)
pH of 5-øa Suspension
NK-104 rcnìaiûing mtc

29 (7a) atìer I mon.h at

60" c.
Chaûge in Ou[ward
Appearance. alìer sl.ored
at ó0" C. for I month

Ca NK-1O4
l¿ctos€
Loú- subslitriled
tlydroxypropyl CelÌulose
Hydroxvpropr4 meth.¡'l
Cellulose 2910
\4agnesium
Aluminometasi licate
\4agaesiunr Steante
Total (one tablet)
pH of 5".'b Suspensioo
NK-104 rcnmini¡g rate
(%) atler .l nronth at
6û'C.
Ch¡ûee in Out*?rd
Appcaraucc, aftcr
srored at 60' C-
t'or l month

l-O mg
'101.4

72.ù

'2.4

1.0 mg
'tll0.8

12..0

1.0 nrg
91.8
r?.0

12.{)

1.0 mg
0

12.0

2.O

103.33.0

1.?

r20.0
'1 -5

9i-i

1.2
121).O

8.7
94.1

7.2
110_0

9.1
93.5

'1.2

120.1)

9.7
84.3

1.2

120.0
7R

97.4

120.0
8.1

96.5

1,2 t.2 1.2
120.0 :120.0 1f0.0

8.4 9.0 9_-3

922 34.-s 69.1

No No Pale Pale (irây
change chaoge yellos. gray

¡.'o Pale Pale Pale No 25

change gellow vcllow . ycllou' clange

Example 11 30

Magnesium Aluminosilicate
In the same manner as in Example 2, herein produced

\¡iere tablets each having the composition menlioned belo\r'.
The tat'¡lets were tested in the same manner as in Test 1 to 35
determine the pH of the 5-9á suspension of each t¿rble1, bul
the percentage retention of Ca NK-1O4 was observed at both
2 rveeks and one month after storing at 60" C. and the change
in outward appcarance of the tablets wâs obscrtrd one
month after storing at 60" C. Thc tesl resulls are showD in
Table 8. 4{l

INDUSTRIAL APPLICABILITY OF THE
INVENÏON

The pharmaceutical composition of the present invenrion
ha"s goocl time-dependent stability, with having no change in
!he. outward appearancc thcrcof cven after having bcen
storecl long. Theretbre, the compcsition is good in medical
usc, esprcially in the t'orrn of peroral solid prcparatìons.

The pharmaceutical compositions of the present ínvention
that contains NK-f04 or salt or ester thereof are especiall)t
useful for treaiing a patienf, particularly a human, that is
suffering frr.¡m or susceplible to hyperlipemia or atheroscle-
rosis by administering the pharmaceurical composition to
such patient.

Particularl.v preferrcd unit dosagcs have bt:en describcd in
the examples above. It will tre appreciated the speciûcally
preferred dosage amounts of a ph¿rmaceutical composition
of the invention used in a given therapy will vary according
to various k¡own fäctors such zs the piuticular compositions

¿-s f.ormulated, the specific compound utilized, the mode of
application, the particular site of aclministratioa, etc. Opti-
mal administration rates for a gir..en protocol of administra-
tion can be reaclily ascertained by those skilled in the art
using conventional dosage determination tests conductcd

50 with regard to the foregoing guiclelines.
'l-he invention has been described in detail with refcrencc

to preferred embodiments thereof. Horvever, it rvill be
¿¡ppreciated that those skillecl in the art, upon consideration
of this clisclosure, may make modiûcations and improve-

-i5 ments within the spirit and scope of the invention ¡s set forth
in thc tbllowing claims.

What is claimed is:
t. A pharmaceutical composirion comprising (E)-3,5-

dihydroxy-7-[4'-4 "-fl urophenyl-2'-cyclopropyl-qu inolin-3'-
oo yl]-6-heptenoic acid, or its salr or ester, and a pharmaceu-

tically acceptable carrier, of which an aqueous solution or
clispersion of the pharmaccutical composition has pH of
from 6.8 to 7.8.

2. The pharmaceutical composition as claimed in claim 1,
os where in the sall of (E)-3,5-dihydroxy-7-[4'-4"-

fl uoropheny'l-2'-cyclopropyl-qu inolin-3'-yl]-6-hep tenoic
acid is a calcium salt of thc acid.

TABLE 8

I

Ca NK-104
Lactose
l.os'substituLed
Hvdroxvpropvl Cclh¡losc
Ilydroxyp¡opvl mc thl'l
CelluloEe 2910
Magnesium
Aluminosilicate
Vagaesium Stearate
Total (one tablet)
pH of 5o;:c Srrspetsioa
NK-104 renraining rate
(9c) atier rwo ureks at
6û'C.
NK-104 r€maini¡g rate
(c/¿) atter 1 ntonth at
OU' L.
Cbargc in Outmrd
AppeaÊ¡rce, after slorcd
a¡ 6O" C. t'or 1 r¡ronth

2-0

0.6

1.0 f,rg 1.0 mg 1.0 mg 1.0 ¡ng 1.0 mg
103.2 \n.6 101.8 98.8 96.8
72.ù l?.0 12.0 l2.O tz.O

1.2
120.0

8.4
8't_4

2.û

7.2

3.O 1.0

2.0 5.0

1.0

7.O

1-21.2 t.z
120.0 120.0

6,3 7.8
97.3 98.5

97.5 93.3

7.7
12(1.0

8.1
97.7

t30.0
8.7

s6.8

37.2 S0.7 79.1

NoNoNo\ioN-ô

change change change change change

Example 12

Magnesium Aluminum XSilicate

In the same manner as in Example 2, herein produced
were table ts eacb having thc composition mcntioned belolÃ'.
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3.Thepharmaceuticalcompositio¡ofclaimlwhereinthe selected from the group consisting of vehicles,
composition further comprises a basic substance. disintegrators, binders and lubricants.

4. The pharmaceutical composition of claim 3 wherein the l1-. The pharmaceutical composition of claim 3 whercin
basic substance is an organic base compound. the composition further comprises a peroral solid prepara-

5.Thepharmaceuticalcompositionofclaim3wherein¡¡¡s 5 tion. 
-.basic subitanee is an ¿lkaline earth metal silicate. 12. The pharmaceutical composition of claim 3 wherein

6. The pharmaceutical composition of claim 5 wherein the the- gogæsigion further comprises.a- lactose vehicle.

basic substance is an aluminum compound. _ 13. The pharm-aceutical composition of claim 3 wherein

?. The pharmaceutical compositionìf claim 5 wherein the l-hj.coTpgsrliou 
further comprises hydroxypr<.rpvl cellulose

alkaline e¿rth meral silicare is a magnesium salr. ro *i|h, "*:-1"-c:: of substitution'

8. Tbe pharmaceutical compositioñof claim 3 wherein the 
^- 

."^tnjl1"^l-harmaceutical 
composition of claim 3 wherein

basrc subsraoce rs one or more serecred rro- r"go".irrä :T-::ïn:l:9:,,.futth"t comprises a binder of bydroxa

aluminomerasilicare, magnesium aluminosilicate and Jagl ptipJtå"jry1-"-1yt*'
nesium aluminum silicate. 15. The pharmaceutical composition of claim 1 wherein

g.Thepharmaceuticalcomposirionofclaim3whereinrhe r,s :h^:^:::,p"::'lT 
further comprises a1 least <¡ne material

basic subätance is L_arginie. selected from fhe group consisting of vebicles,

lo. The pharmaceutical composition of claim 3 wherein disintegrators' binders and lubricants'

the composition further comprises at least one material * * * * *
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I

(]RYSIAI,I,INF] F'ORMS OF PI'T.{V.{STdI'I¡i
CALCIU}{

CROSS REFERENCES TO RELATED
APPLIC.,\IIONS

2
polymorphism. Polymorphism is commonly defìned as the
ability of any substance ttr have two or more diftèrent crystal
structures. Drug substances may also encapsulate solvent
molecules rvhen crystallized. These soh,ates or hydrates are
referred to as pseudopolymorphs. It is also possible that the
amorphous fonn is eucountered. Different polymorphs.
pseudopolyrnorphs or the arnorphous form differ in their
physical properties such as rnelting point. solubilitv etc.
These can appreciabl), ilfluence pharmaceutical properties
such as dissolution rate and bioavailabilit¡r. It is also economi-
cally desirable that the product is stable for extended periods
oftime without the need f'or specialized storage conditions. It
is therefore importantto evaluate polymorphism of dnrg sub-
stances. Furthemrore. the discovery of new crysalline poly-
morphic forms of a dmg enlarge the repertoire of naterials
that a formulatiot scientist has with r.r'hich to design a phar-
maceutical dosage tìrnn of a drug lvith a targeted release
profi1e orotherdesired chamcteristics. Wb now havc surpris-
ingl;' found novel cr-vstalline forms of Pitar.astatin calchlnr.
herein designated as fbrm A, B, C, D, E and F, and the
amorphous form of Pitatastatin calcium.

Accordingl-r'. the presenl inventiol is directed to the pol.v-
morphic Forms-4.. B. C, D, E and F, and the arnorphous fomr
of Pitavastatin calcium salt (2:1 ).

One object of the invention is a crystalline pol.vrnorph of
(3R,5S)-7-[2-cyclopropyl-4-(.1-fluorophenyl) quinolin-3-
yll-3,5-dihydroxy-6(E)-heptenoic acid hemicalciun salt.
herein designated as FormA, which exbibits a characteristic
X-ray powder diffraction paTtern with characteristic pertris
expressed in d-values (,4.) and in 20 as given in Table 1

(vs:very strong intensity'. s:strong intensiqv, m:rnediurn
intensiþ; rv:weak intersitlr, vw':very ç.eak intensiqv).

T.{BLE I

/-cñ,-irôc.n, )a rDqles f¡r Form I

5

This application is a continuation ofU.S. patent applica-
tion Sc-r. No. 13/280,431. filccl Ocr. 25,2011, which is a
continuation of U.S. patent applicatiou Ser. No. 12i331,086.
filed on Dec. 9. 2008. now abandoned; which is a continuation l0
of U.S. parent application Ser. No. ß1544.752, filed onAug.
8. 2(X)5. uow abandoned; lvhich rvas a 371 ol lnternatiorul
PatentApplication No. PCT/EP2Cf,4¡05AO66. frled on Feb. 2,
2004, alrd claims priority to European PatentApplicationNo.
03405080.7, fì1ed on Feb. 12. 2003. all ofwhich are incorpo- t-s

rated herein by relèrence iu their entireties.
The present invention is directed to neu. crystalline tbnns

ancl the amorpìrous f'orm of Pital'astatin calcirm. processes
for the preparatio¡r thercof and phanuaceutical compositions
comprising these forrns. 20

The present invention relates to new crystalline lbrms and
the arnorphous forn of Pitavastatin calcium. Pitavast¿tin is
also know-n by the uames NK-lGt, Ilavastatin and Nisvasla-
tiu. Pilavastatin calcium is knorvn by the chemical narne:
(3R.53)-7-[2-cyclopropyl-4-(4-ff uorophenyl)quinolin-3-vl]- 2-s

3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt. Pitav-
astatin calcium has the following fornnla:

30

35

d-spacirg [-Á,.1 Aagle [?O] Rel. Inte¡siu-

Pitarastatin calcium has recently beerr developed as a new
chemically synthesized and pou,ertul statin by Kowa Com-
pany Ltd. Japan. On the basis ofreportd data. the potency of +-s

Pitarastatin is dose-dependent and appears to be equivalent to
that of.Etorvâstatìn. This new statin is safe and well tolerated
in the treatmeot of patients with hypercholesterolaemia. Sig-
nificaut interaclions w-ith a mmrber of other commonly nsed
drugs can be considered ttr be extremel,v low. 50

Processes li:r the preparation ofPitar,astaûn are described
in EP-A-0304063 and EP-A- 1099694 and in thepnblicarions
by N. Miyachi et al- in Tetrahedron Letten (1993) vol. 34.
pages 8267-8270 and by K. Takahashi et al. iu Bull. Chem.
Soc. Jpn. (1995) vol. 68.2649-2656. These publicatious ss
describe the svnthesis ofPitarastadr in great detail but do not
describe the hemicalcium salt of Piuìvâsråtin. The publica-
tions by L.A. Sorbera et al. in Dmgs of the Furure (1998) vol.
23, pages 8¿17-859 and by Nf. Suarki er al. in Bioorgauic &
Medicinal Chemistry Letters ( I 999) vt.rl. 9, pages 2971 -2982 60
describe Pitarastat.in calcium, horvever. a precise procedure
lor its prepzration is ntlt givel. A ltrll syuthetic pnrcedure lìrr ,\nt>ther object of the invention is a crystalline pçlyrnorph
the prepararion of Pit¡rastatin calcinm is described in EP-A- of (3R,5S)-7-[2-c.r,'clopn:pyl-4-(4-lìuorophenyt¡quinota-f -
0520406. In the process described in this patent PitaVastatin yll-3.5-dihydroxy-6(E)-heptenoic acid hemìcalõium salt.
calcium is obtaiued by precipitation fiom an aqueous solutiou es herein desigrared as Forn B, w-hich exhibits a characteristic
asa&'hifecrystallinenaterialrvithameltingpointof 190-192 X-ray powder diffraction pattern with characteristic peaks
C. It is know'n that pharmaceutical substances can exlrjbit expressed in d-values (À; and in 20 as given in Table J.

s

s

trì

nt

s

m

YS

m
m
itì
tn
s

m

4C)
t 7.6
l-3.()

9.1
8,8
8.4
8.1
6.7
6.J
6.i
6-t)

5.57
5.25
5.17
4.81
4.64
4.27
4.20
4.10
3.87

3.6'ì
i.5:?
.1.29

3.C)2

2-95
2.6_1

5.0
ó.8

9.1

10.0

I ù_,s

I l.o
1-ì.3

13.7

14.0

t4.1
15.9

16.9

t7 -1

18.4

19.1

:0.8
ll.t
2t.6
22.9

24.2

:i.2

29.b

-1f1.2

34.0
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'IABI.E 2

4
TART,E4

¡l-o¡¡inoc a¡l rA msls fÕ. Fom B d-soæinss end 2â enol6 fôr Fôm ¡-)

d-specing [Á.] .\ngle [20] Rel. Inrflsiry d-spæing [Á,] A¡gIe [20] R€[. Intexs¡ry

r9.0
16.6
t4.2
I 1.5

9.6
9_2

8.5
7.A
7.6
7.Q

6.8
6.4
6.0
5.94
t.6ó
_{.43

5.22
5.t0
4.92
4-74
4.5ç.)

4.Æ

4.26
4.19
4.13
3.91
3.83
3.73
3.64
3.53
3.42
3.31
_3..30

3.19
3.09

4.6
5.3
ß)
1a

9-2
9.6

10.3
1 1.3
I 1.7
12.6
13.0
r3.9
14.7
14.9
t5.6
16.3
17.0
11.4
l8.o
I 8.7
19.3
2f.r.0

20.-r
2'1.8
21.2
21.5
22-4
23.2
23.6
24.4
25.2
26.O

26.4
27.i
27-9
28.9

w
vs
s
s
m
m
E'
m

m

m

m
m
s

m

tn
m

m

w

10

l5

2Ò

17.-5

t3..5
13.O

10.1

8.8
8.ó
8.2
6.8
6.55
6.20

5.78
5.52

5.?8
4.Ei
4.80
4.66
4.46
4.34
4.23
4.O9

3.99
3.80
3.70
3.47

3-4-t

n
m
s

m
tn
trt

m

m
s

m

m

m
m
I5
s

m
m

m

5.ù
6.5
6.8

8.7
10.0
10.2

r0.8
l3.l
13.5

14.3
1_i.3

16.1

16.8
18.2
18.5

r9.0
19.9

20.5

21.0
2t.7
22.3

23.4
24.0
25.6
26.2

should{

b¡o¿d

25

45

w

.{nother object of the invention is a cr-vstalline polymorph
3o of (3R,5S)-7-[2-cycloprcpyl-4-(4-fluorophenyl)quinolin-3-

yll-3,5-dihydroxy-6@)-heptenoic acid lremicalcium salr,
herein designated as Fonn E, which e<hibits a châracteristic
X-ray pow-der diffraction pattem with characteristic peaks

3 
- cxpressed in d-values (Å.) and in 20 as given in Table 5.

Another object of the invention is a crystallire pol.vmorph
of (3R,55)-7-[2-cyclopropyl-4-(4-lluorophenyt)çrinolin-3-
yll-3,5dilrydro:rry-6(E)-heptenoic acid hemicalcium salt,
herein desigraæd âs Form C, which exhibits a characteristic
X-ray powder diffraction pattern with charactcristic peaks .ro

exprcssed in d-values (,4) and in 20 as giveu in Table 3.

X{BLE3

.L{BLE 
5

¡l-sn¡cinc ¡nâ ?Ê ilsles for Fom E-

d-çaciag [Å] -Aagle [20] Rel. Intensity

2t.6
t_s.9

I1.4
10.ó
8-6
7.1
5.06
4.95
4-14
4.55
4.31
4.r3
4.rxi
3.84
3.71
3.58

4.r
5.6
7.8
8.3

t0.3
l r.6
I 7.5
t7.9
t8.7
19.5
20.6
21.5
2r.9
23- I
24.0
24.A

20.0
11.7
t3.4
13. t
lo.0

8.8
8.6
8.2
6.6
6.5
6.i
5.84
5.56
5.i9
5.24
4-99
4.U
4.69
4.39
4.-ì4
4-3(i
4-24
4.21
4.12
4.08
3.99
3.77
3.7-1

3.69
3.60
3.5ri
3.35

4.4
5.0
6.6
6.8
8.9

r0.0
l0.i
10.8

13.3
13.ó

14.0
15.2
1i.9
t6.4
t6-9
17.8
I 8.3

18.9

20.2
20.4
2ù-7
2i.9
2 l.l
21-6
21.7
22.3
23.5
23.8
24.1

24.7
25.4
?6.6

s

s
s

s

m

m
s

m
s

m

vs
m
m
m
vs
m
tr¡
m
m
m

m

¡_õâ,.;--- .-J 1A enolx 1àr Fam a

d-qacing [Á.J .{rgle [?e] Rel. htensity

m
s
m
m
m
w

m
s
m

m
m

50

55

60

Anotlrer object ofthe iuvention is a crystalline polymorph
of (3R,55)-7-[2-cyclopropyl4-(4-lìuorophenyl)quinolin-3-
yll-3.5dhydroxy-6(E)-heptenoic acid herricalcium salt,
herein designated as Fonn D. which exhibits a characteristic cs
X-ray powder dilfraction pattern with characteristic peaks
expressed in d-values 1.4.¡ and in 20 as given iu Table 4.
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'[^,BLF] 5-continued

,l-suacinqs ¡nd ?â ¡noles for Fo¡m Ê

d-spaciry [.4.] .{ìgle [20] Rel. Intensir-v

2.96
2-64

ji).2
i4.r)

Anothcr object of the inr,'entir¡n is a crvstalline polymorph
of (3R.55)-7-[2-cyclopropyl-4-(4-fl uorophenyl)quinolin-3-
yll-3,5-dihydrox,v-6(E)-hepteroic acìd hemicalcium salt,
herein designated as Form F. which exlúbits a characteristic
X-ray powder dilTraction pattent with characteristic peaks
expressed in d-values (À.; and iu 20 as given in Table 6.

TEBLE 6

J-m¡¡inc ¡nã rA ¡nsles l'or Fom F

d-spacing [,4] tugle [20] Rel. intensity
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Þ'urthermore, the presenl invention is directed to prov^esses

f'or the preparation of Form A, B, C, D, E and F, ald the
amorphous tbmr of Pitavastati.n calciu[r.

Forru A can be generally prepared ûom Pitavastatin

-s sodium upon reaction with CaCl" in an aqueons reâction
medium. Alternatively, Form A of the invention may also be
obtained irsitu liom tirè free acid ((3R,5S)-7-[2-cycl,opropyl-
4-(4-fl uoropheuyl)qui nol in-3 -yll -3.5 -dihydrory-- 6( E)-hep -
tenoic acid) or the corresponding lactone with Ca(OH)r,

,,. advautagcously also in an aqui:trus reâctio[ medirun. The'- aqncous reaction mcdiut usually contai$ at least 809ó b.w.
of uater: prelerably it is rvate¡ or water containing minor
amounts of solvents and/or ¡eactants fiom previous steps.
Form A rnay contain up tt¡ 157o water. prelerably about 3 to

_ 127o. more preferably 9 to I l7o of warer.r'\ Fonu B can be generally prepared by suspending formÀ in
ethanol containing water as a co solvent. The amorurt ofwater
is preferably about 1 to 507o.

Form C canbe generally prepared by suspending formA iu
isopropanol contailing \4'ater as a co solvent. The amourt t'rf

zr¡ rvater is preferably about I to 50Vo. especially I to 209ó and
more preferably about 59lo- Fonn C can also be prepared from
a mixture of isopropanol and a ketone solvefl. containiog
water as a co solvent. Preferably, the ketone solverü is
acetone. and the amount ofketone solvent are abont 1 to 30%,

25 rnore preferabl-v about 10?t,. The amount of water is prefer-
ably about I to 20To, more preferably abour 50á.

Form D can begenerally prepared by suspending fonnA in
absolute ethanol.

Form E can be generally prepared by suspendirg fonnA il
;o l,4diox:ne containing lvater as a co solvent. The amount of

rvater is preferabl¡l about I to 50olo.

Form F canbe generally prepared by suspending formA i¡r
methanol coutaiúng water as a co soll'ent. The amorut of
rvateris prelerably about I to 509'o.

35 In the above mentit-lned processes srnall amor¡nts of seed-
ing crystals of the desired crystalline ltrrm may be added to
the reactionnixture. Preferably srnall amounts are about I to
20 w'eiglrt 9zô. mo¡e preferably about 5 w'eigJit 9ó. Seeding
crystals may be added before or, *.here appropriate, af-ter the

40 step initiating the crystallization (e. g. cooling, addition o[
non-solvent etc. as dcscribed above). Addition before initiat-
ing the crystalliztion is of specific technicål in¡erest.

Theamorphous forrn canbe geuerally preparedbv addition
of a non-solvent to a co[centrated sohttion of Pitavastatiu

4i calciur¡ in an organic solvent. As non-solvent may be taken
t'or example heptane or metlryl tert-butyl ether, *'hereas
exarnples for the organìc solvcnr are 1,4-dioxaue, tetrahydro-
ñrran and ethyl methyl kelone. It is preferable that the non-
solvent aud solvent are miscible. The amorphous t'onn can

so also be prepared by lyophilization ofan aqneous solution of
Pitavastatin calcium.

Preparations ofpol,vmorphic firmìs A. B. C, D. E, F as well
as the amorphous fonn are usually done in substantially pure
reaction systems. essentially consisting ofthe educt specifi ed,
preferably ilì substantially crystalline form. and solr,-ents and/
or non-solvents as 

-qiverì above.
.Another object of the present ini'erìtion are processes ftrr

the preparation of crystalliue fomrs ol- Pitavastatin calcium
essentially free ofresidual organic solvent.

Particularly. the present inv'ention is related to processes
for the preparation of crystallìne fonus of Pitavastatin cal-
ciurn essentially lree olresidual urganic solvent by exposing
the crystalline fìrnn of Pitavastâtin calcium to an atmosphere
ivith a delìued relative air humidi¡v. More particularly'. the
present invention is directed to a process forthepreparationof
any clvstalline fonn or amorphous f'orm of Pitavastatin cal-
ciu¡¡ rvhich is essentially free t¡f residual oganic solvent.
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Small chan-ees in the experirnental details can cause small
dev'iation inthe d-ralues and 20 ofcharacteristic peaks ir the
X-ray por:"'der clift'ractiou pattems.

Another object of the iitvention is the amorplrou, fo.* of 55

(3 R. 5S )-7-[2-cycltrpropyl-4-(4-fl uorophenyl )quinolin-3 -yl]-
3,5-dih¡rdrory-6(E)-heplenoic acid hemicalcium salt which
cxhibils characteristic X-ray po.*'dcr diffraction pattcms as
depicted in FIG. 7. 60

Powder X-ray dilì-raction ìs pertbmred on a Philips 17l0
powder X-ray diffìactoneter using Cu k (crl) radiation
(1.54060 À): 20 ang.les are recorded with al experiûìenfal
errorof r0. l -0.2". ^4. discussion ofthe theory of X-ray powder
difliactiou pattems can be found in "X-ray difiÌactior proce- 6j
dures" by' H. P. Klug and L. E. Alexander .I. Wiley, Ne*'York
(t974).

Case 1:14-cv-02759-UA   Document 2    Filed 04/17/14   Page 56 of 61



us 9,557,993 82
7S

'l'hesecan, lirrexample.bepreparedbyexposingthecrystal- novel forms to prepare such solutions is cousidered to be
line f'onn or amorphous form to aü atmosphere s.irh a relative *'ithin the coutenrplati,.'rn of the inventiot.
air humidity of 5 10 100%. Preferabll'. these are prepared by Capsule dosages, of course. will contain the solid compo-
exposure to an ilert gas stream with a defiued relative air sition*'ithinacapsule.l'bichmaybemadeofgelatinorotler
hurnidiry* to exchange residual orgarúc solvelt with w"ter. In -s couventional encapsulating maieriat. Tablets and powders
general, a relative airhumidit5, of 5 to 100'ozô. especially 40 to may be coated. Tablets aud pow,ders may be coated with an
807ó, is used. enteric coating. The erteric coated powder forms ma¡, ¡ave

.'{nother obiect olthe present inl'eutiou are phannaceutical coatings comprising phthalic acid céllulose acetate, hyarcx-
compositions comprising an effective aûrount of crvstalline 

, ^ 
ypropylmerhyl-cellulose plrthatate. pollwinyl alcohol phtha-

polymorphic F'orm A. fl. C, D, Fl or þ'tlr the amorphous lonn tu late. carboxymethylethylcellulose, a copolymer ol s\,rene
of Pitarastatin calcium, and a phannaceutical acceptable car- and maleic acid. a copolymer of rnethacrylic acid and methyl
rier. methacr.vlate. and like rnaterials. and if desi¡ed, they may be

These polymorphic fomrs may be used ¿s single compo- employed *'ith suitable plasticizers and/or extending agents.
nent or as mixtures with other crystallhe fonns or the amor- ,., -{ coated tablet may have a coating r.rn the zuriàce of the tablet
phons lbnn. " 

or maJ'be a tablet comprising a porvder or granules with an
.A.s to the novel polymorphic fornr and arnorphous fon¡ of enteric-coating.

Pitavastatin calcìum it is preferred that these contain Preferre<lunitdr>sagesolthepharmaceuticalcompositions
25-Iær"o by weiglit, especially 50-100% by *'eight. of at ofthis invenrion r-v-pically contain from 0.5 to 100 mg of the
leasl. t¡tte ol the novel lìrrms, based on the tolal amount of 29 novel Pitavastatin calcium lbmrs or nixtures thereof with
Pitavastarin calcium. Preferabl¡'', such an nmount ofthe no'v'el each other or other for¡ns of Pitavastatin calcium. More usu-
polymorphic forms or amorphous forn of Pitavastatin cal- ally. the conbiled weighr of the
cium is 75-100% by w'eight. especiaily 90-1009/o b-v *'eight. pitavastatincaiciumitrmsofaunirdosagearcfrom2.Jmg
High-ly prefèrred is an amount of 95-100% by .r'eiglr. to g0 mg, for example 5, lO,20 gr 40 mg.
. The compositions ofthe iw'ention include pt'rwders. granu- 2-s The foll.rwing Eiamples illustrate the inv.ention in nore
lates. aggregates and other solid compositious comprising at detail. Temperatî.", *" giu"r, in degrees Celsi's.
least one of the novel fonns. ln addition. the compositions
that âre ctrntenplated by the present inventiot may ñrrther ELq.MpLE I
include dihlents. snch as celiulose-derived rnaterials .like
powdered cellulose. microcrystalliue cellulose. microfine ¡o
cellulose. methyl cellulose, ethvl cellulose. hvdroxyethvl cel- Preparation of Form A

lu10se, hydrr:xypropyl cellulose, hydroxyprop-vlneth,vl cellu- 
4. l5 gr of (3R,5s)-7-[2-cycl0propyl-4-(4-fluoropheDyl)

lose. carboxl'methyl. cellulosesalts andothersubstitutedand - -,.--;_t; ",: ì-:
unsubstirured cellukrses: srarch: preeelar¡nir."a *ar.t',,ì,i.,.] ïiTLT-^1.iI :5-dihydroxy-6(E)-hepteloic 

acid tert-buryl

ganic rlilueuts like calcíurn cârbonåte and calcium diÍ,h;- r - cstc¡ (Pitâv'astatiu tert-butv1 ester) was stlspcndcd in 52 ml of
lhate and other diluents known to the phamraceuricaf ilãus I P*l*" of methyl tert-butyl ether and rnethanol (10:3). To

rry. Yer otlrer suitable diluenrs incluåe waxes, ,ugu.. ood 3tt3l*t,i::"re added 2 17 nl of a4Maqueous solution of
súgar alcohols like man¡itol and sorbitol, acryláte p-ol¡rmers NaOII'andthe_rezulfingyello'"r'ishsolutionwas stirredfor2.5
anã cppol¡rmers, as we.ll as pectiü. dextrin a¡á gelal¡. hours at 50" C-- the reaction mixture was cooled to K)om

F'urther excipients tllat are rvithin the contemplation ol the 40 temperature followed by the addition of 50 ml water and
preseut in'u'ention include binde¡s. such as acaciã gurn. prege- stirring for an additional hour. The aqueous plnse was sepa-
latinized starch, sodiurn alginate. glucose and other binder. rated and once extracted *'ith 20 ml of metþl tert-butyl ether.
used in çet and dry grauulatiou and di¡ect compression To this aqueous solution q,'ere added a solutiou of 0.58 gr
tableting processes. Excipients thatalso may be present in the CaCl, in 80 rnl of w-ater over a period ol I hour. The resulting
solid compositiorx fu¡lher include disintegrants like sodium +5 suspension was stirred for about 16 hours at room tempera-
starch glrvcolat. crospovidone, low-substituted hydrox,vpro- ture. The suspension w-as ñltered and tlre obtained solid w.as
pyl cellulose and others. In addition. excipients may includc dried at 40o C. and 50 mba¡ for about 16 hours. The obtained
tableting lubricants like magnesìnm and calcitmr stearate and protluct is crystal F'orm A which is cha¡acterized by an X-ra¡r
sodium stearyl fumarate; ffar'orings: su'eeteners: presen/a- powder diffractiou pattem as shown in FlG. l. Further char-
tiv-es; plrannaceutical.l,v acceptable dy'es and glid"nts such as 50 àctenzation of the 

-obtained 
Fomr A by t[ennogravimetr,v

silicon dioxide nr:-r¡r,,,i+r, ËT rr
rhe dosages incrndedosaees suitabre ibrorar. bnccar, rec- :ili1"Î;;;15Ïå}.i,îl':::H,;iïffiåi11":::1""å.'j-

tâI, parenteral (including snbcutaneous, intramuscnlar, and ureltilgpointof95"C.
intravenous), inhalant aud ophthalmic administration.
Although the most suitable route in any given case will :: EXAÞIPLE 2
depend on the nature and severity of the ct'¡ndition being
treated. the most prefêrred roure of the present inventio[ is preparation ofForm B
oral- The dosages may be convenientl,v preselted in unit
dosage form aud prepared by any of the methods well-know'n 100 mg Pitavastatin calcirun FormA rvas suspetded in 2 ml
in the art of-phamracy. oo rvater and stirred at room temperature for 30 mù, follow-ed b¡,

l)osage tbnns include solid dosage l'onns. like tablets, the addition of 2 ml of ethanol and additional stining for lä
powclen. capsules. suppositories. schets. truches and losen- hours. The suspensitxt rvas fìltered an<l <lried in air, leldingges as rvell as liqrrid suspensions and elixirs. While the 36mgofFomrB.TheobtainedcryslalFormBischaracter-
description is not intended to be limiting- the inventiou is also ized by an X-ra;' powder diffractio; pâftem as shoç.u in FIG.
nor iûtended to perlair to true solutions of Pitavastatin cal- 6-s 2. Further characterization of the o6tained Fonn B by ther-
cium rvhereupon the properties that distinguish tlre solid rnogravimetry coupled with FT:IR spectroscopy revealed a
fo¡¡usofPitavastatincalciumarelost.Howeve¡. theuseofthe lvatercontent of about 10%.
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solid dried in air. 'lhe obtainedcrvstal Fbnn F is characterized
by an X-ray porvder difracrion patrem as show'n in FIG. 6.

Preparatiou of Fomr C

62 mg Pitavastatin calciun Form À was suspeuded in 2 n:_l

isopropanol containing 59ó water. This suspension was
heated to 600 C., which led to almost complete dissolution of
F'orm ¡\. and again cooled to rooln temperâlure.,\t this tem-
perature the suspension was stirred for 66 hours. The result-
ing suspension rvas filtered, once washed rvith some isopro-
panol containilg 596 'riafer ard dried i¡ ai¡. The obtained
cry-stal Forut C is characterized b"v an X-ray powder diftrac-
tion pattem as slìolû'n in FlG. 3. Fu¡ther characterization of
the obtained Form C by thermogravinetry coupled with FT-
IR spectroscopvrevealed thatthe sample contains about 6.39ó
isopropanol and a small ârnount ofwater. Preparation of the.A.morphous Form

ÐC{MPLE 4 60 mg of Pitavastatin calcium FonnA *as dissolved in 1.5

preparationof Fomr c , 
ili'g:ffåTlYiåä jijiäï:äï,'iäiff;i:i;:;lffj
resulting suspensiou was stirred at roon ternperarure lbr

65 rng Pitar,astatin calcium Form A u'as suspended in a about 1 6 hours. The suspension was filtered and ihe obtained
mixtureof0.9mlisopropanol,0.lmlacetoneand40plw'ater. solid was dried iu air. Ar X-ray diffraction shrdy on the
Stirring this suspension for about t hour led to nearlv com- 2-i product shorved it to be amorphous, see FIG. 7 (bottom).
plete dissolution. Seeding with 4 mg of Forn C (from FudÌerc'haraoteriz-ationoltheobtainedpnrductby'therruo-
examplc 3) and stirrin-e for 2lrours led to the fomtation of a gravimetry coupled with FT:IR spectoscopy revealcd that
concentrated suspensiou. This suspension was diluted w-ith $9 sarnple contained about 5.5olo rnetlryl tert-butyl ether.

the same amouni¡f solvent lnixftrre as a6or.e and stirred fòr Differential scanning calorimetry show-edtlÌe sample to have

an additional 40 hours. The suspension w-as lìlte¡ed and the 30 a glass transition teruperature ofabout 68o C.

obtained solitl was dried:rt 40u (1. lorabout 10 min. Analysir 
BRIEI? DESCzuPTION OF TIIE DR{IüINGSby' X-ra;' pow'der diffractiou indicates the prodncr to be crys-

tal Form c as shown in FIG' 3' FIG. 1 is a cha¡acteristic x-ray pow'der dirîraction pattem

þlxAMPLt'l 5 3¡ fi.rr Form A'
FIG. 2 is a characteristic X-rav po*'der difüaction panem

preparation of Fomr D for rorm B'
FIGS. 3A and 38 are trvo characteristic X-ray porvder

difhaction natterns for Form C.
60 mg of Pitavastatin câlcirur ForrnA was suspended in^ I .rn F I(i. a is a characteristic X-rav pow-der dil'fraction pattem

rnl absolute ethanol and stirred at roout ¡empemture fo¡ 20 fclr Fonn D.
hours. The resulting suspensiol was filtered and dried in air. FIG. 5 is a characteristic X-ray powder diffiaction pattem'l'he obtaine<l crystal Fbrm [) is cl-raracterized by. an X-ray for Form E.
powder dilïraction pattem as shown in FIG. 4. FIG. 6 is a characteristic X-ray pow.der dilïraction pattem

EX.q.MPLE 6 4t 
'i'läri l,t ,nu 7B are F*o ctraracrerisric X-ray pow<ier
diffraction patterns for tlre a-morphous form.

Preparation ofForm E

EX{MPLE 7

The invention claimed is:
l A cr-vstalline polymorphA, B. C. D. E, F. or the amor-

phous fbrm. of (3R,5S)-7-[2-cyclopropvl-4-(4-fluo-
rophenye)quinolin-3 -yll -3. 5-dilrydrox,v-6(E )-heptenoic acicl
hemicalcium salt çåerein

A) polynorph A exhibits a characteristic X-ray powder
difüaclion pattem with characteristic peaks expressed iu
20 at 5.0 (s),6.8 (s), 9.1 (s), 10.0(w), 10.5 (m). 11.0 (m),
13.3 (r*'), 13.7 (s). 14.0 þr'), 14.7 (w). 15.9 (r'w). 16.9
(w). 17.1 (v*). 18-a (nl). 19.1 (w), 20.8 (vs).21.1 (m).
2 I . 6 (m). 22.9 (m). 2i.7 (m), 24.2 (s), 2s.2 (w ), 27 .1 (m),
?9.6 (vw). 30.2 (w).34.0 (w');

B) polymorph B exhibits a characteristic X-ra,v powder
diflraction pattem with characteristicpeaks expresseclin
2A ar4.6 (w), 5.3 (vs),6.2 (s).7.7 (s), 9.2 (m).9.6 (rn),
10.3 (w). 11.3 (m). il.7 Ov). 12.6 (v*'), i-j.0 (rv). 13.9
(m). 14.7 (r'w), 14.9 (w). 15.6 (w). 16.3 (m). 17.0 (\,rv).
17.4 (vw). lB.0 (w'), 18.7 (ur). 19.3 (m).20.0 (s).20.5
(w),20.8 (n).21.2 1u,, shoulder),21.5 (rn), 22.a @),

9
F]XAMPf ,FJ 3

60 mg of Pitavasrati[ calcium Form A rvas suspended in a 5q
r¡:ixture of l.4-dioxane and rvater (l:t), and stirred for 18
horrs at room tempemntre. The resulting snspetsiou w'as
filtered and dried in air. The obtained cr,vstal Fonn E is char-
acterized by an X-ruy powder dillraction pattem as showu in
FIG.S. 55

Preparation ofForm F
60

60 mg of Pitavastatin calcinrn FormA rvas suspended in 3
ml methanol containirlg 20oá water, aud stirre<lat 40' O. fòr I
hour. The resulting suspension was slow'lv cooled to room
temperaûìre atìd stirring w'as continued for 4 hours. The sus-
pension was heated again to :l0o C.. stirred for 30 min, slow{y o:
cooled to roorn tempemture and stirred ltrr an addititxally l5
hotus. The suspensiou was filtered and the obtained white

62 m-s of Pitavastatin calcium FormA nas dissolved in 0.3
ml 1.4-dioxane. To this stirred solution r*as slo*'ly added 2.3

to ml n-heptane at room lemperature. alrd stirred for an addi-
tional 16 hours. The resultilg suspensiol was fiitered and
dried in air. 'lhe obtained solid was amorphous as is shorvn by
the X-ray diffraction pattem given in FIG. 7 (top).

15 I.XAN{PI.L.;9

-s

EXAIVIPLE I

Preparatit-rn of the..{morphous Form
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23.2 (s),23.8 (m). 24.4 (vw),25.2 (w. broad), 26.0 (w), 7. ,A process tÌrr preparing the crystalline polymorph or
26.4 (w-),27.0 (w).27.9 (vw),28.9 (w); aruorphous fonn according to clairn l, wherein:

C) polymorph C exhibits a cha¡acteristic X-ray powder the cr,vstalline polymorph or amorphous form being pre-
diffracrionpattemwithcharac¡eristicpeaksexpressedin pared is the crystalline polymorph C; and
20a14.7 (nt).5.6(s).7.8(m).8.3(rn), 10.3(rr), 11.6(w), 5 the process comprises suspending the crystalline poly-
17.5 (w). 17.9 (w),18.7 (m), 19.5 (s),20.6 (m).21.5 morphAinamìxnrcofisopropanolândakeroÌresol-
(vw)'21.9 (m)'23.1 (@,2a.0(rv),24.8(w); vent.containingwârerasacosolvelt.

D) polymorph t) exhibis a ch¿uacteristic X-ray powder 8.'Ihe prccess accorcling to claim 7, rvherein the ket6ne
diffraction pattem with characteristic peaks expressed in st-¡lvent is acetone.
20at5.0(m),6.5(m),6.3(s),8.7(m;. iO.olnr;. tO.?(rn), t') 9.'lhe process according to claim ?. wherein ¡he kerone
10.8 (m), l3.l (*'), 13.5 (m). 14.3 (s), 15.3 (vw), 16.l solv'entispresentinanamountolI to30%b,vvoluureofrhe
(nl). 16.8 (w), 18.2 (w), 18.5 (nl), 19.0 (w), 19.9 (nÐ. suspension of (3R.5S)-7-[2-c,vclopropyl-4-(4-fluorophenyl)
20.5(m).21.0(vs),21.7(s),22.3(*).23.4(m).24.0(m), quinolin-3-yll-3,5-dihy'droxy-6(Ê)-heptenoic acid hemical-
25.6 (w). 26.2 (n); ,-, cium salr.

E) polymorph E exhibits a characferistic X-ray pow-der lû. Tlre process according to claim 7. ç-herein the water is
dilfraction pattem with characteristic peaks expressed in present in an amount of I to 20-olo by volume of the suspensio¡
20 at 4.4 (vw), 5.0 (s). 6.6 (s), ó.8 (s), tì.9 (s), 10.0 (m). ol (3R,5s)-7-[2-cyckrpnrpyl-4-(4-flLrorophenyl)quinoliu-3-
10'3(s). 10.8(m), 13.3(s), 13.6(m), 14.0(s), 15.2(vw), yll-3,5-dihydroxy-6(E)-heptenoicacidhemicalciurnsalt.
l5-9 (w), 16.4 (w), 16.9 (vw'), 17.8 (r,w'). l[i.3 (m). 18.9 2') 11. Â process tbr preparing the crystalline polymerph or
(rv). 20.2 (vs), 20.4 (n), 20.7 (n), 20.9 (m). 21.1 (vs). arnorphous forrn according to claim 1. wherein:
21.6 (m\21.7 (m).22.3 (m). 23.5 (ru), 23.8 (in), 2a.1 tlre cr.vstalline polymorph or amorphous lòmr being pre-
(w).24.7 (vw).25.4 (r'w), 26.6 (n).3O.2 (r+ ). 34.0 (v-*Jl pared is the crystalline polymorph Dl and
and t1rc prccess comprises suspending the crysurlliue poly-

F) polymorph F exhibits a characteristic X-ray powder z-s morphA inabsolureethanol.
diflractionpattemwithcharacteristicpealisexpressedin 12. A process tbr preparing the crysm.lline polymorph or
20 at 5.1 (m). 5.6 (w-). 7.0 (s), 8.8 (m). 9.6 (s), 10.2 (*), amorplrons form according to clairu 1, wherein:
10.9(m), I1.3(w). I1.9(rn), 12.5(rr), 13.0(s). 13.7(m). thecr,vstalliuepolymorphorâmorphousfonnbeingpre-
1"1.4 (s), la.7 (m). 15.3 (vw). 15.5 (w), 16.8 (m), 17.6 pared is the crysralline polymorph E; aud
(w). 18.3 (m). 19.3 (m). 19.7 (n).20.6 (n),21.2 (vs). ro the process comprises suspendiug the crystalline poly-
2l'8 (s),22.8 (s).23.1 (l-),23.8 (w, shoulder),24.1(s). morphAin 1,4-dioxanecontaining*'aterasacosolvelr.
24.8 (s),25.7 (n),26.2(vw)- 26.6 (m),26.9 (w),28.4 13.Theprocessaccordingtoclaim12.whereinthew'areris
(w). 29.5 (w). 29.8 (r,'w). 30.9 (m); wherein, fbr each of preserr in the ¡rnorurt of I to 50% bl' volume olthe suspen-
said polymorphs. (vs) stands lìrr very strung sion ol (3R,5s)-7-[2-cyclopropyl-4-(4-fluorcphenyl)quino-
intensiry; (s) stands for strorg intensiry' (m) stands lbr :; lin-3-y1l-3,5-<tihydrox,v-6(E)-heptenoic acid hemicaicium
medium intensity: (w) srands for *,eak iltensity; (vw.) salt.
stands fo¡ verv w'eak intensif.v. 14. A process for perparing the crystalline polymorph or

2. A process fbr preparing the crystalline pol,vmorph or arnorphous form according to claim 1. wherein:
amorplrous lbmr according to claim 1, wherein: the cr.vstalline pol¡rmorph or amorphous fì:nn being pre-

the crvstalline polyrnorph or atnorplurus lorm being pre- ao pared is the crystalline polymorph Fì: an<l
pared is thecry-stallinepolymorphA; and the process comprises suspending thc crystalline poly-

the process comprises reacting (3R,5S)-7-[2-cyclopropyl- morph A in methanol containing.rvater as a cosolv'eui.
4-(4-lìuorophenyl)quiuolin-3-y1l -3.5-dihydox,v-6(E)- 15. Tlre process according to claim 14, rvherein the w'arer is
heptenoic acid sodium salt *'ith CaClz in arì aqueous prese.rt in an amt¡unt of 1 to 500./o by volume ofthe snspensiçu
reactiou medium . 4s of (3R.5S)-7-[2-ryclopropyl-4-(4-fluorophenyl)quinolin-3-

3. A process f'or preparing the crystalline poly'morph or yll-3,5-dihydroxy-6(E)-heptenoic acid hernicalcium salt.
amorphous fonn according Ît'r clairn 1, whcrein: 16. The proccss according to claiin 2, wherei¡ (3R,5S)-7-

the crystalline polyrnorph or amorplrous form being pre- [2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl]-3.5-dihy,-
pared is the crystalline polymorph B: and droxy-6(E)-heptenoic acid hemicalcium salt is isolated by

the process courprises suspending the crystalline pol,v- so filtratiou and dried in air o¡ vacuum.
morph A in ethanol containing water as a cosoivenl. 17. The process according to claim 2, *'lrerein seeding is

4. The process according lo claim 3, irherein the water is carried out with crystals of the desired crystallìnepolymorph.
present in an atnount of 1 to 500/0 by volume of the suspelsion 18.4 process preparing the crystalline polymorphor anLor-
of (3R,5s)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3- phous fomr according claiur 1. ,,.r'herein: 

-

yl]-3.5-diltydroxy-6(E)-heptenoic acid hemicalcium salt. s5 the cr-vstalline polylrorph or anlorphor¡s fonn being pre-
5. A process for preparing the crvstalline polyruorph or pared is the amorphous for¡n: and

amorphous fbnn according to clairn l. w'herein: tlre process ct'rmprises adding a non-soh'ent to â solution of
rhe crystalline pol,'-rnorph or amorplrous form being pre- (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-

pared is the crystalline polymorph C; and 3-yll-3.5-dihydroxy-6(E)-heptenoic acid hemicalciun
the process comprises suspending the crystalline pol,v- eo salt il an organic solvent.

norph A the process comprises suspending the crystal- 19. The process according to claim 18, wherein the non-
line polymorph Å in isopmpanol containing lvater as a solvent is selecte<1 l'rom he¡rl.ane an<I methyl tert-bulyl etþer.
cosolvent- 20. The process accordingto claim 18, wherein the orgaaic

6. The process according to clairn 5, w'herein the water is solvent is selected from l,4-dioxane, tetrahydrofuran and
present in an amouût of 1 to 5@zô by vtrhrme of the suspension os ethyl metþl ketone.
of (3R,5S)-7-[2-cyclopropyl-4-(4-lìuorophenyl)qrúnolin-3- 21..{ process for preparing the crlstalline polymorph or
yll-3.5-dihydroxy-6(E)-heptenoic acid hemicalcinm salt. amorphous fonn accorditg claim l. wþerein:
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the crystalline polyrnorph or amorplxrus Íìrmr being pre- intensity. (m) stands lìlr meclium intensiq', (rv) stancls lìir
parcd is the amorphous form; and rveak inteusity, ancl (vw) stands tôr verv weak inteusit-v.

tlre process comprises drying an aqueous solution of (3R, 29. A cr-vstalline polymorph C of (aR.5s)-7[2-cyciopro-
55)-7-[2-cyclopropyl-4-(.1-fluorophen;vl)quinolin-3- pyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-dilrydroxy-6(E')-
yll-3,5dihydroxy-6(E)-heptenoic acid hemicalcium 5 heptenoic acid hernicalcium salt.'hàviug an X-ra!' pow-der
salt by lyophilization. diltaction pattern substantially zus depicted in FI(ìS. 3A and

22. A phamtaceutical compositit-rn conprising an eftèctive 38.
amorurt of the crystalline polymorph or arnorphous form 30. A crystalline polymorph D of (3R,5S)-7[2-cyclopro-
according to claim 1.. ard a pharrnaceutically acceptable car- pyl-4-@-fluoropheny'l)quinoùr-3-yll-3,5-dihyaròxy-e1p)-
rier- lo heptenoic acid hemicalcirun salt, u'hich exhibits a character-

, 23. A crystalline polyrnorphA. B. C, D. E, F. or the amor- isúc X-ray powder diffractiou pattelr wit.h characteristic
phous lorrn. of (3 R.5 S)-7-[2-cyclopropyl-4-(4-fluorcphe- peaksexpres.ie<lin20at5.0(m).6-.5(m).6.3(s),tì.7(rn), t0.0
nvl)quinolin-3 -y1l-3.5-dihydroxy-6(E)-heptenoic acicl (m). 10.2 (m). 10.8 (m). 13.1 (wJ, 13.5 (rn), 14.3 (s), 15.3
hemicalcium salt of claim 1. whereiû polymorph.{ has an (vv'), l6.l (m), 16.8 (w). 18.2 (rv), 18.5 ¡mj, tS.O (ìv). 19.9

{_-:ar wwder diffÞction pattern substa[tially as depicted in r-s (m).20.5 (m). 21.0 (vs).21.7 (s).22.3 (w'), 23.4 (m),24.o (m).
FIG. l. polymorph B has an X-ra¡r por*'der diffraclion pattem 25.6 (rv), and.26.2 (m). r*'hereiu (vs) stands 1-or very strong
substantiallyasdepictedinFlG.2.polyrnorphChasanX-ray intensif,v. (s) stands lbr strong itrensi6., (m) stands foi
pon'cler clìfüaction paftem substartialb- as tlepicted in FIGS. meclirm inrensity. (w) stands ftrr weak intensity. ald (vw)
3A and 3B, polymorph D has an X-ray powcler difliaction staucis for vcr,v weak i¡tensit-v.
pattem substantiallyas depicted in FIG.4. polynorph E has :o 3t. A cr,vstalline pol-vmorph D of (3R.5S)-7[2-c-vcloprtr-
an X-ray porvder diflraction pattem subsøntially as depicted py1-4-(4-fluorophenyl)quinolir-3-yll-3.5-dih¡rdroxy-66)-
h FIG. 5- poly-morph F h¿s an X-ray pt'rwder diffraction hqrtenoic acid heruicalcium salt. haviug an X-ra! powder
pattern substanfially as depicted i¡ FIG. 6. and dillraclion pattern substantially as aepictea i¡ flC. a.

the amorphous fbmr has an X-ray powder difliaction pat- 32. A crvstalline pol.vmorph E of (3R,5S)-7[2-cyclopro-
tem substantialll' as depicted in FIGS. 7A arrd 78. z-s pyl-4-(4-fuioroplænyl)quinolin-3-yll-3.5-dihyclrox.,--6qB¡-

24. À crystalline poly'morph A of (3R,5S)-7[2-cyclopro- heptenoic acid hemicalcium salt. rvhich exhibirs a ðharacter-
py1-4-(4-fluorophenyl)qr.rinolin-3-yll-3.5-dihydroxy-6(E)- istic X-ray po*'der diffraction pattern with characteristic
heptenoicacidirenicalcir¡rnsalt.r+'hichexhibitsacharacter- peaks expressed in28 aT 4.4 (\rl'), -s.0 (s),6.6 (s). 6.8 (s).
istic X-ray powder diffiaction patern *'ith char¿cteristic 8.9(s), 10.0(m). 10.3G). 10.8(m). 13.3 (s). 13.6(m¡. la.Ois),
peüisexpressedin26at5.0(s).6.8(s),9.1 (s), 10.0(w), 10.5 ¡o 15.2(v1¡.). 15.9(w). 16.4(u,'). 16.9(v\Ã), l7.B(vw). lS.3(m).
(m), I1.0 (n), 13.3 (vw)- 13.7 (s), 14.0 (@, M] (rv). 15.9 18.9 (w'), 20.2 (vs). 20.a (@.20.7 QÐ.20.9 (m), 21.1 (vs).
(wJ, 16.9 (rv). 17.1 (r,rv). 18.4 (ru), 19.1 (s'), 20.8 (vs).21.1 2t.6 (m).21.i (m).22.3 (m).23.5 (m).23.8 (m), 24.1 (w),
(n),21.6(n).22.9(m),23.7(m),2a.2$).25.2(w),27.1(m). 24.7 (wv).25.4 (vw).2(r.6 (m), 30.2 (w). and 34.0 (vw').
29 .6 (vw),3{1.2 (w), ancl 34.0 (w), rvherein (vs) stancls fbr very rvherein (r,s) slands lor very stron-e intensity'. (s) stancls lor
strong intensit¡,'. (s) stands ltrr stroug intensitl'. (m) stands l'or rs strong intensity, (m) stands fbr medium intensiry 1t ) sta¡¿s
medium intensity'. (w) srands for rveak intensity'. and (r.'w') fòr weak intensit-t'. and (vrv) stands tbr very weak ìntensi¡.
stands for ve4,v weak intensity. 33. A crystalline pol.vmorph E of (3R.53)-7-[2-cyclopro-

25. A cr,vstalline polymorph A of (3R,5S)-7[2-cyclopro- pyl-4-(4-fluoropheny'1)quinolin-3-yl]-3,5-diJrydrolv-6@)-
pyl-4-(4-fluorophenyl)quinolin-3-y.ll-3,5-dihydruxy-6(E)- heptenoic acid heruicalcium salt. having a¡ X-ray powder
hepteuoic acicl hemìcalcirtm salt, having an X-ray powder ¿o dittaction patlern substantially as aepicred iu f l<;. S.
diffractionpanem substantially as depicted in FIG. 1. 34.AcrystallinepolymorphFof(3R.5s)-7[2-cycloprop¡,'l-

26. A crystalline polymorph B of (3R,5S)-7-[2-cyclopro- 4-(:l-fluorophen-vl)quinolin-3-yl]-3,5-<1ih¡'droxy-O1Ej-t .p-
pyl-4-(4-fluorophenyl)quinolin-3-y1l-3,5-dihydroxy-6(E)- tenoic acid hemicalcium salt. which exhibirs aiharacteristic
heptenoic acid henicalcium salt. which exhibits a cha¡acter- X-ray pow'der diffractit¡n panern with characteristic peaks
istic X-ray powder diffraction pattem with clraracteristic +: expressedin20 ar5.t @);5.6 (w-).7.0(s). S.8 (m).9k (s;.
peaksexpressedin20at4.6(w),5.3(vs),6.2(s).7.?(s).9.2 10.2(w). 10.9(m). 11.3(w-), 11.9(m), 12.5(m). 13.0(s). 13.7
(m).9.6 (¡n), 10.3 (w), 11.3 (m), 11.7 (u). 12.6 (v*'). 13.0 (w). (m). ia.4 (s), 14.7 (m), r5.3 (vw.). ls.s ($,:), 16.s qÀ¡. rz.e
13.9 (m), 14.7 (vw), 14.9 (w), 15.6 (w). 16.3 (m). 17.0 (vw). (w). 18.3 (m). 19.3 (m). 19.7 (m).20.6 (m).21.2 (vs),21.8 (s).
17.1 (w-)' 18.0 (rv), 18.7 (rn), 19.3 (m), 20.0 (s). 20.5 (w), 22.5 (s),23.1 (w). 23.8 (w. shoulder). 24.1 (s),21.5 (s).25.j
20.8Qtt),21.2(w;shoulder),21.5(m),22.a(nt),23.2(!.23.8 50 (ul),26.2(vw-}26.6(m),26.9(w).28.4(*J.29.5(ir-),29.8
(ttt),24.4 {vw),25.2 (r'ri broad), 26.0 (w-). 26.4 (rv,').27 .0 (w}, (vrv), and 30.9 (m), w.herein (vs) stands l'or very srrong inten-
27.9 (w-), and 28.9 (w), *'herein (vs) stands lbr very strong sitv. (s) stands fcrr srrong inrensir.v, (m) stand's ltrr meclium
intensity. (s) stands for strong intensity'. (m) stauds for intensiry'. (\r') stands f'or n'eak intensity.. and (vrv) stands lòr
medium intensit.v, (rrv) stands for w'eak intensiq:, ald (vrv) r.ery weak intensitv.
stands lbrver,v *'eak intensity. ji 35.AcrystallinepolymorphFof(3R.5s)-7[2-cyclopropyl-

27. A crystalline polymorph B of (3R,5S)-7-[2-cyclopro- 4-(4-fluoropheuyl)quinolin-3-yl]-3,5-dihydrory-e¡E;-¡"¡
pylJ-(4-fluorophetyl)quinolin-3-yll-3.5-dihydroxy-6(E)- tenc¡ic acid hernicalcium salt. lraving an X-raj. porvderàif'-
hepreuoic acid hemicalciurn salt, having an X-ray powder fraction pattern substantially as depiðted in FIô. ó.
difüaction pattem substantially as depicred in FIG. 2. 36.Thèamorphousformóf ¡3R,5s¡-l¡Z-cyclopropyl-4-(4-

28. A crystalliae poly'rnorph C of (3R,5S)-7[2-cyclopro- oo fluorophenyl)quinolin-3-yl]-3.5-dihydroxy-6(E)-hepteroic
pyl-4-(4-fluorophenyl)quiuolil-3-yll-3.5-dih1'droxy-6(E)- acid henìcalcium salt.
heptenoic acid hemicalciutn sah, u,hich exhibits a character- 37.'I he amorphous lorm o[(3R.-5S)-7[2-cyclopropyl-4-(4-
istic X-ray powcler diffiaction pattern \+'ith characteristic fluorophenyl)quinolin-3-yll-3,5-ditrl,aroxy-k1e'¡-lrepieno¡ò
peaks expressed in20 at 4.1 (m). 5.6 (s), 7.8 (rn), 8.3 (m), 10.-3 acid hemicalcium salt. having an X-ray powder diffiaction
(m)' I I.6 (w'), 17.5 (w). 17.9 (rv). 18.7 (ru), I9.5 (s),20.6 (m), 6-\ pattem substantially as depicted iu FIGS. 7A and 78.
21.5 (wv). 21.9 (ur). 23.1 (m). 24.0 (w-), and 2.1.8 (rv). wlrereiu 38. A process for preparing the crystalline polymorph or
(vs) stands for ver,v strong intensitv. (s) srands for strong arnorphous fonn according to claiu l, w-hereill:
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the crystalline polyrnorph or amorphous forn being pre-
pared is the cry"stalline polymorph F: and

the process comprises suspending the crystalline pol.r;-
morphA in methanol çe¡1¿ining Þater as a cosolvent.

39. The process according to clairn 38, where.inthe water is s

present in an âmount of 1 tcl 50o./o by volume olthe suspeusion
of (3R.5S)-7[2-cyclopropyl-4-(4-tìuorophenyl)quinolin-3-
yll-3.5-dihydroxy-6(E)-heptenoic acid hemicalcium salt.

*****

l6
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