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Kowa Company, Ltd.,
Kowa Pharmaceuticals America, Inc., and
Nissan Chernical Industries, Ltd.,

Civil Action No.

Plaintiffs,
COMPLAINT

Amneal Pharmaceuticals, LLC,

Defendant

Plaintiffs, Kowa Company, Ltd. ("KCL"), Kowa Pharmaceuticals America, Inc. ("KPA")

(collectivel¡ "Kowa"), and Nissan Chemical Industries, Ltd. ("NCI") by their undersigned

counsel, for their Complaint against defendant Amneal Pharmaceuticals, LLC ("Amneal"),

allege as follows:
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Jurisdiction and Venue

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

United States, Title 35, United States Code and arising under 35 U.S.C. $$ 271(eX2),271(b),

271(c), and,287-283. Subject matter jurisdiction is proper under 28 U.S.C. $$ 1331 and 1338(a)

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

defendantsinNewYorkisproperunderN.Y. C.P.L.R.$$ 301 and 302(a) andbecause

defendants are doing business in this jurisdiction.

Parties

2. KCL is a Japanese corporation having its corporate headquarters an<í principai

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

orgarized 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, Amneal is incorporated in Delaware having a place

of business in Bridgewater, New Jersey. Upon information and belief, Amneal filed Abbreviated

New Drug Application ("ANDA") No. 20-5961.

6. Upon information and belief, Amneal is currently transacting business in the

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

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

products into this Judicial District.
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7. Upon information and belief, Amneal derives substantial revenue from interstate

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

services rendered in the State of New York and the Southern District of New York. Amneal is

registered with the N.Y. State Department of State, Division of Corporations, to do business as a

foreign corporation in New York. By filing its ANDA, Amneal has committed, and unless

enjoined, will continue to commit a tortious act without the state of New York, that Amneal

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

this Judicial District.

The New ApplicatÍon

8. KPA sells drug products containing pitavastatin calcium (the "pitavastatin drug

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

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

No.22-363).

g. 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 hyperlipidønia or mixed dyslipidernia.

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 ExhÍbit A, was duly

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

Mitsuaki Sakashita, and Masaki Kitahara, and assigned to plaintiffNcl. The '336 patent claims,

inter alia, the pitavastatin drug product, and amethod for reducing hyperlipidemia,

hyperlipoproteinemia or atherosclerosis, which comprises administering an effective amount of

the pitavastatin drug product.

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

patent, which expires on December 25,2020 pursuant to a patent-term extension. KCL is NCI's

licensee for the '336 patent and KPA holds a license from KCL for the '336 patent.

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

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

B, was duly issued on October 15,2013 to inventors Paul Adriaan Van Der Schaaf, FntzBlatter,

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

The'993 patent claims, inter glig crystalline polymorphs or the amorphous form of pitavastatin

or processes for preparing the same.

15. Plaintiff NCI has been and still is the owner through assignment of the '993

patent, which expires on February 2,2024- KCL is NCI's licensee for the '993 patentand KPA

holds a license from KCL for the '993 patent.

76. In accordance with its license, KPA sells the pitavastatin drug product under the

trade name Livalo@ in the United States. Sales of Livalo@ are made pursuant to approval by the

FDA of NDA No. 22-363.

17. Plaintiff KCL manufactures the Livalo@ drugproducts as sold by KPA.
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18. Plaintiffs Kowa and NCI will be substantially and irreparably harmed by

infringement of either of the '336 or'993 patents (the "Livalo@ patents"). There is no adequate

remedy at law.

COUNT I

INFRINGEMENT OF TIIE '336 PATENT UNDER 35 U.S.C. S 271(eX2XA)

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

each ofthe foregoing paragraphs.

20. Upon information and belief, defendant Amneal filed an Abbreviated New Drug

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

355(i) (ANDA No. 20-5961) seeking approval to market I mg,2 mg, and 4 mg tablets

comprising pitavastatin calcium.

21. By this ANDA filing, Amneal has indicated that it intends to engage, andthat

there is substantial likelihood thatit 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, Amneal has indicated that its drug product is bioequivalent to Plaintiffs' pitavastatin drug

product.

22. By its ANDA filing, Amneal seeks to obtain approval to commercially

manufacture, use, import, offer for sale, andlor sell, alleged generic equivalents of Plaintiffs'

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

23- By a letter dated March 5,2014 (the "Notice Letter"), Amneal informed KCL and

NCI that Amneal had filed a certification to the FDA, pursuant to 21 U.S.C. $ 355ûX2)(B)(iv)(I).
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Upon information and belief on or about March 7,2014,KCL received the Notice letter. On or

about March 7,2014,NCI received the Notice Letter.

24. The Notice Letter, purporting to be Amneal's Notification Pursuant to 21 U.S.C. $

3550X2XBXiÐ(I), asserts that in Amneal's opinion, the '336 patent purportedly is

"unenforceable, invalid, andlor not infringed, either literally or under the doctrine of equivalents,

by the manufacture, use, sale, offer for sale, andlor importation of the drug product for which

ANDA No. 205961 has been submitted byAmneal."

25. Amneal's filing of ANDA No. 20-5961 for the purpose of obtaining FDA

approval to engage in the commercial manufacture, use, importation, offer for sale andlor sale, or

inducement thereof, of its proposed pitavastatin drug product before the expiration of the '336

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

26. Amneal's manufacfure, use, importation, offer for sale, andlor sale, or inducement

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

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

27. Upon information and belief, Amneal's proposed label for its pitavastatin drug

product will include the treatment of at least one of h¡iperlipidemia, hyperlipoproteinemia, and

atherosclerosis.

28. Unless Amneal is enjoined from infringing and inducing the infringement of the

'336 paten|. Plaintifß will suffer substantial and irreparable injury. Plaintifß have no adequate

remedy at law.
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COUNT II

INFRINGEMENT OF THE METIIOD CLAIM OF TTIE '336 PATENT
UNDER 3s U.S.C. ñ 271ft)

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

each of the foregoing paragraphs.

30. Upon information and belief, approval of ANDA 20-5961is substantially likely to

result in the commercial manufacture, use, importation, offer for sale, and/or sale, or inducement

thereof of a pitavastatin drug product which is marketed and sold for use in a method claimed in

one or more claims of the '336 patent, immediately or imminently- upon approval of the ANDA,

and prior to the expiration of the '336 patent-

31. Upon information and belief, Amneal's proposed label for its pitavastatin drug

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

atherosclerosis.

32. Upon information and belief Amneal is aware or reasonably should be aware, of

the widespread use of pitavastatin as an adjunctive therapy to diet to reduce elevated total

cholesterol, low-density lipoprotein cholesterol, apolipoprotein B, triglycerides, and to increase

HDL-C in adult patients with primary hyperlipidemia or mixed dyslipidønia. The beneficial

effects of pitavastatin as an adjunctive therapy to diet to reduce elevated total cholesterol, low-

density lipoprotein cholesterol, apolipoprotein B, triglycerides, and to increase HDL-C in adult

patients with primary hyperlipidemia or mixed dyslipidemia would be readily apparent to

customers of Amneal (9.g., including, without limitation, physicians, pharmacists, pharmacy

benefits management companies, health care providers who establish drug formularies for their

insurers andlor patients). Amneal will be marketing its pitavastatin drug product with specific

7

Case 1:14-cv-02758-UA   Document 2    Filed 04/17/14   Page 7 of 50



intent to actively induce, aid and abet infüngement of the '336 patent Amneal knows or

reasonably should know that its proposed conduct will induce infringement of the '336 patent.

33. Unless Amneal is enjoined from infringing and inducing the infüngement of the

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

remedy at law.

COUNT III

INFRINGEMENT OF TIIE CLAIM OF THE '336 PATENT
UNDER 35 U.S.C. S 271(c)

34. Plaintifß repeat and incorporate herein by reference the allegations contained in

each ofthe foregoing paragraphs.

35. Upon information and belief, Amneal's proposed pitavastatin drug product

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

36. Upon information and belief Amneal's proposed pitavastatin drug product will be

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

37. Upon information and belief, Amneal knows that Amneal's proposed pitavastatin

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

patent.

38. Upon information and belief, sale of Amneal's proposed pitavastatin drug product

will result in direct infringement of the '336 patent.

39. Upon information and belief, Amneal's proposed pitavastatin drug product is not

a staple article or commodity of commerce which is suitable for a substantial noninfringing use.

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

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

noninfringing use.
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41. Upon information and beliet approval of ANDA 20-5961is substantially likely to

result in the commercial use, manufacture, offer for sale andlor sale (or the inducement thereof

or contribution thereto) of a drug product which is especially made, adapted, marketed, sold, and

approved exclusively for use in a method claimed in the '336 patent, immediately or imminently

upon approval of the ANDA.

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

enjoined from contributing to the infringement of the '336 patent Plaintifß have no adequate

remedy atlaw.

COUNT IV

INFRINGEMENT OF THE '993 PATENT UNDER 35 U.S.C. $ 271(eX2XA)

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

each ofthe foregoing paragraphs.

44. Amneal's Notice Letter, purporting to be Amneal's Notice of Certification under

21 U.S.C.$ 355cx2x8)(iv), indicates that Amneal intends to manufacture, use, sell, or offer for

sale, its proposed pitavastatin drug product prior to the expiration of the '993 pai'rcrrt.

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

"unenforceable, invalid, and/or not infringed, either literally or under the doctrine of equivalents,

by the manufacture, use, sale, offer for sale, andlor importation of the drug product for which

ANDA No. 205961 has been submitted by Amneal."

46. Amneal's filing of ANDA No. 20-5961 for the pu{pose of obtaining FDA

approval to engage in the commercial manufacture, use, importation, offer for sale andlor sale, or

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

'993 patent is an act of infringernent under 35 U.S.C. g 271(e)(2)(A).
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47. Amneal's manufacture, use, importation, offer for sale, sale, and/or importation of

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

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

48. Unless Amneal is enjoined from infringing the '993 patent, plaintifß will suffer

substantial and irreparable injury. Plaintiffs have no adequate rønedy atlaw.

WHEREFORE, Plaintiffs request the following relief:

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

selling, offering to sell utdlor importing Amneal's pitavastatin drug product for

which it seeks FDA approval or any drug product containing pitavastatin will

infänge at least one claim of one or rnore of the Livalo@ patents;

(b) a declaratory judgment pursuant to 28 U.S.C. ç 2201et Sgq. that the making,

using, offering for sale, selling andlor importing of Amneal's pitavastatin drug

product or any drug product containing pitavastatin, will induce the infüngernent

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

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

using, offering for sale, selling andlor importing ofAmneal's pitavastatin drug

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

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

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

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

FDA approval for Amneal to commercially make, use, sell, offer to sell or

import its pitavastatin drug product or any drug product containing pitavastatin
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(e)

Dated: New York, New York
April 17,2074

(Ð

(e)

be no earlier than the date following the expiration date of the last to expire of

the Livalo@ patents (as extended, if applicable);

a peTmanent injunction restraining and enjoining against any infüngernent by

defendants, their officers, agents, attorneys, employees, successors or assigns, or

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

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

States of Amneal's pitavastatin drug product or any drug product containing

pitavastatin, andlor any inducernent of or contribution to the same;

Attorneys' fees in this action under 35 U.S.C. $ 285; and

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

Court rnay deern just and proper.

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

By their attorneys,

Anthony J. Viola
Andre K. Cizmarik
Jennifer L. Dereka
Zachary W. Silverman
EDV/ARDS WILDMAN PALMER LLP
750 Lexington Avenue
New York, NY 10022
(212) 308-4411
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David G. Conlin (to be admittedpro hac více)
Kathleen B. Ca:r (to be admittedpro hacvice)
Adam P. Samansky
EDWARDS WILDMAN PALMER LLP
111 Huntington Avenue
Boston, MA 02199
(617) 23e-0100
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United States Patent rrel

Fujikawa et al.

l lillilllll]l ilillll ilil lillil]ll lilillilillil illl| llllil il ]llililt
us005856-3-364

5,856,336

Jan. 5,1999
[1 1]

l4sl

Patent Number:

Date of Patent:

[-54] QUINOLTNE TYPE MEVAÍ.ONOT"A,CTONBS

[7-5] Inventors: Yoshihiro Fujikawa; Mikio Srzuki;
Hiroshi lwasaki, all of Funabashi;
Mifsuaki Sakashita; Masaki Kitahara,
both of Sbiraoka-machi, all of Japan

[73] A,ssignee: Nissan Chcmical lndustries Ltd.,
Tokyo, Japan

l21l AppI. No.: 883,398

l22l Filed: Mry 15, 1992

Related U.S. Application Data

162l Divisiou oI Ser No. 637,092, Dec. 19, 199O. which is a

conLinuation oï Scr. No. 233,752, Aug, J.9, 1988.

[30] tr-oreig¡n Application Priority Data

[JP]
pPl 63- r 558.1

Prinmry Exaninerl.arra L. Stockton

,Anorney', Agent, or Firnr4lllo¡, Spivak, McClelland,
Maier & Neustadt, P.C.

ls1l ABSTRACT

A compouncl of the formula

F lAl

z

Aug.2O, 1987
.Ian- 26- 1988 Japan

N c-Pr

Z=-CH(OH)-CH'-CFI( O H)-C H2- CO o .%C a

have IIMC-CoA inhibiting eftects, making them use-

lul as inhihitors of cholesterol biosynthesis. The oom-
pound may be prepared as a pharmaceutical tbr reduc-
ing hyperlipidemia, hyperlipoproteineruia or
atherosclerosis.

2 Clairns, No Drawings

Aug. -3- 1988 pPl Japan ............. 63-t93606

[5r] Inr. Ct.6 ......... Ä61K 31147 C07D 2r5ft2
ls2l u.s. cl. 5L4l3lL; 546/173

[58] Fiefd of Search ... 5461773;' 514/3LL

[5ó] References Cited

U.S. PAIENT DOCUMENTS

5,J53.6'75 -5/19s8 Watlarìasin ..... ........................ 574131.1
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1

QUINOLINE TYPE MEVALONOI.ACTONES

'Ihis is a division, of application Ser. No. 071631,092,
flled on Dec. 19, 1990, which is a continuation of (171233,

752,fr1edAug. 19,198B. 5
The prÞsent invention relates tr¡ novel mevalonol&ctones

having a quinoline ring, processes fo¡ thei¡ procluction,
pharmaceutical conrpositions containing them ancl their
pharmaceutical uses particularly as anti-hyperlipiclemic,
hypolipoproteinemic and anti-alberosclerotic agents, an<I .^
inùrmè¿iates useful for their procluction ancl prõcessós for 10

the production of such intermcdiates.
Some fermentation metabolic proclucts such as

compactine, CS-514, Mevinolin or semi-synthetic deriva-
tives or fu1ly synthetic clerivatives thereof are known to be
inhibitors against HMG-CoA recluctase wlrich is a rate
limiting cnzyme for cholesterol biosynthcsis. (4. Endo J.
Med Chem., 2B(4) 401 (1985))

CS-514 and Mevinolin have been clinically proved to be
potentiall,v useful anti-byperlipoproteinemic agents, ancl
they are consirlered to be eflective for curing or preventing
diselses of coronary artery sclerosis o¡ atherosclerosis.
(lXih lnt. Syrnp. Drugs A.trect. Lipiri ivletab., 198ó, p30,
p3L, p66)

However, with respect to fully synthelic cle¡ivatives,
particularly hetero a¡omatic derivatives ofinhibitors against 25

HMG-CoA reductase, limitecl information is clisclosed in the
following literatures:

v/Pr ACC NO. B4-158675, S6-028274, 86-098816,
B 6 - _73207 0, B7 -1245 19, 87 -2209B7, BB-0778 1, 88-008460,
88-091798 and 88-112505. 30

The present inventors bave tbund that mev¿rlonolactone
derivatives having a quinoline ring, the corresponding dihy-
droxy carboxrvlic acids aod salts and esters thereof have high

cholestcrol [riosynthcsis whcrci ninhibitory activities againsr
,t shouldHMG-CoA recluctase acts as a rate liruiting enzyme. The mcans

present inventiou has been accomplishecl on the basis of this

(rvherein Q is 
-C(O)-, -C(Ol{rr)r- or 

-CH(OH)-;'iv ir -c1o¡-, -Ò1'oR"¡, 
'or 

-Õ1R"¡1oHÈ; 
ní, ;i

hrvclrogen or Cr_u alkyl; Rr2 is hydrogen or R1'r (wherein Rl'r
is physiologically hydroiyzabie alkyl or M (wherein M is
NHo, soclium, potassium, % calciunr or a hvdrate of lower
alkylamine,
tr,vo Rr3 a¡e
or two Iì.13
and R18 are
hydrogen, Cr_u a1kyl, C.-. alkenyl, Cr_u cycloalk¡,I,

co.Rrl

detail with reference to specific examples. Howeveç it

Rl;

R.,l/

be uncle¡stoocl that the present invention is lry no
restriclecl by such spccilic examples.
alkyl t'or l{r, lì2, Iì3, l{4. l{6 a¡d Rs' incluclcs, tbr

2

R o \-l.y
v'

o

o

Rtto

o

1-s

10

(wherein I{n is hydrogcn, C,-* alþI, Cr_. altrioxy, fluoro,
chloro, bromo or trifluoromethyi), phenyl-(CH-),"-
(w.herein m is 1, 2 or 3), -{CFIr)"CH(CHr)-phenyl or
phenyt-(CHr),,CH(CH.)- (rvherein n is 0, 1 or 2).

Various substìh¡ents in the i'ormula I will be clescribecl in

Cr-u
discovery.

e xample, mcthyl, cthyl, n-propyl,
The novel mevalonolactone derivatives of the present sec-butyl and t-butyl. Cr_, alkoxy

invention are represented by the following formula I:

i-propyl, n-butyl, i-butyl.
for R], R:, R3, Ra ancl Rd

.,, include,s, for example, melhoxy, ethoxy, n-propoxv ancl
r-propoxy.

(r) Cr_, alkyl f'or Rrl inclucles, t'or example, methyl, ethyl,
n-propyl ancl i-plopy.l.

Cr_, alkyl lbr R13 incluclcs, lbr example, merhyl, ethyl,
n-propyl and i-propyl.

4-s Alkyl tbr R1a includes, t'or examplc, methyl, ethyl,
n-propyl, i-propyl, n-butyl and i-butyl.

M is a metal capable of fbrming a pharmaceuticallv
acceptable salt, and i1 includes, tbr example, sodium ancl
potassium.

alkoxy, n-butoxy, i-t'rutoxy, n-propyl, i-propy1, n-butyl, i-buty1, sec-butyl, t-butyl,
7 and R8 are inclepenclently -ss o-pertyl and n-he-xyl.

RJ

R¿
.{-z

N R5 50 CO,M inclucles, I'or example, 
-COrNHu 

and
-co2FL

Rr
(prim ary to t.crtiary lowcr alkylamine such as
trimethylamine).

wherein Rr, R2, R3, Ru and Ró are independcntly hydrogen, Cr_u alkyl tbr R' includes, fbr examplc, methyl, ethyl,
Cr-u alkyl, C._u cvcloalkyl, C, .
sec-butoxy, RtRtN- (whereiu R
hyclrogen or Cr_. alkyl), trifluoromethyl, trifluoromethox;,.
difluoromethoxy, flroro, chloro, lrromo, phenyl, phenoxy,
benzyloxy, bydroxy, trimethylsilyloxy, diphcnyl-t-
butylsilyloxy, hydroxymethyl or 

-O(CFI-),ORle 
(wherein

Rre is bydrogen or Cr-j aikyl, ancl I ts 1,,2 or 3); or when
locatecl al the o¡tho position to each other, Rr and R2, or R3
tnd Ra togethe¡ lb¡m -{H:CH-CH:CH-; or when
located at the ortho position to each other, Rl and R:
together t'orm 

-OC(R 
t5)(R L'r)O-{w-herein R'5 ancl Rr6 are

independently hydrogen or C,-. alkyl); Y is 
-CII"-.

-CH,CH2-, -CFI:CH-. -CH'-CH:CH- or

-CH:Cf I-C'FI.-; and Z is - Q-C]H2WCH2-COZI( 12,

C._o cycloalkyl ttrr R5 includes, tbr example, cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl

C-_, alkenvl ttrr R' inclucles, t-or example, vùyl and
ipropenyl.

60 Phenyl-(CH.)-- for R' includcs, for example, trenzyl,
B-phenyletby-l ancl y-phenylpropl'1.

Phenyl(CFIr),,CH(CHs)- t'or Rs inclucles, tbr example,
cr-phenylethyl and cr-benrylethyl.

Cr,, alk;rl tb¡ R7 ¿Lncl RB includes, for example, methyl,
ó.5 ethyl, n-propyl and ilropyl.

Further, lhese courpoundsmay have a1 least one or hvo
asymmetric cafbou atoms ald may have ¿rt loast trvo to t'our
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5,856.336
34

oplical isomers- The compounds of the formula I include ull dimethyl, 6.8-dimethyl, 6,7-rlirucLhoxy, 6,7-<Jiethoxy, 6,7-
o[ these optical isomers and all of the mixtures there.t'. dibrom-o or 6,g-clibromo.

When R1, R2 ancl 116 a¡e no¿ hydrogcn, they together
rcpresent 5,7-dimethoxy-8-hydroxy, 5,8-dichloro-6-

5 hy-clroxy, 6,7,8-t¡imethoxir, 6,7,8-rrimethyl, 6,7,8-trichloro,
-5-lluoro-6,8-dibromo or 5-chloro-6,8-dibromo.

Now, prelèrred substituents of the compouncls of lhe
p¡esent invention will be dcscribed.

In the following prcferred, more prefctcd srill furtbcr
pert'erred , the numerals tbr the As pretèrred exa and (E)_positions the positioos on the 

-CH:CH-may pretÈrieclquinoline wn by e.g. 1., or 2, exampies LotZ,tlte Zmavl>einclicates nent on the phenyl l-s nendãnecl.
qu cl substi
ls 1 be des
tue Rr and

l, 6-trifl
Rz :o 6-methoxy, 6-chloro, 6_bromo, 6_n_butyl ancl

fluoro, chloro, bromo, Cr_. alkyi, Cr_, alkoxy, C, u 7-dimethylamino.
cycloalkyl, dimcthyÌi'mino, hydroxy, h]'clroxymctbyi, When only Rd is hydroger, R1 and R2 represent 6,E-
hydroxyethyl, trifluoromethyl, trifluoromerhoxy, diclforo, 5,S-dimeth¡4, 6,8-dimethyl, 6,7-dimãrhox.v, 6,7-
difluoromethoxy, phenoxv and [renz¡rloxy- cliethoxy, 6,7-clibromo, 6,8-dibromo, 6,7-difluoro un¿ 6,g-

^Further, 
when Ró is hydrogen, it is preferred that Rr and z5 difluoro.

R" together form methylenedioxy. As still further preferred examples ibr Rì ancl Ra, lvhen R3
,ds preferrecl examples fbr R3 anci R't, when R't is is hyclrogen, Ra is hyclrogeo,4'-chloro or 4'-fluoro, or R3 and

hydrogen, R] is hyclrogen, 3'-fluoro, 3'-chlorr.¡, 3'methy1, Iìa together reproscnt 3'-meth)r1-4ifluoro.
4'-methyl, 4'-chloro and 4'-fluo¡o. Still fi:rther pretèrred examples for R5 include ethy1,

Otber preferred combinations of R3 and Ra inclur.le 30 n-propyl, i-propyl and cyclopropyl.
3'-mcthyl-4'-chloro, 3',5'-dichloro, 3',5'-difluoro, 3',5'- Still furrher pret'erred examples for Y include (E)-
dimethyl and -1'-methyl-4'-fluoro. CH:CFI-,

Ècferrecl examples for Ri include primary anc{ seconclary ,4s still further pretèrecl examples t'or Z, the above-
C.-u alkyl and C.-u cyc'loaLkyl. mentioned preferred example lor Z mtty be menticuecl.

llferred examples ft¡r Y include 
-CFI2-{ìH'- 

ancl 35 Notv, the most prcf'errcd substitucnts tbr thc compouuds

-CIì:CII-. of the present inveutior: will be clescribecl.
Preferred examples for Z include

o

As tllc most prct'crrccl examples t'or Rl, lì2 and R6. when
both R2 and Rd are hyclrogen, Rr is hydrogen, 6-metbyl or
6-chloro.

40 Wheo only R6 is hydrogen, Rl and Rz together represent,
t-or example, 6,7-dimelhoxy.

,As the most pretèrred exampies tbr R3 ancl R4, R3 is
hydrogen and Ra is b¡rdrogen, 4'-chloro o¡ 4,-fluoro.

vo

o

-cr(orDcrrcFr2(orÐcrr2co2R,¿,-cr(oH)*r,c(o) ., *l$.i;;l t;"riï*-;iÏå".'f:ÏJîïyiïî"åiiï:
cH2co'Rr2and-cH(oH)cFIf(oRt:)zcH,co-R12. ¡É¡___i'¡1:an_.

Now,morel:referredsulxtituentsofthec-ompounclsofthe As the most pretèred example.s for Z, the above-
presenl invention w-ill Lre clescribed. men¡ioned preferrèd examples foi z ma-J be mentioned.

-AsmorepretèrredexamplesforRt,RtandR6,rvhenboth Noiv, paiticulariy prefeired specific Lompounds of the
Rz_andR6arehydrogen,Rtishyclrogen,5-fluoro,6-fluoro, :0 presenl inventi<.¡n will be presented. The tbilowing com-
7-fluoro, B-lluoro, 5-chloro, 6-chloro, 7-chloro, 8-chloro, pounds (a) to (z) are showrrin the ttrrm of carboxyliJ acicts.
5-bromo, ó-bromo. 7-bromo, B-bromo, .5-methvl, 6-methy1, i{o*",r".,.'th" present invention inc-lucle not only the com_
7-methyl, 8-methyl, S-melhox¡ ó-methox¡ 7-methoxy, pounds in the t'orm of carboxylic acicls but also the cor¡e-
B-methoxy, -5-trifluoromethyl, 6-rrifluoromethyl, sponcling lactones tbrmecl byihe condensation of the c¡rr-
7-tlifluoro¡¡ethyl, B-trifluoromethyl, ó-trifluoromethoxy, -ss boxyücãcicls with hyctroxv at the 5_position, and soclium
6-difluoromethoxy. B-hydrox-verhyl, 5-hydroxy, 6-bydrox¡'. salti ancl lower alkyl esters (such as methyl, ethyl, i-¡rropyl
7-hydrox¡1, B-hydroxy, 6-ethy1, 6-n-butyl ancl an{ n-propyl esters) of Lhe òarb¡xylic acicls, which can be7-climetbylamino. physioiogiialiy hydrolyzed to the carboxylic acids.

When Ró is hyclrogen, Rl and Rz together reprcseot ^ (a) (E')-3,-s'-cti-hyclróxy-7-[4'-(4',-fluoíophen.vl)-2,-(1,'-
6-chloro-8-methyl, 6-bromo-7-methoxy 6-methyl-7-chloro, 60 merhylethyl)-quinoiin-:'-,vf]-fr"pt-i-"noi" oËid
6-chloro-B-hyclroxy,5-rnethyi-2-hyctroxy,6-merhoxy-7- (b) (E)-3,j-ditr¡,aroxv-1_[4'-(4,'_fluorophenyl)_2,_(1,,_
chlo¡o, 6-chlonr-7-methox¡ 6-hydroxy-7-chloro, 6-chloro- m"ìh¡,lcthyl¡-6,-chlóro_quinolin-3ì-yl]_heprå_enoic acid
7-hydroxy,6-chloro-8-bromo, -5-chloro-6-hydroxy, 1cj 1uj-a,s-aihycJroxy-7-[4,-(í',-fluoroptre¡yl)-?,-(1,,-
6-Lrromo-B-chlo¡o, 6-bromo-8-bydroxy, 5-methyl-8-ch1oro, meìtryietÉyl)-o'--"ihyl-qniooli¡-j.yll-hepr6-cnóic acict
7-hyclroxy-B-chloro, ó-bromo-B-hyclroxy, 6-merhoxy-7- o-s (dj (E)_3,_5_clihidråx],_7_[4 _i+,,_nìoroptrenyl)_2,_
methyl, 6-chloro-8-hronro, 6-methyl-8-bromo, 6,7-ditluoro. (l';merhylerhyl)-6,,7'-dim;rhoxy_quinolin_3 lut]_ú"ít_O_
6,8-ctifluoro, 6,7-methylcncclioxy, 6,8-dichloro, 5,8- enoicacicl
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(e) (E)-3,5-dihydro x y-7-[4'-(4" -lluorop |.eny l) -2' -
cyclopropyl-quinolin-3'-yll-bept-6-enoic acicl

(f) ( E)-3,-5 -dihydroxy-7-[4'-(4 "-fl uorophenyl)-2'-
cyclopropyl-6'-chloro-quinolin-3r-y1]-hept-6-enoic acid

(g) (E)-3,5 -d ihycl rox,v-7-[4'-(4" -Èuorop henyl)-2'- s
cyclopropyl-6'-mcthyl-quinoli¡-3'-yl]-hcpt-ó-cnoic acid

(h) (E)--1,5-clihydroxy-7-[4'-(4'' -fl uorop henyl)-2'-
cyclopropyl-6',7' -dime thoxy-quinolin-3'-_vl]- hept-6-enoic
acid

(i) (E)-3,5-clih y dr o xy -7 -14' - (4" -chlorophenyl) -2' -(t " - to
methylethyl)-qui noli n-3'-yl]- hep t-6-enoic acid

ú) (E)-3,-5-dihydrox,v-7-[4'-(4"-chlorophenyl)-2' -( I" -
me thylethyl)-6'-chloro-qtLinolin-3'-yl]-hept-6-enoic acid

(k) (E)-3,-5-clihyclroxy-7-[4'-(4" -chlorophe ny1)-2' -(L" -
molhylethyl)-6'-methyl-quinolin-3'-y1]-hept-6-cnoic acid t-s

(l) (E) -3,-5-dih y droxy -7 -f4' - (4 "-chlorop henyl)-2'-( l " -
methyle thyl)-6',7'-dimethoxy-quinolin-3'-y1]-hcpt-6-enoic
acicl

(n) (E) -3,-5 -dih ytlro x y-7 -[4'-( 4" -chlo rop h eny l) -2' -
cyclopropyl-quinolin-3'-yl]-hept-6-enoic acid lo

(n) (E)-3,5-ctihydroxy-7-[4'-(4"-chlorophen.vt)-2'-
cllclopropyl-6'-chloro-quinolin-3'--vÌ]-hept-ó-enoic acid

(o) (E)--1,5-dihyd roxy-7-[4'-(4 " -chlorop h enyl) -2' -
cyclopropyl-6'-methyl-quinolín-3'-yl]-hept-6-onoic ¿rcicl

(p ) (E)--i,5 -d rhy ck oxy -7 -14'-(4 " -chioroph e ny1) -2' - zs
c;rcloprcrpvl-6'7'-climelhoxy-quinolin-3'-yl]-hepl-6-enoic
acicl

(q) (li)-3,5-dibyclroxy-7-[4'-phenyi-2'-( t "-meth-vtetbyl)-
quinolin-3'-yI]-hept-6-enoic acid

G) G)-3,5-dihydrox¡r-7-[4'-phenyl-2'-(1"-methylethyl)- :o
6'-chloro-quinolin--l'-yll-hept-6-enoic acid

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

(Ð (E)- 3,-5-clihydroxir-7-[4'-ph e oy7-2' -( 1 "-me thylethyt)-
6',7'-dimethoxy-quinolin-3'-.vl]-bept-6-enoic acid i5

(u) (E)-3,-5-dihyclroxy-7-[4'-phen.vl-2'-cyclol:ropyl-
quinoliu-3'-yI]-hept-6-enoic acid

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

(w) (E)-3,-í-clihyclroxy-7-[4'-phcnyl-2'-cycloi-rrop¡rl- ó'- +o

meth¡rl-quinolìn-3'--v1]-hep t- 6-enoic acicl
(x) (E)-3,5<tihyrJroxy-7-[4'-phenvl-2'-c¡iclop ropyl-6',1' -

dimethox1l-quinolin-3'-yl]- hep t-6-e noic acid
(y) (E)-3,5-dihytlrox¡r-7-[4'-(4"-lluorophenyl)-2'-(1 "-

methylethyl)-ó'-methoxy-quinolin-3'-yl]-hept-6-enoic acicl 4-s

(z) (E)-3,5-dihy clrox y-7-[4'-(4" -.[uo rop he ny l)-2' -
cyciopropyl-ó'-mcthoxy-quinolin-3'-yll-hcpt-6-enoic acicl

The mevalonolactones of the lormula I can be prepared lry
the tbllowing rcaction schcme. The cnal III c¿rn also bc
preparecl by processes K, L ancl NI. i0

RJ RT

C,'O'R¿t

-Ã->

6

Rj

-conlinucd

CH¿OH

R5

R1

Ri

Rr

Rr

R5

Rr

Rt

RL

VI

N

tv

-B->

RJ

R

cHo

Ri R4

N R5

-T->

oEr

olI D-

CHO

-T->

COIRr¿

OH

--F->

N

R

R

R

N

N

RL

o

Rr

)ì

6l

Rl

ü
N

VII

R5
Rr
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co¿R22

R2

N R5

R3
VIII

R1

CH¿OH

N R5

Rr

cHo

N Rs

Rr
IIT

R4 OH

CO2(r2

oÉr

R2
-ñ->

R5

COrRr2

RJ

I-ó

In lhe above reaction scheme, Rt, R2, R3, Ra, R5, Rd and
Rt2 are a.s define<1 ahove with respect to tbe formula I, and

Rt

I-2 (Riz
I-s (Rr:

R:

-continued

N

I--l

R4

R5

- É{)

= ¡la)

R4

I-4

R4

CI.IO

OH

OH

ot{

o o

o o

T>

-]->

\
K-

R3R{ OH

CO2Rrz

5

OH

-->
R 10

35

Rr

R

COtRt¿ 1-s

z0

R2

\
M'-E->

R2

Rz

Rr

Rt

N
LX

R4Rl25

N

RRj
I-1RsN

30

R3R

R5N

OHRJ

f-3

4)

45

50

-55

60

R1

R3

N

Rl

N

Rl

R5

65
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R2t ancl R22 indepenclenlly represcût Cr-u lower alkyl such ca¡bon in a solveot such as methrnol, ethanol, tetrahydro-
as methyl, e th¡,t n-propyl, i-propyl or n-butyl. furan or acetonitrilc at a temperaùre of ftom 0" to 50" C.,

Step A represents a reduction reaction of the ester to a preferably from l0o to 2-5" C.
primary alcohol. Such reduction reaction can be condu_cted Step K represents a reaction for the synthesis of an
by using various metal hydrides, preferably diisohutylalu- 5 c¿,F-u¡saturatàd carbox¡rlic acid este¡ whereúy a trans-form
minium bydride, in a solvent such as tetrahydrofu-ran or d,p-unsaturated carboxylic ac,id ester can be ãbtainecl by a
toluene at a tèmperafure of from -20" to 20o C., preferably so-called Homer-Wittig reaction by using an alkox;,cariro_
tiom -10" to 10o C.

srep B represents an oxicrarion reaction or rhe primary :Jåiitíiå:ätt:i:i:-itåï1r"1'å""ä."îTti:ït"JJJî"j
alcohol tcl an aldehycle, lvbich can be conclucted by using r0 tetrahydrofuran at i temperature of from -30" to 0" C.,
various oxi.4izing agents- Pret'erablrv', the reaction can lre preferïblv from -20" to -]_5. c.
conducted by using prvridinium cl¡lorochromate to .-,llil - 

st"p i represents a recluction reactio¡ of the a,p-
ene cbloride. at.a temperature of ttom O" to 25 o C., or by ,ro"urürut"¿-"ãiUoxylic acid ester to an allyl alcohol. -Ihis
using oxal-vl chloride, climethyf sulfoxicie ard a tertiary ,".ùd;;;;i;oncanbeconclucredbyusingvariousmetal
amine such as trietbylamine (Sw-em oxidation), or by using 1-- hy¿.i¿"", p."f".oUly cliisobulylalumiuíumhyãricle, in a sol_
a sulfrrr trioxide P]'ridine complex- r vent such as dry tetrahyclrofuran or toluene at â temperature

Step C represents a synthesìs of a 3-ethoxy-1-hydroxy- of from _fO;tá 10. C., preferatrly fiom _10o to 0ô C-
Z-propene derivative, u'hich can be prepared by reactine a ô,
compound V r. Iirhium comp.uncr which has u""" pr"ìì'åil ",^t^',"t Y^:".t:esents 

an oxidaÌion reaction of the allyl

narily formed by rrearing cis-1-61¡o*-r-irrin-u''rrytrro'ortìl ro l1::.1?lj"----:na1- 
This oxidation reaction can be conclucted

ethviene w-ith Ñtvr rtrri""' io tetrah.vdroturan. ::"'"- 
- 

:1,-,"""J-.iå:å::üo;':"*,-:."Tli;iï"1îtä,tåff:iärÏ.i:.,4s thc reactÍon tcrÌipeÍarruíe, it is preferred lo omplov a Þ--'.--- -..:..:-:
low tempefature at a l;vel of from -60" to -7Bo c. ' ' acetone, c thyl ether or ethyl acetate at â tempcratrue of from

srep D represcnts a synrhesis of an enal by acidic hyclroly- o" 
-t1 

1o$ c'' preferably t'rom 15" to '50" c'
sis. Ai the acid catalysi, it is preferred to ernploy p-iolu"ne zs Pt"p T represents a reaction for the synthesis o[ an

sulfonic acid, hydrochloric atid or sulhrric-acid, and the cr,.p-uusaturatecl keione by the selective oxidatiou of the

¡eaction may be conducted in a solvent mixtu¡e of water and qihyd:oÐ carboxylic acid ester- This reaction can be con-

tetrahyctrofiiran or ethanol at a te.mperatrue of from 10o to ductcd [r,v using activalcd manganese ciioxide in a solven¡

25" ô. The 3-ethoxy-1-hyilroxy-2-propene derivarive such as ethyl ether, tetrahydrofuran, benzene or toluene at a

obtaineclinsrepCcanb",r""ãiostäpDwiihourpuriûcarion ¡o temp€rature of fiom 20" to B0" C-,pretbrably from 40" to
i.e. by simply removing tera-n-butyl tin formed simulra- 'ju \--

neously- In addition to the compounds clisclosed in Examples given
Step E represents a clouble anion conclensation reaction hereìnaftor, compounds ofthe formulas I-2 ¿ncl I-5 given in

between the enal III and an aceloacelate. Such conclensatìon 'Ihble 1 ca-n be preparecì by tbe process of the presont
reaction is preferably conclucted by using soclium hydri<Ig 35 invention. In Tabie 1, i- means iso, sec- moans seconclary
and n-butyl lithium as the base in tetrahydrofurân ¿i a and c- means cycio. Likewise, Me means mcthyl, Et means
temperature of ftc¡m -80" 1o 0o C.. preferably lìom -30o to ethyl, Pr means propyl, Bu meaus butyl, Pent means pentyl,

-10' C. Hex neans hex¡rl and Ph means phenyl.
Step F represents a ¡eduction reaction of the carbonyl

group, which can be conudcted b¡, r6j¡g a me¡al hydride, +o
preferably sodiu.m borohydride in ethanol at a temperature
of Irom -1.0" to 25o C., pretèrably from -10' to 5" C-

Further, the reduction reaction may be conducted by using
zinc borohydride in dry ethyl ether or dry tetrahyclro.frrran at
a temperafure of -100' to 25" C., pretbrably t¡om -80" to +s

-50" c-
Step G is a step for hydrolyzing the ester.'Ihc hydrolysis

can lre conductecl by using an equimolar amount of a base,
pretÞrably potassium hydroxide or sodium hydroxidc, in a

solvent mixtu¡e of lvater ancl methanol or ethanol at a 50
temperature of trom 10" to 2-5' Cl. The tiee acid hereby
obtained may be converted to a salt with a suitable base.

Step H is a step lor forming ¿r mevalonolaclone by the
dehydration reacÌion of the tÌee hydrox¡r acid I-2. The
clehydratir-rn reaction can be conclucted in Lrenzene or toluene -s5

under reflux while remor"ing the resulting water or b¡r adding
a suitable deh¡,"drating agent such a,s molecular sieve.

F'urthe¡, the dehydration reaction may bc conductecl in dry
methylene chioride lry using a lactone-fomring agent such as
carbodiimide, preferabl¡r a ¡Ã'ater soluble ca¡bodiimide such oo
as N-cyclohexyl-N'-[2'-(methylmorpholinium)erbyl]
c¿ubodüinicle p-toluene sullonate ¿t a temperatu¡e <.¡[ l¡clm
10" to 35 " C., pretèrably from 20o ro 25" C.

Step J represeots a reaction tbr hydrogenating the double
bond connecting the mevalonolactone moiety and tbe quino- 6s

line úng. This h1'drogenâtion reaction can be conclucted by
using a catalytic amount of palladium-cartron or rhodium-

TABLE 1

Rî R{

ñl

R2 R

I-2 (Rt: = Éf)
l-5 (Rr2: \a)

Rd

R
otT

R1 R4 R5 Ró

ti-OMe
ó:oa4e
(rBr
6-Me
7-OMe

H
H
H

H
4-F
4-F
4-F
4-F
2-F

4-F

H
FI
H
H
FI
H

H

H
FI

H
FI

H
H

TI

FPr
i-Pr
i-Pr
i-P¡
i-Pr
i-Pr

ÈPr

8-OMe
S-Me

Hti-Br

6,7
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Furthcr, pharmaceùtically acceptalrlc sahs such as potas-
sium salts or esters such as ethyl esters or methyl esters of
these compounds can be prepared in the same manner.

The compounds of the present invention exhibit high oo

inhibitory activilies against the cholesteroi biosynthesis
lvherein HMG-CoAreductase acts ils a rate limiting enzyme,
as shown by the test results given hereinafter, and lhus are
capable of suppressing or reclucing the amounl. of choleslerol
ìn blood as lipoproteir. Thus, the compounds of the present os

invention are useful as curing agenls againsl hyperlipidemia,
hyperlipoproteinemia and atheroscleosis.

5,856.336
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They may be lbrmulated into various suitable formula-
tions depending upon rhe manner of the administration. The
compounds of the prescnt invention may be administered in
rhe t'orm of free acids or in thc form of physiologically

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

The pharmaceutical composition of the present invention
is preferably admiuiste¡ed orallv in the form of the com-
pound of tbe presenl invention per sc or in lhe form of

1o powders, granules. tablets or capsules ttrrmulated by mixing
the compouncl of the present invention with a suitable
pharmaceutically acceptable carrier including a binder such
as hydroxyprtrpyl cellulose, syrup, gum arabic, gelatin,
sorbitol, tragacanth gum, polln/inyl pynolidooe or CMC-Ca,

,. an excipient such a^s lactose, suger, com starch, calcium'- phosphate, so¡bitol, glycine or crystal cellulose porvdoç a
Iubricaot such as maEgesium stearate, talk, polyethylene
glycol or silica, and a disintegrator such as pcrtato starch-

Ilowever, the pharmaceutical composition of the present

,n invention is not limited to such oral administration and it is-" 
applic¿rble for parenteral administration. ftor example, it may
be ad¡rinistered in the form o[ e.g. tr supposiiory lormulatecl
by using oily base materiaÌ such as cacao buttet polyethyl-
ene glycol, lanolin or falty acid triglyceíde, a transdermal

,. therapeutic bu;e frrrmu]atecl by using liquicl paralfin, whiLe-- vaseline, a higher alcohol, Macrogol oiotment, hydrophilic
ointment or hydro-gel base material, an injectioo formula-
lion formulated by using one or more materials selected
from the group consistirrg of polvethylene glycol, hydro-gel

.,n basc matcrial, distillcd water, clistilled wîter lor iujection
and excipient such as lactose or corn starch, or a I'ormulation
tbr administrafion through mucous membra¡es such as an
ocular mucous memtrrane, a nasal nucous membrane ancl an
clral mucous membrane.

.l-5 Further, the compouncls of the present invention may be
conrl-rinecl with basic ion-exchange resins wbich are capable
of binding bile acids and yet not lreing absorbed in gas-
trointestinal tracl.

1'hc daily dose of the compouncl of the formula I is liom
4,ì 0.05 to 500 mg, preferably f¡om 0.5 to 50 mg for an adult.'' It is aclministe¡ed l¡om once to lhree times per day. The dose

may of course he varied clepending upon the age, the weight
or the condili<.¡n of ill¡ess o[ the paticnl..

The compouncls of the t'ormulas Il to VII are rovel, and

o. lhey are importanr ilrtermediates f'or the preparation of the'- compounds of the formula I. Accordingly, the present inven-
lion relates also to the compounds of the formulas II to VII
and thc processes tbr thcir production.

Nolr., the present inveution will be descritrecl in further
-n detail with reference t<.r Test Examplcs tbr the pirarmaco-' logical activities ol the compouocls of rhe present invention,

their Preparntion Examples arrd Formulation Examples.
Ilolvever, it should be understood thet the present invention
is by no me¿urs restricted by such specifìc Examples.

:l PHAIIMACOLOGI C],AL ]'ES]' EXAMPLES
Test A: Inhibition of cholesteroi biosvnthesis tÌom acetate Ìn
vitro

Enz.yme solulion rvas prepared from liver of male Wìstar
ral billial¡, cannulated tLncl discharged bile [<-rr over 24 hours.
Liver rvas cut out at mid-clark and microsome ancl superna-
tant fiaction which was precipitable with 40-807a of satu-
ration of ammonium sullite (sup ftaction) were prepared
from liver homogenate accorcliug to the moclifled method of
K¡auss et. aI.; I(urocla, M., et. al., Biochim. Biophys. Acta,
489, 1f9 (1977). For assay of choleste¡ol Lriosynthesis,
microsome (0.1 mg protcin) and sup lÌaction (1.0 mg
protein) were incubated fcr 2 hours at 37" C. in 200¡rl of the

11

TABLE l-conlinued

oÉI
H)
Na)

(Rt,
(nrz

r-2
I-5

Rd

Rr

R3 R4

N R5

RT

OH

R] Rs R6

H 4-F ÉI H

H
H
{t-cl
6-CI
ó-ocH2Ph
H
H
6-Cl
6-Mc,N
6-Me
6-i-Pr
'1-Me

6-OMe
6-Br
6-i-Pr
6-Ct
5-F
6-OMc
6-Me
6,CI
ÉI

TI

6-OMe
6-OMe
6-OMe
6-OMe
6-OMe
6-Me
ti-Me
6-Me
6-Me
ó-Mc
rt-cl
6-Ct
6-Cl
6-Cl
n-c-l
H
H
H
FI

FI

E
H
ÍI
H
H
H
H
ÉI

H
ËI

TI

H
H
H
ÉI
8-Ct
6-Br
7-OMe
7-Me
7-Ct
ll
FI

7-ONle
7-Olvle
7-Oñle
7-OMe
7-Oùle
H
ÉI

H
H
H
H
ÉI

H
II
H
H
H
tI
EI

TI

i-P¡
i-Pr
c-Pr
sec-Bu
i-Pr
i--Bu

c-Perìt
c-Pc[t
i-P¡
c-P¡
i-Pr
c-Pr
c-P¡
c-Pr
c-Pr
c-P¡
i-Pr
i.Pr
i-Pr
i-Pr
c-Bu
c-Hex
i-Pr
i-Pr
c-Pr
c-Pl
c-Pr
i-P¡
i-Pr
c-Pr
c-Pr
c-Pr
i-Pr
i-Pr
c-Pr
c-Pr
c-Pr
ÞPr
í- Pr

c-Pr
c-Pr

H
H
FI

H
H
TI
H
II
H
H
H
H
H
H
II
H
8-B¡
3-OMe
8-I\4e
8-CI
TI
II
H
H
H
H
H
FI
II
TI
H
H
FT

H
ÉI

FI
H
H
H
FI

H
ËI

4-Ph H
H
II
H
H
H
H
II
H
ÉI

H
FI
H
H
H
II
H
H
H
FI

H
II
H
H
H
H
H
H
I-I

H
H
H
H
H
FI
TI
ËI

H
ÉI

t{
ÉI

ÉI

4-PhCH,
4-F
4-F
4-F
4-F
4-F
4-F
4-F
4-F
4-F
4-F
4-F
+F
4-F
4-F
4-F
4-þ
4F
4-F
4-F
4-F
H
4-Lì
H

4-F
H
4-Ct
H
4-Crt
4-F
H
4-CL
FI

4-Ct
4-F
H
4-Ct
H
+-cl
4-F
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rsaction mixturo containingAT?; 1mM, GlutrLthione;6 mM.
Glucose-l-phosphate; 10mM, NAD; 0.25 mM, NADP;0.25
mM, CoA; 0.04 mM and 0.2 mlvl [2-1'rC]sodium acetate (0.2
pci) with 4 ¡t7 of test compound solution dissolvecl in water
or climethyl sulfoxitle. To slop reaction and saponify, 1 ml of 5

L5Vo EIOH-KOH rva,s adcled to the reacti¡¡ns aud heated at
7-5o C. for I hour. Nonsaponiñablo lipids were extracted wilh
petroleum ethor and incorporatecl 1aC ¡adioactivity was
counted. Inhibitory activity of compouncls was indicatecl
with IC50. 10

Test B: Inhibition <¡Ì cholesterol biosynthesis in culture cells

Hep G2 cells at over 5th passage 'ñere seedecl to 12 well
plales and incubated with Dulbecco's modifiecl Eagle
(DME) medium containing IO%, ol fetal bovine serum L-s

([tsS) at 37" C.,5Vo COrlnttl, cells were conlluent fbr about
7 clays. Cells lvere exposed to l.he DME medium containing
Sa/o of Ípoprotein deäcient serum (LpDS) prepared by
uÌtracentrih.rgation mcthod tbr over 24 hours. Medium was
changed to 0.5 m1 of fresh 57a LpDS containing DME before 20

assay ancl 10 ¡d of test comoound solution dissolvod in lvarer
or ÐMISO were aclded. A.2 pCi ofl2-\'rClsodium acetate (20

¡d) was added at O br(B-1) or 4 hrs(B-2) after ¿ddition of
compounds. ,After 4 hrs further incubation with [2-1'rC]
sodium acelate, medium was reuloved and cells were 25

washed with phosphate buft-ered saJine(PBS) chillcd at 4" C'.
Cells were scraped w,ith rubber policeman ancl coilectecl to
tubcs w'ith PBS and digestecl with 0.2 ml of 0.-5N KOH ar
-17" C. Aliquot of digestion was usecl for protein analysis a od
remaining was saponifled with 1 ml ol l'Vo EÍOH-KOH at 30

75" C. for t hour. Nonsaponiflable lipids were extracred with
peLroleum ether and 1aC radioactivity w¿rs countecl. Counts
were revised by cell prorein ancl indicated rvith DPMlmg
protein. Iuhibitory activity of compounds was inclicated with
IC50. 35

Test C: Inhibition of cholesterol biosynthesis in vivo
Male Sprague-Darvley rats weighíng about 150 g were led

normal lrurina chow diet ancl lvater âd libiilm, and exposed
to 12 hours lightiL2 hours clark lighting pattern (2:00 o,,
PlvI-2:00 AM clark) prior to ¿rse ttr¡ in vivo inhibition test of "

cholesterol biosynthesis. Animals were separated groups
consisting oi Iive rats as to be average mean bocly w'eighL in
each groups. Test compounds at dosage of 0.02-0.2 mg{<g
body w'eight (0.4 mU100 g body weight), were dissolved ìn o.
wate¡ or suspended or in (l.5Vo mothyl cellulose a-nd orally -

administered at 2-3 hours before nrid-da¡k (8:00 PM), while
cholestcrol biosynthcsis reaches to maximum in rats. As
control, rats were orally administerecl only waler or vehicle.
At 90 minutes after sample administration, råls wcre -^
injected intraperitoneally *i,t fO ¡Æi of ¡2-tuclsodium ''r
acetate at volume of 0.2 m1 per one. 2 Hou¡s later, bloocl
sampies rvere obtained and serum were separated immecli-
ately Total lipicls were extracted according to the method of
Folch et al. and saponilicd with ÊIOH-KOH. NonsaponiD- ..
able lipids $,ete extracted with petroleum ether and ¡aclio -'-'

activity incorporated into nonsaponiflable lipicls was
counlecl.

Inhibitory activity was indicated as percent decrease of
counts in tostiÌg groups (DP.ll4.i? ml serum/2 hours) from 69
that in control group.

With respect to the compounds of the present inveolion,
the inhibitory activities against the cholesterol biosynthesis
in which HMG-CoA reductase serves as a rate liniting
enzyme, we¡e measurecl by the above Tesr A and B. The os

results are shown in 'labIes,2.2-2,3 itncl 3-2. Further, tf-re

rcsults of the mcasurcmeots by 'Icst C are also presentccl,

t4

]ABLE 2

Cornporrnd

Iuhibitory acrivities bv'I'est A

I.o (nrolar concentnLion)

(Coûrpounds of the
p16erl, invertioÐ

I-13
I-51
I-5?
l--53

(Relcrence compouds)

ùfevinotin
cs-5r4

1-4 x ]0-e
9.0 x 10-e

In Table 2-2, the relative activities are shor,vn based on the
activitics of CIS-514 being cvaluated to bc 1.

It\_ót-L L-Z

Relâtile actiyities bv Test A

Compouad Relative activitieç

1.25 x tD-'
l.0xl03
7.1 x 10-e
1.9 x 10-?

(Compounds of the
presetrl i[\,etrtioú)

I-16
t-11 6
I-1,"17

r-l2n
t-522

1.7-s

225
o.37
3 11,
0.76

Structures oI reference compounds:

(L) Mevinolin

OH

o

r-lîc

(2) cs-s14

o

FI

I.I

olI

H
CH

H¡C

H
HìC o

CÉI¡
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Example 1-b
4-(4'-fluorophenyl) -3-hydroxyme rhy l-2-(l !-methyle thyl)-
qrúnol.iue (compound VI-t)

5.a g (0.016 moi) of compound VII-1 was dissolved in clry
5 tolueue under a nitrogen atmosphere and cooled in ice trath

to 0" C. 'I-o this solution, 40 ml of a ló wt 7a düsobutyla-
luminium hydride-tohene solution wa-s clropu'ise aclcled, and
the r¡ixture was stir¡ed at 0o C. for two hours. After
confirming lhe complete disappearance of compounci VII- l

to by thin layer chromltography, a satrrirted ammonium chlo-
ride solution was added thersto at 0" C to terminate the
re¿ction. Ethyl ether rvas aclded to lhe reaction mirture, and
the organic layer rvas separâtecl. A gellecl product was
clissolved by an acldition of an aqueous soclium bydroxicle

r-s solution and extractecl anew w-ith cthyl ethcr.'Ihe efhyl ether
cxlracts were put togcther, cl¡iecl over anhydrous magnesium
sull¿Lte and ûltered. The solvent was disrille<ì oft'. The
resiclual oil unclerwenl crystallization w.hen leÊt to stancl. It
was recrystrllizecl f¡om ethyl acetaf.c-n-bexa¡e to ol¡tain 3.3

zo g olwhite crystals. Yielcl:7Q%.lvleltingpoínr: 136"-L37" C.

Exami:le l=c
4-(4'-lluorophe nyl)-2-( 1 '-me rhyte rhyl) -quino lin-3 -yl-

15

TABI"E 3

Cornpound

(Coorpound cf the
prcsent irv€ntion)
I-51
(Rcference comporrnd)
cs-5 14

.t x 10-7

J J x IU

ln Table 3-2,¡he relative activities are shc¡wn basecl on the
activities of CS-514 being evaluated to be 1.

TABLE 3-2

Relative activities bv Tesr B-1

Cìompound l{elative activities

I-116 19_4
t-s20 20 o
II-20 10.8

Results of the measurcmcnt ol the inbibitory activíties by carhoxyalrlehyde (compound V-1)

Têsr C ' ' 2s 2.0 g (9.3 mlnol) of pyridinium chlorochromate and 0.4 g

The percent decrease of counîs atier the oral administra- of anhydrous sodium acetale was suspencled in 10 ml of clry

tion ot'O 05 mgtikg of compouncl I-520 was 55Va rclatíve Io clichloromethar¡e To this suspension. a solution obtained by

thc measured vaiuc of tìre coorr.ol group. I'hc pcrccnr 1f1t19tu** 
t,g (3'4 mmol) of comporrncl VI-l in 10 ml of dry

d.ecrease of counts after the oral adminiitrarìon of l0 ms,,kn dichloromethiì.ne, lvas immediately added at room temera-
oI CS-514 tyas 55Va uncler the sar¡e conclition. The õml 30 ture. lhe mixture was stirrecl for one htrur. Then, 100 ml of
pounds of the presenl invention exhilrited activities 

"up".iã. 
ethyl ether rvas aclcled thereto, ancl rhe mirture was throughly

io rhe retèrence compouml such as CS-51-4 o. vl""in.itin in mixed. Thc 
.¡eacli<.¡n 

mixlure was Iìltered uncler suction

TestA, and exhibirecl activities superior io CS-5I4 in Tests through a silìca gel lay'er. The flltrate was cl¡iecl under

B ancl C. ' reducedpressure.Theresiduewasdissolvedintheisopropyl

Test D: Acute toxicity 35 ether, ancì insoluble subslances were filtered oft. The filtrate

Ao 5vo cMC suspensi"' * 
i¿;::,;'i,ïï:"'J,i";'i¿l äî,fË1,'"Ji'i'."åTl,::iffii1f'":Tüöl"il¡,Ï'¿içtl,::
ased on ttre morraliry aiö-r l\,"':)-r!^"")yntlv vellow prism crvstals Melting point:

7, I-58, I-59, I-511, L512, .. '-'
I-513, I--514, I--51-5" I--517 andl-523 of the presenr invention, ar)

rhe morraliry was (tc/o even rvhen rhey weie or¿l1v ¿crminis- 3-(3,-erhox¡r-1,-oro--rl;Till,t"irror-o-,o,_ur".ophenyl)_2_
tered in an amount of 1tì00 mgiig. (1,_methylethyl)_quinoline (compound IV_1)

Examplc 1 l'13 g (3-r3 mmol) of cis-1-elhoxy-2-(tri-n-butylstannyl)

Erhyr (E)-3,s-crihvdroxyr-[4,-(4',-1r'orophenyr)-2'-(r"- " ;;:1t:,iÌ,i,iïi::":','"Xä1ålË.'#^':ti,î:äjiXï:H:{|
methylethyl)-qutno.6n-3'-y1]-hept-6-enoate (compound,I-11) this solutìon, 2 mI e.Zmmol) of a lS *i Ø ._U"tollithiurn_(prepared by steps of Example l-a rhrough Example I-q) ;+.-;;-.;i"tiun wu" droprvise added. .lhe mixtu¡c was

Example 1-a ,. iläïort;'*oi":'ii:,i:¡i"ïî:1,ï:".iïiï",11åi:ì:il;
Ethyl 4-(4'-fluoroptrenyl)-2-(1'-methylethyl)-quinolin-3-yl- teirahydroluìan was ctiopwise adcled thereto. ft" *à"ti"í
carboxylate (compound VII-1) rnixtuie was stirrecl at -78. C. for t.r,vo bou¡s. Then, 2 ml of

The synthesis rvas conducted in accorclance with the a saturated ammonium cbloride solulion was aclcled thereto
metbod disclosed in J. Org. Chem., 2899 (1966). to terminate tbe reaction The organic layer w-as exracted

6.45 g (0.03 Lrol) of 2-amino-4'-fluorrlbenzopheuone, 55 with diethyi ethcç ancl thc diethyl ether extrac¡ was washcd
5.53 g (0.035 mol) of ethyl isobutirrylacetatc ancl 0.1 ml of with a satùrated soclium cbloricle aqueous soluLion ancl clriecl
conc. sttlfuric acicl were dissolvecl in -30 ml of glacial acetic ove¡ anhydrous magnesium sulfate. The solvent was clis-
acid, a¡cl the mixture was heatccl ai 100" C. ibr about 10 lilled offunder reduced pressure. The resiclue'was separated
hours. After confrrming the substantial clisappearance oT w'ith u-bexane und acetonit¡ile. Thc solvent wus clistilleci qlf
2-amino-4'-fluoroLrenzophenone b;r thin layer oo under reclucecl pressure 1Ìom the acetonilrile layer, ancl an
chromatography, the reaction solution was coolecl to room oily substance thereby otrtainecl was purifled by silica gel
lemperature, ancl a mixture of 45 m1 of conc. àqueous column chromatography (elueut: 2.57a methanol-
ammonia and 120 ml of r¡'ater coolecl with ice, rvas gradually chloroform) to ob tain 0.91 g of the clesi¡ecl comporLncl in a
adclecl theleto. A separated oily substance was soliclified purified clily tbrm.
w solid w¿s 6-s II-IVINR (CDC1.;) ò ppm: 1.1,(t3Í1,7ÍIz) 1.37(d,6II):
re btdin6.47 1Hz) 3.1(m,LH); 3.7(q,2H,I=7Hz) 4.75(r,IH,7Ítz) 5.7(m,
g .5' C. 1Íl) 5.95(m,1H) 7.05-8.2(m,SFt)
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Example I-e äqueous solution was dropwise aclded l.hereto. The mixture
(E)-3-[4'-(4"-fluorophenyl)-2'-(1"-methylethyi)-quinolin-3'- was stirred at room temperahlre Tor further one hour, and
yl]propenaldchydc (compouncl lfl-l) eilranol was distillecl offuocler recluced pressure. Theo,5 ml

0.91 g of compouncl IV-l w'as dissolved in 20 ml of of r¡,ater lvas addecl thoreto, ancl tbe mixnrre rvas extr¿cted
tetrahydrofuran, and 5 ml of water 5 with ethyl ether. The aqueous layer was tìeeze-dried to

obtain 40 mg (677o) of hygroscopic white powdcr. Melting
point: 2O7 " -2O9" C. (decomposecl).

cl sodium chloriclc Example 3
âqueous solution ancl dried over anhyclrous magnesium t0 (E)-3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-2'-(1"-
sulfate. Thcn, the solvent lvas distillcd otr. The rcsiclue wâs methylethyl)-quinolin-3'-y1]-hept-6-enoic acid (compouncl
purified by silica gel column chrornatography (eluent: l-zL)
chloroform) to otrtain the clesirecl product as white prìsm 110 mg (0.244 mmol) of compound I-11 was clíssolved in
crystals.0.4g(SOC/o).Meltingpoint:127"-l2B"C. l0mlofethanol.Then,0.Tgrnlofa0.5Nsodiumhydroxide

Example 1_f 1_s aQueoüS solution was dropwise added thcreto. 'I'he mixlure

Erhyl (E)-7-[4'-(4"-fluorophenyl)-2'-(1,'-methylerhyl)- was stirred .,1 l9o- temper¿ìture for further one hour, and

q.inolin-:1-yt]-_5-h¡rclrory-3-oxohepio-ó-enoat. 1"órrrpoíí,r ethanol was distillcd offunder ¡cduced prcssurc.'I'hen, 10 ml

ff_l¡ ' oF $'ater 
"vas 

added thereto, and the mixlure was extracled

-5ô mg of 60â,/¿ soclium bydride wa The a<¡ue.us layer rvas r,vearkly aciclilìed

pctroleuà ether ancl <lriecl under a nitro ilute hydrochloric aqueous solution and

iuspended in 5 ml of riry tetrahyclrotu es with ethyl ether. The ethyl ether layers

was cooied to _i5o C. in a niiroçn at r anci drieci over anhyrJrous magnesium

mg (0.92 mmol) of elhyl acetoacetate solvent was clistilled ofl' under recluced

thãreto, and tho mixmró *,as sti¡recl fo 90 mg of slightly yellow oily substance.

0,6 ml (0.92 mmol) ol a 15 rvr L./o n-t¡u 1.) ò ppm: I 36(d,6HJ=7Hz) 2'a@,2H)

solurion was clropi.ise aclclecl rlrereto, a t'1H); 3'8-4'6(m'2H) 5 40(ctd,1H,Jr=

stirrect ibr 30 minutes. Then, a solution -5 (d'1H,J= f 9Hz) 7 0-1'3(m,BÉI)

ing 160 mg (0.-5 mmol) of compouod III-1 in clry
retrahyclroftLran, was clropwisc. addecl th 

Lr Lrr v Examplc 4

hrre rva^s srìrrecr fo¡ one hour.. To the rea 
rophenyl)-2'-(1"-meth¡¿lethyl)-quinolín-3'-

of a saturated amnron-ium chloricte aqr 
coxy-3'4' 5'ó-tetrahydro-2H-pyran-2-oue

aclclsd at -15" C. Then, the mixture rvas e :oun6 I-21 was clissolvecl in l0 ml of dry
with dietbyl ether. The cliethvl ethe¡ sc solurion was refluxecl under heating fbr 3
with a saturated sodium chloricle aqueouì ¡f a Dean Stark apparatus.
over anhyclrous magnesium sulfate. The ¡ stillecl off uncler reãucect pressure, and the
ratecl to dryness under recluced pressure- The resiclue was resiclual solid was recrystallizecl from clüsopropyl etber to
recrystallizecl lrom düsopropyl ether to obtain 1-10 ^m_g obtain 4() mg of coloiiess prism crystals. tvtctiing point:
(yielcl: 59a/a) of whitc crysttls. Melting point: 99"-101" C. tS2"-184 . ð.

-g By silica gel thin chromatography, the producl gave tlvo
Ethyl 4'"-fluorophenyl)-2'-(1,- 

+rr absorption spots close to each other attributable to the

mcthy pt-6-cnoate (ðo-poìnA diastereorners. (Developp-ing solvent: 3c/o methrnol-
I-11) cbloroform)

110 und II-l lvas dissolvecl in Tbese diasterorners werc separated and isolated by sìlica
-5 ml of ethanol in a nitrogen atmosphere, and the solution ,. gcl thin fDcvelopping solvent:
w¿rs coolecl 0" C. Tben, fO mg lOiO: mmol) of soclium 

a: t-BuOMe (v1v), Rf=0'6 and 0.7
borohydride was aclded, ancl lhe mixhr¡er rvas stired lor one (obtained

hou¡. Theu, t ml of r IOo/o bydrochloric acid aqueorts Rt'=0'7: trans lactone

solurion rvas addecl therero, and the mixtufe rvas extracred II-NMR (CDCL) ò ppm: 1.40(cl ,6H)=7Hz) 1.6(m,2H)
fhree times with ethyl ether. The ethyl ethe was ^-^ 

3.6.5(m,2H) 3.a8(m'1H); a.20(m'1FI) 5'1.5(m,1H) -5.37(c1d,

washccl with a sarurarcd so tion '" 1FI¡r=LBÍlz,Jr=7117) 6.68(d,1FI, J=19FIz) 7.1-8.2(n,BFI)
ancl dried over anhydrous the Rf:0.6: cis l¿ctone

solution was evaporatecl to :der ¡educed pressure. H-NMR (CDC13) c\ ppm: 1.40(d,6H,J=7Hz) 1.6(m,2H)
The resiclual oil was purifìed by silica gel column chrorna- 2.65(m,2H) 3.a8(m,1H); 4.20(m,1H) 4'ó5(m,1H) -5.40(dd,
togrephy (eluent: 59ã methanol-ohloroiorm) to obtain ¡¡s -- 1H,J,:18HzJ.=7117¡ 6.66(m,1H) 7'0-8.{m,.3H)
desirêalroauct as a pûre coloriess oily suústance. 70 mg -"

(Ytelcl: 64va) 6-14,-(4,,-flu uinolin-3,-II-NMR (CD().) ò ppm: 1 6-[4'-(4"-flu

BHz) r..r-1.s(m.2ï); 2.42(ct l]:flYli vrarn-2-one

3.-5i(m,1H) 3.9-4.6(m,2FI) 4 (compotrno I
pound I-31

6'5e(m'1FI) 7'1(H'i8(û,sH) ut 
.'Íroiij.Jrlecl in 5 ml of erhanor, ancr 1o mg or 5vc

Example 2 pall¿rclium-c¿rbon was acl<lecl theretc¡. The mixture was
Sodium salt of (E)-3,-5-ctihydroxy-7-[4'-(4"-fluorophenyl)- stirred under a hydrogen atmosphere. After confirming the
2'-(1"-metfi¡rlethyl)-quinoliu-3 '-yl]-hept-6-enoic acid clisappearance of the starting substance ancl fhe appearance
(compound [-51) 6-s of a new spot by lhin layer chromatograpby, the palladium-

60 mg (0.1-3-3 mmol) of compouncl I-1 was dissolved in carbon wrs flltered off, ancl ethauol was clistilleci offto obtain
3 ml of cthanol. 'I'hcn, 0.26 ml of a 0.5N sodium h.r,clroxide colorlsss oil.
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This oil wa"s purifìecl by preparative thin layer chroma-
tography to obtain 16 mg of the desired product as pure
colo¡less oil.

MS(mr'e): 408(M++H), 407(M*), 366, 292, 278
ln the same manner as in Example 1-a, compouncls VII-2

ro WI-27 were prepared. The physical properties of these
compounds are shown in Tablc 4. (In the'Ihble, Rl, R2, R3,
R+, R5 ancl Rll correspoud to the sutrstitients of compound
VII-)

^Ir\BLE 4

(Compounds ûr ¿his Täble al€ contpouûds of ¡he
fornìula VII wherein Rd is h\.droÞetr ì

(Compounds in this làble arc compouads of Lhe
VI Ró is hldrosen.)

20

]ABLE 5

)

Conrpound R1 R2 Rr R4 Rs
m.P.

cc.)

Com-
pound R1 R2 Rr Rr Rs R21

Er.p.
('c )

701-1,07.5
85-{s.5
100 5-10:1.5
t0-s.5-r06.5
101 0-102 û
oil
1,34.0-736.5
88.0--89.0
'l ti8.5-109.5
101 0-103 0
117 -s-119.0
oiI
oil
96.0-9S.0
1-19 0-139 5
oil
94._5-95 5
It3 5-116.5

'149-1-s1

r30-r30.5
139-147
168-169
140 5-1,42.ù
15-5.0-157.0
192 0-195.0
186.0-183 5

161.0-.r64,0
122.0-124.0
183.0-186.0
161.0-162.5
l:17.0-r38 r)

164.0-:t65 0
L4r.5-'t 43 5
146.5-r43.5
1'71,.0-J,72.O
720-126
153.0-1-i4.0
98.5-103
777.5-172.5
84.0-46.0
]]9.0-t2t.o
lú0.0-16r.5
161-0-16-1.0

vt-2
vf-3

10 vI-4
VT-5
vI-6
vt-7
VI-8
vf-9

1s vI-10
\¡I-r l
w-)2
vI-1.1
vt-14
vI-15

,n vl-j6-" vI-_t7
vl-:t8
vt-l9
VI-20
vt-2J
vf-12

25 vf-zt
vI-24
vt-25
vt-16
vt-2'7

p-F
H
H
FI

TI

2-F
t{
4-Cl
4-OMc
4-Me
2-Cl
4-CFj
,?-Mc
3-Me
4-F
4-F
4-F
4-F
4-F
4-OPh

H
H
H
6-Cr
6-Cl
H
7-Me
TT

H
H
6-Ct
H
H
H
6-ìvle
ÉI

H
6-CI
Ét
H

H
H
TI
E
t{
H
H
H
H
FI
H
H
H
H

H CH3
¡r cH3
H i-Pr
FI CII¡
H i-Pr
H i-Pr
II i-Pr
H i-Pr
H i-Pr
Él i-Pr
H i-Pr
!I i-P¡
4-F í.P¡
5-Me i-Pr
tI i-Pr
FI C2H5
H ¡r-Pr
I{ i-Pr
FI c-Pr
H i-Pr
H i-Pr
fI Ph
ÉI c-Pr
I-l sec-Bn
H i.Pr
H c-Pr

VIT-2
vII.3
1/II-4
lrII-5
l¡tl- 6
vIi-7
VII.8
vtI-9
VtI-10
vtl- U
vII-.ti
\.II-13
vII-14
vtI-15
VII-1(i
v'tl-1 7
l{I-1S
VII-..19
VII-2î)
vII-21
vII-22
vII-2-ì
vII-24
vII-15

H
H
H
6-Cl
6-Ct
II
7-Me
H
H
H
6-CI
H
H
H
6-OVe
FI

H
6-Cl
H
H
6-crl
6-Cl
6-Cl
FI

H
H
TI

H
ÉI

u
ÉI

H
H
Él
H
II
I.I
H
7-OMe
H
ÉI

H
H
H
o'-Cl
H
H
H

CrÉL
c"rL
CrHt
CrIL
Cr(-L
CrIL
CrH.
CrHt
c¿FIs
C,IL
crlr,

4-F H CH3
HHCH,
H H i-P¡
HHCH,
H H i-Pr
?-F FI i.P¡
H H i-Pr
4-Cll FI i-Pr
4-OMe It i-Pr
4-Vle H i-Pr
2-Cl FI i-Pr
4-CF3 II i-Pr
3-VJe +F i.Pr
-3--Vfe 5-Me i-P¡
4-F ÉI i-P¡
4-F H C2H5
4-F H n-Pr
4-F H i-Pr
4-F [I c-Pr
4-OPh H i-Pr
4-F ÉI i-PL
TIHPh
H ÉI c-Pr
4-F H scc-

Bu
4-F [I i-Pr
4-F H c-Pr

c2H1 127-12?

7-OMe
H
Il
ti
H
H

6-Cl s-Cl 4-F
6-Ct H t{
6-Ct ÉI ËI

H TI 4-F
ó-Me FI 4-F
6-OMe 7-OMe 4-F

H5c
C,IL

Cte"
CH,
CrH.t
C.Ht
cÉr-
C2tI5 oil
crHs 96.0-93.0
C.Ht
CH.

11.1,8-119.-5

CH,

c?FI5 109.0-111.0
cH, 153.rF15-ì -s

0+8 597
oil

30

35

40 coorpo*d Rl R? R5 R'r Rs ä3i

In thc same manner as in Example 1-c, compouncìs V-2 to
Y-2'7 wcre prepared. (ln Table 6, R1, R2, ll3, Ra and Ri
corrêsponcl to the substih-rents of compouncl of V)

]ABLE 6

Thble are contpourds of the
R6 is hYdrosen. I

vIr-26
vfl-2-r

6-\4e II
6-O\4e 7-OMe

VII-8
II-NMR (in CDCI.) ò ppm: 0.92 (t,3ÍI,J=7lIz), L4I

(rt,6H,l - 6Hz) ; 2.47 (s,3H), 3 .27 (Hep t aplet, 1 H J= 6 Hz) 3. 9 6
(q,zH,J =7 Hz), 7.tI-7..3(m, 8 H)
VII.14

H-NMR (io CDCi3) ò ppm: 1.01 (t,3H,I:7Hz), 1..42
(d,6H,J :6Hz); 2.38 (s,3HJ=3Hz), 3.25(Heptaplet, 1H,J-
6[lz) 4.04 (q,2f:1.,J =7llz), 6.9 -a. \m,7 I'lz)
VII-1.5

, H-NMR(in CDCIJ ô ppm: 0-9(t,3H,J=7Hz), 1.43 (d,6FI, s0

J=6Hz);2 29 (s,6H) 3.25 (Heptapler, 1H,J=6Hz) 4.00 (9,2H,
t=7Hr), 6.8-3.0(m,7H)
VII.IB

H-NMR (in CDCI") ò ppm: 0.98 (t,3H,J=7flz\, 1.02 _-
(t,3H J =7 Hz); r. 6-2,. 3 (m,2H), Z. *-z . t 1m'Z:t-¡ 4. 03 (q,2 H J= 5 )

7Hz), 6.9-8.1(m,8ÉI)
vIt 21,

H-NMR (ín CDCI3) t\ ppm: L03 (t,3H,J=7Hz), I.4l
(d,6H,J = 6ÍIz); 3.25(Hep tapet, tH,J =6Hz), 4.05(q,2H,J= 0,,
lflz),6.8-81(m, 13H)
v7l-25

H-NMR (in CDCI.) ò ppm: 0.97 (d,6H,J=6Hz),2.0-2.6
(m,1H); 2.85 (d,2H,.t:7Hz), 3.-s1(s,3H), 6.8-8. 1 (m,sH)

In the same m¿tnner a,s in Example 1-[r, compounds VI-2 ó-s In the same maoner as in Exdmplc 1-d, r:ompouncls IV-2
roYl-27 viere preprrecl. (In Talrle -5, Rl, R2, R3, Rr ancl Rs to IV-6 ,vere prepared. (In Table 7, R1, R2, R3. Ra and Rs
correspond to thc substihrcnts in compound VI.) correspond to the substituents of compounrl IV)

45

v-2
v-3
\r_4
v-5
v-6
v-7
v-8
v-9
v-10
v-11
v-12
v-1-î
v-14
v-15
v-16
v,77
v-:18
v-19
v-zo
v-21
v-2?
v-23
v-24
v-25
v-i6
v-'27

6-Cl
6-Cl
TI
6-Me
6-Olvle

tt
H
tf
H
7-OMe

Ét

H
H
6-Cl
6-Cl
H
7-Me
H
H
H
6-Cl
H
H
rt
6-Oi\{e

H
H
H
H
TI
H
H
H
H
H
[I
II
H
H

p-F H CH3
tI H CH.
H H i-Pr
H t{ cH:.
E FI i-Pr
2-F H i-Pr
H H i-Pr
4-Cl H i-P¡
4-OMe H i-Pr
4-Me lI i-Pr
2-Cl FI i-Pr
4-CF3 H i-Pr
3-Me +F i-P¡
3-l!le 5-Me i-Pr
4-F Il i-Pr
4-F H C.H,
4-F H n-Pr
4-F I-I i-Pr
4-F FI c-Pr
4-OPh H i-Pf
4-F- H i-Pr
HHPh
H H c-Pr
4-F H sec-Bu
4-F [I i-Pr
4-F H c-Pr

125-12S
74i1,46
E243
z)É22
140-140 5
\2r.5-721O
l0-s..t-109.2
147.0-147.8
135.6-1 36.8
119 4-120 4
10-s 8-r06.9
ræ7-164.2
161 1-108,1
:tf0.c-122.3
164.+-165 2
143.1-1442
150.2-1s5 3
164..s-:165.3
150.1-151.6
706.9- 107.7
135.{J-1.i.s.7
174.8-175 -1

157.5-1-58:0
125.0-116._s
I-Í5.0-157.0
?00.0-200.5

7-OMe
Ht{
HTI
6-Cl [I
HTI
l{ tr
6-Cl ô--Ct
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TABT}.7

22

TABLE 9-continued

(Compounds in this 'làbte are compounds of the
IV Rd ís hvdrosen,)

(C'ornpourds i¡ tbis 'lible are compoulds of l;he

formula of II wherein R6 is hvdrogen.)

R1 R2 Ri R4 R5 RD þT;

)
Compound R] R2 Rr R5 n.p- ("C.) Com-

pound
17'7-1,19

In the same manner as in Example 1-e, compounds III-2
to llt-27 were prepared. (In Table 8, R1, R2, R3, Ra and Rs
correspond to the sutrstihrents of compound III.)

TABLE 8

(Cborpoun<Ls iû lhi$ lì¡blc are compoundt of lhe
lormula III rvherein R6 is hvd¡ogen,)

fiD-

HH+þHCH:.
HTIHHCH.
H tI H II i-P¡
6-Cl H II II CH3
6-Cl lI FI H i-P¡

IV-z
IV:3
IV-4
I!'-5
IV-6

II-10
II.11

10 II-12
II-13
II-14
II-15
II-16
Il-1 7

1-s II-18
TI-19
II-20
II-21
ÍI-22
lt-23

1ì rI-14
-" II-15

4-OMe
4-OMe
2-Cl
4-CF5
3-Me

-ì-Mc
4-F
4-F
4-F
4-F
4-F
4-OPb

i-Pr
i-Pr
i-Pr
i-Pr
i-Pr
i-Pr
i-P¡
(ìtr,
n-P¡
i-Pr
c-Pl
i"Pr
i-Pr
Ph
c-Pr
sec-
Bu

c-Pr

oil
78.0-43 0
66.0-71.0
oil
83.0-90.0
94.0-97.0
oil
lll 0-113.-5
9:t 0-9.1.0
727 0-125 o

}I
H
6-Cl
II
H
H
6-OMe
H
H
6-Ct
H
H
6-Cl
6-Ct
6-Cl
H

H
tt
H
H
H
H

H
II
H
H
+F
5-Me
H
H
H
t-r
H
H
H
II
H
fI

H

c-H. 78.0-78 5
c?H5 75.0-7.c.0
CtH.
crÍI.

7-OÍvle

C.Ht
c,H.
CrlL
CrE
C=H-
crÍr.
CrHt
CrH'
C2H5 oil
CzH- oil
cjls 69_0-7:1.0

C,FI, oil

H
H
H
H
H
8-Ct 4-F
HH
HH
H 4-F

Compound Rr R R3 R4 Rs (.C.) II-26
It-27

6-Me H 1-F
6-OMe 7-OMe 4-I.-

2s l-7
H-NMR(in CDCI3) ò ppm: 1.21(t,-3H,J=THz\, 1.32(d,6H,

I =6Hz) ; 2.2-2.a{m,2II), 2. 5 --2.7 (n, IH) 3.28(s, IH), 3.34
(Heptaplel, tH,J=tjHz) a.0B(q,2HJ-7Hz), 4.:t-4.6(m,1H)
5.28(dc1,1FI,J=óllz,J: I57Iz), 6.53(cld,1 IIJ=l .5Ilz) =751-Iz),

:o 6.9-8.0(m,8H)
tr-r2

H-NMR(in CDCI3) ò ppm: 1 25(t,3HJ:THz), 1.33(c1,6H,
I :6Hz) ; 2.2--2.4(m,2H), 2.5-2. 8(m, 1 H) ; 3.32(s,2H), 3.38
(Hep taplet, LH, J = 6Hz) ; 4. 1 3 (o¡2}J.,1 =7 Hz), 424. 6 (m,lH) ;

3s 5.34(dd, 1H,J = 6Hz, I ='J. SfIz), 6. 53(dc1, IH,J=I .5Hz ) =1, SHz),
7.G€.0(m,7H)
il-15

f I-NMR (in CD C1.) ò ppm : 1 .23(t,31I,1 :7flz), 1.35(ci,6ÉI,
J = 6Hz) ; 2.2-2. a (m,zH), 2. 3.t (s, 6 H) ; 2. 6-2. 8 ( m, I H), 3.32(s,

40 2H); 3.35(Heplaplet,IH,l =6Hz), a. D(q,2H,I :7 Hz) ; 4.34.7
(nr,1H), 5.30(ctd,rHJ=6Hz,J : L6Hz); 6.5J.(lcl,rHJ=1I{z,J=
l6Hz),6.7-B 0(mJH)
II-18

H-NMR (in C-DClj) ô ppm: 1.00 (t,3H,J=7Hz), 1,.26(t,
+ s 3Ír J :7 flz) ; 1. 6 13 (m,zt\, 2.42 (d, 2l-I J = 6Hz) ; 2. 6 -3.2(m,

3 H), 3. 3s(s, 2H) 4. LI(q,2H ) =7 Hz), 4.3- 4.t (m, IH) 5 .27 (dd,
IH ) =6Hz,J:76H2) 

6.46(dd.,IH,J: I.5Hz,J=1.6H2), ó.9--3.0
(rn,BH)
tr22

H-NMR(iD CDC13) ð ppm: 1.26(t,3H J=THz), r.33(d,6H,
J =6Hz); 2.43(d,2H,J=6Hz), 2.6-2.9(m,1FI) 3.36(s, 2H), 3.44
(Heptaple t, 1 H, I =6Hz) 4. L3 (q,2H,I :7Hz), 4 3a.7 (m,1 H)
-5.30(dd, 1H,J-6Hz,J=I6Hz), 6.53(dd,1 HJ=1 .sHzJ = L6Hz),
7.0-7.6(m,6II)

55 ll-23
H-NMR(in CDCÌ.) ò pp m : 1. 23(1,3 H ) :7Hz), 2.21,(d,2H,

I = 6Hz) ; 2. 4-2. 6 (m, IH), 3 2s (s,2H) a.o9 (q.zH,J =7 Hz),
4.14.4(m,IH) -5.08(cld,1H,J=óHz,J=L6Hz), 6.26(dd,1HJ:
l.SHz,J :l6Hz), 7.0-8.0 (n,13H)

60 II25
H-NMR(in CDCII) ò ppm: 0.96(d,6H,J=6Hz), 1..26(t3tI,

J :7Hz), 1 . 8-2.a(m, 1 H). 2. 43 (ð,2H,J = 6l+z), 2. 6 -2.9 (n,lIH),
2.88(d,2IU =7 Hz), 3 .3 6(s,2tl), 4. t 4 (q.2rI,t :7 ÍIz), 4.3 4.7
(u,1 H), s 0--5.5(m,r$, 6.3-ó.7(m,1 H), 6. 9-s. 1(m,3H)

6s ll-26
FI-NMR(in CDCI.) ò ppm: r.25(t,3H,J-7Hz), 1.32(d,6Í1,

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

CrH, oil
CrH-t oil

TII.7
ITI-3
IIT-4
IfI-5
III.6
LI]-7
ul-s
III-9
tIt-10
III-1I
ilr-12
tII-1,1
III-.14
III-15
III-16
III- 1 7
III-18
Iü-19
Iü-10
1[-21
lÍr-22
IIt-t3
trI-24
Ifr-25
III-]6
l\-7i

+F
tI
ÉI

fI
FI

2-þ'
H
+cl
{OMe
4-Me
2-Cl
+cF.
3-Me
3-Me
+F
+F
+F
+F
+F
4-OPh
+F
FI
H
+F
+F
+F

H
H
H
FI
II
H
H
H
TT

Il
H
H
+F
5-Me
H
H
H
H
H
H
H
H
H
fI
E
H

CH3
CH.
i-P¡
cÉrr
i-Pr
!Pr
r-Pr
i-Pr
í-P¡
i-P¡
i-Pr
i-Pr
i-Pr
i-Pr
i-Pr
C.Ht
n-P ¡
i-Pr
c-Pr
i. Pr
i-Pr
Ph
c-Pr
sec-Bu
,i-P¡
c-P¡

HH
HH
HI{
ó-cl [r
6-C1 H
HH
/-Me H
t{ }r
¡rH
TI ÉI
6-Cl fl
TIH
HH
FIH
6-C)ìVle 7-OMe
HT{
EFI
6-Cl H
TIH
HH
6-C¡ s-Cl
6-Ct ÍI
6-Cl tr
TI II
6-Me II
û-OMe 7-OMe

194-196
770-177.5
107-108.5
r92-\94
\25 5-t27
30.1-a0.2
7¿1.1-t22.3
14.3 0-149.1
137.4-140 1

111.6-11i.-1
8-ì.8-€4.-i
726.2-128,8
'1,24.3-7!6.4

117 6-120 3
147 8- I 50.9
'12+.3-128.5

117.8-12r.5
1-ì5 2-135.9
147.3-144.7
oil
177-122
141.8_744 3
161.0-161 5
78_0..31 0
1.ì7 0-137._\
189.5-191 0

ilt-22
H-NMlì.(in CDC'1.) ò ppm: r.40(d6H,J=7Hz), 3.44

(Heptaplet,1H,J:1Hz); 5.93(tld,1 H,J=8Hz,J=16H2), 6.8-8. 1
(m,14H) 93a(d,1HJ=8Hz)

In the same manner as in Example 1-f, com¡rouncls II-2 to so
II-27 werc prcpared. (In 1äble 9, lll, Iì.2, R3, Iì4 and R5
correspond to the substituents of compound II.)

TABLE 9

íCbrnpouncls
li.rmr ln

in this 'ftble
nftI

are compou:r<ls o[ the
R6 is hvdrogen.)

Corn-
pouud R¡ R2 Ri R4 R5 Rl¿

m,P-

fc.)
fÍ-2 H
II-3 H
tI-4 H
ü--s 6-cl
II-6 6-Ct
II-7 H
Ii-8 7-}le
tt-9 H

H
t{
H
u
H
Êl

H
H

FI

H
TI
TI
H
H
H
H

p-F
H
H
FI
H
2-p
H
4-Ct

CH" C,H,
ct{] c.H,
i-Pr C"Ht
cFI3 Crl-I,
i-Pr C.It
i-Pr CtrFI5

i- Pr CrH.
i-Pr CrH¡

oil
105-106
88 5-90 5
7-I-82
96-98
oit
63.5-74 0
q1 0-94 0
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3 .3 6 (s,2H), 3. 4 1 (Hep t ap Ie t, t}],J = 6Hz), a. n@,zH,J -7 Hz),
a 3a.7 (m,lH), 5. 0-5.s(m,1 H), 6.3- 6.7 (m,7H), 6.8-7 .9(m,
7H)
lr-27

H-NMR (in CDCI.) ò ppm: 0.8-1.-5(m,ag, 1.26(t,3H,J=
7 Hz), 2.0a.9 (m,4H), 3.42(s,2H), 3. 7 I (s,3FI), a-00(s,-3H),
4.20(s,2H,J =7Hz), 4.4-4 8(m,1 H), 5.3--5.8(m, r g, 6.4-6.9
(m,lH), 6.s8(s,1H), 7 .o-7 S(n,sH)

In the same manner as in Example l-g, compounds I-L2
Lo l-127 vvere prepared.

]ABLE 10

Hz) 3.6-3,8(m,tH), 3.9-4.2(m,1tf
-4.s(m,1H) s.2-5.s(n,1FI), 6.s-ó.8

I-110

24

)

10

Rj R4

N R5

OH
t-1

m p. ('C.)
Conr- Mass

¡ornd R1 Rr R3 R4 Ri Rrz speçtßrm

I-II2
'-s 6(n,

3.47
4.19
8(m,

20 I-113
H-NMR(in CDCL) ò ppm: 1.0-1.3(rn,2H), 1.30(l.3HJ=

7 Hz) ; L. 40(d,6H,J =6}{z). 2,3 -2.4(m,2H) 3.3-3. 5 (m, i H),
3.49 (Hept aplet, rH,I=6Hz) 3.6a.7 @,lH), -3. 9-4. I (m, lH)
4. 1 B(q,zH ) =THz), 4.24.5(m,7H) .5. 1--5.5(m, I H), 6-5-6.s

zs (m,1H) 7.2-8.2(m,8rD
l-Lß

H-NMR (in CDCIr) tl pprn: 1.2-1.4(ru,2H), 1.30(r,3H,J=
1 Hz) ; L.3 9 (d,6 H,J = 6 Hz), ). 32(t:s,3 H) 2.3-2. 5 (m,z H),
3.Ct--3.3(m,1H) 3.50(Heptaplet,IH,I=6Hz), 3.6-3.8(m,1H)

30 3.8-4. 1(m,"t H), a.2{t(q,2H,J =7Hz) 4 3-a.6@,1,H), s.2-s.6
(m, tH) 6.-5-6.8(m, lH), 7.0-8.2(m,7H)
r-115

FI-NMR (in CDCI.) ò ppm: 1.1-1.4(m,2Il),1.30(1,3FIJ=
7 H z) ; 1.40 (t1,6H,J= 6Hz). 2.2--2.5 (m,ZH) 2.3 5 (s,6H),

3s 2.7-3.1 (m,lH) 3.5 l(Flcptaplct, 1HJ=6Hz), 3.6a.7 (m,1,H)
3.8-4. 1 (m,1 H), a.2o (q,zH,J =7Hz\ 4.2-4.6(m, IH), s.2-s.6
(m,1H) 6.a-6.8(m,1H), 6.8-8.2(m,7H)
I-11ó

H-NMR (in CDCI.) ð ppm: 1.30(t,3H)=-7Hz), r.3i(d,6lt,
40 I=6Hzl; 1.-5-1.8(m,2H), 2.3-2. 5 (m,2H) 2. 9-3.2(m, 1H),

3.46 (Hepraplet,IH,J=6Hz) 3.6-3: B(m,rH), 3.7-5(s,3H)
3. 9-4. 1 (m,1 tI), 4.0(s,3I I) 4.2o(q,211 ) :7 [Iz), 4.24.5 (m,
1H) 5.l-s.s(m,1H), ó.+_6.8(rn ,zH) 7.7-7 .5(n,st1)
r-117

4s H-NMR(in CDCI3) ò ppm: 1.30(t,3H,I=7Hz), 1.31(T3H,
J ='7 Hz); 1 4-1,.7 (m.zH), 2.2--2.6(m,2H) 2.c3-3.2(m,-3H),
3.6-3.9(m,1H) 3.9-4.7(m,4H), 5.2-5.7 (m,LH) 6.3-6.7(m,
1H) 7.0-8.2(m,BH)
I-118

s0 H-NMR (in CDC13) ò ppm: 1.01(1,3ÍIJ:7Hz),1.27(1,3H,
I :7 kIz) ; 1.4-2 1, {m,4H) - 2.3 -2. 6(m,2H) ; 2.8-3.3(m,3t1),
3. 6-3.3(m, 1 H); 3. 9-4. 1 (m,1 H), 4. LB(q.2}I.I =7Hz) ; 4.24 5
(m,1ll), s.2-5.6(m,1 Fl); 6.4-6.7(m,1r!, 7.0-8. 1(m,8H);
I-119

-i5 H-NMI{ (in CDCI.) ð ppm: 1.2-1.5(m,2H),1.31(r,3HJ=
7 Hz) ; I .37 (d,6Ír,I ='rilz), 2.3-2. 6 (m,2H) ; 3. 0-3.4(m, I H),
3.49(Hepl.aplet,IH,J=6EIz); 3.6-3.8(m,1H), 3.8-4.2(m,1}I);
a 20G,2H,1 =7 Hz), 1.3 4.5 (m, 1 H); -5. 2--s.6(m, I FI), 6.4-6.8
(m,1H); 7.0-8.1(m,7Fl);

60 I-120
H-NMR (in CDCI3) 0 ppm: 0.8-1.8(m,6H), 1.30(r,3H,J=

7 Hz) ; ?.1-2.6(m,3H), 2, 9-3.3(m, 1Fl); 3.4-3.1 (n, tH),
3.84.6(m,2H) ; 4.20(q,2H,J =7 Hz), 5 4--5. S(rn, -t H); 6.4 6.3
(m,1FI), 6.8-8.0(m,8H);

6s I-l2I
FI-NMR (in clDCIr) ò ppm: I ?9(t,3H,l=7ÍIz). 1.39(ct.6H,

I :6tIz.); 1 .4-1 .9(n,2H), 2.3-2. 5(m,2ÍI); 2J -3.2(n,1H),

:H)
oÉr

Rl

I-12HH4-FH CH,

cIIl
i-P¡
cH.
i-Pr
i-Pr
i,Pr
i-Pr
i-Pr
i- Pr
iPr
i.Pr
i-Pr
i-Pr
i-Pr
C,IL
lÌ-Pr
i-P¡
c-Pr
i-Pr
i-Pr
Ph

sec-Bu
i-Pr
c-Pr

[I
H
H
H
t{
H
H
II
H
H
H
+F
5-Me
H
fi
H
H
H
H
H
[I
H
H
H
H

I.I ÉI
HFI
6-Cl H
6-Cl H
1{H
7-:\Ie FI
FI FI

II II
HII
6-Ct ËI

HH
FI I{
HH
6-OMc 7-OMc
I.I ËI

t{H
ó-CI H
HH
HII
6-Cl &Cl
6-Cl r-I
6-Cl ¡r
HH
6-l4e H
6-OMe 7-OMe

CzHs oil
M/e 473,292

?.64,249
c2Ír5 E2-7O5
C.IL
CrHt

I-13
I-14
I-1 -5

I-.16

Ill
I-1S
I-19
I-:t10
I-1l l
l--t12
I-1:l-l
t-114
I-115
I-.1 1 6

I:l l7
I-118
t-119
I-110
t-121
Í-222
I-:tf3
r- 124
t-12-s
Í-126
I-127

H
H
H
H
2-F
H
4-Cl
4-OMe
4-Me
2-Cl
4-CF3

-1-Me
3-Mc
4-F
4-F
4-F
4-t'
4-F
4-OPh
4-F
Ét

TI

4-F
4-F
4F

C.I{
C.Ht
CrHt
CrH.
c.I.I,
ct?lI5
CrHt
C.H-
C.Ht
c.H.

CrH.'
c"H-
CtH.

9'7-tOO
oil
oil
oil
oil
98-104
94-98
79-95
oil
777:128
85-92
oil

CrH. gum
C"I! oü
C"H. oil
c2H5 791j2

100-104

133-143
CrIL gun
CrH, oil
C.I!- oil

oil

gum
cr[r,
C.Ht

oil

l-L7
H-NMR (in CDCI,) ò ppm: 1.29(t,3H.l=7H2,),1.40(d,6H,

J-6Hz); L.4-1,.1 (m,2H), 2.3-2 5 (n,2H) 2.9 -3.2(m, tH),
3.49(llep raple t,I1-l,I : 6flz) 3.5-3. B(m.1 FI), 3.9 a.5(m,21-l)
4 1O(q,2Hj =7Hz), 5 .2 5.7 (m,1 FI) 6.5-6. 9(m, lFI), 7.0-3.2
(m,BII)
I-18

H-NMR (in CDCI3) ò ppm: 1.0-1.4(m,2H), 1,31(I,3FI,J=
7 Tlz) ; 1.39 (d,6H,J = 6Hz), 2.3-2.5 (m,2H) 2.52(s,3H),
3. t-3.4 (m,lH) 3.48(Hep taplet, IH J 6Hz),3.s-3.8(m, 1 H)
3.8-a 1(m,1H), a.2o(o¡2H,J:7ÍIz) 4.24.5(m,LH), 5.2-5 6
(m,1 H) 6.4-6.8(m,IH), 7.0-8.0(m,8FI)
I-t9

H-NMR (in ClDCl,) ò ppm: 1.29(t,3H,l=7Hz),1.38(d,6H,
I:61'Iz); 1 -4-1.8( m,2II), 2.3-2.5(m,2LI) 3.2-3.4(m,1[I),
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3.51(Hepr.aplct,lH)=6Hz); 3.6-3.8(m,1H), 394.2(m,1H); l-725
aß(q)Ll,J=7ttz),4.34.6(n,IFI); 5.2-s.6(m,7r0,6.44.8 NMR (in CDCI3) ò ppm: 0.94(d,6H,J=6Hz), 1.0_1.7(m,
(m,lH); 6.9-8.2(m,1.3H); 3H),1.27$3H,J=iUz¡,'t.O-z.S(m,3H), Z.oO]Gi,zIJ.,t=twz),
r-122 334.4(m,3H), 4.12(q,2[,t=7Hz), 5.G-5.5(m,1ÍÐ, 6.2-6.:7

H-MNR (in CDCI") ô ppm: 1.1-l.B(m,2rÐ,1.31(r,3HJ= s (m,lFr), 6.9+i.01-,sÈt),
7Hz); LaI(d,6H,I=6Hz), 2.3-2.s(m,2[); 2.e1.4(m,IH), rna
3.S0(Heptaplet,IHJ=6Hz);3.6-3.8(m,1H), -3.9-a.-5(m,2Ð;,r Lr'rì /_._

+zoþáti=tuz¡,5z-5la6,tH); ò.+-o.e (m ,IH),i.t;:; ,r#;)Ïå1,[ti f:#;,
( m,sH); 7 .7 2(ct,LH,I =6Hz);
r_L23 5.0-s.5

FI-NMR (in CDCI,) ò ppm: 0.8-1.5( t'rH)' 6 9-8'0(m'7H)'

1Hz); 2.2-2.4(m,2H), 2.6-2.9(m,IH)
3.74.3(m,2ll): 4.17(q,2HJ:lUzj, S.V tCla) ò ppm: 0.8-1.9(rn,BÉQ, 1.29(t,3Lf,J:
(m,1H), 7.0-€.2(m,l3H);
I-r24 r_s 2.1-2.6(m,3H), 2.8-3.2(m,LH), 3.72(s,3H), 4.02(s,3H),

H-NMR (in CDC1.) ô ppm: 0.8-1.8(m,6H), l.zg(t,3H-l= a.I9(q,2H,I=7Hz), 434.6(m,1H), 5.a-5.8(m,1H), 6.4-6.S
7Hz), 2.2-2.6(m,3H), 2.8-3.2(m,rFI), 3.3-3.1(m,l}f), (m,lH),6.56(s,1 t),7.{t-7.4(m,5H)
3.9-4.5(m,2H),4.19(q,2H,I=7Hz), 5.4-5.8(m,1H), 6.5-6.8 In the same manner a^s in Exmple 2, compouncls I-52 to
(m,lH), 7.1-8.0(m,8H), I-527 were prepa ed-

TABLE 11

R3 Rr

[R6: H)

Rr

N Rs

Compound Rl R RJ R4 R5

I-5 (Rtz - ña)

R17

mP
('c.)

otr

f-52

t-53

I--ì-4

t--s5

I--5 6

t-57

r-58

I-59

I-510

I-511

t-5 tz

I--i.13

I-514

t-5l-s

T-5:16

t--s.L 7

t-513

FI

H

ÉI

6-Cl

6-Ct

H

7-Ma

H

FI

H

6-Ct

H

t{

H

6-OMe

tI

ÊI

ÉI

TI

¡I

H

H

H

H

H

TI

H

H

H

TI

H

7-Olvle

E

II

4-F

H

H

H

FT

z-F

ÉI

+cl

4-OMe

+M€

lal

4-CF:r

3-Me

-l-Me

+F

+F

+F

H

H

ÉI

FI

H

H

TI

H

H

H

H

H

4-F

5-Me

H

[I

tr

CHt

cI{3

i-Pr

CHt

í-Pr

i-Pr

i-P¡

i-PL

i-Pr

i-Pr

i-Pr

i-Pr

i-Pr

i-Pr

iPr

C.IL

o-Pr

Na

Na

Na

Na

Na

Na

Na

Na

ña

Na

Na

Na

Ni

ña

Na

Na

N¡

138-742
(decomposed)

130-t32
(decomposcd)

196-197
(decorn¡rosed)

2t"t-715
(decornposed)

19-s-19S
(decornposed)

193-201
(decornposed)

't70-\7s

(deconposcQ
193_20?

(decomposed)

178-193
(decomposed)

187-?00
(decomposed)

201209
(dcconrposed)

200-212
(decomposcd)

195-_U00

(dccomposccl)
192-197

(decomposed)

239-245
(decornposed)

230-23-l
(d€cornposed.)

19_r-200
(rlecomposerJ)
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TABLE ll-continued

28

I-5 (R'2- Na)
R:i R4 oIt

-H) orr
Rr

N Rs

Clourpound Rt Rr Rr R4
nr.P.

cc)R1:

I-519

I-520

l--Í21

t-521

t-523

l-574

t-525
f-526

r-527

6-Cl

[I

H

6-Cl

6-Cl

6-Cl

ËI

6-lvle

6-OMe

H

ÉI

H

8-CI

H

H

H
H

7-OMe

+F

+F

+oPh

+F

FI

H

+F
+F

4-F

i-Pr

c-Pr

!Pr

i-Pr

Ph

c-Pr

sec-Bu
i-P¡

c-P¡

ña

Na

Na

Nra

Na

Na

Nâ
Na

Na

H

ÉI

H

¡T

tr

H

ÉT

H

H

193-193
(decomposed)

'197-199

(decomposed)
180-139

(decomposed)
183-t.97

(decomposed)
190-196

(decomposed)
104-?10

(der:omposed)

204-208
(decompo sed)

234-2i8
(decomposed)

1-57 35 ÉI-NMR (in DMSo-d) tì ppm: 0.9-1.3(m,2 FI), 1.3-5(d,
H-Nly1R. (m DMSo-dd) ò pp , -- 6H,J r.o-a.sià,

6H,I:7Hz); 1.6-2.1(m,2H), 3 ; 3H), 5.3-5.6(m,
3.74.3(m,4H). 5.3-5.6(m,lH); 1H);
8H); II-51-5
I-58 4,ì H-NMR (in DMSO-ct6) ò ppm: 1.0-L.2(m,2H), 1.35(d,

H-NMI{ (in DMSO-dd) ô ppm: 0.9-1.2(m,zH), 1.31Gr, *" 6Lt)=7ÍIz); 1.6-2.2(m,ZH). 
'2.:-s1s,OH); 

à.0-:.Ú¡m,:ri¡,
6H,I:7Élz.); 1,.7-2..2(m,2H), 2.50(s,3H); 3.3-4.-5(m,.5H), 3.-5l(Heptaplet,lH,J=7Hz); 4.04.3(m,1H), .5.3-5.6(m,1H):
-5.2-.5.6(m,1H); 6.3-6.6(m,7H), 7.1-7.9(m,8FI); 6.3-6.6(m,1Fl), 6.8-8.0(m,7ÉI);
I-_59 I--516

H-NMR (in DMSO-d6) ò pp H-NMR (in DMSO-d6) ò ppm: 0.9-1.3(m,2H), 1.31(ct,
6kl,J=7IJz); L.6-2.2(m"2H), 3 . as 6H,I=7HZ); t.1-2..0(m,2H), 3.21.7(m,4H); 3.62(sjri),
3.s-4.6(m,4H),5.2-5.6(m,2H); 3.94.2(m,IH);3.94(s,3H),5.1-s.5(m,rH);6.2-6.6(m,1H),
8FI); 7.0-7.5(m,6H);
I-510 L5t7

H-NIVIR (in DMSO-dd) ò ppm: 1.0-1.3(m,21!, 1.32(d, H-NMR(inDMSO-cl6)òppm:0.9-1.-5(m,2H), 1.34(r,3H,
6H,I=7Hz); 1.6-2.2(m,2H), 3.0-3.8(m,4H); 3.8ó(s,3H), so J=7ÍIz); r.6-2.2(n,2H), 2.7-3.4(m,4ÍI); 3.643(m,2H),
4.0-4.3(m,1II);5.3--s.6(m,1[I),6.]6.ó(rn,1[I); 6.9-8.1(m, 5.2-5.7(m,IH);6,L-6.6(m,1[I), ó.9-8.1(m,BI-I);
8H); I-518
I-511 H-NMR (in DMSO-d6) ð ppm: 0.8-1.3(rn,2Ft), 1.01(r,3H,

H-NMR (in DMSO-dó) ò ppm: 0.9-1.-3(m,2FI), 1.-13(cl, I=7Prz); 1.6-2,1(m,4H), 2.7-3.8(m,5H); -3.9-4.3(m,1Ð,
6H,J:7Hz); 1.7-2.1.(m,2}J), 2-4r(s,-lH); 3.2-4.3(m,5H), ss 5.2-5.7(m.1ÉI); 6.3-6.6(m,1H),7.1-S.1(m,SH);
s.3-5.6(m,1H); 6.3-ó.6(m,lH),7.tF-8.3(m,BH); I--5le
I-5r2 H-NMR (in DIvISO-ct) ò ppm: 0.9-1.3(m,2H). 1.33(d,

II-NMR (ín DMSo-dd) ò ppm: 0.9-1.3(m,2lf), L33(d., 6ll,J:7IIz);I.6-2.2(m,2ÍI),2.9-3.9(m,3Il);3,49(I-Ieptaplàr,
6H)=7Hz); LG-2.2(n,2H),3 1-3 c3(m,3H); 3.48(Heptaplet, tH,I=7Hz),4.0-4.3(m,1H); 5.3-5.6(m,1H), 6 3-6.6(m,1H);
1,H ) =1 Hz),3.94.2(m, r$; 5.3-5.7(m,1 H), 6.3-6.7 (m, IH) ; oo 7.2-8. 1(m,7FI);
7.0-8.1(m,7H); I-5zO
I-513 H-NMR (in DMSO-d6) ò ppm: 0.8-1.5(m,6H), 1.1-2.2
H-NMR (in DMSO-cl6) ò ppm:0.B-1.3(m,2fI), 1.34(cl,6ll, (m,2H); 2.3--2.7(n,IH), ¡.0-J.S(m,¡H); 4.0-4.3(m,1H),
t=7H'¿); 1.6-2.2(m,2ÉI),2.7--2.9(m,3H); 3.49(Heptaplet,lH. 5.5-5.8(m,1H); 6.a-6.7(m,1H), 7.2-8.0(m,8H);
I=7Hz), 3.9-4.3(m, IH); .5.2--5.6(m,IH), 6.3-6.7(m,IH); o-s I--521
7.1-8.1(m,8H); H-NlvIR (in DMSo-dd) ò ppm: 0.9-1.5(m,2H), 1.36(cl,
I-s14 6lIJ=7llzl;1.1-2.3(m,2ll),3.0-3.9(m,3ll);3.50(Ueptaptet,
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IH ) =6Hz), a.G-a 3(m, 1H) ; 5.2-5.6(m,IH) 6.4-6. 7(m, 1H);
7.0-B.1 (m,13II);

1-522

H-NMR (in DMSO-d) ò ppm: 0.8-1.3(-,2rÐ, 1.37(d, r
6flJ =7tlz); 1.6-2..2(m,2Ll), 3.L-3.9(m,3ll); 3.51(Fleptaplet,
lH ¡ =7 11t¡,4.s-4.3(m, tFI)r 5.3-5 7(m, 1 H), 6.!6.7(m, lH) ;
7.1-B.0(m,6Ð;

r-523 10

H-NMR (in DMSO-d6) ò ppur: 0.c3-1.4(n,2H), 1.6--2.1
(m,zfl) ; 2.9 -3.7 (m,3II), 3.7 4.1(m,7fl) ; 5. 1--5.4(m,1 I-t),
6. 1-6.4(m,lH); 7.1-8.2(m,13H);

I-524

30

TABLE 13

I--?

H)

Rt

Compound

R:r R4

\l R)

o

R R5

OFI

o

R2 Rî

I'I-NMR (in DMSo-ció) ò ppm: 0.8-1.5(m,-5II), 1.6-2.2
(m,2H); 2 3-2.7 (m,2H), 3.0-3. B(m,3H); 3. 9-4.3( m,l H),
-s.a--5. 8(m,1 H); 6.3-6. 6(m,1 H), 7. t)-8.0(m,8H) ;

r-525

H-NMR (in DMSO-cld) ð ppm: 0.9-1.6(m,2H) 0.96(d,6H,
J =6Hz) ; 7.7 -2. 6 (m,3H), 2.89 (ct,2H,J =7 Hz) ; 3. 0-3. 8 (m,3H),
3.9a.2(m,1Il) ; 5. 2-5.6(m,1 H), 6.2-6.6(m,1H); 7. 1-B I(m, zs
8H)

t-526

H-NMR (in DMSO-dd) ò ppm: 1.-10(d,6H,J:7Hz), ,^
I 7 -2.o(m,2[), 2.34(s,3H), 2.4-2.6(m. IH). 3.0-3 -3(m,2H). -''
3.3-3.8(m,3H); 3,e-4.2(m,1 H), 5.2--5.6(m,1H); 6.3-6.6(m,
lH), 7.0-8.0(m,7H);

l-527

FORMULATTON EXAMPLE 1

I-_1?

I-33
l-34
I-.i5
I--16

fI
H
H
6-Cl
6-Cl

[I
H
H
E
FI

ËI

H
H
H
ÉI

+F
H
H
H
H

cFI3
CH.
i-P¡
CHt
i-Pr

Tahlet^s

Compouud I-5.1
Lautosc
Crystal cellulose powder
Co¡n starch
Hvd rory*propyl ce I I ulose
CMC-C¿
Maguesium st€arale

Total

r-o g
5.0 g
ti.0 g

l.o g
15 g

200 g

H-Nl\,fR (in DMSO-d6) ô ppm: 0.7-1--5(m-5H),
(m,2rf , 2.2-2. 6 (m,zH), 3. I-3.3 (m,2t1), 3. 5 e(s,3 H),
(m,2Ð, 3.9 1(s,3If), -s.4-5.7(m, 1[!, 6.3-6.6(m,1rI),
rH), 7.0-7.4(m,sH);

In lhe same m¿rnner as iu Example 3, compouncls I-22 to
I-26 ca.¡ be prepared.

'tþßLE 1.2

The above compononls were mixed by a usual melhod
and th¡n tabletted to produce 100 tablers each contaìning l0
mg of the active ingreclient.

f¡ORMULAIION EXAMPLE 2

r.8-2.2
3.94.2
6.52(s,

r-2 45

40

50

Capsules

Compound I-ì-1
Laclose
Crystal cellul$e powder
Magne$ium steiìrat€

Totnl 1_s.0 g

The above componeûts were mix ecl by a usual method
and then packed io No. 4 gelatin capsules ¡o obtain 100
clpsules each containing L0 mg of the active ingreclient-

FOI{MULAIION EXAMPLE 3

Soft opsules

1.0
3._i

10.0
0.5R,r R{ OI.I

LtorFI
= ÉI.¡ OH

Rr

N

Compould RÌ Rj R
1.011 g
3.S9 g

l-5.00 g
0.0.1 g
0.1lJ g

20.00 g

Compound f-51
PEG þolvetlryLene glycol) 400
Saturated fattv acid triglyceride
Pe¡:permitt oil
Palysorba[e 8{J

Total

f-12
r-23
I-24
I-?5
I-l.tt

4-
FI

H
H
FI

t{
H
ÉI

H
tt

H
ÉI

FI

ô-cl
ft-cl

F H
t{
H
H
FI

CH.
cH"
i.P¡
CI'I-.
i-Pr

ln tbe same maûner as in Example 4, compouncls l-32 to
I-36 can be prepared-

6.5 The ¡rbove components were mixecf antl packed io No. 3
soft gelatin capsules by a usual m€thod to obtain 100 solt
cirpsules e¿rch conlaining 10 mg of the active ingredient.
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FORMULAIION EXAMPLE 4
32

FORMULAITON EXAMPLE 7

Oi[lment Granules

Compound [-51
Licluid paraffin
Cetatrol
rilhite vaselüre
Ethvlpa rabe o

r.0 g (10.0 g)
1009(10.0s)
20.0 g (20.0 g)
68.4 g (59.a g)
0.1 g (0.1 g)
0..s s (0.5 e)

100 {) g

5

L-meuLhol

Total

1'o g
6o g
6_s g
5.0 g
1.0 g

å
2l).0 g

10

Compound f-51
Lactose
Crystal cellulose powder
Co¡n sta¡ch
Hydrcxypropvl cellulose
Magnæinn steæate

Total

The above components w-ere mixed by a usual methocl to
oblain a I7o (L(l%) ointment.

Þ.OIìMULAI'ION EXAMPLE 5

Supposilory

1-s The ab.ove components were granulated by a usual
method and packaged to obtain 100 packaþes each Òontain-
ing 20O mg of the granules so that each ¡rackage contains l0
mg of the active ingredient.

?î
We claim:
1. A. compouncl o.t the formula,

tAl

N
^

35

Z=-CH( O H)-CH2--{-H( OH) -{H "- C O O. %C.a.

2. A method for reducing hypcrlipidemia, hyperlipopro-
teinemia or atherosclerosis, which comprises administering
¿rn elfective amount of the compouncl of formula A as

ao defined in claim 1.

Compound I-51
1['il.epsoì .q]5"
Witepsol W35 "
Polvsorbale 80

Tbrîl

1.0 g
46.9 g
52.ù g
0.1 g

100.0 g
F

25
flladcrna¡k [or triglyccride compoud

The above compoucuLs wcre mclt-mixed by a usual
method and poured into suppository cont¿iúers, followecl by
cooling t'or solidification to obtain 100 suppositories of I g 30

eâch containing 10 mg of the active component.

FORMULAI]ION EXAMI'LE 6

lnieclioo [ormulalioa

Compound I-5-l
Distilled warer for
irqiection formulation

The tbrmulation is prepared by clissolving the compound
in the clistilled rv¿rter rvhenever it is required.

mg
ml
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CRYSTÄLI,INÌI I'ORMS OF P[T{V.{SI'AI'IN polymorphism. Poìymorphism is commonly defìned as the
CALCIUM abìlity of any substance to have nvo or nrore diftèrent crystal

stnrctures. Drug substances may also encapsulate solvent
CROSS REFERENCES TO RELÄIED molecules when crystallized. These solvates or hydrates are

APPLIC.AIIONS -5 referred to as pseudopolymorphs. It is also possible that the
amorphous fonn is encounterecl. Different polyurorphs.

This application is a continuation of U.S- patent applica- pseudopolymorphs or the amorphous for¡n differ in their
tion Se¡. No. 131280,431, filed Oct 25,20ll, wfuch is a physical pnrperties such as rneltiug point, solubility etc.
contilru These can appreciably influence pharmaceutical properties
filedon I0.rchu*,lir.,riutionrateandbioavailabiliry. Itisalsoeconomi-
ofU'S' cally desirable that the product is stable ior extended periods
8, 2005. now abandoned; which rvas a 371 o.l hrternatioual oftite without the 

'eeà 
lòr specialized storage conditions. It

Pale'ntApplicationNo PCTiEP2004i050o66'filedonFeb'2, istherelbreimportanttowaluatepolymorphiimofdrugsub-
2004.andclairnsorioritvtoEuroDeanPatèntAnolicationNo. -. - -; .;-'--'

, < srances. tunnenuore. üIe olscovery oI llew cryslalllne poly-
03405080.7, fi1ed ou Feb. 72,2003, all ofwhich are incorco- 1r - - ;-. -..- ----;
rareo nerern bv rereïerlce l,' rne,' eil',.erle.. 

^t' morphic fcrrms of a dmg enJarge the repertoire of materials
^- 

il;;!,"'ii,nt""ii"" irlitected ro new crysralline ibrms 91l1l.tTtt]i'ton 
scientist has with which t. design a phar-

and the amorphons t-olm of Pitavastatin calcirun, pro""rr". mlllttticaljoslSe lìrrm ola drug 'rvith a targeted release

for the preparàtiou rhereof and phamraceutical "omporition* P.l,!l?:j:jh"t *sired 
charactcristics' w-e now have sutpris-

comprising these forms. 29 ingly found novel crystalline forms of Pitavastatin calcium,

Thepresentinventiorrelatestonewcrystallinef-onnsand herein,dlìqlated as form A' B' c' D' E aud F' and the

the arnãrphous fomr of pitavastatin calcium- pitavasmtio ls am3ælto1t¡ form,of Pitavastatin calcium'

also knor"ln by rhe rames NK-I04, Ituvastatin an<j Nisvasia- nc¡9r{inetr' pÎ Pt"t"ot invention is di¡ected to the poly-

tin. Pitavastaiin calcium is loorvn by the chemical uan"r lrorP..hicl"Ptl'B'C'D'EandF a:rdtheamorphousf'on¡

(3R.5s)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-l]- ,t tflili"":litin calcium salt (2:l)'

ì,s-am1,atò*y-k@i-heptenoic acid hemicici.n satt. píav- .^91::lj::t of the invention is a crystalline polvrnorph of
astatin calcirun has the following fornula: (3R,5s)-7-[2-cyclopropyl-4-(4-fluorophenyl) quinolin-3-

yll-3,5-dihydroxy-6@)-heptenoic acid hemicalcium salt.
herein designated as Form A, which exhibits a characteristic

3e X-ray powder dilliaction pattern witJr characteristic peaks
expressed in d-values (Å.) and iu 20 as given in Table 1

(vs:very sffong intensit)', s=strong intensity, m:rnedium
intensity, rv:w'eak intersity, vw:very weak intensìq,).

TABLE I

d-macines ¡nd 20 ¿nslqs fo¡ Fo¡m A.

d-spachg [Ä] Ângle []gl Rel ltrtilsit-v

Pitavastatin calcirun has recent.ly beerr developed as a new
chernically synthesized and powerful statin by Kor¡'a Com-
pany Ltd, Japan. On the basis ofreported data. the potelcy of +-s

Pìtarastatin is dose-dependent ard appears to be equivalent to
that of.4.torvastatin. This ner,v statin is safe ¿urcl w'e1l toleratecl
in the lreatment ofpatielts with hypercholesterolaemia. Sig-
dficant interactions with a murber of otlrer commonly nsed
drugs can be considered to be extrenr.ely low'. 50

Processes ltrr thè preparation ofPitavastatin are described
in EP-A-0304063 and EP-A-1099694 ancl in thepublications
by N. Miyachi et al. in Tetrahedron Letters (1993) vol. 34,
pages 8267-8270 and by K. Takahashi et al. iu Bull. Chem.
Soc. Jpn. (1995) vo1. 68,2649-2656. These publications s-;

describe the synthesis t¡fPitar,astatinin great detail but do not
describe the hemjcalcium salt of Pitavastatin. The publica-
tions by L.A. Sorbera et al. jn Dnrgs of the Future (1998) vol.
23, pages 847-859 and by M. Suzuki et al. il Bioorgaric &
Medicinal Chemistry Letters ( I 999 ) vo l. 9, pages 2917 -2982 60

describe Pitavastatiu calcium, however. a precise procedure
lor its preparation is not given. A hrll synthetic proce<lure lor Another object of the inventiou is a crystalline poiyrnorph
the preparation ofPitavastatin calcitun is desc¡ibed in EP-A- of (3R,5S)-7-[2-cyclopropyl-4-(4-lluorophenyl)quilolin-3-
0520406.htheprocessdescribedinthispatentPitavastatin yll-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt,
calcium is obtained by precipitation flom :ur aqueous solution 6-s hereiu desiguated as Form B, which exbibits a characte¡istic
asav"'hitecrystalihemate¡ialvvithameltingpointofl90-192 X-ray powder diff¡action pattem with characteristic peaks
C. It is knowl that pharmaceutical substances can exhibit expressed in d-values (À) ard in 20 as given il Table 2.
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TABLE 4

¡{-qhâ.¡noc âD,l 1A Dslß fo¡ Fom B- á-<n¡ci,roc n¡rl rA dales for Fomr l-)

d+pacing [Å] .Alrgle [20] Rel. Intensiry d-specing [Â] .{Lrgle [20] Rel Intemiry-
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Another object of the inv'ention is a crystallile polymorph
of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)qtilolin-3-
y1l-3,5-dihydroxy-6(E)-heptenoic acicl hemjcalcirun salt,
herein designated as Form C, whicìr exhibits a characteristic
X-ray powder difüaction pattem witlì characteristic peaks
exprcssed iu d-valucs (Ä) and in 20 as giveu in Tablc 3.

.A-oolher object of the invenlìon is a cr"vstailine polymoryh
¡o of (3R,5S)-7-[2-cyclopropyl-4-(4-fluomphenyl)t¡rinolin-3-

yll-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salr,
herein designatecf as Forn E, which exhibits a characteristic
X-ray powder diffraction pattern with characteristic peaks
expressed in d-values (Å.) ancl in 20 as given in'l'able 5.l;

,Ï,,\BL,F] 
5

rl-¡n¡cinoc qnrl )Ê msles for Fo¡nl E

4t) d-spacirg [,{] Argte [20] Rel. IntensiS.

TABLE 3
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5_s

Another object of the iuvention is a crystalline polymorph
of (3R,55)-7-[2-cyclopropyl-4-(4-fluoropirenyl)quinolin-3-
yll-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium salt.
herein designated as Fonrr D. which exhibits a characte¡istic o-s

X-ray powder diffraction patteru with characteristic peaks
expressed in d-va.lues (Ä,) and in 20 as given in Table 4.

Case 1:14-cv-02758-UA   Document 2    Filed 04/17/14   Page 44 of 50



d-spachg [Á.] ,,\rtgle [20] Rel, Intensiry

Another object of thc inv'c.ntion is â crystâlline polynrotph
of (3R, 55)-7-[ 2 -cy clopropyl- 4-(4-fluoropheny l )quiuolin-3 - t 0

yll-3,5-dihydroxy-6(E)-hepteloic acid henricalcium salt.
hereiu designated as Fomr F. which exhibits a characteristic
X-ray powder dil'liaction pattcnì with characleristic peaks
expressed in d-values (,4.) and in 20 as given in Table 6.

TABLE- 6

us 8,557,993 B2
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t urthermore, the presenl invenLion is directed to processes
tbr the preparation of Form .4., B, C, D, E and F, and the
amorphous tbrm of Pitavastatin calciu¡r-

Form A can be gelerally prepared from Pitavastatin
sodium upon reaction with CaCl, in an aqneous reaction
medium. Altemativel,v, Form A of the invention may also be
obtained in situ liornthe fiee acid ((3R,55)-7-[2-cyclopropyl-
4-(4-fluoropheq,l)quinolin-3 --vll -3.5 -dihydroxy-6(Ellrep -
tenoic acid) or the corresponding lactone with Ca(OH)r,
advantageously also in an aqreorrs reaclion medium. The
aqueous reaction medirun usually coutains at least 80% b.w-
of water; prefèrably it is water or wâter containing minor
amounts of solvents and/or reactants fiom previous steps.
F'orm A may contain up to l5-rvo water, preler¿bly about 3 to
12o/o. more p(eÎeÍably 9 to 1 1olo of rvater.l-t Form B can be generally prepared by suspending fo¡mA in
ethanol containing lvater as a co solvent. The amolurt ofwater
is preferably about 1 to 50%.

Forrn C can be generally prepared by suspendr'lg fomrA in
isopropanol coutaining water as a co solvent. The arnount oi

zo w-ater is preferabl)i about 1 to 50%. especially I to 209ó and
more preferably about 57ó. Fonn C caD also be prepared fìoru
a mixflire of isopropanol and a ketone solv'ent. corfairúng
water âs a co solvent. Preferably, the ketone solvent is
acetone, and the amount ofketone solvent are about 1 to 309ô,

2,{ lnore preferably about l0olo. The amou-ut of water is prefer-
ab.lv about I to 20yo, more preferably about 5%.

FormD can be-eeuerally prepared by suspending fomA in
abst¡hrte eth¿urtrl.

Form E can be geuerally preparedby suspendilg fonnA in
ro 1,4-dioxane containing water as a ctr solvent. The amount of

water is preferabl¡,' about I to 50%o.

Form F cau be generally prepared by sr.rspending formA in
methâool containing \ì,ater as a co solvent. The amotut of
water is prelèrably about I to 509á-

i5 Inthe above mentioned processes srnall amounts ofseecl-
ing crystals of the desired crystalline lìrrm may be added to
the reactic¡n urixrure. Preferably small amounts are about I to
20 weiglrt 7ó, more prelÞrably about 5 weiglrt % Seeding
crystals may be added before or, where appropriate, aller tlre

40 step initiating the crvstallization (e. g. cooling, acl<Iition ol'
non-solvent etc. as dcscribed above). -Additiol befor.e initiat-
ing the crystallization is ofspecìfic technical interest.

The amorphous fomr can be generzlly prçared by addition
oT a non-solvent to a coÀcentrated solutiot of Pitavastatin

+-r- calciuu ir an organic solvent As non-solvent mav be taken
l'or exalrple heptane or methyl tert-butyl ether, whereas
examples fòr the orgzuric solvcnt are 1,4-clioxane, tetrahydro-
f,rran and etþl methyl kelone. It is preferable that the uon-
solvent and solvent are miscible. The arnotphous t'onn c¿rn

so also be prepâred by lyophiliza tiou of an aqueons solution of
Pitavastatin calcium.

Prçarations ofpolyrnorphic lìi¡msA, B. C, D. E. F as well
as the amorplrrus fonn are usually done in substantia.lly pure
reaction systems, essentially consistin_e ofthe educt specified,
preferably iu substantially crystalline form, and solvents and./
or uon-solvents as given above,

.{nother object of the present invention are processes for
the preparation of crystalJiue fonlrs of Pitavastatin calcium
essential.ly free of residual orgadc solvent.

Particularly. the present inveution is related to processes
for the preparation of crystalline fol¡s of Pitavastatin cal-
ciurn essentially I'ree ofresidual organic solvelrL by exposing
the crystalline f'omr of Pl'tavastatin calcium to an atmosphere
rvith a delìned relative air humicli¡v. More particularly, the
present invention is directed to a process forthepreparatiorl of
any crystalline fonn or amorphons f'orm ol Pitavastatin cal-
ciun which is essentially free oJ residual oryalic solvent.
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Small changes in the experirnental details ca-n cause surall
deviatiou ir the d-values and 20 olcharacteristic peaks il the
X-ray powder diÍbaction pattems.

Another object of the invention is the amorpho,,, fonn of 5-'

(-3R, 5S)-7-[2-cy clopropyl-4-(4-fl uorophenyl)quinolin-3 -yl] -
3,5-dihydloxy-6(E)-heptenoic acid hemicalcium salt whiclì
exhibits char¿cteristic X-ray powcler diffraction patterits as
depicted in FIG. 7. 60

Pow.der X-ray di ffraction ìs pertbmred on u Philips I 7 I 0
powder X-rav difüactometer using Cu k (crl) radiation
(1.54060 A¡: 20 angles are reco¡ded with an experiureutal
erro¡ of+O.1-0 2". A discussion ofthe theory of X-ray pt'rwder
difüactiou pattems can be found in "X-ray difüaction proce- e,s

dures" by H. P Klug and L. E. i\lexander, J. Wiley, Ne*'York
(re74).
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'lhesecan, t'orexample,bepreparedbyexposìngthecrystal- novel forms kl prepare such solutions is cousi<lere¿ to be
line t'onn or amorphous form to an amosphere rrvith a relative rvithin the coutemplation of the inventior
air humidity of 5 to 1 00%. Preferably, these are prepared bv Capsule dosages, ol course, w-ill contain the solid compo-
exposure to an inert gâs strean with a defiled relative air sitioni¡'itfunacapsulewhichmaybemadeofgelatinorotler
lrlrmiditytoexchangeresidualorgarúcsolventwithwater.Iu 5 conventional encapsulatiug material. Tablets and powders
general, a relative airhumidity of 5 to 100%. especially 40 to may be coated. Tablets aud powders may be coated with an
8070, is used. enteric coating. The enteric coated powder forns may have

" 
An'crtrrerob'iectortbePresentinveutiffi:"1'ïiä:ä"iïl 

^ ïi:îr-""'î',ffi:'Jïìi¿:Jfi:'îåï:ìffi"î::Lhiîffi1-I i,l,ä:j::'¿äi'åiì:iì.Ti 
" 

:ffi#,'j:îlä:iÏ['jffiXîïä¿,í"1ìiil,å'i.ïj*ìi".ïï
ner. merhacr.vlate. and like materials, and if desired, they may be

These polyrnorphic fomrs ma1' be used as single compo- employed with suitable plasticr'zers and/or extending agents.
nent or as mixtures with other crystalline fonns or the allor- ,_, A coated tablet may have a coating on the surl'ace of the tablet
phous lônn' or tlray be a tablet comprising a pt-rrvder or gramrles with an

As to the novel polyrnorphic forms and arnorphous fonn of enteric-coating.
P'itavastalin calcium it is prelèrrecl [ha[ these contaìn Prelerredunitdosagesofthepharmaceuticalcompositiuns
25-I0O% by weiglrt, especially 50-1009/o by weight. of ar ofthis inventiontypicall,v contain from 0.5 ro 100 mg ofthe
least otte o[the novel tbnns, based ou the total amount ol 2¡ novel Pilavastalin calcium t'om-rs or núxtures thereclf with
Pitavastatin calciurn. Preferabl¡2, such an amount ofthe novel each othe¡ or olher fomrs ofPitavastatin calcirun. lVlore usu-
polymorphic for.us or amorphous form of Pitavastatin cal- ally, the combinedweight of the
cium is 75-100% by weiglrt. espæially 90-100% by weight. Pitavastatin calciumiòrms ofa unit closage are from 2.5 mg
HigbJypretèrredisanamountof 95-100%byweìghr. tog0mg, fcrrexample 5, l0.21or40mg.

Thecomposilionsoftheilrvenlionincludepowders.gfaru- 2s The lùlJtrwing Examples illustrate the inventio¡ in ruore
lates. aggregates and olher solid compositions comprising at detail- Tenrperatires are given i' degrees Celsius.
least one oithe novel fomrs. In additiou, the conrFositions
that are contcmplatcd by thc prcsclt invclrtion may ñrrthcr EXAN1pLE I
inclnde dilnents, such as cellulose-derived materials lil<e
powderecl cellulose, rnicrocrystalline cellulose. microfine lo
cellulose. metlryl cellulose, ethylcellulose, hydroxyethylcel- Preparation ofForm A

lulose, hydroxypropyl cellulose, hydroxyprupyLnethyl cellu- 4. I 5 gr of (-1R,5s)-7-[2-cyclopropyl-4-(4-fluorophenyl)
lose. carboxymethyl, cellulosesa.lts andothe¡substitutedand -.-, __;,_-; :ì ì-.
unsubstitute<l cellukrses; srarch: pregelatiniæa *ar"tr;ü,,rì ÏÏtþ^1i]]:3'5-dihydroxy-6(E)-hepteloic 

acid tert-butyl

ganic diluents like calcirm carboråre and calcium dip#- ,, "t:"1ÍPnuuTtatintcrt-but-v1 
ester)wâssrNpendeclin52ml of

phate and other diluents known to the pharmaceutícal iiãus- 
- a mixtlüe of metlrll tert-butyl ether and methanol (10:3). To

-tv. vo otlrer sujtable diluents incl'åe *r*"r, ,ugu* oo.l this m-irttucwcrc addcd 2.77 nl oI a{Maqueous solution ol
sugar alcohols like manlitol and so¡bitol, acrylate p-olymers NaOFl. aa-dtheresultingyellovi'ishsoltfionwas stirredfbr2.5
anã copolymers, as rvell as pectin. dextrin anã getatiD. hou¡s at 50' Cl. 

-lhe 
reaction urixtrtre was cooled to room

FurtherexcìpientsthatarervithilthecontemplaLionol'the 40 temperature followed by the addilion of 50 ml water aud
presert inveution inclucle binclers, such as acaciã -qum, prege- stirrirlg .for an additiolral hour. The aqueous þhase was sqra-
latinized starch, sodium a.lginate, glucose and other binderr rated and once extractedwith 20 ml t'rf urethyl tert-butyl ether.
used iu wet and dry granulatior and di¡ect compression To this aqueons solution vu'ere added a solution of 0.58 gr
tableting processes. Excipients tlut also may bepresent il the CaCll" in 80 rnl of watcv over a period of I horu The resulting
solid compositious further include disintegrauts like sodium 4-s suspension ¡¡.as stirred for about l 6 hours at room tempera-
starch glycolat. crospoviclone, low-substituted hydroxypro- ture. The suspension was filtered and the obtained solicl was
pyl cellulose nnd others. In acldition, excipients may inc.h.rdc dried at 40o C. and 50 mbar for abont 16 horus. The obtained
tabletíng lubricants Jike nagnesium ancl calcium stearate and product is crystal Fqrm A which is ch¿u.acterize<l by iur X-ray
sodium stearyl fi;marate; ffavorings: sweeteners; preserva- porvdcrdiffràctionpaltemasshowninFIG.1.Furtherchar-
tives: phannaceuticall,v acceptable d.rres anct glidants such as 50 ãcterizatio¡ of the obtainecl Form A b1.. thennogravimetry
silicon dioxide. -^,,-r-.r *.:+r. Fr- rr

rhe dosages hcr.de dosages suir¡bre ibr orar, b'ccar, rec- ï:il'Îü;tl5#*"i,îlï::H;ïï,t:ffiTi:ï:3:äj."t
tal, parenteral (including snbcutaneous, intramuscular, and ¡re.lti¡g point of 9_s" C.
intravenous), i¡halalrt and ophthalmic administrztion.
Alttrough the rrost suitable ¡oute in any given case w-ill ss EXAMPLE 2
dqrend on the nature and ser,'erity of the coudition beitg
treated. the r:rost prefèrred route of the present inventiol is preparation ofForm B
oral- The dosages may be colveniently presetted in unit
dosage form ancl prepared by any of the ruetlrods w-ell-krown 100 ng Pitavastatin calcirun Fo¡mA r.vas suspeuded in 2 nrlintlreartofpharruacy. 6rt waterandstirredatroolrtemperaturefor3Qmiu,followedby

Dosage i-olrns include solid dosage l-or¡rs. lìke tablets. the addition of 2 ml of ethanãl and additional stini¡g for lB
pow'clers, capsules. suppositories, sachets, t¡oches and losen- hours.'['he srrspension rvas [ìlterecl arxl dried i¡ ai¡ y-iel<ling
ges as well as liquid suspensions and elixirs. While the 36 rng r-'rl'Fomt B- The obtained crystal Form B is characterl
description is not intended to be limiting. tire invention is also ized by an X-ray powder diffraction pattem as shoç'q in FIG.
uot irltel1ded to pertain to tn¡e solutions of Pitav¡statin cal- e-c 2. Further char¿cterization of the o6tained Form B by ther-
cilrm whereupon tire properties that distiuguish tire solid nrogravimetry coupled with FT-IR spectroscopy revealed a
fonus ol Pitavastatin calcitun are lost- How'ever. ttre use of the water contert of about l0olo.
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FIX,4,MPLF) 3 solid dried in aj¡. '[he obtained crysta I Fbnn F is ch araclerized
6y anX-ray powder dilllaction pattem as showu in FlG. 6-

Preparation of Forn C
EXAIVÍPLE 8

fil ng pitavastatin calcitun Forn A was strspeuded in 2 ml 5

isopropalol containing 5%o water- Thjs s.rspension w-as PreparationoftheAmorphousf,orm
heated to 60" C., which led to a1¡rost cornplete dissolution of
Fornl:\, ancl again cotrle<i to roorl temperature. At this Lem- .62 

mg.of Pitavastatin calcium FomtA çzs dissolvecl in 0.3

peratu¡e the suspension u-as stirred for 66 hours. The ¡es'lt- rul I '4-dioxane' To this stirred solution was slowly added 2.3

ing snspension ivas tìlterecl, once washed with some i*.rp.,r- l') mì n-hqrtane at room ternperaflre. and stir¡ed for an addi-

panol containiu g 59/o water, and dried in air. The oUtui'""¿ tional. 16 hotrs th9 regulttttg suspensiorì n'as filtered and

crysral Form c is cha¡acterized b,v an X-ray powder ¿¡riã |lt9tyl,[]]obkrined solidrvas amorphous as is sho'wn by

tion patrem as s[own in FIG. 3. Fu¡rher characr-¡^ij"îãr the X-rav dillìaction pattem given in FIG' 7 (top)'

the obtaiued Fom¡. c by thermogravìuetry coupled rvith FT- 1-s hx¡\lv{pt,E 9
IR spectroscopSr revealed that the sample contains about 6.3%
isopropanol and a snall aurount of water. preparation ofthe.A.morp¡ous Form

EXAMPLE 4 60 mg of Pitavastatin calcium Ft¡nn A *,as dissolved in 1 .5

preparztiouof Fo'n c " T'1":',:llffåYs"""'ìï j; jÌ";.#äî,'iå1fffi:ì;5:ì-;j
resnlting strspensiou was sti¡red at rooru ternperarure lbr

65 rng Pitar,astatin calcium Form A w'as suspended in a about I 6 hours. The suspension r¡'as filtered and ihe obtained
mixtureofO.-9lulisopropanol,0.l¡rlacetoneand40plwater. solid was dried in air. Al X-ray difüaction study on the
Stirrfug this suspension for about t hour led 1o nearl-v corn- 2,i product shov"'ed it to be amorphous, see FIG. 7 (botto¡r).
plete dissolution. Seecling rvith 4 mg of Fonrl C (froru ['urtherch¿¡ractenza|i<toof theobtainedpnrductbythemro-
cxample 3) and stirring for 2 hours led k¡ thc fomration of a gravimetr,v coupled w'ith FT-IR spcctroscop), rcvealed that
concent¡ated suspelsiol. This suspelsion was ,liluted with $e sarnple contained about 5.5%o rnetþl tert-buryl ether.

the same amount ¡f solvent r¡ixture as above a¡d stirred fôr Dff,ereutial scamilg ca.lorimetry sholved lire sample to have

an additional .10 hours. The suspeusion was filtered and the 30 a glass transition tenìperatlte of about 68o C.

obtirined soli<l was driecl at 40" (1. fòr about l0 min. Ànalvsis 
BRItrF DISCRI'TION OF TIItr DR{WINGSby X-ray pow-der diffraction iudicates tire proclnct to be crys-

lal Form c as shown in FIG 3' FIG. 1 is a cha¡acteristic X-ra,v pow'der diifraction pattern

l,.x^Mpl .F,l 5 15 lbr Form'{'
FIG. 2 is a characteristic X-ray porvder cliftlactiou pattem

preparationofFonu D for Fo¡m B
FIGS. 3A and 38 are two characteristic X-ray powder

60 mg of Pitavastati'carciru'FormA was suspendecr 
'" 

t ., 
u'Ïi?i:TirTffÏ:i::i;ä1oy 

pu*.,r". dirfracric,n pa*ern
ml abst¡hrte ethanol ancl stirred at room temper"ture f'or 20 -' f.or Fonn D.
horus. The resultfug suspensiou rvas filtered and dried in air. FIG. 5 is a characteristic X_ray powder diffraction panern
the obtained crystal Form D is sharaclerized by an X-ray forFormE.
powder dil-llaction pattem as shown in FIG. 4. FIG. 6 is a characte.ristic X-ray powder diltaction pattern

EX,{MPLE 6 4' o-'r'T:ïrî 
l:, u''o 7B are w-o crraracreristìc X-ray p.wder

cliffraction patte¡ns for the amorphous form.
Preparation oflonn E

The invention claimed is:
60 m-S of Pitavastatin calcium Form A was suspended in a 56 1. A cr"vstalline poly.morph .A., B. C. D, E, F, or the amor_

tuixttue of l.4-dioxane ard water (1:.1), zLnd stirred for 18 phrlrs fonn, of (3R,5s)-7-f2-cyclopropyl-4-(4-fluo-
hours at roorn ternperahlre. The resulting suspersion w-as rophenye)quinolil-3--vll-3,5-dihydroxy-6@¡-heptenoic acid
filtered ancl dr-ied in air. The obtained cr,vstal Fonn E is char- hemicalcium salt wherein
actcrized by' an X-ray powder dilìiaction pattenr as shor.vn in A) polvmorph A exhibits a characte¡istic X-ray powder
FIG.S. 5-s difliactionpattemwithcharacteristicpeaksexpressedin

E,c{NlpLE ? 1: i,'j!:Ìf t [:]: ?,iÁ'¿;ilifîÌJi ?Iiì#f Íä]
prepamrion of rorrn F ti¿ ,Ti 

giìjï 1Jïl;il,f !î,1 ,?\f Jï:);,"\\tì;,
60 29 6 (vw'). 30,2 (w).34.0 (w);

60 mg of Pitavastatiu calcium FormA rvas suspended in 3 B) polymorph B exhibits a characterìstic X-ray powder
rnl methunol ctlntaining 207o n'a[er. aud stirrecl at 40" C. lor 1 di ttiactiou pattenl with characteris tic peaks expressedi¡
lroru- The resultfug suspension was slowly coolecl to room 2E ar 4.6 (w'), 5 3 (i,s), 6.2 (s),7 I çsi, O Z 1m;^. ,O.O im¡,temperaturezLndstirringwascorìtiruedfor4hours.Thesrs- 10.3 (w), 11.3 (m), 11.7 (w). 12.6 (vw). 13.0 (rv). 13.9
pension rvas heated agaiu to 40" C.. stir¡ed for30 min, slowl¡r e-s (m). 14.7 (r,rv), 14.9 (w), 15.6 (w). 16.3 (m). 17.0 (vw),
cooled to roour temperarure ancl sti¡red lorin additionally l5 ),7 .4 (vw-). 18.0 (w), t S.7 (m). t ó.3 (m). ZO.O (s),'20.5
lrorus. The suspension was filtered and the obtained white (wf, 20.8 (m),21-2 (rv, shoulder), 2l.S (.n),22A (m),
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23.2 (s),23.8 (m), 24.4 (vw),25.2 (w, broad), 26.0 (w). 7 A process t-or preparing the crystalline polymorph or
26.4 (vw-), 27 .0 (w),27 .9 (vw),28.9 (w); amorphous fonn according to claim l, wherein:

C) poly'morph Ll exhibits a charâcteristic X-ray powder the cr,vstalliue polymorph or amorphous fomr being pre-
difüaction patteru with characteristic peaks expressed in pared is the crystalline polymorph C; and
20at4.l (tu).5.6(s),7.8(n¡.8.3(n), 10.3(ur). 11.6(*'), -5 the process compr.ises suspending the crystalline poly-
17.5 (w), 17.9 (w),18.7 (m), 19.5 (s),20.6 (m).21.5 morphAitramixlrueofisopropeurolandaketonesol-
(vw'),21.9 (m),23.1 (m),24.0(w),24.8(w); vent.containings/aterasacosolvent.

D) pol¡zmorph D exhibits a cha¡acteristic X-ray polvder 8.'Ihe process according kr claim 7. wherein the ketone
diffraction pattern with characteristic peaks expressed in solvent is acetone.
20al5.0(m),6.5(m),6.8(s),8.2¡m). lO.O1m¡. 10.2(m),t0 9.theprocessaccordingtoclaimT,whereintheketone
10.8 (m), 13.1 (w'), 13.5 (m), 14.3 (s), 15.3 (vw), 16.1 solventispresentiuanamouutof I to309/obyvoluureofthe
(nÐ. 16.8 (w), 18.2 (w), 18.5 (nt). 19.0 (w), 19.9 (ru), suspension of (3R.5S)-7-[2-c¡zclopropyl-4-(4-fluorophenyl)
20.5 (m), 21.0 (vs).27.7 (s),22.3 (w).23.4 (n), 24.0 (rn). cßrinolin-3-yll-3,5-dilrydroxy-6(E)Jreptenoic acicl hemical-
25.6 (w). 26.2 Qn); 1-ç cium salt.

E) polymorph E exhibirs a ch¡racteristic X-ray pow'der l0.Theprocessaccortlingto claimT,whereinthewateris
dilfraction pattem with characteristicpeaks expressed ìn presert itr an aruount of 1 to 20%o by volume ofthe snspetsion
20 at- 4.4 (v*'), 5.0 (s). ó.6 (s), 6.8 (s), 8.9 ($, 10.0 (m). ol (3R,5s)-7-[2-cycloprcrpyl-4-(4-fluorophenyl)quinolin-3-
10.3 (s). 10.8 (m), 13.3 (s), 13.6 (m), 14.0 (s), 15.2 (rrw), yll-3,5-dihydroxy-6(E)-heptenoic acid hemicalciun salt,
I5.9(rv), 16.4(t'v),169(vw), 17.8(i,w), 18.3(m). 18.9 zo 11.,{processl-orpreparingthecrystalliuepolymorphor
(w). 20.2 (vs), 20.4 (n), 20.7 (n), 2O9 (nl). 2l .1 (vs). arnorphotrs fonn according to claim l, wherein:
21.6 (m).21.7 (m).22.3 (n).23.5 (u), 2?.8 (m),24.1 the cr-vstallìne polymorph or amorphous ärrm beilg pre-
(t't).24.7 (vw),25.4 (t"øi),26.6 Qtt). 30.2 (w). 34.0 (vw): parecl is the crystalline polymorph D; and
and Úre process comprises suspending the crystalliue poJy-

F) polymorph F exhibits a characteristic X-ray powder z-s morphAinabsohrteethanoi.
diifraction pattern with characteristicpeaks expressed in 12. A process t-or preparing the crystalliue polymorph or
20 at 5.1 (m), 5.6 (r,v). 7.0 (s), 3.8 (m). 9.6 (s), -l0.2 (r,r,'), anorphous form according to claím l, wherein:
10.9(tn), IL3(w), I1.9(r-rr), I2.5(m), 13.0(s). 13.7(r-r). thecrystullilepolymorphoramorphousformbeingpre-
14.4 (s). I4.7 (m), l-5 3 (vw). 15.5 (w), 16.8 (m), 17.6 pared is the crystalline polvnorph E; ancl
(rv). 18.3 (m). 19.3 (n). i9.7 (n).206 (n),21.2 (vs), :o the process cornprises suspendiug the crystalline poly-
21.8 (s), 22.8 (s),2-3.1 (w), 23.8(w,shoulder), 24.1 (s), morphAinl,4-dioxanecontainingrraterasacosolvert.
21.8 (s), 25.7 (trt). 26.2 (vw). 26.6 (nÙ, 26.9 (w), 28.4 13. The process ¿çço¡ding to claim 12. wherein the warer is
(w). 29.5 (w), 29.8 (wv), 30.9 (m); wherein, ltrr each of prcsent in tlre amourt of I to 50% by volnme oT the suspen-
said polymorphs, (vs) stands lbr very strong sion of (3R,5s)-7-[2-cyclopropyl-4-(4-lluorophenyl)quino-
intensif; (s) stands f'or strolg intensicy; (rn) stzrnds lbr rs lin-3-yll-3,5-dilrydroxy-6(E)-ìreptenoic acid hemicalcium
medium iutensity; (rv) stands for rveak iltensity; (vrv) salt.
stands for very weak irtensity. 14. A process for perparing the crystalline polymorph or

2. A process lbr preparing the crystalline polyno¡ph or amorphous fomr accorcling to claim l. wherein:
amorphous f-omr according to claim l, wherein: tlrc cr-vstalline polymorph or amorphous form being pre-

the crystallíne polylnoçh or amorphous lorm being prè- +o pared is the crystalliue polymorph Þl: and
pared is dre cr-vstalline polyrnorph A; and the process comprises suspending the crystalline poly-

the process comprises reactirg (3R,5S)-7-[2-cyclopropyl- morphA ir methanol containing water as a cosolvent.
4-(4-fluorophenyl)quinolin-3-yll-3,5-dihydrox;r-6(E)- 15. Theprocess accordingto claìm 14, rvhereinthewateris
hepteloic acid sodiun salt \¡/ith CaCl2 il aD aqueous presentínanamt¡untofl to50%byvolurueofthesuspension
reactiou meclium . 4s of (3R.5S)-7-[2-c,vclopropyl-4-(4-fluoropheuyl)quinolin-3-

3. A process 1'or preparing the crystalline polymorph or yll-3,5-clihydroxy-6@)-heptenoic acid henicalcium salt.
amorphous fonn according to claim I, whercin: 16. The process according tt'r clairn 2, wherein (3R,5S)-7-

the crystalline polyrnorph or amorplrous fcrrm being pre- [2-cyclopropyl-4-(4-fluoroplrenyl)quinolin-3-y1]-3.5-dihy-
pared is the crystalline polymorph B; and droxy-6(E)-heptenoic acid heruicalcium salt is isqlated b;,

the process comprises suspending the crystalline po.l,v- so filt¡atiorarddriedinairorvacuum.
morphA in ethanol containilg water as a cosolvent. 17. The prccess according to claim 2, wJrerein seeding is

4. The process accorcling to clairn 3, vuherein the water is carriedoutwithcrysta.ls oftJredesired crvstallinepolymorph.
present in an amount of 1 tJ50% by volume of the suspension 18. A process piepari[g the cr]stallile polymorph ór amor-
of (3R,5s)-7-[2-cyclopropyl-4-(4-fluorophen;,1)qtúnolin-3- phous fonu accordiug claim 1. ¡¡'herein:
yl]-3,5-dihydroxy-6(E)-heptenoic acicl heruicalcium sa1t. 5j the cr-vstalline polyruorph or amorphons form being pre-

5. A process for preparìlg the cr,vstalline poly'ruorph or pared is the amorphous 1'orm; aud
amorphons lbnn accorclilg tt'¡ claiur l, ivherein: the process conprises adding a norLsolvent to a solution of

the crystalL'ne polymorph or amorpirous form being pre- (3R.5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolil-
pared is the crystalline polymorph C; and 3-yll-3,5-dihydroxy-6(E)-heptenoic acid hemicalcium

the þrocess comprises suspending the crystalline pol-v- oo salt in an orgalic solvent.
morphA the process comprises suspending the cryslal- 19. The process according to claim 18, wherein the no¡-
line polyrnorph i\ in isopropamrl containing watcr as a solvent is selccted fi'om hqrtane an<J methyl tert-btrtyl ether.
cost¡lvent. 20.Theprocessaccordingto claiml8. whereintheorgalic

6. Tbe process accordìng to claim 5, lvherein the w'ater is solv'ent is seÌected from l,4-dioxane, tetrahydrofrrran a¡c1
present in an aurount of 1 to 500/o b.v volume of the suspensiou or ethyl nethyl ketone
of (3Iì,5s)-7-[2-cyclopropyl-4-(4-lluorophenyl)eluiuolin-3- 21. A placess for preparing the crystalline polymorph or
yl]-3.5-dihydrox.v-6(E)Jreptenoic acid hemicalcirun salt. amtrrphous lbrur according ciaim I, whe¡ein;
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che crystalline polyrnorph or amorphous form being pre- intensity. (m) stands for medirun intensiiy, (w) stands lor
pared is the amorpJrous f'orm; and weak intensity, and (vw) stands lbr very- w-eak írtensit_v

the process comprìses drying an aqueous sohrtiol of (3R, 29. A crystalline polymorph C of (3R,5S)-7[2-cyclopro-
5S)-7-[2-cyclopropyl-4-(.1-fluorophenyl)quinolin-3- pyl-4-(4-fluorophenyl)quinolin-3-yl] -3,5-dilrydroxy-6(E)-
y1]-3,5-dihydroxy-6(E)-heptenoic acid hemicalciurn -5 lìeptenoic acid hemicalcium salt. þ¿ying an X-ray powder
salt by lyophilization. dil'lraction pattem substantially as depicted in FIGS. 3A antl

22. A phamraceutical conrposition comprising an eftèctive 38.
anroluìt of the crystalline polymorph or amorphous forrn 30. A crystalline polymorph D of (3R.5s)-7[2-cyclopro-
according to clai'¡¡ 1'' and a pharmace'ticallv acceptab'"'*- 

,o ,#;tÍ,"1"trr5'¿1,:ì'l#TffJll;ii$lJfJ:?;i(il;
23.4 u-rystallinepolymorphA. B, C, D. E, F, ortlre amor- istic X-ray powder diff,ractiou pattenì with characteristic

phous fbrm, of (3 R,5 Sl7-[2-cyclopropyl-4-(4-fluorophe- peaksexpressedin20at5.0(m).6.5(m),6.8(s),8.7(m), 10.0

ry;l)quinoliu-3 -y1l-3,5-dihydroxy--6(E)-hepteroic acid (m). 10.2 (m), 10.8 (m). 13.1 (w), 13.5 (m), 14.3 G), 15.3
hemicalcium salt of claim 1, whereiu polymorph A has an (vw), 16.l (n), 16.8 (w), lS.2 (iv), 18.5 (n), 19.0 (w), 19.9
X-raypowderdiftiactionpatternsubstautiallyasdepictedin rs (m),20.5(rn).21.0(vs).21.7(s).22.3(w),23.4(n),24.0(m),
FIG. 1, polymorph B has an X-ray powder diffraclion pattern 25.6 (w), and 26.2 (nr). wherein (vs) stauds I'or very strong
substantiallyasdepictedinFlG.2.pol.v-morphChasanX-ra¡r i¡tensity, (s) sta-uds 1-or strong intensity, (m) stands for
powcler dìffraction patteru substantially as depictecl in FIGS. medirm inlensit-v: (w) stands f'or weak intensity. and (vw)
3A ancl 38, pol-vmorph D has an X-ray powder diÍliaction staucls for ver-v w'eak intensity.
pattem substantially as depicted in FIG. 4. poll,rnorph E has zo 31. A crystalline poly'ruorph D of (3R.5S)-7[2-cyclopro-
an X-ray por.r'der diffraction patteru substantially as clepicted py1-4-(4-lluorophenyl)quinoliu-3-yll -3,5-dihydroxy-6(E)-
iu FIG. 5, polyrnorph F has an X-ray powder diflraction heptenoic acid hemicalcium salt. havilg an X-ray powder
pattern substanlially as depicted in FIG. 6, ard dittaction patteru substantially as depicted il FIG. 4.

the arnorphous f'omr has an X-ray powder diffiaction pat- 32. A crystalline polymorph E of (3R,5s)-7[2-cyclopro-
tem substantially as depicted in FIGS. 7A ald 78. z-s pyl-4-(4-flr.rorophenyl)quinolin-3-yll-3.5-dihydroxy-6(E)-

24. A crystalline polymorph A of (3R,5S)-7[2-cyclopro- heptenoic acid hemicalcium salt, w'hich exhibits a character-
p;r1-4-(4-lìuorophenyl)quinolin-3-y1l-3,5-dihydruxy-6(E)- istic X-ray powder diffraction paltern with characteristic
hcpturoic acid hernicalciurn salt. which exhibits a charaster- pealis expressed in 20 aI 4.4 (wv),5.0 (s), 6.6 (s), 6.3 (s).
istic X-ray pow'cler difliaction pattern with characteristic 8.9(s), 10.0(m), 10.3(s), 10.8(m). 13.3G). 13.6(ur), 14.0(s),
peaks expressed ilr20 at 5.0 (s), 6.8 (s), 9 I (s), 10.0 (w), 10,5 30 15.2 (vw'), 15.9 (w). I6.4 (w), 16 9 (vw), 17.8 (vw). 18.3 (m).
(ru), 11.0 (m), 13.3 (vw). 13.7 (s), 14.0 (w),14.7 (w). ls.9 18.9 (w), 20.2 (vs),20.a (m).20.7 (m),20.9 (m),21.1 (vÐ.
(vri,-), 16.9 (w), 17.1 (vw). 18.4 (u), 19.1 (w), 20.8 (vs), 21.1 21.6 (m), 21.7 (m),22.3 (m), 23.5 (m),23.8 (m), 24.1 (w),
(nr),21.6 (n).22.9(m\23.7 Qn),24.2(s).25.2 (w),27.1 (m). 241 (vw).25.4 (vw). 26.6 (m),30.2 (w). and 34.0 (r,w').
29.6(vw),30.2(w),ancl-34.0(w),wherein(vs)stands lorvery whe¡ein (r,s) stantls lor very strong iutensily, (s) stands lor
strong intensity, (s) stands lbr strolg intensitl., (m) stancls ibr i5 strong iltensiry*, (m) stands f'or rnedium intensity, (w) stalds
medium intensity', (w) stzurds for weak intensity, and (vw) l'or,¡'eak intensity. aud (r'rv) stauds lbr very weak intensity.
staucls for very weak iutensiry. 33. A crystaliine pol.vmorph E of (3R.5s)-7-[2-cyclopro-

25. ^{ crystalline poly'urorph À ol (3R,53)-7[2-cyclopro- pyl-4-(4-fluorophen¡,1)quinolin-3-yl]-3,5-dilrydroxy-6(E)-
pyl-4-(4-fluorophenyl)quiloliu-3-yll-3,5-dihydroxy-6(E.)- heptenoic acid henricaÌcium salt. having an X-ray powder
hepteuoic acid hemicalcirtrn salt, having an X-ray powdei +o dilfraction pattem subst¿urtially as depicted ir þ'l(i. 5.
diffraction pattem substantiall-v as dcpictecl in FIG. 1. 34.4 crystallìlepolymorphF of(3R,5S)-7[2-cyclopropyl-

26. A crystalline polymorph B of (3R,5S)-7-[2-cyclopro- 4-(4-fluorophenyl)c¡rinolin-3-y1]-3,5-dihydroxy-6(E)-hep-
pyl-4-(4-fltorophenyl)quinoliu-3-yll-3,5-dilrydroxy-6(E)- tenoic acid hemicalcium salt, which exhibits a characteristic
heptenoic acidhelnicalcium salt. w-hich exhibits a cha¡acter- X-ray powder diffraction pattern with characteristic peaks
istic X-ray powder diflraction patteflr with characteristic +s expressed in20 af5.l (m),5.6 (w),7.0 (s). LS (m),9 6 G).
peaksexpressedin20at4.6(w),53(vs),6.2(s).7.7 (s).9.2 10.2(w). 10.9(m), 11.3(v"), 11.9(ru), 12.5(m). 13.0(s). 137
(m). 9.6 (m), 10.3 (w), 11.3 (Ð, 11.7 (w). 12.6 (vw),13 0 (w), (n). la 4 (s), 14.7 (m), 1s.3 (v*), 1s.s (w), 16.8 (m), 17.6
13.9 (m), 14.7 (r,w), 14.9 (w), ls.6 (w). 16.3 (m). 17.0 (vw). (w). i8.3 (m). 19.3 (m), 19.7 (m).20.6 (rn).21.2 (i's). 21.8 (s).
17.1 (vw), 18.0 (w'), 18.7 (n), 19.3 (m), 20.0 (s). 2O.5 (w), 22.8 (s), 23.1 (w). 23.8 (w, shoulder), ?4.1 (s),24.8 (s).25.7
20.8(n).?1.2(qshonlder),27.5(n),22.4(nr),23.2(s).23.8 so (ttt).26.2(vw-).26.6(m),26.9 (w).28.4(w).29.5 (w),29.8
(rr), 24.4 (vw), 25.2 (w, broad), 26.O (w),26.4 (r,w), 27.0 (w). (vw), and 30.9 (m), wherein (vs) stuurds lòr very srrong inten-
27.9 (w-), ancl 28.9 (w), wherein (vs) stands ltrr very strong sify, (s) stands for srrong intensit,v, (rn) stands 1-or medium
intensiry. (s) stands fot 51¡ont intensity, (n) stauds for intensity. (w) stands f'or weak intensity; and (vw) stands tbr
mediu¡r intensity; lw) stands 1'or weak ìntensity, and (vrv) very weak intensity.
stands lbr very weak intensity. 55 35.4 crystallitepolymorphF of (3R,5s)-7[2-cycloprop,vl-

27. A crystalline polymorph B of (3R,5S)-7-[2-cyclopro- 4-(.4-fluoropheryl)quinolin-3-yl]-3,-s-dilrydroxy-6(E)-lrcp-
pyl-4-(4-fluorophenyl)quinolin-3-yll-3.5-di1¡'clroxy-6(E)- teroic acid hernicalcium salt, Jraving an X-ray porvcler dif'-
hepteloic acid hemicalciuur salt, having an X-ray powder fraction pattern substantially as depicred irl FiG. 6.
difflaction pattern substautially as depicted jn FIG. 2. 36. The amorphous form of (3R,5S)-7[2-cyclopropyl-4-(4-

28. A cr,vstalline poJyurorph C of (3R,5S)-7[2-cycìopro- oo lluorophenyl)qutuo1in-3-y1]-3.5-dihydroxy-6(E)-hepteloic
py1-4-(4-lluorophenyl)quinolil-3-yll -3.5-dihydroxy-6(E)- acicl hemicalciurn salt.
heptenoic aci<1 hernicalc-iurn salt, rvhich exhibits a character- 37. ['heamoçhous form of (3R,5S)-7[2-cyolopropyl-4-(4-
istic X-ray pow'der difTiactior pattern with characterisúc 1ìuorophenyl)quinolin-3-yll-3,5-diìrydroxy-6(E)-heprenoic
peaks expressed in20 aI4 1 (m), 5.6 (s), 7.8 (m), 8.3 (rr). 10.3 acid henúcalcium salt, havilg an X-ray powder diftraction
(m). 11.6(w.), 175(w). 17.9(w), 18.7(nÐ, 19.5(s),20.6(m). e-s pattemsubstantiallyasdepictedinFlCs.TAandTB.
21 .5 (vw). 21.9 (n),23,1(rn), 24.0 (w-). and 24.8 (w), w'herei¡r 38. A prccess I'or preparing the crystalline polymorph or
(vs) startds t'or ver,v strollg intensil,v, (s) stands Îor strong amorphous forur according to clai¡r l, whereiu
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the crystalline polyrnorph or amorphous form being pre-
palel is the crystallile polyrnorph F; aud

the process comprises suspending the crystalline poly-
morphA in nreth¿¡¡ql çs¡1¿ining w-ater as a cosolvent.

39. The process according to clairn 38, wherein the water is s
present in an amount of 1 to 50olo by volume of the suspeusion
of (3R,5S)-7[2-cyclopropyl-4-(4-fluorcphenyl)r¡uinolin-3-
yll -3,5-dihydro4r-6(E)-heptenoic acid hemicalcium salt.

*****

l6
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