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Burton Rodney 
Patent Department 
Bristol-Myers Squibb Company 
Post Office Box 4000 
Princeton, New Jersey 08543-4000 

ASSIGNMENT 

Pursuant to contractual obligations heretofore assumed by us 
and/or f o4 other good and valuable consideration, receipt of 
which is hereby acknowledged, we 

Jeffrey A. Robi Bang-chi then 
7 Tulip Drive 28 Marion Drive. 
Newtown, PA 18940 Plainsboro, NJ 08536 

Chong-Qing Sun 
527 Dutch Neck Road 
East Windsor, NJ 08520 

having made a certain invention for which a t7nited States 
provisional patent application entitled I6G-CoA REDUC’TASE 
INHIBITORS AND METHOD has been prepared, do hereby assign to 
Bristol-My+rs Squibb Company, a Delaware corporation, having a 
place of business at Lawrenceville-Princeton Road, PrInceton, New 
Jersey 0853-4000, its successors and assigns, the entire right, 
title, andj interest in and to said invention, said provisional 
app1icatio3, any application claiming priority from said 
provisional application, filed in any country,. and any patents to 
be granted; thereon, and all divisions, continuations, reissues, 
and extensions thereof in all countries; and we hereby authorize 
....A ,n..arl4 Œ, r.F nA Amy’fr F 

return to: 

any such United States patent to Bristol-MyerS Squibb Company, 
and assigns, and we agree to commicate to its successorsun 

Bristol-Myra Squibb Company or its representatives any facts 
known to us respecting said invention, to testify in any legal 
proceedings, sign all lawful papers, execute all divisional, 
continuing11 and reissue applications, make ailS rightful 
declarations and oaths, and in general to do eveything _-pt 30ible 
to aid Bristol-Myers Squibb Company, its successors, assigns and 
nominees to obtain and enforce proper protection for said 
invention in all countries. 

IN WITNESS WHEREOF, we have hereto set our hands and seals 

Jeffrey A. Robl 

Chong-Qing ,Sun 
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UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 

April 17, 2001 

TIES IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 

THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 

OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 

APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 

FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 60/211,594 

FILING DATE: June 15, 2000 

By Authority of the 

COMMISSIONER OF PATENTS AND TRADEMARKS 

L tq - V-4wrl _r, 6 
M. K. HAWKINS 

Certifying Officer 
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INVENTOR(S  
Given Name (first and middle [if any]) Family Name or Stuiiame Residence (City and either State or Foreign Country) 

Jeffrey A. Robi Newtown, Pennsylvania 
Bang-Chi Chen Plainsboro, New Jersey 

Chong-Qing Sun East Windsor, New Jersey 

TITLE OF THE INVENTION (280 characters max) 

HMG-COA REDUCTASE INHIBITORS AND METHOD 

Direct all correspondence to the address associated with Customer No. 23914, which Is currently: 
Maria J. Mathias 
Bristol-Myers Squibb Company 
Patent Department 
P.O. Box 4000 
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o Other (specify): 

The Commissioner Is hereby authorized to charge filing fee and any PROVISIONAL FILING FEE AMOUNT: S 150 
additional fees required to Deposit Account Number 19-3880 In the name 
of Bristol-Myers Squibb Company. 

0 U.S. Government agency and contract number (lithe invention was made by an agency of the United States Government or 
under a contract with an agency of the United Stales Government.) 

Respectfully submitted, 
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Date: June 16, 2000 Burton Rodney 
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HMG-CoA REDUCrASW INHIBITORS AND METHOD 

Field of the Invention 

5 The present invention relates to compounds and 

pharmaceutical compositions useful as hypocholesterolemic 

and hypolipidemic agents. More particularly, this 

invention concerns (1) certain inhibitors of the enzyme 

3 -hydroxy-3 -rnethylglutaryl-coenzyme A reductase (HMG-00A 

10 reductase) that include a pyridine containing nucleus 

attached by means of a linker to an HMG-binding domain 

sidechain, (2) pharmaceutical compositions containing 

such compounds and (3) a method of lowering blood serum 

cholesterol levels and modulating blood serum lipids 

15 employing such pharmaceutical compositions. 

Background of the Invention 

U.S. Patent No. 5,686,433 to Robi discloses the 

structure 

20 

wherein: 

30 

Am

 

Rk.. R 

loT 
O) 

R3 

Am is a binding domain sidechain; 

X is a linker 

R1 and R2 are the same or different and are each 

independently selected from 

(i) hydrogen, 

(ii) alkyl, 

(iii) aryl, 

(iv) cycloalkyl, 

(v) aralkyl, 

(vi) aralkoxy, 

(vii) alkenyl, 

- 1 -
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(viii) cycloalkenyl, and 

(ix) heterocyclo (e.g., thienyl, benzodioxolyl); 

R3 is selected from 

5 (i) hydrogen, 

(ii) lower alkyl, 

(iii) aryl, 

(iv) cycloalkyl, 

(v) alkoxy, 

10 (vi) aralkyl, 

(vii) aralkoxy, 

(viii) alkenyl, 

(ix) cycloalkenyl, 

Cx) halo-substituted alkyl, 

15 (xi) adatnantyl, and 

(xii) heterocyclo (e.g., thienyl, benzodioxolyl); 

R4 is selected from 

(i) hydrogen, 

20 (ii) lower alkyl, 

(iii) aryl, 

(iv) cycloalkyl, 

(v) alkoxy, 

(vi) aralkyl, 

25 (vii) aralkoxy, 

(viii) alkenyl, 

(ix) cycloalkenyl, 

(x) adamantyl, 

(xi) halogen, 

30 (xii) halo-substituted alkyl (e.g., 

trifluoromethyl), and 

(xiii) heterocyclo (e.g., thienyl, benzodioxolyl); 

or R 3and R4 taken together can be 

-(cH2), or (cH=cH)2 

35 
\/ 

- 2 -
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but when A is 
R6 

HOCff-CR--C--cK-CO2R8 

off 

or a 8 lactone thereof, R3 and R4 cannot be (CH=CH)2; 

R’ is hydrogen or lower alkyl; 

5 R8 is hydrogen, lower alkyl, alkali metal, or 

alkaline earth metal; 

n is 0 or 1; 

p is 3, 4 or 5; 

q is 0, 1, 2, or 3; and 

10 r is 0, 1, 2, or 3. 

In preferred embodiments (Am) is an HMG-binding 

domain sidechain having a dihydroxy or a phosphinic acid 

function. 

The phosphinic (or phosphonic when X is CH2-O-) 

15 acid HMG-binding domain sidechain (A1) is 

wherein R5 and R7 are independently selected from 

hydrogen, lower alkyl, alkali metal ion and alkaline 

20 earth metal ion; and R6 is hydrogen or lower alkyl. 

The dihydroxy acid binding domain sidechain (A2 is 

R6 

wherein R’ is hydrogen or lower all, R8 is hydrogen or 

25 lower alkyl in free acid form or in the form of a 

physiologically acceptable and hydrolyzable ester or 8 

lactone thereof (i.e., when Am is 

- 3 -
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In addition, R8 can be alkali metal ion or alkaline earth 

metal ion. 

A suitable linker (X) is (CH2)1, CHCH,  

5 -CH20--, wherein 0 is linked to the phosphorous atom or 

the aromatic anchor when Am is A1, and wherein 0 is 

linked to the aromatic anchor when Am is A2, and wherein 

"a" is 1, 2, or 3. 

10 Brief Description of the Invention 

In accordance with the present invention, there are 

provided certain pyridine-containing compounds that are 

potent inhibitors of cholesterol biosynthesis by virtue 

of their ability to inhibit the enzyme 3-methyl-glutaryl-

15 coenzyme A reductase (HMG-00A reductase) - 

In particular, in its broadest chemical compound 

aspect, the present invention provides compounds of the 

formula 

I 

20 
R4 

wherein 

It 

07 
OR 

Z is or 

Ofi 

R7 ; 

- 4 -
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n is 0 or 1; 

x is 0, 1, 2, 3 or 4; 

y is 0, 1, 2, 3 or 4, provided that at least one of 

x and y is other then o; 

5 and optionally one or more carbons of (CH2) and/or 

(CH2) y may form part of a 3 to 7 membered spirocyclic 

ring; 

R1 and R2 are the same or different and are 

independently selected from alkyl, arylalkyl, cycloalkyl, 

10 alkenyl, cycloalkenyl, aryl, heteroaryl or 

cycloheteroalkyl; 

R3 is H or lower alkyl or a metal ion such as an 

alkali metal ion or an alkaline earth metal ion; 

H4 is H, halogen, CF3, hydroxy, alkyl, alkoxy, 

15 alkanoylamino, aroylamino or cyano; 

R7 is H or lower alkyl; 

and represents a single bond or a double bond 

(which may be cis or trans); 

and including pharmaceutically acceptable salts 

20 thereof, esters thereof, prodrug esters thereof, and all 

stereoisomers thereof. 

Preferably, the Z group will be in form of a free 

acid, a physiologically acceptable and hydrolyzable ester 

or 8 lactone thereof, or an alkali metal salt. 

25 Preferred are compounds of formula I of the 

invention wherein 

H3. and R2 are independently selected from alkyl, 

cycloalkyl and aryl; 

R4 is H, alkyl, or halogen; 

30 xis2or3; 

y is 0; and 

n is o. 

More preferred are compounds of formula I of the 

invention wherein R1 is aryl (especially substituted aryl 

35 as defined hereinafter); 

R2 is alkyl or cycloalkyl; 

H4 is H; 

- 5 -
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x is 3; 

y is 0; 

xi is 0; and 

is a double bond. 

5 Still more preferred are compounds of formula I of 

the invention wherein 

R1 is substituted aryl, preferably 4-f luorophenyl, 

4- fluoro-3-methy].phenyl or 3, 5-dimethyiphenyl; 

R2 is alkyl or cycloalkyl, preferably isopropyl, t-

10 butyl or cyclopropyl; 

R4 is H; 

x is 3; 

y is 0; 

xi is 0; 

15 is a double bond, preferably "trans"; and 

HO 

4*1%0)

 

z is CO2H or 
- 

or an alkali metal salt thereof. 

Most preferred compounds of formula I of the 

20 invention will have the structure 

H 

or an alkali metal (such as Na, X or Ca) salt thereof, 

wherein R5 and R6 are the same or different and 

25 independently selected from H, halogen and/or alkyl 

(preferably 4-f luoro, 4-f luoro-3-methyl or 3, 5-dimethyl); 

and 

R2 is alkyl or cycloalkyl, preferably isopropyl, t -

butyl or cyclopropyl. 

- 6 -
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- In anotheraspect,. the present invention provides 

pharmaceutical compositions, useful as hypolipidemic or 

hypocholesterolemic agents, or hypotriglyceridemic 

agents, comprising a hypolipidemic or hypocholesterolemic 

5 or hypotriglyceridemic amount of a compound of formula I 

in accordance with this invention, in combination with a 

pharmaceutically acceptable carrier. 

In another aspect, the present invention provides a 

method of inhibiting cholesterol biosynthesis or lowering 

10 blood serum cholesterol levels and/or modulating blood 

serum cholesterol levels such as lowering LDL cholesterol 

and/or increasing HDL cholesterol, or treating 

hyperlipidemia, hypercholesterolemia, 

hyperlipoproteinemia or hypertriglyceridemia, or treating 

15 or preventing atherosclerosis in a patient in need of 

EU such treatment by administering a pharmaceutical 

composition in accordance with the present invention as 

defined above. 

20 Detailed Description of the Invention 

In accordance with the present invention, there is 

provided compounds useful in inhibiting the enzyme 3 -

Li hydroxy3_methylglutaryl-cOfleZyme A (HMG-CoA reductase), 

which inhibitors are useful as hypocholesterolemic and 

25 hypolipidemic agents, hypotriglyceridemic agents and 

antiosteoporosis agents. 

Definitions of Terms 

IThe terms pharmaceutically acceptable "salt" and 

30 "salts" refer to basic salts formed with inorganic and 

organic bases. Such salts include ammonium salts; alkali 

metal salts, such as lithium, sodium and potassium salts 

(which are preferred); alkaline earth metal salts, such 

as calcium and magnesium salts; salts with organic bases, 

35 such as amine like salts (e.g., dicyclohexylamine salt, 

benzathine, N-methyl-D-glucamifle, and hydrabamine salts); 

and salts with amino acids like arginine, lysine and the 

- 7 -
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like; andzwitteriona, .the so-called "inner salts’. 

Nontoxic, pharmaceutically acceptable salts are 

preferred, although other salts are also useful, e.g.; in 

isolating or purifying the product. 

5 The term pharmaceutically acceptable "salt" and 

"salts" also includes acid addition salts. These are 

formed, for example, with strong inorganic acids, such as 

mineral acids, for example sulfuric acid, phosphoric acid 

or a hydrohalic acid such as HC1 or HBr, with strong 

10 organic carboxylic acids, such as alkanecarboxylic acids 

of 1 to 4 carbon atoms which are unsubstituted or 

substituted, for example, by halogen, for example acetic 

acid, such as saturated or unsaturated dicarboxylic 

acids, for example oxalic, malonic, succinic, maleic, 

15 fumaric, phthalic or terephthalic acid, such as 

hydroxycarboxylic acids, for example ascorbic, glycolic,_ 

lactic, malic, tartaric or citric acid, such as amino 

acids, (for example aspartic or glutamic acid or lysine 

or arginine), or benzoic acid, or with organic sulfonic 

20 acids, such as (Cl-C4) alkyl or 

arylsulfonic acids which are unsubstituted or 

substituted, for example by halogen, for example 

methanesulfonic acid or p-toluenesulfonic acid. 

The term "spirocyclic ring" as used in reference to 

25 
(cH2)x and/or (CH2)y refers to a 3 to 7 membered 

spirocyclic ring formed from one or more of the carbons 

in (CH2)1 and/or one or more carbons in (CH2), together 

with additional carbons to make up a 3 to 7 membered 

ring. 

30 Unless otherwise indicated, the term "lower alkyl", 

"alkyl" or "alk" as employed herein alone or as part of 

another group includes both straight and branched chain 

hydrocarbons, containing 1 to 20 carbons, preferably 1 to 

10 carbons, more preferably ]. to 8 carbons, in the normal 

35 chain, such as methyl, ethyl, propyl, isopropyl, butyl, 

t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-

dimethylpentyl, octy]., 2, 2, 4-trimethyl-pentyl, nonyl, 

- 8 -
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decyL undecyl, dodecyl, the .various branched chain 

isomers thereof, and the like as well as such groups 

including 1 to 4 substituents such as halo, for example 

F, Br, Cl or I or CF3, alkyl, alkoxy, aryl, aryloxy, 

5 aryl(aryl) or diaryl, arylalkyl, arylalkyloxy, alkenyl, 

cycloalkyl, cycloalkylalkyl, cycloalkylalkyloxy, amino, 

hydroxy, hydroxyalkyl, acyl, cycloheteroalkyl, 

heteroaryl, heteroaryloxy, heteroarylalkyl, 

heteroarylalkoxy, aryloxyalkyl, alkylthio, arylalkylthio, 

10 aryloxyaryl, alkylamido, alkanoylamino, 

arylcarbonylamino, nitro, cyano, thiol, haloalkyl, 

trihaloalkyl and/or alkylthio. 

Unless otherwise indicated, the term "cycloalkyl" 

as employed herein alone or as part of another group 

15 includes saturated or partially unsaturated (containing 1 

or 2 double bonds) cyclic hydrocarbon groups containing 1. 

to 3 rings, including monocyclic alkyl, bicyclic alkyl 

(or bicycloalkyl) and tricyclic alkyl, containing a total 

of 3 to 20 carbons forming the ring, preferably 3 to 10 

20 carbons, forming the ring and which may be fused to 1 or 

2 aromatic rings as described for aryl, which includes 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 

cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl, 

cyclohexenyl, 

25 

ca 

any of which groups may be optionally substituted with 1 

30 to 4 substituents such as halogen, alkyl, alkoxy, 

hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl, 

alkylamido, alkanoylamino, oxo, acyl, arylcarbonylamino, 

heteroaryl, cycloheteroalkyl, amino, alkylamino, nitro, 

- 9 -
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cyano,. thiol and/or alkylthio and/or any of they . 
substituents for alkyl. 

The term "cycloalkenyl" as employed herein alone 

or as part of another group refers to cyclic hydrocarbons 

5 containing 3 to 12 carbons, preferably 5 to 10 carbons 

and 1 or 2 double bonds. Exemplary cycloalkenyl groups 

include cyclopentenyl, cyclohexenyl, cycloheptenyl, 

cyclooctenyl, cyclohexadienyl, and cycloheptadienyl, 

which may be optionally substituted as defined for 

10 cycloalkyl. 

The term "alkarioyl" as used herein alone or as 

part of another group refers to alkyl linked to a 

carbonyl group. 

Unless otherwise indicated, the term "lower 

15 alkenyl" or flalkenylli as used herein by itself or as part 

of another group refers to straight or branched chain 

radicals of 2 to 20 carbons, preferably 2 to 12 carbons, 

and more preferably 1 to 8 carbons in the normal chain, 

which include one to six double bonds in the normal 

20 chain, such as vinyl, 2-propenyl, 3-butenyl, 2-butenyl, 

4-pentenyl, 3 -pentenyl, 2 -hexenyl, 3 -hexenyl, 2 -heptenyl, 

3-heptenyl, 4 -heptenyl, 3 -octenyl, 3 -nonenyl, 4-decenyl, 

3-undecenyl, 4-dodecenyl, 4,8, 12-tetradecatrienyl, and 

the like, and which may be optionally substituted with 1 

25 to 4 substituents, namely, halogen, haloalkyl, alkyl, 

alkoxy, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl, 

amino, hydroxy, heteroaryl, cycloheteroalkyl, 

alkanoylamino, alkylamido, arylcarbonyl-amino, nitro, 

cyano, thiol, alkylthio and/or any of the alkyl 

30 substituents set out herein. 

Unless otherwise indicated, the term "lower 

alkynyl" or "alkynyl" as used herein by itself or as part 

of another group refers to straight or branched chain 

radicals of 2 to 20 carbons, preferably 2 to 12 carbons 

35 and more preferably 2 to 8 carbons in the normal chain, 
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which include one triplebond in the normal chain, such 

as 2-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3-

pentynyl, 2-hexynyl, 3-hexynyl, 2-heptynyl, 3-heptynyl, 

4-heptynyl, 3-octynyl, 3-nonynyl, 4-decynyl, 3-undecynyl, 

4-dodecynyl and the like, and which may be optionally 

substituted with 1 to 4 substituents, namely, halogen, 

haloalkyl, alkyl, alkoxy, alkenyl, alkynyl, aryl, 

arylalkyl, cycloalkyl, amino, heteroaryl, 

cycloheteroalkyl, hydroxy, alkanoylamino, alkylamido, 

arylcarbonylamino, nitro, cyano, thiol, and/or alkylth.io, 

and/or any of the alkyl substituents set out herein. 

The terms "arylalkenyl" and "arylalkynyl" as used 

alone or as part of another group refer to alkenyl and 

alkynyl groups as described above having an aryl 

substituent. 

Where alkyl groups as defined above have single 

bonds for attachment to other groups at two different 

carbon atoms, they are termed "alkylene" groups and may 

optionally be substituted with 1 or 2 substituents as 

defined above for "alkyl", such as, for example alkyl, 

halo, hydroxy, alkoxy and/or cycloalkyl. 

Where alkenyl groups as defined above and alkynyl 

groups as defined above, respectively, have single bonds 

for attachment at two different carbon atoms, they are 

termed "alkenylene groups" and "alkynylene groups", 

respectively, and may optionally be substituted with 1 or 

2 substituents as defined above for "alkenyl" and 

"alkynyl". 

(CH2) or (CH2) includes alkylene groups as 

defined herein, which may optionally include 1, 2, or 3 

substituents which include alkyl, alkenyl, halogen, 

hydroxy, alkdxy, or C3 -C6 cycloalkyl. 

Examples of (CH2) or (CH2), alkylene groups 

include -Cl!2- -CH2CH2-
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9 
-c 

, (CR2)4 (CR2)2?_cR2cHf_ 
cH3 

_cIr_ _cH2r3EE2_, �HcH2CH--, 

cn C2H5 CR3 C2; 

CR3 F 
c9HcH2, 

_cH2_rcn_, 

(CR2)2CH2 
CH CR3 F 

cR3 

C1 C, X3 M13 

CR2�CHCH2--- , �(CR2) 24j �CHI�CH-- 

10 
CR3 CR3 

15 

_CH2_?I_?HCH2_ _cR_?R_caz_?R_ 
CH3CH3 CR3 CR3 

�CR�cHcH� �(cH2)3�cF3�

CR3 

�CH�CH2CH2�

The term "halogen" or "halo" as used herein alone 

or as part of another group refers to chlorine, bromine, 

fluorine, and iodine as well as CF3, with chlorine or 

fluorine being preferred. 

20 The term "metal ion" refers to alkali metal ions 

such as sodium, potassium or lithium and alkaline earth 

metal ions such as magnesium and calcium, as well as zinc 

and aluminum. 

Unless otherwise indicated, the term "aryl" as 

25 employed herein alone or as part of another group refers 

to monocyclic and bicyclic aromatic groups containing 6 

to 10 carbons in the ring portion (such as phenyl or 

naphthyl including l-naphthyl and 2-naphthyl) and may 
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, optionally inc1ude one to three additional rings fused to 

a carbocyclic ring or a heterocyclic ring (such as aryl, / 

cycloalkyl, heteroaryl or cycloheteroalkyl rings 

for example 

oo- JQ-

cc-. CQ-, Q3- .
 
0-1-110 

and may be optionally substituted through available 

carbon atoms with 1, 2, or 3 groups selected from 

hydrogen, halo, haloalkyl, alkyl, haloalkyl, alkoxy, 

10 halophenyl, benzoyloxy, hÆloalkoxy, alkenyl, 

trifluoromethyl, trifluoromethoxy, alkynyl, cycloalkyl-

alkyl, cycloheteroalkyl, cycloheteroalkylalkyl, aryl, 

heteroaryl, arylalkyl, aryloxy, aryloxyalkyl, arylalkoxy, 

arylthio, arylazo, heteroarylalkyl, heteroarylalkenyl, 

15 heteroarylheteroaryl, heteroaryloxy, hydroxy, nitro, 

cyano, amino, substituted amino wherein the amino 

includes 1 or 2 substituents (which are alkyl, alkanoyl, 

aryl or any of the other aryl compounds mentioned in the 

definitions), thiol, alkylthio, arylthio, heteroarylthio, 

20 arylthioalkyl, alkoxyarylthio, alkylcarbonyl, 

arylcarbonyl, alkyl-aminocarbonyl, arylaminocarbonyl, 

alkoxycarbonyl, aminocarbonyl, alkylcarbon.yloxy, 

arylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino, 

arylsulfinyl, arylsulfinylalkyl, arylsulfonylamino or 

25 arylsulfon-aminocarbonyl and/or any of the alkyl 

substituents set out herein. 

Unless otherwise indicated, the term ’lower 

alkoxy", "alkoxy", "aryloxy" or "aralkoxy" as employed 

herein alone or as part of another group includes any of 
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the above alkyl, aralkyl or .aryl..groups linked to, an 

oxygen atom. 

Unless otherwise indicated, the term "substituted 

amino" as employed -herein alone or as part of another 

group refers to amino substituted with one or two 

substituents, which may be the same or different, such as 

alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, 

cycloheteroalkyl, cycloheteroalkylalkyl, cycloalkyl, 

cycloalkylalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl or 

thioalkyl. These substituents may be further substituted 

with a carboxylic acid and/or any of the substituents for 

alkyl as set out above. In addition, the amino 

substituents may be taken together with the nitrogen atom 

to which they are attached to form 1-pyrrolidinyl, 

1-piperidinyl, 1-azepinyl, 4 -morpholinyl, 

4-thiamorpholinyl, 1-piperazinyl, 4-alkyl-1-piperazinyl, 

4-arylalkyl-1-piperazinyl, 4-diarylalkyl-1-piperazinyl, 

1-pyrrolidinyl, 1-piperidinyl, or i-azepinyl, optionally 

substituted with alkyl, alkoxy, alkylthio, halo, 

trifluoromethyl or hydroxy. 

Unless otherwise indicated, the term "lower 

alkylthio", alkylthio", "arylthio" or "aralkylthio" as 

employed herein alone or as part of another group 

includes any of the above alkyl, aralkyl or aryl groups 

linked to a sulfur atom. 

Unless otherwise indicated, the term "lower 

alkylamino", "alkylamino", "arylamino", or 

"arylalkylamino" as employed herein alone or as part of 

another group includes any of the above alkyl, aryl or 

arylalkyl groups linked to a nitrogen atom. 

Unless otherwise indicated, the term "acyl" as 

employed herein by itself or part of another group, as 

defined herein, refers to an organic radical linked to a 

(F?) 
carbonyl C group; examples of acyl groups include 

any of the R1 groups attached to a carbonyl, such as 

alkanoyl, alkenoyl, aroyl, aralkanoyl, heteroaroyl, 

cycloalkanoyl, cycloheteroalkanoyl and the like. 

- 14 - 
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Unless otherwise indicated, the term 

"cycloheteroalkyl" as used herein alone or as part of 

another group refers to a 5-, 6- or 7 -membered saturated 

or partially unsaturated ring which -includes 1 to 2 

5 hetero atoms such as nitrogen, oxygen and/or sulfur, 

linked through a carbon atom or a heteroatom, where 

possible, optionally via the linker (CH2)r (where r is 1, 

2 or 3), such as 

10 000 
OCi0

 

and the like. The above groups may include 1 to 4 

15 substituents such as alkyl, halo, oxo and/or any of of 

the alkyl substituents set out herein. In addition, any 

of the cycloheteroalkyl rings can be fused to a 

cycloalky]., aryl, heteroaryl or cycloheteroalkyl ring. 

Unless otherwise indicated, the term "heteroaryl" 

20 as used herein alone or as part of another group refers 

to a 5- or 6- membered aromatic ring which includes 1, 2, 

3 or 4 hetero atoms such as nitrogen, oxygen or 

sulfur,and such rings fused to an aryl, cycloal]cyl, 

heteroaryl or cycloheteroalkyl ring (e.g. 

25 benzothiophenyl, indolyl), and includes possible N-

oxides. The heteroaryl group may optionally include 1 to 

4 substituents such as any of the substituents set out 
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above for alkyl. Examples of heteroaryl groups include 

the following: 

O 
5 

Oi:Nyç710

 
N 

10 

15 

20 

NN N�N N�N N�N N�

s 

/-0 /N 0 
_) N 

, 

and the like. 

The term "cycloheteroalkylalkyl" as used herein 

alone or as part of another gorup refers to 

cycloheteroalkyl groups as defined above linked through a 

C atom or heteroatom to a (CH2)r chain. 

The term "heteroarylalkyl" or heteroaryla1kenyl" 

as used herein alone or as part of another group refers 

to a heteroaryl group as defined above linked through a C 

atom or heteroatom to a -(CH2)r chain, alkylene or 

alkenylene as defined above. 

The term "polyhaloalkyl" as used herein refers to 

an "alkyl" group as defined above which includes from 2 

to 9, preferably from 2 to 5, halo substituents, such as 

F or Cl, preferably F, such as CF3CH2, CF3 or CF3CF2cH2. 

The term "polyhaloalkoxy° as used herein refers to 

an "alkoxy" or "alkyloxy" group as defined above which 

includes from 2 to 9, preferably from 2 to 5, halo 

substituents, such as F or Cl, preferably F, such as 

CF3CH20, CF30 or CF3CF2CH20. 
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All stereoisorners of the compounds of the instant. I1V 
_n__nH_nn _____n__mr______ A__h_r inadmixture or in  _ 
pure or substantially pure form. The compounds of the 

present invention can have asymmetric centers at any of 

5 the carbon atoms including any one or the R substituents. 

Consequently, compounds of formula I can exist in 

eriantiomeric or diastereomeric forms or in mixtures 

thereof. The processes for preparation can utilize 

� racemates, enantiomers or diastereomers as starting 

10 materials. When diastereomeric or enantiomeric products 

are prepared, they can be separated by conventional 

methods for example, chromatographic or fractional 

crystallization. 

The term "prodrug esters" as employed herein 

15 includes esters and carbonates formed by reacting one or 

more hydroxyls of compounds of formula I with alkyl, 

alkoxy, or aryl substituted acylating agents employing 

procedures known to those skilled in the art to generate 

acetates, pivalates, tnethylcarbonates, benzoates and the 

20 like, in addition, prodrug esters which are known in the 

art for carboxylic and phosphorus acid esters such as 

methyl, ethyl, benzyl and the like. 

Examples of such prodrug esters include 

bCRCO2c1� , cHccx� , t�c4u9c02ci2� , or 

CH 

0 
(s2H3)2 

II 
25 ;H5OCOc12�

Other examples of suitable prodrug esters include 

ko . 

’�ç 

Re Re 0 

- 17 - 



P 

tn 

5 

10 

15 

OTE 

25 

30 

35 

HX0117(psp) 

wherein Ra can be H, alkyl (such as methyl or t -butyl), 

arylalkyl (such as benzyl) or aryl (such as phenyl); Rd 

is H, alkyl, halogen or alkoxy, Re is alkyl, aryl, 

arylalkyl or alkoxyl, and n1 is 0, 1 or 2. 

Compounds of the invention may be prepared by the 

following method. 

Referring to Reaction Scheme 1, Knovenagel 

condensation of readily available beta-keto ester 1, 

where R is lower alkyl, with aldehyde 2 under standard 

conditions (e.g. HOAc, piperidine, toluene, reflux) 

affords the corresponding adduct 3. Base induced 1,4 -

addition of ketone 4 (e.g. LiN(TMS)2 in THF or EtONa in 

EtOH) provides the adduct 5, usually as a mixture of 

diastereomers. 

Conversion of the 1,5-diketone 5 to the pyridyl 

ester 6 may be effected by treatment with an ammonia 

source (such as NH4OAc) in the presence of an oxidant 

(such as Cu(OAc)2 or oxygen) in a suitable solvent (such 

as ref luxing HOAc), or by reaction of 5 with 

hydroxylamine hydrochloride in HOAc with heat. The ester 

functionality of 6 can be reduced by standard methods 

(LiA1H4, DIBM, LiBH4) to give alcohol 7 which can 

subsequently be converted to the corresponding halide 8 

(e.g. PBr3 in cH2C12, CBr4/PPh3 in cHN, or POd3). 

Conversion of halide 8 to the phosphorus compound 9 where 

W is Ph or alkyl is effected by treatment of 8 with 

W2POEt in toluene. Conversion of halide 8 to compound 9 

where W is OR (R is lower alkyl) may be effected by the 

reaction of 8 with HOP(OR)2/base/THF or by Arbuzov 

reaction with P(OR)3. Witting reaction between 9 and 

aldehyde 10 (aldehyde 10 has been previously described in 

US patent 5,686,433) may be effected under standard 

conditions with base (n-BuLi, L1N(TMS)2, LDA) in an 

appropriate solvent (THF, Et20, toluene, DMPU) to afford - 

the adduct 11. Treatment of ii under acidic conditions 

(e.g. TFA, HC1) effects the conversion of 11 to lactone 

Ia. Saponification of Ia to lb (where R3 is alkali 
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10 

ru 

E3 

13 

metal, or alkaline earth metal) can be effected by 

treatment of Ia with aqueous base or subsequently 

acidified to give lb where R3 is H. Additionally, Ia can 

be treated with an alcohol of the type R30H under basic 

conditions to form the corresponding esters of lb. 

As seen in Reaction Scheme 2, the saturated 

derivatives of compound I (where is cH2-CH2) are 

obtained by catalytic (Pd/c, Pt/C, Pd(OH)2) hydrogenation 

of 111 Ia, or lb to afford 12, Ic, or Id, respectively. 

Compound 12 may be converted to Ic and Id following the 

earlier described methods for the conversion of compound 

11 to Ia and lb. 
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Scheme I 

o o 

Knovenagel 
+ condensation 

RZ)L)LOR 
RI’"OR R1-CHO 

1 2 
R1’ 3 

:rx 

base 
Where x is 0.4 and y is 0.4 
but   and y cannot both 
be 0 

OH 
002R

 RI R2 
OOR 

reduce )LrN solvent R, R2 
NH3 

oxidant  

5 iII 
)X 0) 6 7 

R4 R4 

formation 
RI  

Rj 
10 halide 

C; YaClor Or  

HY....J..COraikYi 10 

base 

flIN 

- aqeuous base 

la 

R4 
R4 
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H2 
catalyst 

Lri 

Scheme 2 

O4) 

R2 

(CH2)f N 
la 

(CH 

R4 

H2 

catalyst 

�’( COR3 
OH 

R1 R2 

’H2 
N 

lb 

0 

R2 

aqeuous base 
(CH2)x IN 

(CHJ IC 
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The synthesis of compounds I wherein is CE=CH 

and n is 1, is described in Scheme 3. Bis-silylation of 

compound lb1 with a bulky silyichioride (e.g., C1S1(t-

butyl)Ph2, C1Si(t-butyl)Me2, C1SiPh3) in the presence of a 

suitable base (e.g., TEA, imidazole, pyridine) and 

solvent (e.g., CH2C12, THF) provides compound lb2. 

Treatment of 11,2 with oxidants such as m-CPBA or CF3CO31 

in an appropriate solvent such as CH2C12 or HOAc affords 

N-oxide lb3. Desilylation of lb3 (TBAF/HOAc/THF or 

HF/cH3cN) gives lb4 which may be saponified to lb5 using 

aqueous solutions of a metal hydroxide in an appropriate 

solvent (e.g., MeOH, dioxane). 
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T. 

SCHEME 3 

R7SICI 
R1 10
  fy?N(Rg=(t4mtyl)Ph2, 

(t-butyl)Me2, or 
(ca 

K 

lb1 Ph3) 

MOH, H20 
lb4 

Solvent 
(MaIkall metal) 

R4 

23 - 

OSIR7 

Oxidant 

YCH,)lb2 
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Additionally, compound Id’ may be oxidized and 

saponified, as described above, to provide compounds I 

3

wherein is cH2cH2 and n is 1 (e.g., compounds Id2 and 

ID3) as shown in Scheme 4. 

SCHEME 4 

I K2 NOR, E20 

I4 
(cH2) 

Id2 
Solvent 

,,  

(CR2) . 
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In addition, in.accordancewith the present 

invention, intermediates 6, 7, 8, 9, 11 and 12 are novel 

compounds and form part of the present invention. These 

compounds have the general structure 

5 II 

10 

Q 
R2 

R1- 

1/N 

(cH2) 

(c 

11) 

my y 

-’ 

wherein x, y, R, R2, R4 are as defined above, Q is 

CO2R (where R is alkyl), �_cuou, 

or 

(where W in aryl such as phenyl, alkyl, or alkoxy), 

0 

CO2 alkyl 

Thus, the intermediates of the invention can have the 

following structures: 
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CO2R (RIkyI) OH 

R1.yLR2 
R, R2 

CH’N I 

T 6 (CHa)fN 
(CH2), 

(CH2) 

R4 6A" 

(pref. t-butyl) 

Halide (prof. Br) 

W 
w 
"0 
R2 

CN 8  
(CH 

(CH OY 

(W=aryl or alkoxy) 

(prof. t-butyl) 

Compounds containing dihydroxy acid HMG-CoA binding 

domain side chains may be prepared in homochiral form, 

5 which is preferred, or may be prepared as ra.cemic 

mixtures (3S*, 5R*) and may later be resolved to obtain 

the 3S, SR isomer. 

The compounds of the invention are inhibitors of 3-

hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase 

10 and thus are useful in inhibiting cholesterol 

biosynthesis and/or in lowering triglycerides, in a 

manner similar to atorvastatin, pravastatin, simvastatin, 

lovastatin, cerivastatin, visastatin (Astra Zerieca 

ZD4522), fluvastatin, itavastatin and the like. 

15 A further aspect of the present invention is a 

pharmaceutical composition containing at least one of the 

compounds of formula I of the present invention in 

association with a pharmaceutical vehicle or diluent. 

The pharmaceutical composition can be formulated 

20 employing conventional solid or liquid vehicles of 

diluents and pharmaceutical additives of a type 

appropriate to the mode of desired administration. The 
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compounds can be administered by an oral route, for 

example, in the form of tablets, capsules, granules or 

powders, or they can be administered by a parenteral 

route in the form of injectable preparations. Such 

5 dosage forms contain from 0.1 to 1500 mg of active 

compound per dosage, for use in the treatment. The dose 

to be administered depends on the unitary dose, the 

symptoms, and the age and the body weight of the patient. 

The compounds of the present invention can be 

10 administered in a similar manner as known compounds 

suggested for use in inhibiting cholesterol biosynthesis, 

such as pravastatin, lovastatin, simvastatin, visastatin, 

atorvastatin, cerivastatin, fluvastatin, itavastain, and 

the like, in mammalian s-pecies such as humans, dogs, cats 

15 and the like. Thus, the compounds of the invention may 

be administered in an amount from about 0.1 to 500 mg in 

: a single dose or in the form of individual doses from 1 

to 4 times per day, preferably 0.2 to 100 mg daily or in 

sustained release form. 

20 Where desired, the compounds of structure I may be 

used in combination with one or more hypolipidemic agents 

or lipid-lowering agents and/or one or more other types 

of therapeutic agents including antidiabetic agents, 

anti-obesity agents, antihypertensive agents, platelet 

25 aggregation inhibitors, and/or anti-osteoporosis agents, 

which may be administered orally in the same dosage form, 

in a separate oral dosage form or by injection. 

The hypolipidemic agent or lipid-lowering agent 

which may be optionally employed in combination with the 

30 compounds of formula I of the invention may include 1,2,3 

or more MTP inhibitors, HMG C0A reductase inhibitors, 

squalene synthetase inhibitors, fibric acid derivatives, 

ACAT inhibitors, lipoxygenase inhibitors, cholesterol 

absorption inhibitors, ileal Na*/bile acid cotransporter 

35 inhibitors, upregulators of LDL receptor activity, bile 

acid sequestrants, and/or nicotinic acid and derivatives 

thereof. 
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MTP inhibitors employed herein include MTP 

inhibitors disclosed in U.S. Patent No. 5,595,872, U.S. 

Patent No. 5,739,135, U.S. Patent No. 5,712,279, U.S. 

Patent No. 5,760,246, U.S. Patent No. 5,827,875, U.S. 

5 Patent No. 5,885,983 and U.S. Application Serial No. 

09/175,180 filed October 20, 1998, now U.S. Patent No. 

5,962,440. Preferred are each of the preferred MTP 

inhibitors disclosed in each of the above patents and 

applications. 

10 All of the above U.S. Patents and applications are 

incorporated herein byreference. 

Most preferred MTP inhibitors to be employed in 

accordance with the present invention include preferred 

MTP inhibitors as set oIt..in U.S. Patent Nos. 5,739,135 

15 and 5,712,279, and U.S. Patent No. 5,760,246. 

The most preferred MTP inhibitor is 9-[4-[4-[[2-

(2,2, 2-Trifluoroethoxy) benzoyl] amino) -1-piperidinyl] 

butyl] -N- (2,2, 2-trifluoroethyl) -9H-fluorene- 9-carboxamide 

CF3 

20 

The hypolipidemic agent may be an HMG C0A 

reductase inhibitor which includes, but is not limited 

to, mevastatin and related compounds as disclosed in U.S. 

Patent No. 3,983,140, lovastatin (mevinolin) and related 

25 compounds as disclosed in U.S. Patent No. 4,231,938, 

pravastatin and related compounds such as disclosed in 

U.S. Patent No. 4,346,227, simvastatin and related 

compounds as disclosed in U.S. Patent Nos. 4,448,784 and 

4,450,171. Other HMG C0A reductase inhibitors which may 

30 be employed herein include, but are not limited to, 
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fluvastatin, disclosed in U.S. Patent No. 5,354,772, 

cerivastatin disclosed in U.S. Patent Nos. 5,006,530 and 

5,177,080, atorvastatjn disclosed in U.S. Patent Nos. 

4,681,893, 5,273,995, 5,385,929 and 5,686,104, 

5 itavastatin (Nissan/Sankyo’s nisvastatin (NK-104)) 

disclosed in U.S. Patent No. 5,011,930, Shionogi-

Astra/Zeneca visastatin (ZD-4522) disclosed in U.S. 

Patent No. 5,260,440, and related statin compounds 

disclosed in U.S. Patent No. 5,753,675, pyrazole analogs 

10 of mevalonolactone derivatives as disclosed in U.S. 

Patent No. 4,613,610, indene analogs of mevalonolactone 

derivatives as disclosed in PCT application WO 86/03488, 

6- (2- (substituted-pyrrol-1-yl) -alkyl)pyran-2-ones and 

derivatives thereof as disclosed in U.S. Pateit No. 

15 4,647,576, Searle’s SC-45355 (a 3-substituted 

pentanedioic acid derivative) dichioroacetate, imidazole 

analogs of mevalonolactone as disclosed in PCT 

application WO 86/07054, 3-carboxy-2-hydroxy-propane-

phosphonic acid derivatives as disclosed in French Patent 

20 No. 2,596,393, 2,3-disubstituted pyrrole, furan and 

thiophene derivatives as disclosed in European Patent 

Application No. 0221025, naplithyl analogs of 

mevalonolactone as disclosed in U.S. Patent No. 

4,686,237, octahydronaphthalenes such as disclosed in 

25 U.S. Patent No. 4,499,289, keto analogs of mevinolin 

(lovastatin) as disclosed in European Patent Application 

No.0,142,146 A2, and quinoline and pyridine derivatives 

disclosed in U.S. Patent No. 5,506,219 and 5,691,322. 

In addition, phosphinic acid compounds useful in 

30 inhibiting HMG C0A red.uctase suitable for use herein are 

disclosed in GB 2205837. 

The squalene synthetase inhibitors suitable for 

use herein include, but are not limited to,.a-phosphono-

sulfonates disclosed in U.S. Patent No. 5,712,396, those 

35 disclosed by Biller et al, J. Med. Chem.., 1988, Vol. 31, 

No. 10, pp 1869-1871, including isoprerioid (phosphinyl-

methyl)phosphonates as well as other known squalene 
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synthetase inhibitors, for example, as disclosed in U.S. 

Patent No. 4,871,721 and 4,924,024 and in Biller, S.A., 

Neuenschwander, K., Ponpipom, M.M., and Poulter, C.D., 

Current Pharmaceutical Design, 2, 1-40 (1996). 

5 In addition, other squalene synthetase inhibitors 

suitable for use herein include the terpenoid 

pyrophosphates disclosed by P. Ortiz de Montellano et a)., 

J. Med. Chem., 1977, 20, 243-249, the farnesyl 

diphosphate analog A and presqualene pyrophosphate (PSQ-

10 PP) analogs as disclosed by Corey and Volante, J. Am. 

Chem. Soc., 1976, 98, 1291-1293, phosphinyiphosphonates 

reported by McClard, R.W. et al, J.A.C.S., 1987, 109, 

5544 and cyclopropanes reported by Capson, T.L., PhD 

dissertation, June, 1987, Dept. Med. Chem. --U of Utah, 

15 Abstract, Table of Contents, Pp 16, 17, 40-43, 48-51, 

Summary. 

Other hypolipidemic agents suitable for use herein 

include, but are not limited to, fibric acid derivatives, 

such as fenofibrate, gemfibrozil, clofibrate, 

: 20 bezafibrate, ciprofibrate, clinofibrate and the like, 

probucol, and related compounds as disclosed in U.S. 

Patent No. 3,674,836, probucol and gemfibrozil being 

preferred, bile acid sequestrazits such as cholestyramine, 

colestipol and DEAE-Sephadex (Secholexfi, Policexidefi) and 
01 

25 cholestagel (Sankyo/Geltex), as well as lipostabil 

(Rhone-Poulenc), Eisai E-5050 (an N-substituted 

ethanolamine derivative), imanixil (HOE-402), 

tetrahydrolipstatin (THL), istigmastanyiphos-

phoryicholine (SPC, Roche), aminocyclodextrin (Tanabe 

30 Seiyoku), Ajinomoto AJ-814 (azulene derivative), 

melinamide (Sumitomo), Sandoz 58-035, American Cyanamid 

CL -277,082 and CL-283,546 (disubstituted urea 

derivatives), nicotinic acid (niacin), acipitnox, acifran, 

neomycin, p-aminosalicylic acid, aspirin, 

35 poly (dial lylmethylamine) derivatives such as disclosed in 

U.S. Patent No. 4,759,923, quaternary amine 

poly (dial lyldimethylammonium chloride) and ionenes such 
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as disclosed in U.S. Patent No.4,027,009, and other 

known serum cholesterol lowering agents. 

The other hypolipidemic agent may be an ACAT 

inhibitor such as disclosed in, Drugs of the Future 24, 

5 9-15 (1999), (Avasimibe); "The ACAT inhibitor, Cl-1011 is 

effective in the prevention and regression of aortic 

fatty streak area in hamsters", Nicolosi et al, 

Atherosclerosis (Shannon, Irel). (1998), 137(1), 77-85; 

"The pharmacological profile of FCE 27677: a novel ACAT 

10 inhibitor with potent hypolipidemic activity mediated by 

selective suppression of the hepatic secretion of 

ApoBlOO-containing lipoprotein", Ghiselli, Giancarlo, 

Cardiovasc. Drug Rev. (1998), 16(1), 16-30; "RP 73163: a 

bioavailable alkylsulfinyl-diphenylimidazole ACAT 

15 inhibitor", Smith, C., et al, Bioorg. Med. Chem. Lett. 

ru 

(1996), 6(1), 47-50; "ACAT inhibitors: physiologic 

mechanisms for hypolipidemic and anti-atherosclerotic 

activities in experimental animals", Krause et al, 

Editor(s): Ruffolo, Robert R., Jr.; Hollinger, Mannf red 

20 A., Inflammation: Mediators Pathways (1995), 173-98, 

Publisher: CRC, Boca Raton, Fla.; "ACAT inhibitors: 

potential anti-atherosclerotic agents", Sliskovic et al, 

UI Curr. Med. Chem. (1994), 1(3), 204-25; "Inhibitors of 

acyl-00A:cholesterol 0-acyl transferase (ACAT) as 

25 hypocholesterolemic agents. 6. The first water-soluble 

ACAT inhibitor with lipid-regulating activity. Inhibitors 

of acyl-00A:cholesterol acyltransf erase (ACAT). 7. 

Development of a series of substituted N-phenyl-N’-[(l-

phenylcyclopentyl) methyl] ureas with enhanced 

30 hypocholesterolemic activity", Stout et al, Chemtracts: 

Org. Chem. (1995), 8(6), 359-62, or TS-962 (Taisho 

Pharmaceutical Co. Ltd). 

The hypolipidemic agent may be an upregulator of 

LD2 receptor activity such as MD-700 (Taisho 

35 Pharmaceutical Co. Ltd) and LY295427 (Eli Lilly). 

The hypolipidemic agent may be a cholesterol 

absorption inhibitor preferably Schering-Plough’s 
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SCH48461 as well as those disclosed, in Atherosclerosis 

115, 45-63 (1995) and J. Med. Chem. 41, 973 (1998) 

The hypolipidemic agent may be an ileal Na’/bile 

acid cotransporter inhibitor -such as disclosed in Drugs 

5 of the Future, 24, 425-430 (1999). 

Preferred hypolipidemic agents are pravastatin, 

lovastatin, simvastatin, atorvastatin, fluvastatin, 

cerivastatin, itavastatin and visastatin. 

The above -mentioned U.S. patents are incorporated 

10 herein by reference. The amounts and dosages employed 

will be as indicated in the Physician’s Desk Reference 

and/or in the patents set out above. 

The compounds of formula I of the invention will 

be employed in a weight ratio to the hypolipidemic agent 

15 (were present), within the range from about 500:1 to 

about 1500, preferably from about 100:1 to about 1:100. 

The dose administered must be carefully adjusted 

according to age, weight and condition of the patient, as 

well as the route of administration, dosage form and 

20 regimen and the desired result. 

The dosages and formulations for the hypolipidemic 

agent will be as disclosed in the various patents and 

applications discussed above. 

The dosages and formulations for the other 

25 hypolipidemic agent to be employed, where applicable, 

will be as set out in the latest edition of the 

Physicians’ Desk Reference. 

For oral administration, a satisfactory result may 

be obtained employing the MTP inhibitor in an amount 

30 within the range of from about 0.01 mg to about 500 mg 

and preferably from about 0.1 mg to about 100 mg, one to 

four times daily. 

A preferred oral dosage form, such as tablets or 

capsules, will contain the MTP inhibitor in an amount of 

35 from about 1 to about 500 mg, preferably from about 2 to 

about 400 mg, and more preferably from about 5 to about 

250 mg, one to four times daily. 
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For oral administration, a satisfactory result may 

be obtained employing an HMG C0A reductase inhibitor, for 

example, pravastatin, lovastatin, simvastatin, 

atorvastatin, fluvastatin or cerivastatin in dosages. 

5 employed as indicated in the Physician’s Desk Reference, 

such as in an amount within the range of from about 1 to 

2000 mg, and preferably from about 4 to about 200 mg. 

The squalene synthetase inhibitor may be employed 

in dosages in an amount within the range of from about 10 

10 mg to about 2000 mg and preferably from about 25 mg to 

about 200 mg. 

A preferred oral dosage form, such as tablets or 

capsules, will contain the HMG CoA reductase inhibitor in 

an amount from about 0.1 to about 100 mg, preferably from 

15 about 0.5 to about 80 mg, and more preferably from about 

IU 1 to about 40 mg. 
i. A preferred oral dosage form, such as tablets or 

- capsules will contain the squalene synthetase inhibitor 

in an amount of from about 10 to about 500 mg, preferably 

20 from about 25 to about 200 mg. 

The other hypolipidemic agent may also be a 

lipoxygenase inhibitor including a 15-lipoxygenase (15 -

LO) inhibitor such as benzimidazole derivatives as 

9 disclosed in WO 97/12615, 15 -LO inhibitors as disclosed 

25 in WO 97/12613, isothiazolones as disclosed in 

WO 96/38144, and 15 -LO inhibitors as disclosed by 

Sendobry et al "Attenuation of diet-induced 

atherosclerosis in rabbits with a highly selective 15-

lipoxygenase inhibitor lacking significant antioxidant 

30 properties, Brit. J. Pharmacology (1997) 120, 1199-1206, 

and Cornicelli et al, 115-Lipoxygenase and its 

Inhibition: A Novel Therapeutic Target for Vascular 

Disease", Current Pharmaceutical Design, 1999, 5, 11-20. 

The compounds of formula I and the hypolipidemic 

35 agent may be employed together in the same oral dosage 

form or in separate oral dosage forms taken at the same 

time. 
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The compositions described above may be 

administered in the dosage forms as described above in 

single or divided doses of one to four times daily. It 

may be advisable to start a patient on a low dose 

5 combination and work up gradually to a high dose 

combination. 

The preferred hypolipidemic agent is pravastatin, 

simvastatin, lovastatin, atorvastatin, fluvastatin or 

.cerivastatin, as well as niacin and/or cholestagel. 

10 The antidiabetic agent which may be optionally 

employed in combination with the HMG-00A reductase 

inhibitor of formula I may be 1,2,3 or more antidiabetic 

agents or antihyperglycemic agents including insulin 

secretagogues or insulin sensitizers, which may include 

15 biguanides, sulfonyl ureas, glucosidase inhibitors, PPAR 

y agonists, such as thiazolidinediones, aP2 inhibitors, 

PPAR a/y dual agonists, dipeptidyl peptidase IV (DP4) 

inhibitors’, SGLT2 inhibitors, and/or meglitinides, as 

well as insulin, and/or glucagon-like peptide-1 (GLP-1). 

20 The antidiabetic agent may be an oral 

antihyperglycemic agent preferably a biguanide such as 

metformin or phenformin or salts thereof, preferably 

metformin HC1. 

Where the antidiabetic agent is a biguanide, the 

25 compounds of structure I will be employed in a weight 

ratio to biguanide within the range from about 0.001:1 to 

about 10:1, preferably from about 0.01:1 to about 5:1. 

The antidiabetic agent may also preferably be a 

sulfonyl urea such as glyburide (also known as 

30 glibenclamide), glimepiride (disclosed in U.S. Patent No. 

4,379,785), g].ipizide, gliclazide or chiorpropamide, 

. other known sulfonylureas or other antihyperglycemic 

agents which act on the ATP-dependent channel of the 

cells, with with glyburide and glipizide being preferred, 

35 which may be administered in the same or in separate oral 

dosage forms. 
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The compounds of structure I will be employed in a 

weight ratio to the sulfonyl urea in the range from about 

0.01:1 to about 100:1, preferably from about 0.02:1 to 

about 5:1. 

5 The oral antidiabetic agent may also be a 

glucosidase inhibitor such as acarbose (disclosed in U.S. 

Patent No. 4,904,769) or miglitol (disclosed in U.S. 

Patent No. 4,639,436), which may be administered in the 

same or in a separate oral dosage forms. 

10 The compounds of structure I will be employed in a 

weight ratio to the glucosidase inhibitor within the 

range from about 0.01:1 to about 100:1, preferably from 

about 0.05:1 to about 10:1. 

The compounds of structure I may be employed in 

15 combination with a PPAR y agonist such as a 

thiazolidinedione oral anti-diabetic agent or other 

insulin sensitizers (which has an insulin sensitivity 

effect in NIDDM patients) such as troglitazone (Warner-

Lambert’s Rezulinfi, disclosed in U.S. Patent No. 

20 4,572,912), rosiglitazone (SKB), pioglitazone (Takeda), 

Mitsubishi’s MCC-555 (disclosed in U.S. Patent No. 

5,594,016), Glaxo-Welcome’s GL-262570, englitazone (CP-

68722, Pfizer) or darglitazone (CP-86325, Pfizer, 

isaglitazone (MIT/J&J), JTT-501 (JPNT/P&t), L-895645 

25 (Merck), R-119702 (Sankyo/WL), NN-2344 (Dr. Reddy/NN), or 

YM-440 (Yamanouchi), preferably rosiglitazone and 

pioglitazone. 

The compounds of structure I will be employed in a 

weight ratio to the thiazolidinedione in an amount within 

30 the range from about 0.01:1 to about 100:1, preferably 

from about 0.05:1 to about 10:1. 

The gulf onyl urea and thiazolidinedione in amounts 
. 

of less than about 150 mg oral antidiabetic agent may be 

incorporated in a single tablet with the compounds of 

35 structure I. 

The compounds of structure I may also be employed 

in combination with a antihyperglycemic agent such as 
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insulin or with glucagon-like peptide-1 (GLP-l) such as 

GLP-1(1-36) amide, GLP-1(7-36) amide, GLP-1(7-37) (as 

disclosed in U.S. Patent No. 5,614,492 to Habener, the 

disclosure of which is incorporated herein by reference), 

as well as AC2993 (iiiylen) and LY-315902 (Lilly), which 

may be administered via injection, intranasal, inhalation 

or by transdermal or buccal devices. 

Where present, metformin, the sulfonyl ureas, such 

as glyburide, glimepiride,. glipyride, glipizide, 

chiorpropamide and gliclazide and the glucosidase 

inhibitors acarbose or miglitol or insulin (injectable, 

pulmonary, buccal, or oral) may be employed in 

formulations as described above and in amounts and dosing 

as indicated in the Physician’s Desk Reference (PDR). 

Where present, metformin or salt thereof may be 

employed in amounts within the range from about 500 to 

about 2000 mg per day which may be administered in single 

or divided doses one to four times daily. 

Where present, the thiazolidinedione anti-diabetic 

agent may be employed in amounts within the range from 

about 0.01 to about 2000 mg/day which may be administered 

in single or divided doses one to four times per day. 

Where present insulin may be employed in 

formulations, amounts and dosing as indicated by the 

Physician’s Desk Reference. 

Where present GLP-1 peptides may be administered in 

oral buccal formulations, by nasal administration or 

parenterally as described in U.S. Patent Nos. 5,346,701 

(TheraTech), 5,614,492 and 5,631,224 which are 

incorporated herein by reference. 

The antidiabetic agent may also be a PPAR a/y dual 

agonist such as AR-H039242 (Astra/Zeneca), GW-409544 

(Glaxo-Wellcome), KRP297 (Kyorin Merck) as well as those 

disclosed by Murakami et al, "A Novel Insulin Sensitizer 

Acts As a Coligand for Peroxisome Proliferation - 

Activated Receptor Alpha (PPAR alpha) and PPAR gamma. 

Effect on PPAR alpha Activation on Abnormal Lipid 
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Metabolism in Liver of Zucker Fatty Rats", Diabetes 47, 

1841-1847 (1998), and in U.S. provisional application No. 

60/155,400, filed September 22, 1999, (attorney file 

LA29) the disclosure of which is incorporated herein by 

5 reference, employing dosages as set out therein, which 

compounds designated as preferred are preferred for use 

herein. 

The antidiabetic agent may be an SGLT2 inhibitor 

such as disclosed in U.S. provisional application No. 

10 60/158,773, filed October 12, 1999 (attorney file LA49), 

employing dosages as set out therein. Preferred are the 

.pompounds designated as preferred in the above 

application. 

The antidiabetic agent may be an aP2 inhibitor 

15 such as disclosed in U.S. application Serial No. 

09/391,053, filed September 7, 1999, and in U.S. 

provisional application No. 60/127,745, filed April 5, 

1999 (attorney file LA27*), employing dosages as set out 

herein. Preferred are the compounds designated as 

20 preferred in the above application. 

The antidiabetic agent may be a DP4 inhibitor such 

as disclosed in Provisional Application 60/188,555 filed 

March 10, 2000 (attorney file LASO), W099/38501, 

W099/46272, W099/67279 (PROBIODRUG), W099/67278 

25 (PROBIODRUG), W099/61431 (PROBIODRUG), NVP-]JPP728A (1-

[[[2- [(5-cyanopyridin-2-yl) amino] ethyl) amino) acetyl] -2-

cyano- (5) -pyrrolidine) (Novartis) (preferred) as 

disclosed by Hughes et al, Biochemistry, 38(36), 11597-

11603, 1999, TSL-225 (tryptophyl-1,2,3,4-tetrahydro-

30 isoquinoline-3-carboxylic acid (disclosed by Yamada et 

al, Bioorg. & Med. Chem. Lett. 8 (1998) 1537-1540, 2-

cyanopyrrolidides and 4-cyanopyrrolidides as disclosed by 

Ashworth et al, Bioorg. & Med. Chem. Lett., Vol. 6, No. 

22, pp 1163-1166 and 2745-2748 (1996) employing dosages 

35 as set out in the above references. 

The meglitinide which may optionally be employed 

in combination with the compound of formula I of the 
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invention may be repaglinide, nateglinide (Novartis) or 

KAD1229 (PF/Kissei), with repaglinide being preferred. 

The HMG CoA reductase inhibitor of formula I will 

be employed in a weight ratio to the meglitinide, PPAR 7 

5 agonist, PPAR a/y dual agonist, aP2 inhibitor, DP4 

inhibitor or SGLT2 inhibitor within the range from about 

0.01:1 to about 100:1, preferably from about 0.05:1 to 

about 10:1. 

The other type of therapeutic agent which may be 

10 optionally employed with the HMG C0A reductase inhibitor 

of formula Imay be 1, 2, 3 or more of an anti-obesity 

agent including a beta 3 adrenergic agonist, a lipase 

inhibitor, a serotonin (and dopamine) reuptake inhibitor, 

an aP2 inhibir, a thyroid receptor beta drug and/or an 

15 anorectic agent. 

- The beta 3 adrenergic agonist which may be 

optionally employed in combination with a compound of 

formula I may be AJ9677 (Takeda/Dainippon), L750355 

(Merck), or CP331648 (Pfizer) or other known beta 3 

20 agonists as disclosed in U.S. Patent Nos. 5,541,204, 

5,770,615, 5,491,134, 5,776,983 and 5,488,064, with 

AJ9677, L750,355 and CP331648 being preferred. 

The lipase inhibitor which may be optionally 

employed in combination with a compound of formula I may 

25 be orlistat or ATL-962 (Alizyme), with orlistat being 

preferred. 

The serotoflin (and dopoamine) reuptake inhibitor 

which may be optionally employed in combination with a 

compound of formula I may be sibutramine, topiramate 

30 (Johnson & Johnson) or axokine (Regeneron), with 

sibutramine and topiramate being preferred. 

The thyroid receptor beta compound which may be 

optionally employed in combination with a compound of 

formula I may be a thyroid receptor ligand as disclosed 

35 in W097/21993 (U. Cal SF), W099/00353 (KaroBio), 

GB98/284425 (KaroBio), and U.S. Provisional Application 

60/183,223 filed February 17, 2000, with compounds of the 
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KaroBjo applications and the above U.S. provisional. 

application being preferred. 

The anorectic agent which may be optionally 

employed in combination with a compound of formula I may 

5 be dexamphetamine, phentermine, phenyipropanolamine or 

mazindol, with dexamphetamine being preferred. 

The various anti-obesity agents described above may 

be employed in the same dosage form with the compound of 

formula I or in different dosage forms, in dosages and 

10 regimens as generally known in the art or in the PDR. 

The antihypertensive agents which may be employed 

in combination with the HMG C0A reductase inhibitors of 

the invention include ACE inhibitors, angiotensin II 

receptor antagonists, NEP/AcE inhibitors, as well as 

15 calcium channel blockers, (3-adrenergic blockers and other 

tJ types of antihypertensive agents. 

The angiotensin converting enzyme inhibitor which 

may be employed herein includes those containing a 

mercapto (-S-) moiety such as substituted proline 

20 derivatives, such as any of those disclosed in U.S. Pat. 

No. 4,046,889 to Ondetti et al mentioned above, with 

captopril, that is, 1- ((2S) -3-mercapto-2-

methyipropionyll -L-proline, being preferred, and 

mercaptoacyl derivatives of substituted prolines such as 

25 any of those disclosed in U.S. Pat. No. 4,316,906 with 

zofenopril being preferred. 

Other examples of mercapto containing ACE 

inhibitors that may be employed herein include rentiapril 

(fentiapril, Santen) disclosed in Clin. Exp. Phartuacol. 

30 Physiol. 10:131 (1983); as well as pivopril and YS980. 

Other examples of angiotensin converting enzyme 

00 inhibitors which may be employed herein include any of 

those disclosed in U.S. Pat. No. 4,374,829 mentioned 

above, with N- (1-ethoxycarbonyl-3 -phenyipropyl) -L-alanyl-

35 L-proline, that is, enalapril, being preferred, any of 

the phosphonate substituted amino or imino acids or salts 

disclosed in U.S. Pat. No. 4,452,790 with (S) -1 -[6 -amino-
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2- ([hydroxy- (4-phenylbutyl)phosphinyl]oxy] -1-oxohexyl] -L-

proline or (ceronapril) being preferred, 

phosphinylalkanoyl prolines disclosed in U.S. Pat. No. 

4,168,267 mentioned above with fosinopril being 

S preferred, any of the phosphinylalkanoyl substituted 

prolines disclosed in U.S. Pat. No. 4,337,201, and the 

phosphonamidates disclosed in U.S. Pat. No. 4,432,971 

discussed above. 

Other examples of ACE inhibitors that may be 

10 employed herein include Beechair’s BRL 36,378 as disclosed 

in European Patent Application Nos. 80822 and 60668; 

Chugai’s MC-838 disclosed in C.A. 102:72588v and Jap. J. 

Pharmacol. 40:373 (1986); Ciba-Geigy’s CGS 14824 (3-((l-

ethoxycarbonyl-3-phenyl- (iS) -propyl] amino) -2,3,4,5-

15 tetrahydro-2-oxo-1-(3S)-benzazepine-1 acetic acid HC1) 

disclosed in U.K. Patent No. 2103614 and CGS 16,617 

(3(S)-[[(1S)-5-amino-1-carboxypentyl]amino]-2,3,4,5-

tetrahydro-2 -oxo-1H- 1-benzazepine- 1 -ethanoic acid) 

disclosed in U.S. Pat. No. 4,473,575; cetapril 

20 (alacepril, Dainippon) disclosed in Eur. Therap. Res. 

44 39:671 (1986); 40:543 (1986); ramipril (Hoechsst) 

En disclosed in Euro. Patent No. 79-022 and Curr. Ther. Res. 

40:74 (1986); Ru 44570 (Hoechst) disclosed in 

Arzneimittelforschung 34:1254 (1985), cilazapril 

25 (Hoffman-LaRoche) disclosed in J. Cardiovasc. Pharmacol. 

9:39 (1987); R 31-2201 (Hoffman-LaRoche) disclosed in 

FEBS Lett. 165:201 (1984); lisinopril (Merck), indalapril 

(delapril) disclosed in U.S. Pat. No. 4,385,051; 

indolapril (Schering) disclosed in J. Cardiovasc. 

30 Pharmacol. 5:643, 655 (1983), spirapril (Schering) 

disclosed in Acta.  Pharmacol. Toxicol. 59 (Supp. 5) :173 

. (1986); perindopril (Servier) disclosed in Eur. J. din. 

Pharmacol. 31:519 (1987); quinapril (Warner-Lambert) 

disclosed in U.S. Pat. No. 4,344,949 and C1925 (Warner-

35 Lambert) ((3S_(2[R(*)R(*)]]3R(*)]_2_(2_[[l_(ethOxy-

carbonyl) -3 -phenylpropyl] amino] -1-oxopropyll -1,2,3,4-

tetrahydro-6, 7-dimethoxy-3-isoquinolinecarboxyliC acid 
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HC1)disclosed in Pharmacologist 26:243, 266 (1984), WY-

44221 (Wyeth) disclosed in J. Med. Chem. 26:394 (1983) 

Preferred ACE inhibitors are captopril, fosinopril, 

enalapril, lisinopril, quinapril, benazepril, fentiapril, 

ramipril and moexipril. 

NEP/ACE inhibitors may also be employed herein in 

that they possess neutral endopeptidase (NEP) inhibitory 

activity and angiotensin converting enzyme (ACE) 

inhibitory activity. Examples of NEP/ACE inhibitors 

suitable for use herein include those disclosed in U.S. 

Pat. No.s. 5,362,727, 5,366,973, 5,225,401, 4,722,810, 

5,223,516, 4,749,688, U.S. Patent. No. 5,552,397, U.S. 

Pat. No. 5,504,080, U.S. Patent No. 5,612,359,U.S. Pat. 

No. 5,525,723, European Patent Application 0599,444, 

0481,522, 0599,444, 0595,610, European Patent Application 

0534363A2, 534,396 and 534,492, and European Patent 

Application 0629627A2. 

Preferred are those NEP/ACE inhibitors and dosages 

thereof which are designated as preferred in the above 

patents/applications which U.S. patents are incorporated 

herein by reference; most preferred are omapatrilat, BMS 

189,921 ((S[(R*,R*)] -hexahydro-6- ((2-mercapto-1-oxo-3-

phenyipropyl) amino] -2, 2-dimethyl-7-oxo-1H-azepifle-1-

acetic acid) and CGS 30440. 

The angiotensin II receptor antagonist (also 

referred to herein as angiotensin II antagonist or All 

antagonist) suitable for use herein includes, but is not 

limited to, irbesartan, losartan, valsartan, candesartan, 

tasosartan or eprosartan, with irbesartan, losartan or 

valsartan being preferred. 

A preferred oral dosage form, such as tablets or 

capsules,’ will contain the ACE inhibitor or All 

antagonist in an amount within the range from abut 0.1 to 

about 500 mg, preferably from about 5 to about 200 mg and 

more preferably from about 10 to about 150 mg. 

For parenteral administration, the ACE inhibitor, 

angiotensin II antagonist or NEP/ACE inhibitor will be 
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employed in an amount within the range from about 0.005 

mg/kg to about 10 mg/kg and preferably from about 0.01 

mg/kg to about 1 mg/kg. 

Where a drug is to be administered intravenously, 

it will be formulated in conventional vehicles, such as 

distilled water, saline, Ringer’s solution or other 

conventional carriers. 

It will be appreciated that preferred dosages of 

ACE inhibitor and All antagonist will be as set out in 

the latest edition of the Physician’s Desk Reference 

(PDR). 

Other examples of preferred antihypertensive agents 

suitable for use herein include omapatrilat (Vanlevfi) 

amlodipine besylate (Norvascfi), prazosin HC1 

(Minipress(g), verapamil, nifedipine, nadolol, 

propranolol, and clonidine HC1 (Catapresfi). 

Antiplatelet agents which may be employed in 

combination with HMG C0A reductase inhibitors of the 

invention include aspirin, clopidogrel, ticlopidine, 

dipyridamole and if etroban, with clopidogrel and aspirin 

being preferred. 

The antiplatelet drugs may be employed in amounts 

as indicated in the PDR. Ifetroban may be employed in 

amounts as set out in U.S. Patent No. 5,100,889. 

Antiosteoporosis agents suitable for use herein in 

combination with the HMG C0A reductase inhibitors of the 

invention include parathyroid hormone or bisphosphonates, 

such as MK-217 (alendronate) (Fosamaxfi). Dosages 

employed will be as set out in the PDR. 

In carrying out the method of the invention for 

treating hypercholesterolemia, hyperlipidemia, 

hyperlipoproteinemia, hypertriglyceridemia, or 

atherosclerosis, and related diseases, a pharmaceutical 

composition will be employed containing the compounds of 

structure I, with or without other cholesterol lowering 

agents, osteoporosis agents, antidiabetic agent(s) and/or 

antihyperlipidemic agent(s) and/or other type therapeutic 
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agents in association with a pharmaceutical vehicle or 
q. 1-i1- ,,  

IIIaI � .. a. i... a..... ’.JtI*fl.lJ a. ...,.nn s..as. sic 

formulated employing conventional solid or liquid 

vehicles or diluents and pharmaceutical additives of a 

5 type appropriate to the mode of desired administration, 

such as pharmaceutically acceptable carriers, excipients, 

binders and the like. The compounds can be administered 

to mammalian species including humans, monkeys, dogs, 

etc. by an oral route, for example, in the form of 

10 tablets, capsules, beads, granules or powders, or they 

can be administered by a parenteral route in the form of 

injectable preparations, or they can be administered 

intranasally or in transdermal patches. Typical solid 

formulations will contain from about 0.1 to about 500 mg 

15 of a compound of formula I. The dose for adults is 

preferably between 0.5 and 1,000 mg per day, which can be 

administered in a single dose or in the form of 

individual doses from 1-4 times per day. 

A typical injectable preparation is produced by 

20 aseptically placing 250 mg of compounds of structure I 

into a vial, aseptically freeze-drying and sealing. For 

use, the contents of the vial are mixed with 2 ml.. of 

physiological saline, to produce an injectable 

preparation. 

25 The following abbreviations are employed in the 

Examples and elsewhere herein: 

Ph = phenyl 

Bn = benzyl 

30 i-Bu = iso-butyl 

Me = methyl 

Et ethyl 

TMS = trimethylsilyl 

FI4OC = fluorerxylmethoxycarbonyl 

35 Boc = tert-butoxycarbonyl 

Cbz = carbobenzyloxy or carbobenzoxy or benzyloxycarbonyl 

HOAc or AcOH = acetic acid 
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TFA = trifluoroacetic acid 

Et2NH = diethylamine 

NMM = N-methyl morpholine 

n-BuLi = n-butyllithium 

5 Pd/c = palladium on carbon 

Pt02 = platinum oxide 

TEA = triethylamine 

EDAC = 3-ethyl-3’ - (dimethylamino) propyl-carbodiimide 

hydrochloride (or 1- [(3- (dimethyl) amino) propyl) ) -3-

10 ethylcarbodiimide hydrochloride) 

HOBT or HOBT.H20 = l-hydroxybenzotriazole hydrate 

HOAT = 1-hydroxy-7-azabenzotriazole 

PyBOP reagent = benzotriazol-1-yloxy-tripyrrolidino 

phosphonium hexaf luorophosphate 

15 LiN(TMS)2 = Libis(trimethylsilyl)autide 

DIBAL = diisobutylaluminum hydride 

LDA = lithium diisopropylamide 

- DMPU = 1,3 -dimethyl-3, 4,5, G-tetrahydro-2 (1H) -pyrimidinone 

AcCN = acetonitrile 

20 min = minute(s) 

h or hr = hour(s) 

L = liter 

mL = milliliter 

.LL = microliter 

25 g = gram(s) 

mg = milligram(s) 

mol = moles 

mmol = millimole(s) 

meq = milliequivalent 

30 RT, rt = room temperature 

sat or sat’d = saturated 

aq. = aqueous 

TLC = thin layer chromatography 

HPLC = high performance liquid chromatography 

35 LC/MS = high performance liquid chromatography/mass 

spectrometry 

MS or Mass Spec = mass spectrometry 
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NMR = nuclear magnetic resonance 

mp = melting point 

Bp = boiling point 

5 The following Examples represent preferred 

embodiments of the invention. Unless otherwise 

indicated, all temperatures are in degrees Centigrade. 

Example 1 

10 

A. 

Yuo 

To a slurry of NaH (19.20 g, 480 mmol) and diethyl 

15 carbonate (80 mL) in a 3 -neck lL round bottom flask at 

room temperature was added a solution of cyclopropyl 

methylketone (23.5 mL, 238 minol) in Et20 (30 mL) 

Approximately 10% of the solution was added, and then 

0.25 mL of EtCH was added to the reaction slurry. 

20 Addition of the remaining ketone solution continued with 

light gas evolution. After addition of all of the ketone 

solution, the reaction became quite exothermic with 

vigorous H2 evolution. The reaction mixture was cooled 

periodically with an ice-bath to keep the temperature 

25 around 35°C to 50°C. After one hour, gas evolution had 

ceased and the reaction mixture was stirred at room 

temperature for 2h. The reaction mixture was cooled in 

an ice-bath, diluted with Et20 (200 tnL), and treated with 

1 N HC1 with some ice to adjust to around pH 3. The 
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reaction mixture was extracted with Et20 (3 x. 150 mL). 

The Et20 extracts were combined, washed with saturated 

aqueous NaHCO3 (200 mL), H20 (200 mL) and brine (200 inL), 

and dried (Na2SO4), filtered and concentrated under 

reduced pressure to give a yellow oil. The oil was 

distilled under vacuum to give the title compound as a 

colorless oil, 28.5 g, 77%. B.p. = 94-96°C/B mmHg. 

B. 

To a stirred solution of Part A compound (28.24 g, 

181 mmol) in benzene (128 mL) was added 4-f luorobenz-

aldehyde (19.4 mL, 181 mmol), HOAc (0.31 mL, 5.4 mmol) 

and piperidine (1.8 mL, 18.2 mL). The reaction mixture 

was heated at ref lux and azeotrope was collected with. a 

Dean-Stark trap. After 16 h, the reaction was cooled to 

room temperature, diluted with Et20 (250 mL), washed with 

aqueous 0.5 I’T HC1, saturated aqueous NaHCO3, H20 and 

brine, and then dried (Na2SO4), filtered and concentrated 

under reduced pressure. Purification by flash 

chromatography (1:10 EtOAc/hexane) gave the title 

compound as a light yellow oil, 29 g, 61% yield. 

C. 

To a solution of i-benzosuberone (7.35 g, 45.9 

mmol) in THF (3 mL) at -78°C under N2 was added a solution 

of lithium bis(trimethylsilyl)amide (1 M in THF, 40.5 mL, 
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40.5 mmol). The reaction mixture was stirred at -78°C 

for 1 h, then a solution of Part B compound (7.07 g, fl 
26.95 mmol) in TI-iF (3 mL) was added dropwise. The 

reaction mixture was stirred at -78°C for 1 h, then at 0°C 

for 30 mm. The reaction mixture was quenched with HOAc 

(8 mL) and poured into saturated aqueous NH4C1 (250 mL), 

then extracted with Et20 (3 x 60 mL). The combined Et20 

extracts were washed with 1120 and brine, then dried 

(Na2SO4), filtered and concentrated in vacuo to give the 

title compound as a light yellow oil. The resulting 

crude product was used in the next step without further 

purification. 

To a stirred solution of crude Part C compound 

(26.9 mmol) in HOAc (128 mL) was added ammonium acetate 

(9.14 g, 118.6 mmol) and copper (II) acetate monohydrate 

(19.7 g, 99.7 mmol). The reaction mixture was heated at 

ref lux under argon overnight. After cooling to room 

temperature, the reaction mixture was poured into a 

mixture of NH40H (150 mL) and ice (-300 g), then 

extracted with Et20 (3 x 100 mL). The combined Et20 

extracts were washed with H20 and brine, then dried 

(Na2804), filtered and concentrated in vacuo. 

Purification by flash chromatography (2:20:80-

EtOAc/CH2C12/hexane) gave the title compound as a white 

foam, 7.7 g, 71% yield (from Part B compound). 
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E. 

it 

To a stirred solution of Part D compound (7.7 g, 

19.2 mmol) in THF (30 niL) at 0°C under argon was added a 

5 solution of lithium aluminum hydride (1 M in THF, 60 niL, 

60 mmol) at a rate to maintain the temperature below 

10°C. After addition, the reaction mixture was stirred 

at room temperature for 1.5 h and cooled to 0°C, then 

carefully quenched with H20 (15mL), 10 aqueous NaOH (15 

10 ML) and H20 (l5tnL). The reaction mixture was stirred at 

room temperature for 15 minutes and filtered. The solid 

was washed with Et20 and EtOAc. The combined organic 

extracts/washings were washed with H20 and brine, then 

dried (Na2SO4), filtered and concentrated in vacuo. 

15 Recrystallization from EtOAc-hexane gave the title 

compound as a white solid, 5.25 g, 76% yield. 

F. 

r 

20 To a slurry of Part E compound (5.2 g, 14.5 mmol) 

in H2Cl2 (40 niL) at 0°C under argon was added a solution 

of PBr3 (29 niL, 29 mmol) in CH2C12 dropwise, maintaining 

the temperature between 0 to 10°C. After addition, the 
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reaction mixture was stirred at 0°C for 1 h, then 

quenched with saturated aqueous NaHCO3 (100 mL) and 

extracted with EtOAc (3 x 80 mL). The combined organic 

extracts were washed with H20 and brine, then dried 

5 (Na2SO4), filtered and concentrated in vacua. 

Purification by flash chromatography (1:3 CH2C12/hexane) 

gave the title compound as a white powder, 3.85 g, 639.-

yield. 3%yield. 

10 C. 

0 

A solution of diethyl phosphite (1.50 g, 10.9 

mmol) in THE (10 mL) was cooled to -10°C under argon and 

15 then a solution of sodium bis (trimethylsilyl)antide (1 M 

in THF,10.7 mL, 10.7 mmol) was added, dropwise. The 

reaction mixture was stirred at -10°C for 30 mm, and 

then a solution of Part F compound (3.82 g, 9.05 mmol) in 

THE (15 mL) was added maintaining temperature around -10 

20 to 0°C. The reaction mixture was stirred at -10°C for 1 

h. The reaction mixture was quenched with saturated 

aqueous NH4C1 (150 mL), then extracted with EtOAc (3 x 100 

mL). Combined EtOAc extracts were washed with saturated 

aqueous NH4C]. (150 niL), H20 and brine, then dried (Na2SO4), 

25 filtered and concentrated in vacuo. Purification by 

flash chromatography (1:2-EtOAc:hexane) gave the title 

compound as a white foam, 4.1 g, 94% yield. 
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H. 

A flame-dried 200 mL round bottom flask was 

charged with Part G compound (2.062 g, 4.3 mmol) and 

5 chased with anhydrous toluene (2 x 10 mL), then dried on 

high vacuum and purged with argon. The residue was 

dissolved in THF (15 mL) and cooled to -78°C under argon. 

A solution of riBuLi (2.4 M in hexanes, 1.90 mL, 4.52 

rnmol) was added dropwise, maintaining the temperature 

10 around -78 to -74°C. A solution of the Example 2 Part G 

aldehyde compound (1.332.g, 5.16 mmole) in THF (10 mL) 

was added dropwise. The reaction mixture was stirred at 

-78°C for 40 mm, at -10°C for lh, and at room temperature 

for lh. The reaction mixture was quenched with saturated 

15 aqueous NH4C1 (100 niL), then extracted with EtOAc (2 x 100 

niL). Combined EtOAc layers were washed with H20 and 

brine, then dried (Na2SO4), filtered and concentrated in 

vacuo. Purification by flash chromatography (27:973-

EtOAc:CH2C12) gave the title compound as a white foam, 804 

20 mg, 34% yield. 

I. 
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F 

To a solution of part H compound (804 mg, 1.38 

mmol) in cH2C12 (18 mL) at 0°C under argon was added 

trifluoroacetic acid (1.59 mL, 20.7 mmol). The reaction 

mixture was stirred at room temperature for 5h, diluted 

5 with EtOAc (100 mL) and washed with saturated aqueous 

NaHCO3 (60 mL x 2), H20 and brine, then dried (Na2SO4), 

filtered and concentrated in vacuo. Purification by 

flash chromatography (45:55-EtOAc;hexane) gave the title 

compound as a white foam, 540 tug, 83% yield. 

10 

J. 

To a solution of Part I compound (515 mg, 1.1 

mmol) in THF (10 mL) was added IN aqueous NaOH (1.37 mL, 

15 1.37 mmol) and stirred at room temperature for 10 mm. 

The reaction mixture was concentrated in vacuo and 

purified by SP207 (Na form) resin, eluting with 3:7-

H3N:H20. The desired fractions were pooled and 

lyophilized to give the title compound as a white powder, 

20 506 mg, 91% yield. LRMS gave the correct molecular ion 

[(M - Na + 2ff’ ) = 4881 for the desired compound. 
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� Alternate Procedure for Example 1 Part fi compound 

(1). 

5 

10 

15 
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.,Ph 
Ph 

To a stirred solution of Example 1 Part E compound 

(13.07 g, 31.0 mmol) in toluene (300 mL) was added 0-

ethyl diphenyiphosphinate (8.65 mL, 40.0 mmol) in one 

portion. The reaction was heated to ref lux, using a 

Dean-Stark trap to remove the -15 mL of solvent. After 

2h, the solution was cooled and evaporated to nearly 

remove all of the solvent. The residue was triturated in 

hexanes (-100 mL), the resulting solids were collected 

and dried in vacuo at 60°C to give Part (1) compound as a 

white solid, 15.25 g, 91% yield, mp 201-203°C. 

(2) 
F 

/ N 

A 1 L 3 -necked round bottom flask was flame-dried 

and then fitted with a mechanical stirrer, an argon-

filled balloon, vacuum take-off and a thermocouple. To a 

stirred slurry of Part (1) compound (7.00 g, 12.9 mmol) 

in THF (200 mL) at 0°C was added n-butyllithium solution 
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(5.4 mL, 2.5 M in hexanes, 13.5 mmol) over 20 min. A 

deep red-orange solution formed. After 30 mm, a 

solution of zinc chloride-L N, N’ , -tetramethylethylene-

diamine complex (dried in vacuo at 60°C for 2h, 3.42 g, 

13.5 mmol) in THF (100 mL) was added via cannula and 

stirred 30 mm. After 30 mm, the resulting solution was 

carinulated into a solution of Example 2 Part G aldehyde 

(4.30 g, 16.6 mmol) in THF (20 mL) at room temperature 

over 20 mm. A light orange solution soon formed, 

followed by a precipitate. After 3 h, the reaction was 

quenched with brine (50 mL) and water (50 mL) and 

extracted three times with ethyl acetate (100 mL). The 

organic extracts were combined, dried (MgSO4) and 

evaporated. LMS of the crude material indicated 

unreacted Part (1) compound and an 89/11 mixture of the 

desired (E) isomer/undesired (Z) isomer. 

The reaction was repeated and the combined crude 

product (28 g) was purified by flash chromatography on 

silica gel in two identical batches (12 x 22 cm column, 

1.5 L 1:99 EtOAc/cH2C12, 2 L 1:39 EtOAc/cH2C12 and then 1.5 

L 3:7 EtOAc/hexanes). Partially pure E/Z mixtures were 

pooled and repurified to give the title Part (2) compound 

(which is the same as Example 1 Part H compound) (99.2 

(E) isomer) as a crystalline solid (after evaporation 

from toluene) , mp 146-147°C, 7.14 g (68t yield, based on 

recovered Part (1) compound). 

Example 2 
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A. 

To a solution of 4-f luoro-benzaldehyde (5g, 40.3 

mmol) and ethyl isobutyryl acetate (6.5 mL, 40.3 mmol) in 

benzene (50 mL) was added piperidine (400 .tl, 4.04 mmol), 

followed by acetic acid (100 gl, 1.66 mmol). The 

reaction was ref luxed for 16 hours and partitioned 

between aqueous HC1 (IN, 20 mL) and ethyl acetate (50 mL 

x 2). The combined organic layers were washed with 

saturated NaEIC03 (20 mL), brine (10 ml), and dried over 

sodium sulfate (Na2SO4). The solvent was removed in 

vacuo. Distillation at 140°C at 300 mm Hg afford 9.06 g 

(85% yield) of compound A as a yellow oil. ESI-LC/MS 

(M+H)+ =264. 

B. 

To a 1M lithium hexamethyldisazIde solution (50 

mL, 50 mmol) at -78°C under N2 was added a THF (3 mL) 

solution of benzosuborone (9 g, 56.1 mmol). The reaction 

temperature was maintained below -75°C during the 

addition. The reaction was then stirred at -78’C for 1 

hour and compound A (9 g, 34.1 mmol, in 3 mL ThF) was 

slowly added to the reaction. After the addition was 

complete, the reaction was stirred for 1 hour at -74°C 

then warmed to 0°C and stirred for 20 minutes. The 

reaction was quenched with HOAc (9 mu) and poured into 

saturated ammonium chloride solution (NH4C1, 20 mL). The 

aqueous layer was extracted with ethyl ether (100 mL x 
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3). The combined organic layers were washed with water 

(30 mL) and brine (30 mL), then dried over sodium sulfate 

(Na2SO4). The solvent was removed in vacuo and stripped 

with toluene twice to afford crude compound B. The crude 

5 compound B was used directly in the next step. ESI-LCIMS 

(M+H) =425. 

C. 

I t-N 
10  

To a solution of the crude compound B (12 g) in 

Laqueous HOAc (100 mL) was added ammonium acetate (9.5g, 

VU 123.2 mmol), followed by cupric acetate monohydrate 

(20.7g, 113.9 mmol). The reaction was ref lux for 20 

IS hours, cooled to room temperature, then poured into a 

solution of ammonium hydroxide in ice (1 to 1 v/v). The 

aqueous layer was extracted with ethyl ether (200 mL x 

3). The combined organic layers were washed with water 

(50 mL) and brine (50 mL). Flash chromatography (10% 

LI 20 ethyl acetate in hexane) afforded 10.2 g (88% yield) of 

compound C as white powder. ESI-LC/MS (M+H) =404; m.p. 

138-140°C. 

2 

D.

 

OH 

5 

 

To a solution of compound C (10 g, 24.78 mmol) in 

anhydrous THF (240 mL) at 0°C was added 1.0 M lithium 

aluminum hydride in THF (74 mL, 74 mmol). The reaction 

30 was stirred at 0°C for 1 hour and then warmed to room 

temperature and stirred for 16 hours. The reaction was 
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then cooled to 0°C and quenched slowly with ice, then 

sodium hydroxide (10 NaOH, 20 mL). The mixture was 

extracted with diethyl ether (50 mL x 2) and filtered. 

The filter cake was then washed with more ethyl ether (10 

5 mL) and ethyl acetate (10 mL). The combined organic 

layers were washed with water (10 mL) and brine (10 mL), 

then dried over sodium sulfate (Na2804). Flash 

chromatography (201.- ethyl acetate in hexane) afforded 6.5 

g (73% yield) of compound D. ESI-LC/MS (M+H) =362; m.p. 

10 170-171°C. 

F Br 

cr 

B. 

It-N

ru 

.Lii 15 To a solution of compound D (8.5 g, 23.54 rnmol) in 

anhydrous cH2C12 (100 mL) at 0°C was slowly added 1.0 M 

phosphorous tribromide in CH2C12 (47 mL, 47.1 mrnol) while 

maintaining the temperature below 10°C. After the 

addition was complete, the reaction was stirred at 0°C 

20 for 1 hour and then poured into saturated cold NaHCO3 

solution (200mL) with stirring. The aqueous layer was 

extracted with cH2C12 (50m1 x 2) and the combined organic 

layer was washed with water (10 mL) and brine (10 mL), 

then dried over sodium sulfate (Na2SO4). Flash 

25 chromatography (10% ethyl acetate in hexane) gave 8.6 g 

(86% yield) of compound E as a white solid. ESI-LC/MS 

(M+H) =424; m.p. 157-159°C. 

F. 
OR 

EtO 

30 
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To a solution of diethyl phosphite (785 pL, 6.09 

mmol) in anhydrous THF (25 mL) at -10°C under argon was 

added a 1.0 M THF solution of sodium hexamethyldisazide 

5 (6 mL, 6.09 mmol). The reaction mixture was stirred at 

-10°C for 30 minutes. A solution of compound E (2.15g, 

5.08 mmol) in THF was added to the reaction while 

maintaining the temperature at -10°C. After the addition 

was complete, the reaction was stirred for 1 hour and 

10 quenched with water (20mL). The aqueous layer was 

extracted with ethyl acetate (30mL x 2) and the combined 

organic layers were washed with iN IIC1 solution (5mL). 

The organic solvent was removed in vacuo. Flash 

chromatography using 20% to 30% ethyl acetate in hexane 

15 as eluting afforded 2.29 g (94% yield) of compound F as a 

white solid. ESI-LC/MS (M+H) =482; m.p. 102-105°C. 

G. 

0?< 0 

20 An oven-dried 3 -neck l-L flask equipped with 

temperature sensor probe, 125-mL constant pressure 

addition funnel and septum was charged with dry CH2C12 

(300 mL) and dry DMSO (20.9 mL, 0.2944 mol, 2.5 equiv) 

under argon atmosphere; cooled to -7 °C. Added neat 

25 oxalyl chloride (13.6 mL, 0.156 mol, 1.32 equiv) via 

syringe dropwise over 15 mm (temperature rose to -66°C), 

then let stir additional 15 mm. A solution of the 

starting alcohol 2- [(4R, 6S) -6- (hydroxymethyl) -2,2-

dimethyl-1, 3-dioxan--4-yl] acetic acid t-butyl ester (30.66 

30 g, 0.1178 mol, 1 equiv) in dry CH2C12 (80 mL) was added 

dropwise from the addition funnel over 30 mm 

(temperature rose to -68°C). The resulting white mixture 

was stirred for 70 min at -76°C, then added triethylamine 

(82 mL, 0.5889 mol, 5 equiv) dropwise from addition 

35 funnel over 35 mm (temperature rose to -65°C ), then 
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stirred the light yellow mixture vigorously at -76°C. 

TLC (Si02, 20% EtOAc/CH2C12, Rf=0.52). After 30 mm, 

removed the cooling bath and quenched the reaction by 

slowly adding cold 20% aq KH2PO4 (35 mL), followed by cold 

5 H20 (300 mL); let stir 15 mm (temperature rose to -70C). 

Poured into 2-L separatory funnel and extracted with 

hexanes (500 mL). Washed the organic extract with cold 

10% aq KH2PO4 (3x300 mL) and saturated aqueous NaCl (300 

mL). Dried the organic over anhydrous Na2SO4, filtered 

10 and concentrated in vacuo to give yellow oil. 

Purification by Si02 flash chromatography (10cm x 20 cm 

column) with 35:65 EtOAc/Hexanes afforded the title 

compound as a white solid (22.2 g, 0.0859 mol, 73%): 

15 1H NMR (CDC13) 81.267-1.465 (m, 16H), 1.802 (dd, J=12.7 

Hz, 2.2 Hz, 1H), 2.290-2.464 (m, 2H), 4.314 (d, J=18.4 

Hz, 2H), 9.555 (d, J=1.3 Hz, 1H). 

20 

25 

30 

H. 

To a cooled (-78°C) solution of compound F (2.02 g, 

4.19 mmol) in anhydrous THF (30 mL) under argon was 

slowly added a 2.5 M THF solution of n-butyllithium (2.1 

mL) over a period of 40 minutes. The temperature was 

maintained below -75’C during the addition. After the 

addition was complete, the reaction mixture was stirred 

for another 40 minutes at -78°C. A solution of compound 

G (2.2 g, 8.52 mmol) in THF under argon was cannulated 

into the phosphonate mixture at -78°C. After the 

addition was complete, the reaction was stirred for 1 
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hour at -78°C. The reaction was then warmed to -10°C and 

stirred for 1 hour and then stirred at room temperature 

for an additional hour. The mixture was quenched with 

saturated ammonium chloride solution (5mL) and extracted 

5 with ethyl acetate (60 mL x 3). The combined organic 

layers were washed with water (lOmL) and brine (lOmL), 

then dried over sodium sulfate (Na2SO4) and filtered. The 

filtrate was concentrated in vacuo. Flash chromatography 

using 5% to 10% ethyl acetate in hexane as eluent 

10 afforded 1.48 g (60% yield) of compound H as a white 

solid. ESI-LC/MS (M+H) =586; m.p. 148-149°C. 

I. 

15  

To a cooled (0°C) solution of compound H (500 mg, 

0.854 mmol) in anhydrous CH2C12 (12mL) under argon was 

slowly added trifluroacetic acid. (987 mL, 12.82 mmol). 

After the addition was complete, the reaction mixture was 

20 allowed to stirred at 0°C for 10 minutes and at room 

temperature for 3 hours and then the solvent was removed 

in vacua. The reaction mixture was quenched with 

phosphate solution (pH 7.5, 12 mL) and extracted with 

CH2C12 (20 mL x 2). The combined organic layers were 

25 washed with brine (lOath), dried over sodium sulfate 

(Na2SO4), and filtered. The solvent was removed in vacuo. 

Flash silica gel chromatography using 30% to 50% ethyl 

acetate in hexane as an eluent afforded 331mg (80% yield) 

of compound I as a white powder. ESI-LC/MS (M+H)*=588; 

30 m.p. = 199-200°C. 
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J. 

To a solution of compound I (316 mg, 0.671 mmol) 

5 in anhydrous THF (6mL) at room temperature was added an 

aqueous solution of sodium hydroxide (iN NaOH, 839p.l, 

0.839 mmol). The reaction was stirred at room 

temperature for 10 minutes. The solvent was removed in 

vacuo and taken up in water (5mL). The solution was 

10 chromatographed on SP-207 resin eluting with water, 

followed by 25%-40% acetonitrile in water. The desired 

fractions were stripped, redissolved in water and - 

lyophilized to give title compound (308 mg, 94k yield) as 

a white solid. ESI-LC/MS (M+H)=490; ESI-MS (M+H)+ = 490; 

15 

1H NMR (DMSO-D6; 400mHz) 5 0.97-1.01 (ni, 1H), 1.24-1.46 

(m, 7H), 1.73-1.78 (m, 1H), 1.93-2.05 (m, 5H), 2.49-2.52 

(m, 2H), 3.40-3.53 (m, 2H), 4.03-4.08 (m, 1H), 5.34 (dd, 

1H, J = 5.72, 10.56 Hz), 6.29 (d, 1H, J = 16.24 Hz), 

20 7.21-7.19 (m, 511), 7.32-7.42 (m, 2H), 7.71 (d, 1H, J = 

7.48Hz); 

13C NMR (DMSO-D6, 400mHz) 3 175.6, 162.5, 161.3, 160.1, 

154.2, 147.8, 140.5, 138.8, 134.5, 130.7, 130.5, 129.6, 

25 128.5, 128.1, 126.3, 115.1, 114.9, 68.2, 66.6, 43.7, 

43.3, 38.4, 32.3, 30.6, 30.1, 26.4, 24.8, 22.8, 22.7. 

Anal. Calcd for C30H32NO4FNa � 0.9 H20: C, 68.14; H, 6.44; 

N, 2.65; F, 3.59; Na, 4.35. Found: C, 67.79; H, 5.97; N, 

2.51; F, 3.86; Na, 4.83. 
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Example 2A 

Alternate procedure for Example 2 Part H Compound 

H(1). 

5  

To a stirred solution of Example 2 Part E compound 

(3.34 g, 7.9 mmol) in toluene (40 mL) was added 0-ethyl 

diphenyiphosphinate (2.65 g, 11.5 mmol) in one portion. 

The reaction was heated to ref lux for 2h, then cooled to 

10 room temperature. The white precipitate was collected 

via filtration and washed with heptane. The residue was 

dried in vacuo overnight to give title compound as a 

white solid, 4.3 g, 99% yield, mp 264-265°C. 

15 H(2) 

To part H(1) compound (109 mg, 0.2 mmol) in 25 mL 

2 -necked round bottom flask (flame-dried and fitted with 

20 an argon-filled balloon, vacuum take -off and a 

thermocouple) was added 0.5 mL of DMPU (distilled over 

CaH2 under reduced pressure, stored with 4A molecular 

sieves). The resulting slurry was warmed while stirring 

until becoming a clear solution, which was diluted with 

25 THF (1.5 mL). The reaction mixture was evacuated and 

purged three times with argon, then cooled to -78°C. To 

the cooled reaction mixture was added dropwise 0.42 mL of 

a 0.5 M solution of LIDA in THF’ (0.21 mmol). An amber 
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colored solution formed. After stirring at -78°C for 30’ 

minutes, a solution of Example 2 Part G aldehyde (67 mg, 
/ 

0.26 mmol) in TIIF (0.5 mL) was added via a syringe. 

After addition, the resulting yellow solution was stirred 

5 at -78°C for 30 minutes, then at 0°C for ]. hour before 

quenched with an aqueous solution of ammonium chloride. 

The reaction mixture was extracted three times with ethyl 

acetate (10 mL). The organic extracts were combined, 

washed with water and brine, dried (MgSO4) and 

10 evaporated. The crude product was purified using flash 

chromatography on silica gel eluting with 5% 

EtOAc/hexane. The desired fractions were pooled and 

concentrated, and the collected residue dried in vacuo 

overnight to give Part H(2) compound as a white foam, 80 

15 mg (681k yield). 

’A stock solution of 0.5 M LDA in THF was prepared from 

diisopropylamine (redistilled, Aldrich) and 2.5 M of BuLi 

in hexane (Aldrich) following the usual procedures and 

20 stored at -20°C. 

Example 3 

25 
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A. 

F S 

To a solution of Example 2 Part H compound (500 mg, 

5 0.854 mmol) in a mixture of MeOH and EtOH (10 mL) was 

added 10% Palladium/C (100 mg) and purged with hydrogen 

(H2). The reaction mixture was then stirred at 55 psi 

under hydrogen for 2 hours. Upon the completion of the 

reaction, the catalyst was filtered and the solvent was 

10 removed in vacua to afford 500mg (99% yield) of the 

product as a’ white foam. ESI-LC/MS (M+H) +=588. 

B. 

15 

To a cooled (0°C) solution of Part A compound 

(450mg, 0.766 mmol) in anhydrous CH2C12 (9mL) under argon 

was slowly added triflu.roacetic acid (886 mL, 12.5 

mmol). After the addition was complete, the reaction 

20 mixture was allowed to stirred at 0°C for 10 minutes and 

at room temperature for 3 hours and then the solvent was 

removed in vacuo. The reaction mixture was quenched with 

phosphate solution (pH 7.5, 12 mL) and extracted with 

CH2C12 (20 mL x 2). The combined organic layer was washed 

25 with brine (saturated NaCl solution, lOmL), dried over 

sodium sulfate (Na2SO4) and filtered. The solvent was 
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V. 

5 

removed in vacuo. Flash silica gel chromatography using 

30% to 50% ethyl acetate in hexane as an eluent afford 

330mg (91% yield) part B compound as a white powder. ESI- - 

LC/MS (M+H)=474, MP (°C) = 253-254. 

C. 

r To a solution of part B compound (330mg, 0.698 

10 mmol) in anhydrous THF (8mL) at room temperature was 

added an aqueous solution of sodium hydroxide (IN NaOH, 

872j.Ll, 0.872 mmol) . The reaction was stirred at room 

temperature for 10 minutes. The solvent was removed in 

vacua and taken up in water (5mL). SP-207 resin bound 

15 chromatography using water, followed by 20% to 40% 

acetonitrile in water as the eluent afford 315 rug (92% 

yield) of Part C compound as a white lyophillate. The 

SP-207 resin was pre-washed with saturated sodium 

bicarbonate solution (NaHCO3, 50 mL) followed by 

20 saturated sodium chloride solution (NaCl, 50 mL), and 

water (200 mL). 

ESI-LC/MS (M-i-H=492, ESI-MS (M+H)+ = 492; 

25 1H NMR (DMSO-D6; 400mHz) 6 1.05-1.09 (m, 1H), 1.23-1.29 

(m, BH), 1.35-1.44 (m, 2H), 1.70-1.78 (m, 1H), 1.90-1.98 

6!!), 2.25-2.35 (m, 1!!), 2.45-2.55 (m, 1!!), 3.36-3.40 

1!!), 3.62-3.65 (m, 1H,), 4.70 (s, 1H), 7.25-7.41 (m, 

7!!), 7.67 (d, 1H, J = 7.48Hz); 

30 

13C NMR (DMSO-D6, 400mHz) 6 175.8, 162.4, 160.6, 160.0, 

155.0, 146.8, 141.0, 140.3, 138.9, 134.7, 131.2, 130.9, 
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129.5, 128.8, 128.3, 126.3, 68.6, 65.6, 44.7, 44.3, 40.0, 

32.6, 31.1, 30.6, 26.3, 22.2. 

Following the procedure of Examples 1 to 3 th 

5 following compounds may be prepared. 

10 

15 

d 

Example 4 

Examples 4 to 18 

Ho)"? ?j?C%H 

y OR 

where Y is as set out below 

Example 5 Example 6 

Example 7 Example 8 
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Example 10 

5 Example 13 

10 

Example 11 

F 

Example 14 

VA 

ri-

Example 16 Example 17 
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Example 12 

Example 15 

Example 18 
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C.j 

5 

10 
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Example 19 

w 

Example 22 

Example 25 

Example 20 

Example 23 

Example 26 
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Example 24 

Example 27 
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Example 28 

Example 31 

Example 34 

10 

Example 29 

Example 32 

w 

Example 30 

411 

Example 33 

w 

F 

It will be appreciated that the compounds of 

Examples 1 to 34 may also be converted to corresponding 

15 lactones and/or salts thereof. 
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33S1 

What is claimed is: 

1. A compound having the structure 

5 wherein 

10 

15 

20 

z is 
OH 

n is 0 or 1; 

x is 0, 1, 2, 3 or 4; 

or 
o*J<: 

y is 0, 1, 2, 3 or 4, provided that at least one of 

x and y is other than o; and optionally one or more 

carbons of (cH2) and/or one or more carbons of (cHa) 

together with additional carbons form a 3 to 7 membered 

spirocyclic ring; 

R1 and R2 are the same or different and are 

independently selected from alkyl, arylalkyl, cycloalkyl, 

alkenyl, cycloalkenyl, aryl, heteroaryl or 

cycloheteroalkyl; 

R3 is H or lower alkyl or a metal ion; 

R4 is H, halogen, CF3, hydroxy, alkyl, alkoxy, 

alkanoylamino, aroylamino or cyano; 

R7 is H or lower alkyl; 

and represents a single bond or a double bond 

(which may be cis or trans); 
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and including pharmaceutically acceptable salts 

thereof, esters thereof, prodrug esters thereof, and all 

stereojeomers thereof. 

5 2. The compound as defined in Claim 1 wherein 

is a double bond which is trans. 

10 

3. The compound as defined in. Claim 1 wherein Z is 

in the form of a pharmaceutically acceptable basic salt. 

4. The compound as defined in Claim 1 in the form 

of a pharmaceutically acceptable acid addition salt. 

S. The compound as defined in Claim 1 wherein R1 

15 and R2 are independently selected from alkyl, cycloalkyl 

and aryl; 

R4 is H or halogen; 

UI niso; 

xis2or3; 

20 and yisO. 

EMI 
6. The compound as defined in Claim 1 wherein R1 

is aryl, 
U 

R2 is alkyl or cycloalkyl; 

25 R4isH; 

n is 0; 

x is 3; 

y is 0; and 

is a trans double bond, in the form of a free 

30 acid, an alkali metal salt, or an alkaline earth metal 

salt. 

7. The compound as defined in Claim 6 wherein R1 

is phenyl which contains 1 or 2 substituents, 

35 R2 is alkyl or cycloalkyl; 

R4isH; and 
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is a trans double bond, in the form of a free 

acid, an alkali metal salt, or an alkaline earth metal 

salt. 

5 B. The compound as defined in Claim 7 wherein Ri 

is 4-f luorophenyl, 4-f luoro-3-methylphenyl, or 3,5-

dimethyiphenyl; and 

R2 is isopropyl, t-butyl or cyclopropyl. 

10 9. The compound as defined in Claim 1 wherein Z has 

the structure 
HO 

E 
CO2R3 

OH 

10. The compound as defined in Claim 1 having the 

15 structure 

or an alkali metal salt thereof, or an acid addition salt 

via the pyridine of the corresponding 6 lactone, 

wherein R5 and R6 are the same or different and are 

20 independently selected from H, halogen or alkyl and 

R2 is alkyl or cycloalkyl. 

11. The compound as defined in Claim 10 wherein R5 

and P.6 are H and 4-fluoro; 

25 H and 4-f luoro-3-methyl or 

3,5-dimethyl; and 

R2 is isopropyl, t-butyl or cyclopropyl. 
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5 

10 

15 

12. The compound as defined in Claim 1 having the 

structure 

I 

V 
R3 

F 

or 

wherein R3 is H or an alkali metal or other 

pharmaceutically acceptable salt, or the internal lactone 

thereof. 

13. A compound of the structure 

wherein R3 is H or an alkali or alkaline earth metal ion 

or the internal lactone thereof. 

14. The compound as defined in Claim 13 wherein R3 

is sodium. 
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15. A pharmaceutical composition comprising a 

compound as defined in Claim 1 and a pharmaceutically 

acceptable carrier therefor. 

5 16. A pharmaceutical combination comprising an HMG 

CoA reductase inhibitor compound as defined in Claim 1 

and another lipid-lowering agent, an antidiabetic agent, 

an anti -obesity agent, an antihypertensive agent, a 

platelet aggregation inhibitor, and/or an 

10 antiosteoporosis agent. 

17. The pharmaceutical combination as defined in 

Claim 16 comprising said HMG C0A reductase inhibiting 

compound and an antidiabetic agent. 

15 

18. The combination as defined in Claim 17 wherein 

the antidiabetic agent is 1, 2, 3 or more of a biguanide, 

a sulfonyl urea, a glucosidase inhibitor, a PP2R 7 

agonist, a PPAR a/y dual agonist, an SGLT2 inhibitor, a 

20 DP4 inhibitor, an aP2 inhibitor, an insulin sensitizer, a 

glucagon-like peptide -1 (GLP-l), insulin and/or a 

meglitinide. 

19. The combination as defined in Claim 18 wherein 

25 the antidiabetic agent is 1,-2, 3 or more of metforinin, 

glyburide, glimepiride, glipyride, glipizide, 

chiorpropamide, gliclazide, acarbose, miglitol, 

pioglitazone, troglitazone, rosiglitazone, insulin, Gi-

262570, isaglitazone, JTT-501, NN-2344, L,895645, YM-440, 

30 R-119702, AJ9677, repaglirtide, nateglinide, KAD1129, AR-

H039242, GW-409544, KRP297, AC2993, LY315902, P32/98 

and/or NVP-DPP-728A. 

20. The combination as defined in Claim 17 wherein 

35 the HMG C0A reductase inhibiting compound is present in a 

weight ratio to the antidiabetic agent within the range 

from about 0.001:1 to about 100:1. 
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21. The combination as defined in Claim 16 wherein 

the anti -obesity agent is a beta 3 adrenergic agonist, a 

lipase inhibitor, a serotonin (and dopamine) reuptake 

5 inhibitor, a thyroid receptor beta compound, an aP2 

inhibitor and/or an anorectic agent. 

22. The combination as defined in Claim 21 wherein 

the anti-obesity agent is orlistat, ATL-962, AJ9677, 

10 L750355, CP331648, sibutramine, topiramate, axokine, 

dexamphetamine, phentermine, phenyipropanolamine, and/or 

mazindol. 

23. The combination as defined in Claim 16 wherein 

15 the lipid lowering agent is an MTP inhibitor, an HMG CoA 

reductase inhibitor, a squalene synthetase inhibitor, a 

fibric acid derivative, an upregulator of LDL receptor 

activity, a lipoxygenase inhibitor, or an ACAT inhibitor. 

20 24. The combination as defined in Claim 23 wherein 

the lipid lowering agent is pravastatin, lovastatin, 

simvastatin, atorvastatin, cerivastatin, fluvastatin, 

itavastatin, visastatin, fenofibrate, gemfibrozil, 

clofibrate, avasimibe, TS-962, MD-700, cholestagel, 

25 niacin, and/or LY295427. 

25. The combination as defined in Claim 22 wherein 

the HMG C0A reductase inhibiting compound is present in a 

weight ratio to the lipid-lowering agent within the range 

30 from about 0.001:1 to about 100:1. 

26. The combination as defined in Claim 16 wherein 

the antihypertensive agent is an ACE inhibitor, 

angiotensin II receptor antagonist, NEP/AcE inhibitor, 

35 calcium channel blocker and/or -adrenergic blocker. 
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27. The combination as defined in Claim 26 wherein 

the antihypertensive agent is an ACE inhibitor which is 

captopril, fosinopril, enalapril, lisinopril, quinapril, 

benazepril, fentiapril, ramipril or moexipril; 

5 an NEP/ACE inhibitor which is omapatrilat, 

ESE(R*,R*)] -hexahydro-6- ((2-mercapto-1-oxo-3-

phenyipropyl) amino] -2,2 -dimethyl-7-oxo-1H-azepine-1-

acetic acid or CGS 30440; 

an angiotensin II receptor antagonist which is 

10 irbesartan, losartan or valsartan; 

amlodipine besylate, prazosin HC1, verapamil, 

nifedipine, nadolol, propranolol, or clonidine HC1. 

The combination as defined in Claim 16 wherein 

15 the platelet aggregation inhibitor is aspirin, 

clopidogrel, ticlopidine, dipyridamole or if etroban. 

113 

29. A method for treating hypercholesterolemia, 

hyperlipidemia, hyperlipoproteinemia, 

20 hypertriglyceridemia or atherosclerosis, which comprises 

administering to a mammalian species in need of treatment 

a therapeutically effective amount of a compound as 

defined in Claim 1. 

25 30. A compound having the structure 

wherein R1 and R2 are the same or different and are 

independently selected from alkyl, arylalkyl, cycloalkyl, 
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alkenyl, cycloalkenyl, aryl, heteroaryl or 

cycloheteroalkyl; 0 is 

_Halide 

H02R (where R is aalkyl),}�cB2oH. 
r

I-’ 
or 

(where W is aryl, alkyl, or alkoxy), 

CO2alkyl 

;3Z 

31. The compound as defined in Claim 30 having the 

following structures: 

CO2R (R=aikyl) OH 

R1 P2 Rj..J,R2 

Jt-(CH N 
lI 

6 (CH 
(L(CH2)Y 

EcIIj_(CH2)Y 

R4 
R4 

Halide VW 

K1 R2 0 

(CHX 
N

 
III R2 

(CH2)8 
(CH2)f 

N 

(CHJ 

R4 
R4 

(W=ary, alkyl or alkoxy) 

_çy-coraIkYI  

R1R2 

(CH)f 
12 

PHOY 
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HMG-00A REDUCTASE INHIBITORS AND METHOD  

Abstract of the Disclosure 

Compounds of the following structure are HMG C0A 

5 reductase inhibitors and thus are active in inhibiting 

cholesterol biosynthesis, modulating blood serum lipids, 

for example, lowering LDL cholesterol and/or increasing 

HDL cholesterol, and treating hyperlipidemia, 

hypercholesterolemia, hypertriglyceridemia and 

10 atherosclerosis 
z 

R2 

:ax "°) 

H 
R7 OH 

O,CO2R3z
 is or 7 

; 

WA, OH 

Ui 
VW 

n is 0 or 1; 

15 x is 0, 1, 2, 3 or 4; 

yis 0, 1, 2, 3 or 4, provided that at least one of 

x and y is other than 0; and optionally one or more 

carbons of (CH2) and/or (CII2) together with additional 

4 carbons form a 3 to 7 membered spirocyclic ring; 

20 R1 and R2 are the same or different and are 

independently selected from alkyl, arylalkyl, cycloalkyl, 

alkenyl, cycloalkenyl, aryl, heteroaryl or 

cycloheteroalkyl; 

R3 is H or lower alkyl or a metal ion; 

25 R4 is H, halogen, CF3, hydroxy, alkyl, alkoxy, 

alkanoylamino, aroylamino, or cyano; 

R7 is H or lower alkyl; 
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