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anee Nores oniaudes and Abbrevlattons appeaving at the bagh-
wing of cech regudar fssue of the PUT taseite.
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HMG-CoA REDDCTASE INHIBITORS BND METHOD

5 The present invention relates to compounds and
pharmaceutical compositicns useful as hypocholasterclemic
and hypolipidemic agents. More particplarly, this
invention concerns (1) certain inhibitors of the enzyne
3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA

10 reduectase) that includs & pyridine containing nucleus
attached by means of & linker to an HMG-binding domain
sidechain, (2) pharmacevtical compesitions containing
such compounds and {3) a method of lowering blood serum
cholesterecl levels and modulating bloed serum lipids

15 employing such pharmacentical compositions.

U.5. Patent Ho. 5,686,433 to Robl discloses the
structure

x
R ®r*
: ¥.
2 ™0
Rﬂ

20  wherein:
Am is z binding domain sidechain;
¥ is & linker;
R' and #% are the same or different and are each
independently selected from
23 (i) hydrogen,
{ii) alkyl,
(iii} axryi,

JP
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tiv)
)
(vi}
(wid)
(viid)

{ix)

(74) JP 2004-503541 A 2004.2.5
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cyeloalkyl,

aralkyl,

aralkoxy,

alkenyl,

cycloalkenyl, and

heterocyslo {e.g., thienyl, benzodioxolyl);

R* is selectad from

{i}
{ii)
(1ii)
{iv)
(v}
(vi)
(vii)
(viii)
(ix)
(%}
(x1)

{=ii}

hydrogen,

lower zlkyl,

aryl,

cycloalkyl,

alkoxy,

aralkyl,

aralkoxy,

alkesnyl,

cycloalkenyl,
hale-substituted alkyl,
adamantyl, and
heterccyclo {2.g3., thienyl, kenzodioxolyl}:

R* is selected from

{1}
[11)
{iidi)
(iv)
(")
fwiy

{vii}

{viii)

i)
{x)
{zi)

{xid}

hydrogen,

Jower alkyl,

aryl,

cyeloalkyl,

alkoxy,

aralkyl,

aralkoxy,

alkenyl,

cycloalkenyl,
adamantyl,

halogen,
hale-substituted alkyl (e.g.,
trifluoromethyl), and
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20

25

{xiii} heterocycle (e.g., thienyl, benzedioxolyl):
or R* and R* taken together cam be

SHCHG) L —{CH) CHg) p— ox {CH=CH), ;

but when Ay is

Rﬁ

EIO—CH—CHZ'—CI!—CHZ—Ct)zRB
OH
or a & lactone therecf, B’ and B’ cannot be (GH=CH) s

R® is bydrogen or lower alkyls

R" is hydrogen, lower alkyl, zlkali metal, or
alkaline earth metal;:

n iz 0 or 1;

v is 3, 4 or 5;

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

r is 0, 1, 2, or 3,

In preferred embodiments (Am) 1s an HMG-binding
domain sidechain hawing a dihydroxy or a phosphinic acid
function.

The phoaphinic {(ar phesphonic when ¥ is CH.-0-)
acid HMG-binding domain sidechain (&,) is

a B®
. | ,
RSP — CH,— C—(H,—CO,R
H
wherein &° and B’ are independently selacted from
hydrogen, lower alkyl, alkali metal ioen and alkaline
earth metal ion; and R® is hydrogen or lower alkyl.
The dihydroxy acld binding domain sidechain (&; is

RB
|
BQ—GH—CH,— C—CHy— CO,R®
OH
wherein R® is hydrogen or lower alkyl, Rr® is hydrogen or
Yower alkyl in free acid form or in the form of a

JP
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20

physielogically acceptable and hydrolyzable ester or &
lactone thereof f{i.e., when Am is

iEH

).
Ny
In addition, B® can be alkali metal ion or alkaline earth
metal ion.

A suitable linker (X} is -(CHz)la-, -CH=CH-, -C=C-,
-CH30-, wherein O is linked to the phosphorons atom or
the aromstic anchor when 2m ls A,, and wherein 0 is
linked to the aromatic ancher when Am is A;, and wherein
“a" is 1, 2, ar 3.

In accordance with the present inventicon, tiere are
provided certain pyridine-containing compounds thal are
potent inhibitors of cholestersl biosynthesis by virtue
of their ability te inhibit the enzyme 3-methyl-glutaryl-
coenzyme B reductase (HME-CoA reductase)].

In particular, in its broadest chemical compound
aspect, the present inventlicn provides compounds of the
formuls

I

wherein

JP 2004-503541 A 2004.2.5
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28

EL]

n is 0 or 1;

X% is 0, 1, 2, 3 or 4;

¥ 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 [CHz)x and/or
(CHz)y may form part of a 3 to 7 membered spirccyclic
ring;

Ry and K:; are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cyclealkenyl, aryl, hetercaryl or
cycloheteroalkyl;

E3 is H or lower aikyl;

Ry iz K, halogen, CFy, hydroxy, alkyl, alkeny,
alkanoylamino, araylaminc or cyano;

R7 15 H or lower zalkyl:

27

(which may be cls or trans};

and represents a single bond or a double hond

and including pharmeceutically acceptable salts
thereof when Rs is H, esters therecf, prodrug esters
therecf, and all sterecisomers thersof.

Freferably, the & group will be in form of a free
acid, a physiologically acceptable and hydrolyzable ester
or & lactone thereof, or an alkali metal salt, alkaline
earth metal salt or an aming acid salt.

Ereisrred are compounds of formuwla I of the
invention wherein

R; and K are independently selected from alkyl,
cycloalkyl and aryl;

R; is H, alkyl, or halogen;

x is 2 eor 3;

v i o; and

n is o.

2004-503541 A 2004.2.5
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Hore preferred are compounds of formula I of the
invention wherein Ry is aryl {especially substituted aryl
as defined hereinafter);

Rz is alkyl or cycloalkyl;

Ra is H;

® is 3;

¥ is o:

n is o; and

" is a double bond.

Still more preferred are compounds of formula T of
the iovention wherein

Ry is substituted aryl, preferably 4-fluorophenyl,
4-fluoro-3-methyiphenyl cr 3,5-dimethylphenyl;

R: i1s alkyl or cycloalkyl, preferably lsopropyl, -
butyl or cyclopropyl;

Ey is H;

® is 3;

y g o

n is o;

# is a double bond, preferably “trans”: and

[ | WOH

HO,
N CO,E
Z is 2 or ) :

A
or an alkali metal salt thereof, alkaline earth metal
salt or an aminc acid salt.

Most preferred compounds of formula I cof the
invention will have the structure IA

TA

\\;]/R°
!// QH OH O

2 R '“\‘\‘/’k/L)LD'H
(T

- R

Wy

s s -

JP 2004-503541 A 2004.2.5
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or an alkali or alkaline earth metal {such as Na, K or
Ca) salt therecof, or amine acid salt (such as arginine),
wherein Rs; and R are the same or different and
independently selected from H, halogen and/or alkyl
{preferably 4-fluorc, 4-fluorc-3-methyl or 3,5-dimethyl};
and

Rz is alkyl or cycloalkyl, preferably isopropyl, t-
butyl or cyclopropyl.

In another aspect, the present invention provides
pharmacentical compesitions, useful as hypolipidemic or
hypocholesterolemic agents, or hypotriglyceridemic
agents, or anti-Alzheimer’s agents, or antl-osteoporosis
agents ag well as other uses as described hereln,
comprising a hypolipidemic or hypochelesterclemic or
nypotriglyceridemic or anti-Rlzheimer’s disease or anti-
ostaoporosis amount, or other therapeutically effective
amount (depending upon use) of a compound of formula I in
accordance with this invention, in combinatieon with a
pharmaceuntically acceptable carrier.

In another aspect, the present invention provides a
method of inhibiting cholesterol biosynthesis or lowering
blood servm cholesterel levels and/or modulating bloed
serum cholesterol levels such as lowering LDL cholesterol
and/or increasing HDL cholestercl, or treating
dyelipidenia, mixed dyslipidemiaz, hyperlipidemia
hypercholesterclemia, hypo a-lipoproteinemia, LDE Pattern
E, LDL Pattern A, hyperlipocproteinemia or
hypertriglyceridemia, and cther aberrations of
spelipeprotein B metabelism, or reducing levels cof Lplail,
or treating or preventing other cholestercl-related
diseases, or treating or preventing or reversing
progressicn of atherosclerosis, or preventing or treating
Alzheimer’'s disease, or preventing or treating
astecporosis and/or ostespenia, or reducing inflammztory
markers such as C-reactive protein, or prevanting or
treating lew grade vascular inflammation, or preventing
or treating stroke, or preventing or treating dementia,

JP 2004-503541 A 2004.2.5
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or preventing and treating coronary heart disease
(including primary and secondary prevention of myocatrdiazl
infarction), or preventing or treating stable and
unstable angina, or primary prevention of coronary
events, or secondary prevention of cardicovascular events,
or preventing or treating peripheral vascular disease,
preventing or treating peripheral arterial disease, or
preventing or treating acute vascular syndromes, or
preventing or reducing the risk of undergoing myccardial
revaseularization procedurses, or preventing or treating
microvascinlar diseases such as nephropathy, neurcpathy,
retinopathy and nephreotic syndrome or preventing or
treating hypertension in a patient in need of such
treztment by administering a pharmaceutical composition
in accordance with the present laventicn as defined
above.

In addition, in accordance with the present
invention, a method is provided for preventing or
treating diabetes, especially Type 2 diabetes, and
related diseases such aé insulin resistance, '
hyperglycemia, hyperinsulinemia, elevated blood levels of
fatty acids or glycercl, obesity, Syndrome X, diabetic
complications, dysmetakolic syndrome, and related
digeases, and gexual dysfunction, wherein a
therapeutically effective amount of a ceompound of
gtructure I is administered to a patient in need of
treatment.

in addition, in accordance with the present
invention, a method is provided for preventing and
treating malignant lesions {such as ductal carcinoma in
sitn of the breast and lobular carcinoma in situ of the
breast), premalignant lesions {such as fibroadenoma of
the breast and prostatic intraepithelial neoplasia (PTH),
gastrointestinal maslignencies, liposarcomas and various
other epithelial tumors (including breast, prostate,
colon, ovarlan, gastric and lung), cancer-induced
asthenia (fatigue), irritable bowel syndrome, Crohn’s

JP 2004-503541 A 2004.2.5
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dissase, gastric uwlceritis, and gallstones, and HIV
infection, other infecticus diseases, drug-induced
lipedystrophy, and proliferative diseases such as
psoriasis, wherein a therapeutically effective amcunt of
a compsund of structure I is administered to a human
patient in need of treatment.

In acddition, in accordance with the present
invention, 2 methed is provided for improving coagulation
homecstasis including reducing plasminogen activating
inhibiter (PAT)-1 activity, reducing fibrinogen, and/or
reducing platelet aggregation, and/or Ilmproving
endothelizl functien, whersin a therapsutically sffective
amount of a compound of structure I is administered to a
patient in need of treatment.

In sdditicn, in ascordance with the present
invention, a method is provided for treating cholesterol
related diseasaes, diabetes and related diseases,
cardiovascular diseases, cerebrovascular diseases as
defined above and hereinafter and other dissases as set
out above, wherein a therapsutically effective amount of
a combination of a compound of structure I and a
hypolipidemic agent, andfor lipid modulating agent and/or
antidiabetic agent and/er cardiovascular agent,
cerebrovascular agent, and/or other type of therapeutic
agent, is administersd to a patient in need of treatment.

In the above methods of the invention wherein a
combineticn is administered, the compound of stimcture I
will be employed in & weight ratio to the other .
therapeutic agent {depending upon its mode of operation)
within the range from about 0.01:1 to asboukb 500:1,
preferably from about 0.5:1 to about 10O0:1.

In accordance with the present invention, there is
provided compounds useful in inhibiting the enzyme HMG-—
CoA reductase, which irhibitors are uwseful as
hypocholesterolemic agents, dyslipidemic agents,

JP 2004-503541 A 2004.2.5
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hypolipidemic agents, hypotriglyceridemic agents, anti-
Alzheimer’s disease agents, and antiostecporosis agents
as well as other uses as described herein.

The term ™

coronary events” as employed herein
refers to myocardial infarction, myoccardial
revascularization procedures, angina, cardiovascular
death and acute coronary syndrome.

The term “cardiovascular diseases cor events” as
enployed herein refers teo atherosclerosis of the coronary
arteries, myocardial infarction, Including primary MI and
secondaxy MI, recurrent myocardial infarction, angina
pectoris (inclugding stable and unstable angina),
congestive heart failure, and sudden cardiac death.

The term *gerebrovasculay diseases or events” as
employed herein refers to gerebral infarction ox stroks
{caused by vessel blockage or hemmorage), or tranzlent
ischemia attack [TIR), synccpe, atherosclerosis of the
intracranial and/or extracranial arteriesz, and the like.

The term “chelesterol-related Qiseases” as
employed herein refers to-dlseases involving elevated
levels of LDL cholestercl, diseases involving regulabion
of LDL receptors, dissases involving reduced levels of
HDL cholestersl, dyslipidemia, hyperlipidemia, elevated
LDI: Pattern B, elevated LDL Pattern A,
hyperchelesterclemia, hypo e~lipoproteinemia (low HDL
cholestercl syndrome), hyperlipoproteinemia, elevated
Lp{a) levels, hypertriglyceridemia, other zberrations of
apclipoproiein B metabolism, heterozygous familial,
presumed familial combined and non-familial (non-FH)
forms of primary hypercholesterclemia (including
Frederickson Types IIa and ITb), cholesternl ester
storage disease, and cholestercl ester transfer protein
disease, =znd related diseases.

The conditions, diseases, and maladies
collectively referenced to as "Syndrome X" or
Dysmetabolic Svndrome (as detailed in Johanson, J. Clin.
Enddcrinel. Meigb,, 1997, 82, 727-734, and other

- 10 -
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publications) include hyperglycemia and/or pradiabetic
insulin resistance ayndroma, and is characterized by an
initizl insulin resistant state generating
hyperinsulinemia, dyslipidemia, and impaired glucose
tolerance, which can progress te Type II diabetes,
characterized by hyperglycemia, which can progress to
diabetic complications.

The term “diabetes and related dissases” refers to
Type II diabetes, Type I dizbetes, impaired glucose
tolerance, cbesity, hyperglycemia, Syndrome X,
dysmetabolic syndrome, diabetic complications and
hyperinsulinemia.

The conditions, diseases and maladies collectively
referred to as “diabetic complicatiens” include
retinopathy, nevropathy and pephropathy, and other known
complications of diabetes.

The term “obher typs(s) of therapeutic agents” as
employed herein refers to cne or more antidiabetic agents
[other than compounds of formula 1), one or more anti-
cbesity agents, andfor ons or more lipid-lowering agents,
one or more lipid modulating agents (including anti-
athercsclercsis agents), cother types of anti-
atherosclercsis agents, and/or one or more antiplatelet
agents, one or more agents for treating hyperiensicn, one
or more anti-cancer drugs, cone or more agents for
treasting arthritis, cne or more anti-csteoporosis agents,
one or more agents for treating immunomodulatory
diseases.

The term “lipid-modulating” agent as employsd
herein refers to agents which lower LDL and/or raise HDL
and/cr lower triglycerides and/or lower total cholesterol
and/or other konown mechanisms for therapeutically
treating lipid disorders.

The term “other types of anti-athercsclercsis
agents” as employed herein refers to conventional anti-
atherceclercsls agents including lipoxygenase inhibltors,
ACAT inhibitaors, antiowidants, PPRR agonists,

- 11 -
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phospholipase innhibitors (including PLA-2 inhibitors),
and/or other known anti-atherosclerosis agents.

The terms pharmaceutically acoeptable “salt” and
“salts” refer to basic salts formed with inorganic and
organic bases. Such salts include ammenium salts; alkali
metal salts, such as lithium, sodiom and potassium salts
[which are preferred); alkaline earth metal salts, such
as calcium and magnesium salts; salts with crganic bases,
such as amine lLike salis {e.q., dicyclohexylamine salt,
benzathine, N-methyl-D-glucamine, and hydrabamine salts);
and salts with amino acids like arginin2, lysine and the
like; and zwitterions, the so-called “ianer salts”,
Nontoxic, pharmaceutically acceptable salts are
preferred, although other salts are also useful, e.g., in
isolating or purifying the product.

The term pharmaceutically acceptable “salt” and
“salts” alsc includes acid addition salts., These are
formed, for example, with strony inorganic acids, such ag
mineral acids, for ewxample sulfuric acid, phesphoric acid
or a hydrohalic acid such as HCl or HBr, with strong
organice carboxylic acids, such as alkanecarbozxylic acids
of 1 to 4 carbon atoms which are unsubstituted or
substituted, for example, by halogen, for example acetie
acid, such as saturated or unsaturated dicarboxylic
acide, for example oxalic, malenie, sueccinic, maleie,
fumaric, phthaliec or terephthalic acid, such as
hydroxycarboxylic acids, for example ascorbic, glyecolic,
lactic, malig, tartaric or citric acid, such as amino
acids, (for example aspartic or glutamic acid or lysine
or argindne), or bengoic acid, or with crganic sulfonic
acids, such as (C1-C4) alkyl or
arylsulfonic acids which are unsubstituted or
substituted, for example by halogen, for exawmple
methanesulfonic acid or p-toluenesulfonic acid.

The term “spirocyclic ring” as vsed in reference to
(CH,), and/or (CH,), refers to a 3 to 7 membered

#pirooyclic ring formed from one or more of the carbons

- 12 -
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in (CH,}, and/or one or wore carbons in (CH.},, together
with additicnal carbons to make up a 3 to 7 membered
ring.

Unless ctherwise indicated, the term "lower alkyl™,
"alkyl”™ or "alk" as employed herein alcne or as part of
ancther group includes both straight and branched chain
hydrocarbons, containing 1 te 20 carbons, preferably 1 to
10 carbons, more preferably 1 to § carbons, in the normal
chain, such asz methyl, ethyl, propyl, isopropyl, butyl,
t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-
dimethylpentyl, eoctyl, 2,2,4-trimethyl-pentyl, nonyl,
decyl, undecyl, dodecyl, the varicus branched chain
isomers thexeof, and the like as well as such groups
including 1 to 4 substituents such as hala, for example
F, Br, €1 or I or CI'3, alkyl, alkoxy, aryl, acyloxy,
aryl{aryl) or disryl, arylalkyl, arylalkyloxy, alkenyl,
cycloalkyl, cycloalkylalkyl, cycloalkylalkyloxy, amino,
hydroxy, hydroxyalkyl, acyl, cycloheteroalkyl,
heteroaryl, hetersaryloxy, hetercarylalkyl,
heteroarylalkoxy, aryloxyalkyl, alkylthio, arylalkylthioe,
aryloxyaryl, alkylamido, alkanoylamino,
arylcarbonylamine, nitre, cyanc, thiol, haloalkyl,
trihaloalkyl and/or alkylthio.

Unless otherwise indicated, the term "cyeloalkyl™
as employed herein alone or as part of ansther group
includes saturated or partially unsaturated (containing 1
or 2 double bonds} cyclic hydrocarbon groups containing 1
to 2 rings, including monocyclie alkyl, bicyclic alkyl
{or bicycloalkyl) and tricyclic alkyl, containing a total
of 3 to 20 carbons forming the ring, preferably 3 Lo 10
carbons, forming the ring and which may be fused to 1 or
2 aromatic rings as described for aryl, which includes
cyclepropyl, cyclobutyl, cyclapentyl, cyclohexyl,
cycloheptyl, cyclooctyl, eyclodecyl and cyclododecyl,

cyclohexenyl,
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any Df'which gréups may bé opticnally substituted with 1
to 4 substituents such as halogen, alkyl, alkoxy,
hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl,
alkylamido, alkanoylamine, oxo, acyl, arvlcarbonylamine,
hetercaryl, cycloheteroalkyl, amino, alkylamino, nitro,
cyang, thiel and/or alkylthio and/or any of the
substituents for alkyl.

The term “cycleoalkenyl” as employed herein alons
cr as part of another group refers to cyclic hydrocarbons
containing 3 te 12 carbons, preferably 5 to 10 carbons
and 1 or 2 double bonds. Exemplary cycloalkenyl groups
include cyclopentenyl, cyclchexenyl, cycloheptenyl,
cyclooctenyl, cyclehexadienyl, and cyclcoheptadienyl,
which may be copticnally suhstituted as defined for
cycloalkyl.

The term "alkanoyl™ as used herein alone or as
part of another group refers tc alkyl linked to a
carbenyl group.

Unless otherwise indicated, the term “lower
alkenyl" or "alkenyl” ag 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 te six double bonds in the normal
¢hain, swuch as vinyl, Z-propenyl, 3-butenyl, 2-butenyl,
d-pentenyl, 3-pentenyl, Z2-hexenyl, 3-hexenyl, 2-heptenyl,
2-heptenyl, 4-heptenyl, 3-octenyl, 3-nonenyl, 4-decenyl,
3-undecenyl, 4-dodecenyl, 4,8,l2-tetradecatrienyl, and

the 1like, and which may be optionally substituted with 1

- 14 -
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to 4 substitusents, namely, halogen, halcalkyl, alkyl,
alkory, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,
amino, hydroxy, hetercaryl, cyclcheteroalkyi,
alkanoylamino, alkylamido, arylcarbonyl-amino, nitro,
cyano, thiol, alkylthic and/or any of the alkyl
substitusnts set out heresin.

Unless otherwise indicated, the term "lower
alkynyl® or "alkynyi" as uvzed herein by itself or as part
of ancther group refers to straight or branched chain
radicals of 2 to 20 carbons, preferably Z to 12 carbons
and more preisrably 2 to € carbons in the normal chaie,
which include cne triple bond in the normal chain, such
as 2-propynyl, 3-butvoyl, 2-butynyl, 4-pentynvl, 3-
pentynyl, Z-nexynyl, 3-hexynyl, 2Z-heptynyl, 3-heptynyl,
d-heptynyl, 3-cctynyl, 3-nonynyl, 4-decynvl,3-undecyayl,
4-dodecynyl and the like, and which may be optiocnally
substituted with 1 to 4 substituents, namely, haleogen,
haloalkyl, alkyl, alkoxy, alkenyl, alkynyl, aryl
arylalkyl, cycloalkyl, amine, heteroaryl,
cyclchetercalkyl, hydroxy, alkancylamino, alkylamide,
arylcarbonylamine, nitro, cyano, thisl, and/or alkylthio,
and/or any of the alkyl substituents set out herein.

The terms Tarylalkenyl™ and “arylalkynyl" as used
alone or as part of ancther 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 twe different
carbon atoms, they are termed "alkxylene" groups and may
opticnally ke substituted with 1 or 2 substituents as
defined above for "alkyl™, such as, for exsmple alkyl,
hale, bhydrouy, alkeoxy and/or cycloalkyl.

Where alkenyl groups as defined above and alkynyl
groups as defined zbove, respectively, have single bonds
for attachment at two different <carbon atoms, they are

- 15 -
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termed "zlkenylene groups" and "alkynylene groups",
raspectively, snd may opticnally be substituted with 1 cr
2 substitvents as defined above for "alkenyl' and
"alkynyl". )

(CHz)x or (CHz)y includes alkylene groups as
defined herein, which may optionally include 1, 2, or 3
substituents which include alkyl, alkenyl, halecgen, aryl,
hydroxy, alkoxy, or &,-C cycloalkyl.

Examples of (CHz)x or (CHz)y, alkylene groups

inelude -CH,- , -CH,CH,- .
r,/cnz
—CH, CR—CH;— , e .
. sy
TTCH) T, THCR) T, TG T Q) G CE,CHy—
CH,
—CH,CH— , ——CH,CHCH;— , ——CHCH,— , —?HCHECH,— .
CHy CyHy CHy 5
i i
—cg-y:l:l{c}!;— B _Cﬂz_'f_CHz_ . m(CHY) 2_?-.55;2_ i
- CE, ol
CHy
a oy o
—eH,—CH—CH— | AGK ) fRT —al—Gi-e—
CH, CH,
i
_ng._?a—(l:i{—cﬁz_ , _CHE_‘;:H_CH"M?H_ ) —CH—CE,GH;— ,
CHy CH, CHy CH,
OCH;
—CR—CHCH;—  —iCH) y—CFy— |

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

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

- 16 -
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fluering, and iodine as well as CF3, with chlorine or

fluorine being preferred.

The term "metal ilon" refers to alkali metal ions
such as sodium, potassium or litbium and alkaline esarth
metal ions such as magnesiuve and calcium, as well as zinc
and aluminum.

Unless othervwise indicated, the term "aryl" as
employed herein alone or as part of another group refers
to monocyclic and bicyclic aromatic groups containing 6
to 10 carbeons in the ring pertion {such as phenyl or
naphthyl including l-naphthyl and 2-naphthyl) and may
cptionally include one to three additicnal rings fused to
a carbocyclic ring or a heterocyclic ring (such as axyl,
cyeloalkyl, hetercaryl er cyclohetercalkyl rings

O Y R S0
O3 GG UG
G OO L0,

and may be optionally subkstituted through available

o

carbon atoms with 1, 2, or 3 groups selected from
hydrogen, halo, haloalkyl, alkyl, halcalkyl, alkoxy,
halephenyl, henzoyloxy, haleoalkozy, alkenyl,
trifluoromethyl, triflucoromebhexy, alkynyl, cyclealkyl-
alkyl, cyclohetercalkyl, cycloheteroalkylalkyl, aryl,
heteroaryl, arylalkyl, aryloxy, aryloxyalkyl, arylalkoxy,
arylthie, arylazo, heterocarylalkyl, hetercarylalkenyl,
heteroarylhetercaryl, hsteroaryloxy, hydroxy, nitro,
cyano, aming, substituted aminc wherein the amino
includes 1 or 2 substituwents {which are alkyl, alkanoyl,
aryl or any of the other aryl compounds mentiomed in the

- 17 -
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definitions), thiol, alkylthio, arylthio, hetercarylthio,
arylthioalkyl, alkoxvarylthio, alkylecarbonyl,
arylcarbonyl, alkyl-aminocarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylcarbonyloxy,
arylecarbonyloxy, alkylcarbonylamine, arylcarbonylaming,
arylsulfinyl, arylsulfinylalkyl, arylsulfonylamino or
arylsulfon-aminocarbonyl and/or any of the alkyl
substituents set out herein.

Unless otherwise indicated, the term "lower
alkoxy", "alkoxy", "aryloxy" or "aralkemy" as enployed
herein alcne or as part of another group includes amy of
the above alkyl, aralkyl or aryl groups linkad to an
oxygen atom.

Unless ctherwise 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, hetercaryl, hetercarylalkyl,
cyclohstercalkyl, cyclohetercalkylalkyl, cycleoalkyl,
cycloalkylalkyl, haleoalkyl, hydroxyalkyl, alkoxyalkyl or
thicalkyl. These substituents may be further substituted
with a carbosylic acid and/or any of the substituents for
alkyl as set out akhove. In addition, the amino
substituents may be taken together with the nitrogen ziom
to which they are attached to form l-pyrrolidinyl, 1-
piperidinyl, l-azepinvl, 4-wmorpholinyl, 4-
thiamerphelinyl, l-piperazinyl, 4-zlkyl-l-piperazinyl, 4-
arylalkyl-l-piperazinyl, 4-diavylalkyl-l-piperazinyl, 1-
pyrrolidinyl, l-piperidinyl, or l-azepinyl, optionally
subatituted with alkyl, alkoxy, alkylthio, hale,
triflucromethyl or hydroxy.

Unless ctherwise indicated, the term "laower
alkylthio®, alkylthio*, "arylthio™ or "aralkylthio as
erployed herein alene or as part of ancther group
includes any of the above alkyl, aralkyl or aryl groups
linked to a sulfur atom.

- 18 -
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Unless otherwise indicated, the term "lower
alkylamine”, ™alkylaminc", "arylamino", or
“"arylalkylamino" as employsd herein alane or as part of
another group includes any of the above alkyl, aryl or

5 arylalkyl groups linked to a nitrogen atom.

Unlass otherwise indicated, the term “acyl" as
employed heredn by itself or part of another group, as
defined herein, refers to an organic radical linked to a

carbonyl ( ¢ ) group; examples of acyl groups include
19 any of the Rl groups attached to a carbonyl, such as
alkanoyl, alkenoyl, arcyl, aralkancyl, hsteroaroyi,
cyclealkanoyl, cycioheteroalkanoyl and the like.
Unless otherwise indicated, the texm
"cyclohetercalkyl” as used herasin alene or as part of
1§ another growvp refers to a 5-, 6- or 7T-membered saturated
or partially unsaturated ring which includes 1 to 2
heterc ztcoms such as nitrogen, oxygen and/or sulfur,
linked through a carbon atom or a hetercatom, where
poesible, opticnally via the linker (CHz)p {where r is 1,
20 2 or 3), such as

N, O N

ENC e

1. 00> C
(> &>

. (_/ Q Sd{’,T:iT

and the like., The above groups may includs 1 to 4
substituents such as alkyl, halo, oxo and/or any of of

il
J

.

bl
3

- 19 -
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the atkyl substituents set out herein. In additiom, any
of the cycloheteroalkyl rings can be fused to a
cycloalkyl, aryl, hetercaryl or cyclohetercalkyl ring.
Unless otherwise indicated, the term "hetercaryl®

3 a2z used herein alene or as part of another group refers
to a 5- or ¢- 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, cycloalkyl,
hetercarvyl or cyclohetercalkyl ring (e.g.

10 benzothicphenyl, indolyl), and includes possible N-
oxides. The heteroaryl group may optiocnally include 1 teo
4 gubstituents such as any of the substituents set out
above for alkyl. Examples of hetercaryl groups include
the following:

O O O G
‘\ osi¢Re, o »Q/; ’jj

N N—N H—N NG
ARARANAR 9

and the like.
The term "cycloheteroalkylalkyl" as used herein
aleone or as part of another gorup refers to
25 cyclohetercalkyl gzoups as defined above linked through =
C atom or heternateom to a (CHp)p chain.
The term "heterocarylalkyl” or “"heteroarylalkenyl"
as used hereln alone or as part of apother group refers

- 30 -
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to a hetercaryl group as defined above linked through a ©
atom or hetercatom to a —{CHz) ;- chain, alkylene or
alkenylene as defined above.

The term "polyhalecalkyl" as used herein refers to
an "alkyl" greoup as defined above which includes from 2
to 9, preferably from 2 to 5, hale substituents, such as
F or C}, preferably F, such as CFaCBz, CF3 or CP3CFaCHz.

The term "polyhalcalkexy" as used herein refers to
an "alkozy" or "alkylozy" group as defined above which
includes from 2 to 8, preferably from 2 ta 5, halo
substituents, such as F ox Cl, preferably F, such as
OF3THsO, CFa0 or CF3CF30Hs0.

All =tereaisomers of the compounds of the instant
invention are contemplated, either in admixture or in
pure or substantially pure form. The compounds of the
present invention can have asymmetric centers at any of
the carben atems including any one or the R substituents.
Consequantly, compounds of formula I can exist in
enantiomezic or diastereomeric forms or in mixtures
thereof. The processes for preparation can utilize
racenates, enantlomers or diastersomers as starting
materials. When diastereameric or enantiomeric products
are preparzed, they can be separated by conventional
methods for ezample, chromatographic or fractional
crystallization.

The term "prodrug esters”" as employed herein
inrludes esters and carbonates formed by reacting one or
more hydroxyls of compounds of formula I with alkyl,
alkoxzy, or aryl substituted acylatiog agents employing
procedures known to those skilled in the art to generate
acetates, pivalates, methylearbonates, benzeoates and the
like. 1In addition, prodrug esters which are known in the
art for carboxylic and phosphorus acid esters such as

methyl, ethyl, benzyl and the like.

- 21 -
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Examples of such prodrug esters include
CHC0,CH— CES0 Sy t—CHECOCH— | ox

|
{CHg)
1
€, HOC0CH,—

Other examples of sultable prodrug esters include

L, LA
k&R

cn—t
s, O i
By A
R [¢] o ’ REJJ\O |/

wherein R® can be H, alkyl (such az methyl or t-butyl},
arylalkyl (such as beuzyl) or aryl [=zuch as phenyl): Rrd

¢ is B, alkyl, balogen or alkeoxy, E® is alkyl, aryl,
arylalkyl or alkoxyl, and ni-is 0, 1 or 2.

Compeounds of the invention may be prepared by the
following methed.

Referring to Reaction Scheme 1, Knovenagel

15 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 adduect 3. Base induced 1,4-
addition of ketons 4 (=2.g. LiN{TM3), or NzHDMS in THF or

20 EBtONa in EtOH) provides the adduct 5, usually as a
mixture of diastersomers.

Conversicon of the 1,%-diketones 5 Lo the pyridyl
egter ¢ may be effected by treatment with an ammeniz
source {(such as WHOAc! in the presence of an oxidant

25 (such as Cui{CAc)2 or oxygen) in a suitable solvent (such
as refluxing HOAc), or by reaction of § with
hydroxylamine hydrochloride in HORo with heat. The ester
functicnality of 6 can be reduced by standard metheds
(LiAlH,, DIBAL, LiBH,) to give alcchol 7 which can

30 asubsequently be converted to the corresponding halide B
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(2.g. PBr, in CHCl,, CBr,/FPh, in CH,CN, or POCL,).
Conversion of halide 8 to the phosphorus compound 9 whexe
W is Ph or alkyl is effected by treatment of 8 with W,POEt
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 HOF (OR}2/bage/THF or by Arbuzov reaction with
P{OR},. Witking reaction betwsen 9 and aldehyde 10
(aldehyde 10 has been previously described in US patent
5,686,433) may be effscted under standard conditions with
base (n-BulLi, LiN{TMS),, LDA) in an appropriate solvent
(THF, Et,0, toluene, DMPU} to afford the adduck 11.
Treatment of 11 under acidic conditions {e.g. TFA, HC1)
effects the conversion of 11 to lactone Ia.
Saponification of Ia to Ib (whers R, ig alkali metal, or
alkaline earth mstal} can be effacted by treatment of Ta
with agueous base or subsegquently acidified to give Ib
where R, is H. Additionally, Ia can be treated with an
alechel of the type R,0E under basic conditicns to form
the corrasponding esters of Ib.

As geen in Reaction Scheme 2, the saturated

derivatives of compound I (where ’ﬁ? ig CH,-CH,) are
obtained by catalytic (Pd/C, PL/C, P3A(0H),} hydreogepation
of 11, TIa, or Ib te afferd 12, Ic, or Td, respectively.
Compound 12 may be converted to Te and Id following the
earlier deseribed methods for the conversion of compound
11 te Ia and Ib.
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Scheme 1
Knovanage! D Sy
U - condensalion 2 a | 734
Ry OR  ReCHD Rg W
1 2 base
Ry 3 wherexis0-4andyis 04

hut x and y cannot both

be O
o, OR CO0:R o
NH, Ry Rz
Ry Re  solvent T " i \\['RG
oxidant O reduce K
Cht, — e L
=0 5 b 6 e T
v G e
el Ry 3
Ry Ri

¥ Wow
% .
N
halide R o Re o o><o
formation \ Ry, P2 H COalkyt
oo Ot 7 10
Y¥=Clor Er 8 () N °

|
LA o
I
2
Ry
A’ " G0gahyl o ‘\OH
D “g"‘cozk,
P OH
Rin ot

acld Ra aqeunus haso h
| oM
( Jx (B2

C[ | g le
.’m 7 Rs

Ry

£
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Scheme 2

€0gaalkyl DOH

[
m [er
i (mﬁ =N
(gl " CHg :cuzuy i
] 5 {CHzly i, (cnz), L
\R ‘R

]
\ catalyst

Q,
)‘/ CO-aTkyl

Q,

acid
—_—

Rq j Rz
o
{TH, {CHzly

ﬁ\ Ao, 1
ey

Ry
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The synthesis of compounds I wherein 7 is CH=CH
and n is 1, is described in Scheme 3. Bis-silylation of
compound IB' with a bulky silylchloride (e.g., CISi(i-
butyl}Phs, C15i{t-butyl)Me;, ClSiPhi} in the presence of a

5 suitable base (e.g., TER, imidazole, pyridine) and
solvent {e.gy., CH;Cly, THF) provides compound Ib.
Treatment of Ib’ with oxidants sueh as m-CPEA or CF3COsH
in an apprepriate solvent such as CHxCl, or HOBec affords
W-oxide Ib°. Desilylation of Ib¥ (TEAF/BOBRe/THF or

10 HF/CHsCH) gives Ib® which may be saponified to Ip® using
aquecus scluticons of a metal hydroxide in an apprepriate
sclvent (e.g., MeQH, dioxane).
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RySIC)

R
—_— il .
{Re=(Ebuty)Ph,, Oxidant
{tbutyl)Mag, or — e
Phy)
COyaikyl
COalkyl

[F1
—_—

MOH, H,0

Ib*
Solvent
{M=alkali metal)
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Additionally, compound Id® may be oxidized and
saponified, as described above, to provide compounds I

wherein e is CHyCHp and 1 is 1 (e.g., compounds Id® and
i0®) as shown in Scheme 4.

SCHEME 4

COalkyl

HMOH, HQ

Eplvent
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Referring to Scheme 5, the arginine salt of the
compounds of formula I of the invention may be prepared
by treating alkali metal salt (preferzkly sodiun) Tb with
acid (TFA, HC1l) to form the acid Ib® which is treated
with arginine in the presence of suitable solvents such
as ethyl alcohel and H:0, ethyl zcetate, acetonitrile and

the like, to form arginine sait b7,

Scheme &
HO,
=G0k
& TH
Ry R id
I\ ? L R“‘I e anginine
[t et -
bL}
oy N
3 L
b Rt
HO, NR
(fjg}\cﬁH‘hn ”\NJLum
s O GOM
Ry Ry
s
B raa
b AN
[" 1b*
3¢
Ry

Scheme 6 depicts a preferred method for preparing
the HMG ColA reductase inhibiter cof formula I of the
invenotion using the Julia-Kocienski olefination reasctiom
employing 4-pyridyl carboxylaldehydes (13) and chirsl
sulfone (16). The desired trans intermediate {13} is
isolated in high yield and aptical purity which is
converted to the final product of the invention. A=z will
be seen, the c¢hiral sulfone (16), a key intermediate in
the Julia-Kocienski step, is prepared in three steps
starting from the commercially avallable Kanska alcohol
{12) wia triflate (13) and sulfide intermediate (13).
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Referring tao Scheme B, treatment of commercially
available c¢hiral alcohol {12) with triflic anhydride and
triethylamine in dichloromethane at law temperature [(for
example 0 to -30°C} affords triflate {13}. Other
pyridine or amine bases may be employed. Triflate (13)
(without being isclated) is carried onto the next step
without further purification. A methylens chleoride
solution of triflate {(13)is treated with 1l-phenyl-1H-
tetrazole-5-thiol (14) to provide the chiral sulfide (15)
which is cxidized with hydrogen peroxide in the presence
of catalytic ammonium heptamolybdate tetrahydrate ko give
crystalline sulfone (i6). Other oxidant, such as m-
chloro-p-benzoic acid (mCFBA) maﬁ be employed.

Addition of LiHMDS ox NaHMDS to a mixture of
sulfone (16} and pyridine carboxylaldehyde (18} in THF at
low temperature (=78 to -35°C) provides trans olefin (1%)
in high diastereoselectivity (>992%].

The pyridine aldehyde (18) is obtained zs a
orystalline solid form the corresponding ester (17).
Reduction of ester (17} with Red-Al followed by oxidation
with Tempe (2,2,6, 6~tetramsbhyl-1-piperidinyloxy) gives
aldehvde {(18) in high yield. The final compound I® of
the ipventicn is prepared in a one pot procedure starting
from (19) without isolating any intermediates. Removal
of acetonide under acidic conditien provides diel (20)
which upon further treatment with sodium hydroxide gives
the sodium =salt of the acid (21). Subsequent treatment
of 21 with agid fellowed by the addition of arginine
prodinces cryatalline arginine salt of the invention Ib®.
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\A:ginine

conH
OH OH N H
% \/K/cozﬂ-ﬂzu g g
NH
*

In addition, in accordance with the pres=ent
invention, intermediates &, 7, 8, 3, 11 and 12 are novel
5 compounds and form part of the present invention. These
compounds have the general structure
Il

wherein z, ¥, Ei, Rz, By are as defined abave, Q is

) Halide
%—co,n (where B is alkyl), %—CHZQH, %’ \

10

W
/w_\{ {whers W is aryl such as phenyl, alkyl, or alkoxy),
A
o
(o)
or 0

Co,alkyl
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Thus, the intermediates of the invention can have the
following structures:

.j;DzR [R=atkyl) Hallde (pref. Br) "H'P(w

Ry Re R o

| :\Nr R(T i Ry P

(EHale ™" 6 (Cﬂz)x =H (CHzly \ﬂ

o ACHZY (Gﬂzh . cr,? CHzlx

S F
R R <,

(W=aryl or alkoxy)

A/OT\CDTGIKM {pref. t-butyl]
0,

COypaliyl  {praf. +-buty)}

Compounds containing dihydroxy acid HMG-Col binding
deomain side chains may be prepared in homochiral form,
which is preferred, or may be prepared as racemic
mixtures (353*, 5R*} and may later be resclved to obtain
the 35, SR iscmer.

The compounds of the invention are inhibitors of 3-
hydroxy-3-methyl-glutaryl coenzyme & (HMG-CoA) raductase
and thus are usefnl in inhibiting cholestereol
biosynthesis and/or in lowering triglycerides, in a
mannar similar to stecrvastatin, pravastatin, simvastatin,
lovastatin, cerivastatin, visastatin [or rosuvastatin)
{astra Zeneca 4D4522), fluvastatin, itavastatin f{or
pltavastatin) and the like.

A further aspect of the present invention is a
pharmacentical compesition containing at least one of the
compounds of formuia I of the present invention in
asseciation with a phermaceutical vehicle or diluent.
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The phamaceutical composition can be farmulated
employing conventicnal solid or liquid vehicles of
dilvents and pharmaceutical additives of a type
appropriate to the mode of desired administration. The
compounds ¢an be administered by an oral route, for
example, in the form of tablets, capsules, gramnules or
powders, or they can be administered by a parenteral
route in the form »f injectable preparations. 3Such
dosage forms contain from 0.1 to 1500 mg of active
compound per dosage, for use in the treatment. The dosze
te be administered depends cn the unitary dose, the
symptoms, and the age and the body weight of the patient.

The compounds of the present invention can be
administered in a similar manner as known compounds
suggested for use in inhibiting cholestercl biocsynthesis,
such as pravastatin, lovastatin, simvastatin, visastatin
{or rosuvastatin), atorvastatin, cerivastatin,
fluvastatin, itavastatin (or pitavastatin), and the like,
in mammzlian species such as humans, dogs, cats 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.

The BMG CoA reductase inhlibitere of formula I may
be ewployesd in combination with a1l therapeutic agents
which are uzeful in combination with IMG Coa reductase
inhibitors.

Thuz, where desired, the compounds of structure I
may be used in combination with one or meore hypolipidemic
agents or lipid-lowering agents, or lipid agents, or
lipid modulating agents, and/or one or meors other types
of therapeutic agents including antidiabetiec agents,
anti-okbesity agents, antihypertensive agents, platelet
aggregation inhibiters, anti-alzheimer's agents, anti-
dementia agents, anti-ostecporosis agents, and/or hormone

replacement therapeutic agents, and/or other therapeutic
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agents, and/or other cardiovascular agentz {(including
anti-anginal agents, anti-arrhythmic agents, anti-
atherosclercais agents, anti-inflammatory agsnts, anti-
platelet agents, anti-heart failure agents), anti-cancer
agents, anti-infective agents, hormone replacement
agents, growth hormene secretagogues, selective androgen
recaptor modulatora, and/or other therapeutic agents
which may be edministersd orally in the sams dosage form
or in a separate oral dosage form, or by injection.

The hypolipidemic agent or lipid-lewering agent or
other lipid agent or lipid modulating agent which may be
optionally employed in combination with the cempounds of
formula T of the invention may include 1,2,3 or more MTP
inhikbitors, HMG Cok reductase inhibitors, sgualene
synthetage inhibitors, PPAR o agonists, PPAR dual oY
agonists, PPAR & agoniats, fibric acid derivatcives, ACAT
inhibitors, lipoxygenase inhibitors, cholesterol
absorption inhibitors, ileal Na'/bile acid cotranasporter
inhibitors, upregulators of LDL receptor activity,
cholesteryl ester transfer protein inhibitors, bile acid
sequestrants, and/or nicotinic acid and derivatives
thereof.

MTE inhibitors smployed hexsin include MTP
inhibitors discleosed in U.S. Patent No, 5,595,872, U.S.
Patent No. 5,739,135, U.S. Patent Ne. 5,712,279, U.8.
Patent HNo. 5,7eD,246, 0.5, Patent No. 5,827,875, U.G.
Patent No. 5,885,983 and 1.8, Bpplication Serial No.
09/175,180 filed October 20, 19%8, now U.8. Patent No.
5,862,440, Prefarred are each of the preferred MTP
inhibitors discloged in each of the above patents and
applications.

All of the above U.5. Patents and applicaticns are
incorporated herein by reference.

Most preferrsed MTP inhikitors to be employved in
accordance with the present invention inelude preferrad
MT¥ inhibitors as set out im U.S. Patent Neos. 5,739,135
and 5,712,274, and U.3. Patent No. 5,750,246.
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The most preferred MIP inhibitor is $-[2-[4- [[2-
(2,2,2-Triflucroethoxy) benzoylamino] -1-piperidinyl]
butyl] -N- (2,2, 2-triflucroethyl) - 98- fluorene-9-carboxamide

The hypolipidemic agent may be an HMG Col
reductase inhibitor which includes, but 1g not limited
to, mevastatin and related compounds as disclosed in U.S.
Patent No. 32,283,140, lovastatbin (mevinolin) and related
compounds as disclosed in U.S8. Patent No. 4,231,938,
pravastatin and related compounds such as disclosed in
U.5. Patent No. 4,246,227, gimvastatin and related
cowpounds as disclosed in U.S. Patent Nos. 4,448,784 and
4,450,171, Other HMG CoA rsductase inhibitors which may
be employed herein include, but are not limited to,
fluvastatin, disclosed in U.8., Patent No, 5,354,773,
cerivastatin disclosed in U.S. Patent Noe. 5,008,530 and
5,177,080, atorvastatin disclosed in U.8. Patent Nos.
4,681,893, 5,273,895, 5,385,922 and 5,686,104,
pitavastatin (Nizean/Sankys'e nigvastatin (NK-104) or
irvevastatin), disclosed in U.5. Patent No. 5,011,930,
ShionogivAstra/Zeneca rosuvastatin (visgastatin {ED-4522))
discloged in U,8, Patent No. 5,260,440, and related
statin compounds dieclosed in U.S. Patent No. 5.753,87%S,
pyrazole analogs of wmevalonclactone derivatives as
disclosed in U,.S8, Patent Mo, 4,623,610, indene anzlogs of
mevalonolactone derivatives as discleosed in PCT
application WO 86/03488, 6-[2-(gubstituted-pyrrol-1-yi)-
alkyl)pyran-Z-cnes and derivatives therecf as disclosed
in 1J.4. Patent No. 4,647,575, Searle'g SC-45355 [a 3-
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substituted pentanedicic acid derivatiwve)
dichloroacetate, imidazole analogs of mevalonolactons ag
disclosed in POT application WO B6/07054, 3-carboxy-2-
hydroxy-propane-phosphonic acid derivatives as disclosed
in French Patent Ne. 2,594,393, 2,3-disubstituted
pyrrele, furan and thiocphene derivatives as disclosed in
European Patent Application No. 0221025, naphthyl anzlogs
of mevalconolactone as disclosed in U.S5. Patent No.
4,686,237, octahydronaphthalenes such as disclosed in
U.3. Patent HNo. 4,499,282, keto analogs of mevinolin
{lovastatin) as disclosed in Furopean Patent Application
No. 0,142,146 A2, and guinoline and pyridine derivatives
disciecsed in U.3. Patent Ha. 5,506,219 and 5,651,322,

In additicn, phosphinic acid compounds useful in
inhibiting HMG CoA reductass suitable for use herein are
digclosed in GB 2205837.

The sgualene synthetase inhibitors suitable for
use herein include, but are not limited to, a-phospheno-
sulfonates discleosed in U.8. Patent No. 5,712,396, those
discloged by Biller et al, J. Med. chem., 1988, Vol. 31,
Wo, 10, pp 186%-1871, dincluding iscprencid {phosphinyli-
methyl)phogphonatey as well as other koown sgualene
synthetase inhibitecrs, for example, as digelesed in U.S.
Patent No. 4,871,721 and 4,%34,024 and in BEiller, 8.A.,
Neuenachwander, K., Ponpipom, M.M., and Poulter, C.D.,
Current Pharmaceutical Design, 2, 1-40 (1838} .

In additien, other squalene synthetase inhibitors
suitable for use herein inelude the terpenoid
pyrophosphates disclosed by P. Ortiz de Mopntellane et al,
J. Med. Chem., 1277, 20, 243-248, the farneayl
diphogphate analog A and presqualene pyrophosphate {(BSQ-
PP) analogz as disclosged by Corey and Volante, J. Bu.
Chem. Soc., 1376, 98, 1271-1293, phoephinylphosphonates
reaported by MoeClard, R.W, =t al, J.A,C.8,, 1987, 109,
5544 and cyclopropanes reported by Capion, T.L., PhD
dissertation, June, 1987, Dept. Med. Chem. U of Utah,
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Abstract, Table of Contents, pp 1&, 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, clafibrate,
bezafibrate, cipxofibrate, clinofibrate and the like,
probucol, and related compounds as diaclosed in U.S.
Patent Ho. 3,674,836, probucol and gemfibrozil heing
preferred, bile acid sequegtrante such as choleatyramine,
colestipol and DEAE-Sephadex (Secholex®, Policexide®) and
cholestagal (Sankyo/Geltex), as well as lipostabil
(Rhone-Poulenc), Eisal E-5050 {an W-substituted
ethaneolamine derivative), imanixil [(HOE-402),
tetrahydrolipstatin (THL), istigmastanylphes-
phorylcholine (8PC, Roche), aminccyclodextrin (Tanabe
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), zcipimox, acifran,
necmycin, p-aminosalicyliic acid, aspirin,
poly(diallylaethylamine) derivatives such ag discleosed in
7.8, Patent No. 4,759,923, quatemmary amine
poly{diallyldimethylammonium chloride) and ionenes such
ag digelosed in U.8. Patent No. 4,027,009, and other
known serum cholestexol lowering agents.

The other hypolipidemic agent may be an ACAT
inhibitor {which alsc has anti-atherosclerosis activity)
guch ag discleosged in, Drugs of the Future 22, §-15
{1995}, ({(Avasimibe}; “The ACAT inhikitcr, Cl-1011 iz
effective in the prevention and regression of aorkic
fatty streak area in hamsters”, Niceclosi st al,
Atherosclercosis {Shannon, TIrel). (12%B), 137{1), 77-85;
*The pharmacological profils of FCE 276%7: a novel ACAT
inhibitor with potent hypolipidemic sctivity mediated by
selactive suppreszsion of the hepatic secretion of
ApoBloO-containing lipoprotein”, Ghiselli, Giancarla,
Cardiovasc. Drug Rev. (1398}, 1e6(i1), 16-30; “RP T73163: a
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bicavailable alkylsulfinyl-diphenylimidazole ACAT
inhibitor”, SBmith, C., =t al, Bioorg, Med. Chem. Lett.
{1996}, &(1}, 47-50; “ACAT inhibitors: physiologic
mechanisms for hypelipidemic and anti-atherosclerotic
activities in experimental animals”, Krause st al,
Editor () : Ruffole, Robert R., Jr.; Hollipnger, Mannfred
A., Inflammation: Mediators Pathways (2295), 173-38,
Pukligher: CRC, Boca Raton, Fla.; ™RCAT inhibitors:
potential anti-atherocsclerotic agente”, sSliskovic et al,
Curr. Med. Chem. {1294), 1(3), 204-2%5; "Inhibitors of
agyl-Cob:cholestercl O-acyl transeferase (ACAT) ase
hypocholesterclemic agents, 6, The First water-soluble
ACAT inhibitor wikh lipid-regulating activity. Inhibitors
of acyl-Cod:chelestercl acyltransferase (ACAT). 7.
Development of a series of substituted N-phenyl-N'-[{1-
phenylcyclopentyl)methyl]ureas with enhanced
hypocholesterolemic activity”, Stout et al, Chewtracts:
Org. Chem. {1995}, &8(g), 355-62, or TS-2962 {(Taisho
Pharmaceutical Co. Ltd), as well as F-13%4, (5-~505,
F-12511, HL-004, K-10085 and ¥IC-C8-434.

The hypolipidemic agent may be an upregulator of
LDL receptor activity such as MD-700 (Taisho
Pharmaceutical Co. Ltd) and L¥z9s4z7 (Eld Lilly).

The hypolipidemic agent may be a cholestercl
abscrption inhibitor preferably Schering-Plough's
SCH48461 (ezecimibe} as well as those disclesed in
Atherogclerosis 115, 45-83 (15%25) and J. Med. Chem. 41,
973 (1998,

The other lipid agent or lipid-modulating agent
may be a cholesteryl transfer protein inhibitor {CETP}
gucth as Pfiger's CP-52%,414 as well as thoge disclosed in
WO/0038722 and in EP 818448 (Bayer) and EP 992436, and
Pharmacia's 8C-744 and SC-795, as well as CETi-1 and
JIT-705.

The hypolipidemic agent may be an ileal Na‘*/bile
acid cotransporter iphibiter such as disclosed in Druge
of rthe Foture, 24, 425-230 [159%3).
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The ATP citrate lyase inhibitor which may be
employed in the combination of the invention way includs,
for example, those discloeed in U.S. Patent No.
5,447,954,

The other lipid agent alsc includes a
phytoestrogen compound such as disclosed in WO 00/3066%
incjuding isalated soy bean protein, scy protein
concentrate or aoy flour as well as an isoflavone such as
genistein, daidzein, glyecitein or egquol, or phytostsercls,
phytostanol or tocotrienol as disclosed in WO
2000/015201;

a beta-lactam cholestercl absorption inhibitor
such as disclaoged in BEP 675714;

an HDL upregulator such as an LXR agoniast, a PPAR
a-agonicst and/or an FXR agonist;:

an g-gluccsidasge inhibitor, an aldose reductase
inhibitor and/or an LDL catabolism promoter such as
disclosed in EP 1022273;

a socdium-proton exchange inhibitor such as
disclosed in DE 19622223

an LDL-receptor inducer or a sterocidal glycoside
such ag disclosged in U.8. Patent No. 5,638,527 and
GB 2304106

an anti-oxidant such ag beta-carotene, agcorbic
acid, #-tovophercel or retinel as disclosed in WO $4/15592
as well ag Vitamin € and an antihomocyeteine agent such
ag folic acid, a folate, Vitamin BE, Vitamin B13 and
Vitamin E;

isoniazid as dlaclosed in WO 97/35576;

a chalesterol absorption inhibitor, an HMB-Colh
aynthase inhibiteor, or a lanosterol demethylase inhihitor
as disclosged in WO 87/43701;

a PPAR & agonisgt for treating dyslipidemia;

or a sterol regulating element binding protein-I
{SREEP-1) as digcelosed in WO 2000/050574, for example, a
sphingelipid, such as ceramide, or neutral
ephingomyalenase {N-SMage) or fragment thersof.
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Preferred hypolipidemic agents are pravastatin,
lovagtatin, simvastatin, atorvasgtatin, fluvastatin,
cerivastatin, piltavastatin and roguvastatin, as well as
niacin and/or cholestagel.

The above-mentioned U.3. patente are incorporated
herein by reference. The amounts and dosagas smployed
will be as indicated in the Physiclan'e Desk Raference
and/or in bhe pstents set out above or as otherwise known
in the azt.

The compounds of formula I of the invention will
be employed in a weight ratio to the hypolipidemic agent
[were prasent), within the range from about 500:1 ta
about 1:500, preferably from about 100:1 te abouk 1:100.

The deose administered must be carefully adjusted
according to age, weight and condition of the patient, as
well as the route of administratiom, dosage form and
regimen and the desired result.

The desages and formulations for the hypolipidemic
agent or other lipid agent or lipid modulating agent will
be as disclceed in the various patents and applications
discussed abova.

The dosages and formulations for the other
hypolipidemic agent or other lipid agent or lipid
modulating agent to be employad, where applicable, will
be 28 pet out in the latest edition of the Physicians'
Pesk Reference.

For oral administraticn, a satisfactbry result may
ke oktained employing the MTP inhibitor in zn amount
within the range of from about .01 my to about 500 mg
and praferably from about 0.1 mg to about 100 mg, one to
four times daily.

A preferred ocral dosage form, such as tablets or
capsules, will contain the MTP inhikbitor in an amount of
from about 1 te sbout 500 wmyg, preferably from about 2 to
about 400 mg, and more preferably from about 5 to about
250 wy, one te four times dally.
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For oral administration, a satisfactory result may
be obtained employing an HMG Cod reductaze inhibitor, for
example, pravastatin, lovastatin, simvastatin,
atorvagtatin, fluvastatin or cerivastatin in dogages
amployed as indicated in the Physician's Desk Reference,
guch ag ipn an amount within the range of from about 1 ko
2000 mg, and preferably from about 4 to about 200 mg.

The squalens synthetase inhikitor may be employsd
in dosagep in an amount within the range of from about 10
mg to about 2000 mg and preferably from ahout 25 mg to
about 20D mg.

A preferred oral dosage form, such ag tablets or
capsules, will contain the BEMG CoA reductage inhibitor in
an. amount from about 0.1 to about 100 mg, preferably from
about 0.5 to about BC0 mg, and more preferably From about
1 to about 40 mg.

2 preferred oral dosage form, such as tablets or
capaules will contain the sgualene synthetase inhibitor
in an amount of from akout 10 to about 500 wg, preferably
from about 25 to about 200 my.

The anti-azthercsclerctic agent includes a
lipoxygenase inhikitor including a 15-lipoxygenase {15-
Lo} inhibitor such ag benzimidzzols derivatives as
digeloged in WO 97/12615, 15-LO inhibitors as dieclosed
in WG 97/12613, isothiazclones as dieclosed in
WO 36/38144, and 15-1.0 inhibitors as disclosed by
Sendobry et al “Attenuation of diet-induced
athercscleresis in rabbits with a highly selactive 15-
lipoxygenase inhibitor lacking significant anticxidant
properties,” Brit. J. Pharmacology {1937] 120, 119%-1206¢,
and Cornicelli et al, “15-Lipoxygenase and ite
Inhibition: & NWovel Therapeutic Target for Vascular
Digeage”, Current Pharmaceutical Degign, 1999, &5, 11-20.

The compounds of foxrmula I and the hypolipidemic
agent. may be employed together in the same oral dosage
form or in separate oral dosags forms taken at the same
time.

JP 2004-503541 A 2004.2.5
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The compositions described above may be
administered in the dosage forme ag described above in
gingle or divided doses of one to four times daily. It
may be advissble to start a patient on a low dose
combination and work up gradually to a high dose
combination.

The antidizbetic agent which may be cptionally
employed in combination with the HM3-CoA reductase
inhibitor of formula I may be 1,2,3 or more antidlabetic
agenta or antihyperglycemia agente inciunding insulin
secretagogues or insulin sensitizers, which may include
biguanides, sulfonyl ureas, glucosidage inhibitors,
aldose reductase inhibitors, PPAR t agonists such as
thiazolidinedicnes, FPPAR o agonists {such as fibric acid
derivatives), PPAR ¢ antagonists or agonists, apz
inhibitors, PPAR ofy dual agonists, dipeptidyl peptidase
IV (DP4) inhibiters, SGLTZ inhibitors, glycogen
phosphorylase inhibitors, and/or meglitinides, as wall as
insulin, and/or glucagon-like peptide-1 {GLP-1), and/or a
PTP-1B inhibitor {protein tyresine phosphatase-1B
inhibitor).

The antidiabetic agent may be an cral
antihyperglyoemic agent preferahly a biguanide such as
metformin or phenformin or salte thereof, preferably
wetformin HCL.

Where the antidiabetic agent iz a biguanide, ths
compounds of gtructure T will be ewmployed in a weight
ratio to biguanide within the raunge from about ¢.001:1 to
about 10:1, preferably from about 0.01:1 o sbout 5:1.

The antidiabetic agent may alse preferably be a
sulfonyl urea such as glyburide {alsc known as
glibenclamide), glimepiride (disclosged 1o U.S. Patent No.
4,372,785, glipizide, gliclazide or chlorpropamide,
other known sulfonylureas or cther antihyperglycemic
agents which ack on the ATP-dependent channel of the B-
¢ells, with glyburide and glipizide being preferred,
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which may be administered in the same or in separate oral
dosage forms.

The compounda of struckture I will be employed in a
weight ratic to the sulfoenyl urea ilo the range from about
0.01:1 to about 100:1, preferably from about 0.02:1 to
about 5:1.

The oral antidiabetic zgent may also he a
glucogidase inhibitor such as acarboge (diacloged in 1.3,
Patent Ho. 4,904,76%) or miglitel (dieclosed in U.S.
Patent No. 4,639,436), which may be administered in the
same or in a separate oral dosage forms.

The compounds of structure I will be employed in a
waight ratio to the glucosidase inhibitor withan the
range from about 0.01:1 to about 100:1, preferably from
about 0.05:1 to ebout 10:1.

The compoundg of structure I may be emploved in
combination with a PPAR y agonist such as a
thiazelidinedione oral anti-diabetic agent or cother
insulin sensitizers (which hae an insulin gensitivity
effect in NIDDM patiants) such ag troglitazone (Warner-
Lambart's Rezulin®, dizclosed in U.S. Patent No.
4,572,912}, rosiglitazone (SKB), ploglitazone {(Takeda),
Mitsubishi's MCC-555 (disclosed in U.S. Patent No.
5,594,018}, Glaxo-Welcome's GLuZéZS?G, englitazone {CP-
68722, Pfizer) or darglitazene {CP-BE325, Pfizer,
isaglitazone (MIT/J&T}, JTT-S01 (JPNT/DB&U), L-895645
{Merck), RE-119702 (Sankyo/WDL), NN-2344 (Dr. Reddy/NN}, or
¥M-440 (¥Yamanouchi), preferably rosiglitarone and
picglitazone.

The compounds of structure I will be employed in a
weight ratic to the thiazolidinedicne in an amount within
the range from about 0.¢l:1 to about 100:1, preferably
from about 0.05:1 to about 10:1.

The sulfonyl urea and FPAR y agoniste in amounts of
less than about 150 mg oral antidiabetic agent may be
incorperated in e gingle tablet with the compounds of
gtyuckture I.
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The compounds of structurs T may also be emploved
in combination with a antihyperglycemic agent such as
insulin or with glucagon-like peptide-1 (GLP-1) or
mimetic such as GLP-1(1-36) amide, GLF-1{7-38) amide,
GLP-1(7-37)} (as disclosed in U.B. Patent No. 5,614,452 to
Hakener, the disclosure of which ie incorporated herein
by reference}, as well as 202393 (Amylen} and LY-315302
(1illy), which may be adminiscered via injection,
intranagal, inhalation or by btranedermal or buccal
devices.

Where present, metformin, the sulfonyl ureas, such
as glyburide, glimepiride, glipyride, glipizide,
chlorpropamide and gliclezide and the gluccsidase
inhibitors acarbese or miglitol or imsulin (injectable,
pulmonary, buccal, or oral} may be employed in
formulations as described above and in awounkts and dosing
as indicated in the Physician's Desk Reference [PDR} .

Where pressant, wmetformin or salt therecf wmay be
employed in amounts within the rangs from about 500 to
about 2000 wg per day which may be administered in zingle
ar divided doses one to four times daily.

Where present, the PPRR anti-dizhetic agent may be
emplayed in amounts within the range from about 0.01 to
about 2000 mg/day which may be administered in single or
divided doses cne to four times per day.

Where present insulin and other anti-diabetic
agents as set out above may be employed in formulations,
amounts and dosing as indicated by the Physician'g Desk
Reference.

Where present GLP-1 peptides or mimstice may be
administered in oral buccal fexmulations, by nasal
administraticn or parenterally as described in U.S.
Patent Nos. 5,346,701 (TheraTech), 5,81%,422 and

5,631,224 which are incorporated herein by reference.
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The antidiabetic agent or other lipid agent may
alsc be a PPAR modulator such as a PPAR u/y dual agonist
such as AR-HO39242 (Retra/Zenecal, GW-409544 (Glaxo-
Wellcome) , KRP297 (Kyorin Merck)} az well ag those
2isclesed by Murakami et al, “A Novel Insulin Sensitizer
Rets Bs a Coligand for Peroxisome Proliferation —
Activated Receptor Alpha (PPAR alpha) and PPAR gamma.
Effect on PPAR alpha Activation on Abnormal Lipid
Metaboliem in Liver of Zucker Fatty Rats”, Diabetes 47,
1841-1847 {1998], and in U.S, application Serial No.
0e/664,598, filed September 18, 2000, (attorney file
Laz2g] the disclosure of which is incorporated herein by
reference, employing dopages ag get ¢ut therein, which
compounds designated as prefexred are preferred for use
hereim.

The antidiabetic agent may be an SGLTZ inhibitor
such ag discloged in U.S. application Serial Ho.
08/67%,027, filed October 4, 2000 (attorney file LA49},
employing dosages as set out therein, Preferred are the
compounds designated as preferxed in the above
application.

The antidiaketic agent may be an aP2 inhibitor
such as disclosed in U.S, espplication Serial Ho.
058/391,053, filed September 7, 1999, and in U.S.
application Serial Mo. $9/519,079, filed March &, 2000
(attormey file LR27), employing dosagea as set out
herein. Preferred are the compounde designated a=
preferred in the above application.

The antidiabetic agent may be a DP4 inhibitor auch
as disclosed in application Serial Mo, 05/788,173, filed
February 16, 2001 {attorney file LASQ), WOS$3/3B501,
WO89/46272, WO99/57279 (PROBICDRUG), WO94/67278
{PROBIODRUG) , WO29/61431 [PROBIODRUE), NVP-DPP728A (1-
[[[2-[{5-cyanopyridin-2-v]l)amina] ethyl] amine] scetyl] -2-
cyano- {8} -pyrrolidine! (Vovartis) (preferred} as .
digelosed by Hughes et al, Bicchemistry, 38(3§), 11597-
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11603, 1%%9, TSL-225 (tryptophyl-1,2,3,4-tetrahydre-
isoquincline-3-carbexylic acid (disclosed by Yamada et
al, Bicorg. & Med. Chem. Lett, 8 (1598) 1537-1540, 2-
cyanopyrrolidides and 4-cyanopyrrolidides as disclosed by
Ashworth et al, Bioorg. & Med. Chem. Lett., Vol. &, No.
22, pp 11&3-1166 and 2745-2748 (1996) employving dosagea
as gst out im the above references.

The meglitinide which way optionally ke employed
in cowbination with the compound of formula I of the
invention may be repaglinide or Starlix® [Novartis),
nateglinide (Novartie} or KAD1229 (PF/Kissei), with
repaglinide being prefexrred.

The antidiabetic compound may be a melanocortin
recaptor agoniat such ag a gpliropiperidine as dizclosed
in WO 29/6400Z2,

The HMG CoA reductase inhibitor of formula I will
pe employed in a weight ratic to the meglitinide, PPAR
medulater suckh as a PPAR y agonist, PPAR o agonist, PPAR &
agonits or antagonist, PPAR a/fy dual agenist, aP2
inhibitor, DP4 inhibitor or SGLTZ inhibitor or other
antidiabetic agent within the range from about 0.01:1 to
about 100:1, preferably from about 0.05:1 to about 10:1.

The othsr type of therapeutic agent which may bhe
optionally employed with the HMG Coa reductase inhibitor
of formula I may be 1, Z, 3 or more of an anti-cbesity
agent including a beta 3 adrenergic agonist, a lipase
inhibitor, a sercotonin {and dopamine) reuptake inhibitor,
an aP2 inhibitor, a thyrold receptor beta drug, a PTP-1B
inhibitor, an anorectic agent, & PPAR modulator including
PPAR y antagonists, PPAR & agonists, PPAR § anktagonists, a
CCKA agonist, a leptin inhibitor such as a leptin
receptor activator, a neurcpepiide ¥ antagonist, a
melanccortin-d-receptor (MC4R} agonist, a fatty acid
oxidation upregulator or inducer (such az Famoxin®

Genset} .
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The beta 3 adrenergic agenist which may be
optionally employed in combination with a compeund of
formula I may be AJS677 (Takeda/Dainippon), L750355
(Merck), or CP331648 (Pfizer) or other known heta 3
agonists as disclosed in U.S. Patent Hos. 5,541,204,
5,770,815, 5,491,124, 5,776,983 and 5,488,084, with
AJIETT, L?50,355 and CP331648 being preferrsd.

The neuwropeptide ¥ antagonista which may be
optionally employed in combination with a compound of
formulza I include those described in WO 0113%17 (BMS) or
in U.5. Patent Wo. 6,213,408 (Synaptic) and in B0 0114376
(Banyu) .

The lipase inhibitor which may be cptionaily
employed in combination with a compound of formula T may
be orlistat or ATL-962 (Alizyme), with orlistat being
preferred.

The serotenin {and deopoamine) reuptake inhibitoxr
which may be optionally employed in combination with a
compeound of formula I may be sibutramine, topiramate
(Johnson & Johnson) or axokine (Regeneron), with
sibutramine and topiramate being preferred.

The thyrcid receptor beta compound which may he
optionally employed in combination with a compound of
Formula I may be a thyroid recepter ligand as discleosed
in WO9$7/21993 (U. Cal 5F), WO25/00353 (KaroBio},
GB9R/284425 (KarcBio}, and U.8. FProvisional Application
60/183,223 filed February 17, 2000, with compounds of the
KaroBio applications and the above U.5. provisional
application being preferred.

The anorectic agent which may be optionally
employed in combination with a compound of formula T may
e dexamphetamine, phentermine, pbenylpropanolamine or
mazindol, with dexamphetamine being preferred.
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The CCKA agonists which may be employed herein
include Glaxo-SmithKline's GI-181,771 and Sanofi's
S5R144,131.

The PTP-1B inhibitor which may be an anti-cesity
and/or an antidiabetic agent include those disclesed in
WO 99/585,521, WO 99/58518, WO 99758522 and WO 85/51435.

The anti-cbesity agent employed may alsc ba
Pfizer’s P57 or CP-644,673 ({licensed from Phytopharm).

The various anti-obesity agents described above may
be employed in the same dosage form with the compound of
forsmla T or in different dosage forms, in dosages and
regimens as generally koown in the art or in the PDR.

The antibypertensive zgents which may he employed
in combination with the HMG CoA reductase inhibitors of
the invention include ACE inhibditors, angiotensin II
receptor antagonists,WEP inpibitors such as candoxatril,
NEP/ACE inhikitors, as well as calcivm channel blockers
(such as verapamil and amlodipine besylate), T-channel
caleium antagonists (such as mibefradil), B-adrensrgic
blockers, diuretics, a-adrenergic blockers {such as
doxazosin mesylate and terazosin HCL), duzl action
receptor antagonists {DARA)}, heart fallure drugs such as
digoxin, and other types of antihypertensive agents.

The angiotensin converting enzyme inhibitor which
may be employed herein includes those containing &
mezcapto (-S-) moleiy such as substituted preline
dexivatives, such 48 any of those disclozed in U.S. Pat.
No. 4,046,889 to Cndettl et gl mentioned sbove, with
captopril, that i=, 1-[({28)-3-mercapto-2-
methylpropionyl] -L-preline, being preferred, and
mercaptoacyl derivatives of substituted prolines such as
any of those disclosed in U.S5, Pat. Ne. 4,316,506 with
zofenopril being preferyed.
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Other exemples of mercaptc containing ACE
inhibitors that may be employed herein include rentiapril
(fentiapril, Santen} disclesed in Clin. Exp. Pharmacol.
Physicl. 10:131 (1983); as well as pivopril and YS98Q.

Other examples of angictensin converting enzyme
inhibitors which may be employed herein include any of
those disclosed in U.S. Pat. Wo. 4,374,829 mentionsd
sbove, with W-(l-e¢thexycsrbonyl-3-phenylpropyl)-L-alanyl-
L-preline, that is, enalapril, being preferrsd, any of
the phosphonate substitnted amino or imine acids or salts
disclosed in U.8. Pat. No. 4,452,7%0 with (8)}-1-[6-amino-
2-{ [hydroxy-{4-phenylbutyl) phosphinyljoxyl-1-oxchexyl]~L-
proline or {cercnapril) being preferred,
phosphinylalkanoyl prolines disclosed in D.8. Pat. Ho.
4,168, 267 mentioned ebove with fosinopril being
preferred, any of the phosphinylalkanoyl substituted
prolines disclesed in U. 5. Pat. No. 4,337,201, and the
phosphonamidates disclosed in U.3. Pat. No. 4,432,871
discussed above.

Other examples of ACE inhibitors that may be
employed herein include Beecham’s BRL 36,378 as disclased
in Burepean Fatent Application Mos. 80822 and 608668;
Chugai’s MC-338 disoclesed in C.A. 102:72588v and Jap. J.
Fharmacol. 40:373 (1986): Ciba-Geigy’s CGS 14824 (3-([1-
ethoxycarbonyl-3-phenyl- {18} -propyllamins}-2,3,4,5-
tetrahydro-2-oxo-1-(33) -kenzazepine-1 acetic acid HC1}
disclosed in U.K. Patent Wo. 2103614 and CG8 16,817
{3(8)-[[({18)-5-aminc-l-carboxypentyllamino]-Z,3,4, 5-
tetrahydro—2-axo-1H-1-henzazepine-1l-ethanoic aciad)
disclosed in U.8. Pat. Wo. 4,473.575; cetapril
{alacepril, Dainippon) disclosed in Eur. Therap. Res.
39:671 (1986); 4£0:543 (1986); ramipril ({Hoechsst)
disclosed in Euro. Patent No. 79-022 and Curr. Ther. Res.
40:74 {1988); Ru 44570 (Hoechst) disclosed in
Arzneimittelforschung 34:1254 {1985%), cilazapril
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(Hofiman-LaRoche) disclosed in J. Cardiovagc. FPharmacol.
2:38 (1987); ® 31-2201 (Hoffman-LaRoche) disclosed in
FEBS Lett. 165:201 (1984)}); lisinopril (Mexck), indalapril
{delapril) disclosed in U.S. Pat. No. 4,385,051;
indolapril (Schering) disclassed in J. Cardiovasa.
Pharmacol. 5:643, 655 (1983), spirapril (Schering)
disciosed in Acta. Fharmacol. Toxicel. 5% (Supp. §):173
{1986} ; perindopril (Servier) disclosed in Eur. J. clin.
Pharmacol. 31:51% (1387): quinapril (Warner-Lambert)
disclosed in U.5. Pat. Ho. 4,344, 94% zod CI825 (Warner—
Lambert) ([38-[Z[R{*)R(*)]1]I3R{*)]-2-{2-[[1- (ethoxy-
carbonyl)-3-phenylpropyl]aminc] ~1-oxopropyl]-1,2,3, 4~
taetrahydro-6,7-dimethoxy-3-isoquinolinecarboxylic acid
HCl)disclosed in Pharmacologlst 28:243, 268 (1984), Wr—
44221 {wyeth} disclesed in J. Med. Chem. 2§5:394 (19B3}.

Preferred ACE inhibitore are captopril, fosipopril,
enalapril, lieinopril, guinapril, benazepril, fentiapril,
ramipril and moexipril.

NEP/ACE inhibiters may alsc be employed hersin in
Lhat they possess neutral endopeptidase (NEPF] inhibitory
activity and angiotensin converting enzyme (ACE)}
inhibitory activity. Exzamples of NEF/AUE inhilbitors
sultable 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, 0.5. Patent. No. 5,552,397, 1.5,
Bat. No. 5,304,080, 0.9, Patent Wo. 5,612,35%,U0.5. Fat.
No. 5,525,723, PBuropean Patent Application 0593,444,
04B1,52%, (0599,444, 0595,610, Furopean Patent Application
0534363R2, 534, 3%¢ and 534,497, and Furcpesan Patent
Epplication 062862732,

Preferred are those NEP/ACE inhibitors and dosages
thereof which are designated as preferred in the above
patents/applications which U.5. patents are incorporated
herein by reference; most preferred are omapatrilat,
gemopatrilat [[S[{R* R*)]-hexahydro-é-|[(2-mercaptao-l-oxzo-
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3-phenylpropyl)amine]-2, 2-dimethyl-7-oxo-1H-azepine-1-
acetic acid) and CGS 30440.

The angictensin II receptor antagonist (also
referred to herein as angiotensin IT antagonist ox AITL
antagenist) suitable for use herein includes, but is not
limited to, irbesartan, lcsartan, valsartan, candesartan,
tascsartan or eprosartan, with irbezartan, losartan or
valsartan being preferred.

2 preferred cral desage form, such as tablets or
capsules, will contain the ACE inhibitor or AII
antagonist in an amount within the range from abut 0.1 %o
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,
angictensin IT antagonist or NEP/ACE inhibibor will be
enployed in &n amount within the range from about 0.005
mg/kg Lo about 10 mg/kg and preferably from about 0.01
mg/kg to about 1 mg/kg.

Where a drug 15 to be administered intravenously,
it will bhe formulated in ceonventional vehicles, such as
distilled water, saline, Ringer’s sclution or cther
conventional carriers.

It will be appreciated that preferred dosages of
ACE inbibiter and AII antagonlist will be as set cut in
the latest edition of the Physician's Desk Reference
(PDR} .

Dual action receptor antagonists (DRARA) suitable
for use herein include these disclosed in U.3.
applications Serial Na. 09%/513,779, filed February 25,
2000, and Serial Mo, 09/604,322, filed Juns 26, 2000.

Other examples of preferred antihypertensive agents
suitable for use herein include omapatrilat (Vanlev®),
gemopatrilat, amlodipine besylate (Norvapce®}, prazosin

HCL (Minipress®), verapamil, nifedipine, diltiazem,

- B2 -

JP 2004-503541 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(125)

WO 0146311 PUT/USOLAABRGR

10

25

Eelodipine, nisoldipine, isradipine, nicardipine, beta
blockers such as nadolol, atenolgl (Tenormin®), sotalol,
terazosin, doxazosin, carvedilol, and propranclel, and
clanidine HC1 (Catapres®) .

Dinretics which may be employed in combinaticn
with compounds of formula I ipclude hydrochlorothlazide,
torasemide, furecsemide, spironclactone, and indapamide.

Antiplatelet agents which may be empleoyed in
combination with compounds of formula I of the invention
include aspirin, clopidogrel, ticlopidine, dipyridamole,
abciximab, tireafiban, eptifibatide, anagrelide, and

ifetroban, with clopidogrel and aspixin being prefarred.

The antihvpertensive ageots, diuretics and
antiplatelet drugs may be employed in amounts as
indicated in the PDR. Ifetroban may he empioyed in
amounts as set out in U.8. Patent No. 5,100,883,

Anti-Alzheimer’s agents or anti-dementia agents
suitable for use herein with the KMG CoA reductase
inhibitors of the inventicn ineclude tacrine HC1 (Cognex®)
and denepezil {Aricept®}, as well as y-secretase
inhibiters, P-secretase iohibiters and/or
antihypertensive agents. Dosages employed will be as sef
out in the POR.

Antiosteoporasgis agente snitable for use herein in
combination with ths HMG Cod reductase inhibitcrs of the
invention include parathyreid hormone or bisphosphonates,
such ag ME-217 {alendronabte) {Fosamax®) asg well as Ca
receptor agonistes and pregestin receptor agonists,
Dosages amployed will be as set out in the PDR.

The hormone replacemsnt therapeutic agents, where
present, will be employed in dosages asz et out in the
latest edition of the BDR. Examples of such agents
include selective estzogen receptor modulators (EBRMs)
such as rzloxifen, tamoxifen or lasoxifen.
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The HMG CoA reductase compound of the invention may
also be employed in cowbinaticn with a tyrosine kinase
inhibitor such as disclosed in WO 20060,/053605;

the selective androgen receptor medulator suitabla
for use herein may be LGD-2226 (Ligand);

the antiarrhythmic agents suitable for use hersin
include B-blockers as set cut herein including sotalol
and amicderoms, calcium channel blockers as set out
herein including verapamil, nifedipine, amlodipine—
hesylate, and diltiazem, which may aleo be used in
comizination with a debrillator device such as a pace
maker;

coenzyme O sub. 10 such as discloged in U.S. Patent
No. 5,318,765, 4,933,155, 4,929,437;

an agent that upregulates type III endothelial cell
nitric acid syntase such as disclosed in WO 2000/003748;

a chondroprotective compound such as a polysulfated
glycogaminoglycan {PSGAG), glucosamine, cheondraitin
sulfate (€3}, hyaluronic acid {HA), pentosan polysulfate
(PPS), doxycyaline or minceycline, such as disclosed in
EF 970684;

a cyclocxygenaae (COX)-2 inhibitor, such asm
calacoxib (Calebrex® (Searle)) or rofecoxib (Viexx®
(Merck) ) or a glycoprotein 11a/IIIb receptor antagonist
such ae discloged in WO 99/45%13 and tirofiban or
abciximab;

# 5-HT reuptake inhibitor such as disclosed in WO
99/4460%;

anti-anginal agents svch as vasodilators, for
example, lgogorbide dinitrate, or nitroglycerin;

a growth hormene secretagogue auch as digclosed in
U.S. applications Serial No. 09/662,448, filed September
14, 2000, and U.8, Provieiconal applicaticn 60/203,335,
filed May 11, 2000, and MK-677 (Merck], Pfizex's CP-
424391 and Lilly's LY 444,711;
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anti-atherosclercsis agents such as ACAT inhibitors
and lipoxygenass inhibitors as described herein and
phosphelipase A-2 inhibitors such as 5-3013 and
EE-435,4%5 (which are alsgo anti-inflammatory agents) ;

anti-infective agente such as guinclones, for
example, ciproflowacin, ofloxacin, and Tequin® {(Bristol-
Myers Sgueibb), macrolides such as erythremycein and
clarithromycin (Biaxin® (Abbott)), and azithromycin
(Bithromax (PLlzeri); or

an immunosuppressant (for use in transplantationg)
such as oyclaosporine, mycophenclate mofatil, azathicprine
and the like.

&s used herein, the phrase “antineoplastic agent”
refers to compounds which prevent cancer cells from
multiplying. In general, the antineoplastic agente used
herein prevent cancer cells from multiplying by: {1}
interfering with the cell's ability toe replicate DHA, or
(2) inducing apoptosig in the rancerous cells.

Examples of antineoplastic agents which are
sultable for use in combinations of thig invention
include, bub are not limited to, microtukle-stabilizing
agents Such as the taxanes, Eor example, paclitaxel (also
known as Taxoel®), docetaxel (algeo known as Taxotere®), 7-
O-methylthic- methylpaclitaxel {disclosed in U.8.
5,646,176), 3'-tert-butyl-3'-N-tert-butyloxycarbonyl-4-
deagetyl-3'~dephenyl-3'-N-dabenzoyl-4-0-methoxycarbonyl-
paclitaxel (disclosed in USSN 60/172,3965 filed on
February 3, 2000, and example 17 herein), C-4 methyl
carbonate paclitaxel {(discleosed in WO 94/14787), the
epothilone, such as epothilone 2, epothilone B,
epothilone C, epcthilene B, descxyepothilone A,
desoxyepothilone B, [18-

[1R*,3R* (B}, 7R*, 108% , 11R*, 12R*,165*] ] -7, 11-dihydroxy-
g8,8,10,12,16-pentamethyl-3- [1-nethyl-2- (2-methyl-4-
thiazclyl)ethenyl] ~4-aza-17-oxabicycelo [14.1.0) hepta-
decane-5,%-dione (disclosed in WO 99/03514), [185-
[1R*,3R* (E] , 7R*, 10S% ,11R* 12R*% 165%]] -3~ [2-[2-
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(aminometlyl) -4-thiazolyl]-1-methylethenyl] -7,11-d1-
hydroxy-2,38,10,12, 16-pentamethyl-4,17-dioxabi-
cyclo[14.1.0] -heptadecane-5, 9-dicne |disclosed in TISSH
09/506,4B1 filed on February 17, 2000, and examples 7 and
8 herein), and derivatives thereof; microtuble-disruptor
agents; alkylating agents; anti-wetabolites;
epidophyllotoxin; an antinecplastic enzvme; a
mitoxantrone;
platinum ceoordination complexes; biological response

Lopoisomerase inhibitor; procarbazin

modifiers; growth inhibitors; hormonal/antihormonal
therapeutic agenta; and hasmatopoietic growth factors.

Other clasges of antineoplastic agenis sultable for
use in the method of the present inventiom include, but
are not limited to, the anthracycline family of drugs,
the vianca drugs, the mitomyeins, the bleomycing, the
cytotoxic nucleosides, discodermolide, the pteridine
family of drugs, diynenes, zromatase inhibitors, and the
podophyllotoxins. Particularly useful membera of thoae
classes not previcusely menticned include, for example,
domorubicin, carminomycin, daunorubicin, aminopterin,
methotrexats, methopterin, dichloro-methotrexate
mitomycin C, porfiromycin, 5-fluorouracil, 6-
mercaptopurine, gemcitabine, cytosine arabincaide,
podephyllotoxin or podophyllotoxin derivatives such as
etoposide, etoposide phosphate or teniposide, melphalan,
vinblastine, vincristine, leurcsidine, vindesine
leurosine, and the like. Other useful antinecplastic
agents include estramustine, cisplatin, carbeplatin,
cyclophasphamide, bleomycin, tamoxifen, ifosFamide,
melphalan, hexamethyl melamine, thictepa, cytarabin,
idatrexate, tyrimetrexate, dacarbazine, L-asparaginase,
camptothecin, CPT-11, topotecan, ara-U, bicalutamide,
flutamide, leuprolide, pyridobenzoindele derivatives,
interfercns, and interlenkins.

It will be appreciated that unless otherwise

specified the dosage regiment for therapeutic agents used

_ 5§ -
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in combination with the compounds of the invention will
be as specified in the PDR.

In carrying out the methed of the invention for
treating hypercholesterclemia, hyperlipidemia,
hyperlipoproteinemia, bypertriglyceridemia, or
atherosclernsis, and related diseases, or Alzheimer’s
dissase or osteoporosis, or cother disclosures as set out
hereinbefore, a pharmsceutical composition will be
employed containing the compounds of structure I, with or
without other cholesterol lowering agents, osteoporosis
agents, Alzheimerfs agents, antidiabetic agent(s) and/cr
antihyperlipidenic agent (s} andfc:.other type therapeutic
agents in assoclation with & phermaceutical vehicle ox
diluent. The pharmacentical composition can be
formulated empleoying conventional solid or liquid
wehicles or diluents and pharmaceuvtical additives of a
tLype appropriate to the mode of desired administration,
such as pharmacentically acceptable carriers, excipients,
binders and the like. The compounds can be administersd
to mammalian speciea including humans, monkeys, dogs,
ete. by an eral route, for example, in the form of
tablets, capsules, beads, granules or powders, or they
can be administered by a parenteral reoute in the Form of
injectable preparations, or they can be administersd
intranasally or in transdermal patches. Typical solid
formulations will centain from about 0.1 te about 500 mg
of a compound of formula I. The dose for adults is
preferably between 0.5 and 1,000 mg per day, which can be
adminisiered in a single dose or in the form of
individual doses from 1-4 times per day and alszo single
deose once weekly (5 to 1000 mgl.

A typical injectable preparation is produced by
asgptically placing 250 mg of compounds of structure I
inte a vial, aseptically freeze-drying and sealing. For
use, the contents of the vial are mixed with 2 mbL of
physiologlcal saline, to produce an injectable
preparation.

- 57 -
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The following abbreviations are amployed in the

Exzamples and elsewhers heresin:

Ph = phenyl

Bn = benzyl

i-Bu = isc-butyl

Me = methyl

Et ethyl

TMS = trimethylsilyl

FMOC = flucorenylmethoxycarbonyl

Boc = terxt-hutoxycarbonyl

Cbz = carbcbenzyloxy or carbobenzoxy or benzyloxycarbonyl
DIPEA = diisopropyl ethylamine

PTSH = N-phenylthlotetrazole

PPh; = triphenylphosphine

NMO = methylwmorpholine N-oxide

TPAP = tetrepropylammonium perruthenate

DEAD = diethyl azodicarboxylate

HOAc or AcCH = acetic acid

TFA = triflucorcacetic acid,

EI:NH = diethylamine

NMM = N-methyl morpholine

n-Buli = n-butyllithium

bd/C = palladium on carbon

PLl; = platinum oxide

MTBE = methyl t-butyl ether

Pl water = dionized water

TEA = triethylamine

EDAC = 3-ethyl-3'-{dimethylamino}propyl-carbodiimide
hydrochleoride (or 1-[{3-(dimethyl}aminc)propyl?}-3-
ethylcarbodiimide hydrochlorids)

AOBT or HOET.H,0 = l-hydroxybenzotriazole hydrate
HOAT = l-hydroxy-7-zzabenzotriazole

ByBOP reagent = henzotriazel-l-yloxy-tripyrrelidino
phesphonivm hexzaflucrcphosphate

LiN(TMS) 2 = Libis(trimethylsilyl)amide

- gg -
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DIBAL = diisobutylaluminum hydride

LDA = lithium diisepropylamide

DMl = 1, 3-dimethyl-3, 4,5, 6-tetrahydro-2{1H) -pyrimidinone
BeCN = acetonitrile

LiBMD3 = lithiom bis{trimethyl=1ilyl}amide

NaHMOS = sodium bis{trimethylsilyl)amide

Red-AL = sodium bis{2-methoxyethoxy)aluminum hydride
mCPBA = m-chloro-p-benzeic acid

min = minute(s}

h or hr = hour(s)

L = liter

nl = milliliter

pL = microliter

g = gram(s)

mg = milligram{s)

mol = moles

mmol = millimole (=)

meq = milliequivalent

RY, rt - room temperature

sat or sat’d = saturated

ag. = agueous

TLC = thin layer chromatography

HPLC = high perfeormance liquid chromatography

LC/M8 = high performance liquid chromatography/mass
spectrometry

M5 or Mass S3pec = mass spectrometry

NMR = nuclear magnetic resonance

mp = melting point

Bp = boiling point
The following Bxamples represent preferrad

embodiments of the invention. Unless otherwise
indicated, all temperatures are in degress Centigrade.

- B -
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To a slurry of NaH (19.20 g, 480 wmmol] and diethyl
carbonate (80 mbL) in a 3-neck 1L round hottom £lask at
roeom temperaturs was added a solution of oyelepropyl
methylketone {23.5 wlL, 238 wmel) in Et,0 {30 mi).
Approximately 10% of the solution was added, and then
0.25 mL of EtOH was added to the reaction alurry.
addition of the remaining ketone solution continued with
light gas evelution. After additien of all of the ketone
solution, the reaction became gquite excthermic with
vigorous H,; evolution. The reaction mixture was cooled
periodically with an ice-bath to keep the temperature
around 35°C to 50°C., After one hour, gae evoluticn had
ceaged and the reacticn mixture was stirred at room
temperaturs for 2Zh. The reaction mixture was cooled in
an ice-bath, diluted with EL,0 (200 ml), and treated with
1 N BCl with some ice to adjust to around pH 3. The
reaction mixture was extracted with Et,0 {3 x 150 mL}.
The Bt,0 extracts were combined, washed with saturated
agqueous NaHCO, {200 mL), K0 (200 wl) and brine (200 wl),
and dried (WNa,80,), filtered and concentrated under
reduced pressure to give a vellow oil. The oil wae
distilled under vacuum to give the bitle cowpound as a
doleorleas oil, 28.5 g, 77%. B.p. = 94-98°C/8 mmHg.

- 80 -
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To a stirred sclution of Part A compound (28,24 g,
181 mmol) in benzene {128 wl) was added 4-Flucrobenz-
aldehyde (19.4 mL, 181 mmolj, HOAc (0.31 1L, 5.4 mmal)
and piperidine (1.8 mL, 18.2 mL). The reaction mixturs
wad heated at reflux and azeotrope was collacted with a
Dean-Stark trap. After 16 h, the reaction was cooled to
room temperature, diluted with Et,0 {250 mlL), washed with
adquecus 0.5 N HCl, saturated agueous NaHCO,, H,0 and
brine, and then dried (Na,50,), filtered and concentrated
under reduced presgure. Purification by flash
chromatography (1:10 BtORc/hexane) gave the ticle
compeund as a light yellow oil, 29 g, 6l% yield,

.

To a solution of 1-kenzosuberone (7.35 g, 45.9
mmal] in THF {3 mL) at -78°C under N, was added a sclution
of lithium bis{trimethylsilyl)amide (1 M in THF, 40.5 ml,
40.5 mmol) . The reaction mixture was stirred at —78°C
for 1 h, then a solution of Part B compound {7.07 g,
26,95 mmol) in TEF (3 mL) was added dropwise. The
reaction wmixture wae stirred at -78°C for 1 h, then at 0°C
for 30 min. The reaction mixture was cquenched with HORZe
(8 mL) and poured into saturated agueous FH,Cl (250 mL),
then extracted with Et0 (3 x 60 ml), The combined Bt,0

extracts were washed with H,Q and brine, then dried

- 8L -
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{Na,50,), filtered and concentrated in vacuo to give the

title compound as a light yellow 0il. The resulting
crude product was used in the next step without further
purification.

D.

To a stirred scolution of crude Part ¢ compound
{26.2 mmol) in HOARe (128 mL) was addad ammonium acetate
{5.14 g, 118.6 mmol) and copper (IT) acetate menohydrate
{1¢.7 g, 89.7 mmol). The reaction mixture was heated at
reflux under argon overnight. After cooling to room
temperature, the meaction mixture was poursed imnto a
mixture of NHO0H (150 mL) and ice (7300 g), then extracted
with Et,0 {3 x 100 mL). The combined Et,G extracts were
waghed with H,0 and brine, then dried (Na,80,), filtered
and concentrated Iin vacue. Purification by flash
chromatography (2:20:80-EtOAc/CH,Cl,/hexane) gave the
title compound as a white foam, 7.7 g, 71% yield {from
part B compound) .

- 62 -
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Ta a stirred selution of Part D compound (7.7 g,
18.2 mmol) in THF {38 nb) at 9°C under argon was added a
solution of lithium aluminum hydride (1 M in THF, &0 mL,

£0 mmel) at 2 rate to mainkain 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 guenched with #,0 (15wL}, 10% agueous NaOH (15
wl) and H,0 {15mL). Tha reaction mixbure was stirrasd at
room temperature for 15 minutes and filtered., The solid
wae washed with Et,0 and EtOAc. The combined crganic
extracts/washings were washed with H,0 and brine, then
dried (Na,S0,), filtered and concentrated in vacuo.
Recrystallization from BtGAc-hexane gave the title
compound as a white sclid, 5.25 g, 76% yield.

E.

E
1‘\
e
/‘ Br
e
N

&

S

To a slurry of Part E compound (5.2 g, 14.5 mmoll
in CH,Cl, {40 mL} at 0°C under argon wae added a solutien
of PBr; (2% mbL, 2% mmol) in CH,CL, dropwise, maintaining
the temperature between 0 to 10°C. Afrer addition, the

reaction wixture was stirred at 0°C for L h, then

~ &3 -
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guenchad with saturated aguecus NaHCO, (100 nl) and
extracted with EtOAc {3 x B0 mL). The combined organic
extracts were washed with H0 and brine, then dried
(Wa,30,) , filtered and concentrated in vacuo.
Purification by flash chromatography (1:3 CH,Cl./hexane)
gave the title compound as a white powder, 3.85 g, 63%
viald.

G,

A solution of diethyl phosphite (1.50 g, 10.9
mmol} in THF (10 ml) was cacled to -10°C under argonm and
then a selution of godium bis (trimethylsilyl)amide {1 M
in THF,10.7 mL, 10.7 mmel) was added, dropwise. The
reaction mixture was stirred at -10°C for 30 min, and
then a solution of Part F compound (3.82 g, 92.05 mmol) in
THE (18 mL) was added maintaining temperaturs around -10
to 0°C. The reacticn mixture wag stirred at -10°C for 1
h. The reaction mixture was guenched with saturated
aqueous NH,C1 (15¢ mL), then extracted with EtDAc (3 = 100
mL) . Combined EtCAc extracts were washed with saturated
aqueons NH. C1 (150 mb), H,0 and brine, then dried (Na,50,),
filtered and concentrated ir wacuo. Purification by
flash chromatography (1:2-EcOAc:hexans) gave the title
compound as a white foam, 4.1 3, 94% yield.
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A flame-dried 200 ml round bottom flask was
charged with Part G compound (2.062 g, 4.3 mwmol) and

chased with anhydrous teluene (2 x 10 mL), then dried on
high wvacuum and purgsed with argon. The residue was
digsclved in THF (15 wL) and cocled bo —78°C under argon.
A eolution of mBuli {2.4 M in hexanes, 1.90 mL, 4.52
mmel] was added dropwise, wailntaining Lhe temperature
arcund -78 to ~-74°C. A soluticn of the Example 2 Part @
aldehyde compound (1.232 g, 5.16 mmole) in THF (L0 ml)
was added dropwise. The reaction mixture was stirred at
-78°C for 40 min, at -10°C for 1h, and at rcom tempaerature
for 1h. The reaction wixture was gquenched with saturated
aguecus NHC1 (100 mh), then extracted with EtOAc (2 x 100
mL) . Combined EtCAc layers were washed with HO and
brine, then dried (Na,80,), filtered and concentrated imn
vacuc. Purificaticon by £lash chromatography (27:873-
BtOAc:CH,CL,) gave the title compound as a white foam, 804
wg, 4% yield.

n

. ,
“om

WY
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Te & selution of part N compound (804 mg, 1.38
mmol) in CH,Cl, (18 mL] at 0°C under argon was added
trifluorcacetic acid (1.59 mL, 20.7 mmol). The reaction
mixture was stirred at room temperatvre for Sh, diluted
with BLOAc (100 mL) and washed with saturated agueous
NaHCQ, (60 wL x 2), H0 and brine, then dried (Na,S0,)
filtered and concentrated in vacuo. Purificaticn by

flash chromatography (45:55-Et0OBAc:hexane) gave ths title
compound as a white foam, 540 wg, §3% yield.

g

OH QH 0

T
ONa

“\
ot

To a solution of Part I compound (515 mg, 1.1
mmoel) im THFE (10 mL) was added 1N agueous NaQH (1.37 wul,
1,27 omel) and stirrved zb room Lemperature for 10 min.
The reaction mixture was concentrated im vacoe and
purifisd by SP207 {Na® form) regin, eluting with 3:7-
H,CH:H,0. The desired fractiona wers pooled and
lyophilizaed to give the title compound as a white powder,
506 mg, %1% yield. LRMS gave the correct molecular ion
[(M - Wa* + 20" ) = 488] for the desired compound.
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Blternate Procedurs For Example 1 Part H compound

{1).
F
=
>

To a stirred sclution of Exampla 1 Part E compound
{13.07 g, 31.0 mmel} in tcolusne (300 ml) was added ©-
ethyl diphenylphoephinate (8.65 mh, 40.0 mmol} in one
10 portion. The reackion was heated to reflux, using a
Dean-Stark trap te remove the 15 mL of sclvent. After
2h, the sclution was cooled and svaporated to nearly
remove all of the solvent. The residue was triturated in
hexanes (7100 mL), the resultipg solide were collected
15  and dried inm wvacuo at 60°C to give Pazt (1} compound as a

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

{2).

20 A 1 L 3-necked round bottom flask was flame-dried
and then fitted with a mechanical stirrver, an argon-
filled kalloon, vacuum take-off and a2 thermecouple., 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 solutiom

25 (5.4 mL, 2.5 M in hexanes, 13.5 mmol) over 20 min., &

- 687 -
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deep red-orange solution formed, After 30 min, a
solution of zinc chloride-N,M,N', N'-tetramethylethylene-
diamine complax {drisd iIn vacuc at 60°C For 2h, 3.42 g,
12.5 wwmel) in THF {160 wl) was added viz cannula and
stirred 30 min. After 30 min, the resulting sclution was
cannulated intoc a sclution of Example 2 Part G aldehyde
(4,30 g, 16.56 mol) in THP (20 mL) at rocm temperature
over 20 min. 2 light orange soluticn scon formed,
followed by o precipitate, After 2 h, the reaction was
guenched with brine (50 mL} and water (50 mL] and
extracted three times with ethyl acetate (100 mL). The
organic extracte were combined, dried (MgSQ,) and
evaporated, LOMS of the crude material indicated
unreacted Part {1} compound and an 8%/11 mixture of the
degired (B} isomer/undegired (Z) isomer.

The reaction was repeated and the combined crude
product (2B g) was purified by flash chromatography on
silica gel in two identical batches (12 x 22 cm column,
1.5 L 1:829% EtOAc/CH,Cl,, 2 L 1:2% BtOAC/CHCL, and then 1.5
L 2:7 EtDRo/hexanes) . Partially pure E/Z mixbures were
pooled and repurified to give the title Part (2} compound
[which is the same as Example 1 Part H compound) {%9.2%
[B} isomer) as a orystalline solid (after evaporation
from toluene), mp 146-147°C, 7.14 g (68% yield, bkased on

recovered Part (1) compound) .

- 88 -
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Tc & solution of 4-fluoroa-benzaldehyde (5g, 40.3
mmol) and ethyl isobutyryl acetate (6.5 oL, 40.3 mmol) in
benzene (50 mL) was added piperidine (400 pl, 4.04 mmol},
foliowed by acetie acid (100 pi, 1,66 mmol}, The
reaction wag refluxed for 16 hours and partitioned
between aguecus HC1 (IN, 20 wh} and echyl acetate (50 wh

% 2). The combined organic layers weres washed with
gaturated NallCO, (20 wlL), brine (10 ml), and dried over
sodium sulfate (Na,50,}. The sclvent was removed in

vacuo. Diatillation at 140°C at 200 mm Hy afford 2.06 g
(85% yield) of compound A ag a yellow oil. BSI-LC/M3
(M+H}* =284 .

To & 1M lithivm hexamethyldisazide soluticn (50
mL, 50 mmol} at -78°C under N, was added a THF (3 mL}
solution of benzosukborone {9 g, 56.1 mmol). The reactiocon
temperature was malntained below -75°C during the
addition, The reaction was then stirred at -78°C for 1
hour and compound A (9 g, 34.1 mael, in 3 wlL THE) was
slowly added to the reaction. After the addition was
complete, the reartion was stirred for 1 hour at -74°C
then warmed teo 0°C and stirred for 20 minuvtes. The
reaction was quenched with HOAc (9 mi) and poured into
saturated ammeonium chloride solution (NH,C1, 20 miL). The

agueocus layer was extracted with ethyl ether (100 ulL x

_ &9 -
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3}. The combined organic layers were washed with water
(20 mL) and brine (30 wl}, then dried over sodium sulfate
{Na,80.) . The solvent was removed in vacuo and etripped
with toluene twice to afford ecrude compcund B. The crude
compound B was used directly in the next step. EST-LC/MS
{M+H)}* =425,

F. ClEL

T¢ a solution of the crude compound B {12 g) in
aquecus HOAc (100 ol) was added ammonium acetate {9.5g,
123.2 mmol), f£ollowed by cupric acetate monchydrate
{20.7g, 113.% mmel). The reaction was reflux for 20
hours, cooled to room temperature, then poursd into a
aoluticon of ammeonium hydroxide in ice {1 to 1; w/v). The
agueous layer was extracted with ethyl ether (200 ml =
3}. The combined organic layers were washed with water
{50 mL}) and brine {80 mL). Flash chromatography (10%
ethyl acetate in hexane) afforded 10.2 g [88% yield) of
compound C as white powder. ESI-LC/ME (M+H)' =404; m.p.
138-140°C,

D.

To a solution cof compound ¢ {10 g, 24.78 mmzl) in
anhydrous THF {240 mL) at 0°C was added 1,0 M lithium
aluminum hydride in THF (74 mh, 74 mmol). The reaction
was stirred at 0°C for 1 hour and then warmed to room

tenperature and gtirved for 16 hours. The reaction was

- 0 -
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then cocled to 0°C and gquenched slowly with ice, then
sodium hydroxide (10% NaOH, 20 mL). The mixture was
extracted with diethyl ether (50 mL % 2} and filtered.
The filter cake was then washed with more ethyl ether {10
mwL} and ethyl acetate (10 wL). The combined organic
layers wers washed with water (10 mL) and brine (10D mL),
then dried over acdium sulfate (Ma,$0,). Flash
chrematography (20% ethyl acvetate in hezane) afforded 6.5
g {73% yield) of compound D, ESI-LCO/MS (M+H)' =362; m.p.
i17D-171°C.

To a solution of compound D (8.5 g, 23.5¢ mmol) in
anhydrous CH,C1l, (100 mb) at 0°C was slowly added 1.0 M
phosphorous tribromide im CH.CL; (47 mL, 47.1 mmol) while
maintaining the temperature below 10°C. After the
addition was complete, the reaction wap stirred at 0°C for
1 hour and then poured intc saturated cold NaHCO, sclution
{200mL} with stirring. The aguecus layer was extracted
with CH,CLl, (30ml x 2) and the combined crganic layer was
washed with water (10 wml) and brine (10 mL}, then dried
over sodium sulfate (Nx,50,).  Flash chromatography (10%
ethyl acetate in hexane) gave 8.6 g (B6% yield) of
compound E as a white solid. ESI-LO/MS (M+H}* =424; m.p.
157-159%°%C.

[
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Ta a solution of diethyl phosphite (785 uL, &,09
mmol} in anhydrous THE {25 mL) at -10°C under argon was
added a 1.¢ M THF scluticn of sodium hexamethyldisazide
(6 mL, §.0% mmel). The reaction mixture was stirred at
-10°C for 30 minutes. A solution of cowmpound E (2.15g,
5.08 mmol) in THF was added to the reaction while
maintaining the temperature at -10°C. aAfter the addition
was complete, the reaction was stirred for 1 hour and
guenched with water (Z0mL). The aguecus layer was
extracted with ethyl acetate (30wl x 2} and the combined
organic layers were washed with 1IN HCl solution {5mL).
The organic sclvent was removed in vacuo. Flash
chromatography using 20% to 30% ethyl acetate in hexane
aa aluting afforded 2.2% g (24% yisld) of compound F as a
white #eolid. ESI-LC/MS (M+H)'-482; m.p, 102-105°C.

G.

OMO [+
A

En oven-dried 3-neck 1-L flask eguipped with
temperature sensor probe, 125-mlL constant pressure
addition funnel and septum wasz charged with dry CHCI,
(300 miL} and dry DMSO (20.% mL, 0.2344 mol, 2.5 aquiv)
under argon atmosphere; cooled to -7°C. Added neat oxalyl
chloride (13.6 mh, 0.156 mol, 1.32 equiv} via syringe
dropwise over 15 min (Lemperature rose ta -66°C), then let
stir gdditicnal 15 min. A sgolution of the starting
alcohol 2-[(4R,68) -6~ {hydroxymethyl) -2, 2-dimethyl-1,3~
dioxan-4-yllacetic acid E-butyl ester {30.66 g, 0.1178
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mel, 1 equiv) in dry CHCL, (80 mbL] was added dropwise
from the addition funnel over 30 wmin (temperaturs roge to
—68°Cf) .  The resunlting white mixture was stirred for 70
min at —-7&°C, then added triethylamine (82 mlL, 0.588% mol,
5 equiv! dropwise from addition funnel over 35 min
([temperature rose to -65°C ), then stirred the light
vellow mixture vigorously at ~76°C, TLC {810, 20%
EtORa/CH,CL,, Rf=0.52). After 30 win, removed the cocling
bath and guenched the reaction by slowly adding cold 20%
ag KH,PO, {35 mL), followed@ by cold H,0 (300 wmL); let agtir
15 min (temperature rose to -7°C ). Poured into 2-L
geparatery funnel and extracted with hexanes (500 mL) .
Waghed the organic extract with cold 10% ag KH,PO, {3x300
mL} and saturated aguecus NaCl (300 wmL}. Dried the
organice over anhydroug Na,80,, filtered and coneentrated
in vacuo to give yellow oil. Purificaticn by 8i0, flash
chromatography {(10cm x 20 om column) with 25:65
EtOlc/Hexanes afforded the title compound as a white
solid (2z.2 g, 0.0859% wmol, 73%):

*H BMR {CDCl,) § 1.267-1.465 [(m, 16H), 1.802 (dd, J=12.7
Hz, 2.2 Hz, 1H), 2.290-2.464 {(m, 2H), 4.31a {d, J=18.4

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

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 sclubtion of n-butyllithium (2.1
mL} over a period of 40 minutes. The temperature was
maintained below —75°C during the addition. After the
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addition was complete, the reaction mixture was stirred
for ancther 40 minutes at -78°C. & solution of compound &
(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 hour at -78°C.
The reaction was then warmed ta -10°C and stirred for 1
hour and then stirred at room temperature for an
additional hour. The mixture was guenched with saturated
ammonium chloride soluticn (5mi) and extracted with echyl
acatate (60 mL x 3). The combined organic lavere weare
woshed with watexr {10mL) and brine (30mL}, then dried
over godium gulfate {Na,50,) and f£iltered. The filtrate
was concentrated in vacuo. Flash chromatography using 5%
£oc 10% ethyl acetate in hexane as eluent afforded 1.48 g
{60% yield) of cowpound H as a white eolid. ESI-LC/MS
(M+H) ' =586; m.p. 148-14%°C.

To a cocled [(0°C) solubion af ¢ompound H (500 mg,
0.854 mmol} in anhydroune CH,CI, (12mL) under argon was
alewly added triflurcacetie acid (987 mL, 12.82 wmcel) .
After the addition was complete, the reaction mixture was
allowed to stirred at 0°C for 10 minutes and at room
temperature for 3 hours and then the seclvent was removed
in vacusc. The reaction mixture was guenched with
phesphate sclution ({pE 7.5, 12 mb) and extracted with
CH,Cl, (20 mDL = 2). The combined crganic layers were
waghed with brine {(10mL}, dried over sodium sulfate
{Na,580,), and filtered. The solvent was removed in vacuo.

Flash giliea gel chromatography using 30% to 50% ethyl

- 74 -

JP 2004-503541 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(147)

WO 0146311 PUT/USOLAABRGR

10

15

20

25

30

agetate in hexane as an sluent afforded 331mg {80% yield)
of compound I as a white powder. ESI-LC/MS {M+H)'=568;
m.p. = 189-200°C.

To a zolution of compound I (316 mg, 0.871 mocl)
in anhydroug THF (énl) at room temperature was added an
aqueous eclution of sodium hydroxide (1N MNaOH, 839pl,
0.83% mmol). The reaction was stirred abt room
temperature for 10 minutes. The scolvent was removed in
vacug and taken up in water (Swl}, The solution wae
chromatographed on 8P-207 resin eluting with water,
followed by 25%-40% acetonitrile in water. The desired
fractions were stripped, redissclved in water and
lyophilized to give title compound (308 mg, 94% yield) as
a white eolid. ESI-LC/MS {M+H)'=430; E3I-M5 (M+H)+ = 490;

' NMR (DMSO-D&; 400wmHz) & 0.87-2.01 (m, 1H}, 1.24-1.46
{m, TH}, 1.73-1.78 {m, 1H}, 1.83-2.0% (m, 5H), 2.48-2.52
{m, 2H), 3.40-3.53 {m, 2H), 4.03-4.08 (m, 1H}, 5.34 (ad,
1, T = 5.92, 10.56 He), £.25 (34, 1H, J = 15.24 Hz),
7.21-7.19 {m, S5H), 7.32-7.42 {m, 2H), 7.70L {4, 1H, T -
7.48Hz) ;

¢ ¥MR {DMSO-DS, 400wHz) § 175.6, 162.%, 161.3, 160.1,
i54.2, 1l47.8, 140.5, 128.8, 134.5, 130.7, 130.5, 129.¢,
128.5, 128.1, 126.3, 115.1, 114.9, 68.2, &6.6, 43.7,
43,3, 38.4, 232.3, 30.6, 30.1, 26.4, 24.8, 22,8, 22.7.
Anal, Caled for C,H, N3,FMa = 0.8 W,0: O, 68.14; H, €.44;
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N, 2.65; F, 3.59; Na, 4.35. Found: C, 67.79; H, 5.37; N,
2.51; F, 3.86; Na, 4.83.

Exanple 22
3 Alternate Procedure for Example 2 Part E Compound

H{1l).

To a sbtirved golubticem of Example 2 Part E compound
10 {3.34 g, 7.% mmol) in toluene (40 ml) was added O-ethyl
diphenylphosphinate (2.65 g, 11.5 mmol) in one porticn.
The reaction was heated to reflux for 2h, then cooled to

room temperature. The white precipitate was collected
via filtration and washed with heptane. The residue was

15  dried¢ in vacuc overnight to give title compound a= a

white =o0lid, 4.3 g, 9%% yield, mp 264-265°C.

H{z).

e

.
SES 9

Q
L]
Q

W

1£P|

To part H(1} compound {109 mg, 0.2 wmol) in 25 mL
2-nacked round bottom flask (flame-dried and fitted with
an argon-filled ballcoon, vacuum take-off and a
thermocouple) was added 0.5 mh of DMPU {distilled over

25  CaH, under rsduced pressure, stored with 4A molecular

20

sleves). The resulting glurry was warmed while stirring
until becoming a c¢lear eclution, which was diluted with
THF (1.5 mL}. The resction mixture was evacuated and

purged three times with argon, then cooled to -78°C. To
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the cocled reaction mixtuzre was added dropwiss (.42 mL of
2 0.5 M solution of LDA in THF* {0.21 mmol) . An amber
colored solution formed, After stirring at ~78°C for 30
minutes, a soclution of Example 2 Part @ aldehyde {67 mg,
0.26 mmel) in THF (0.5 wlh) was added via a syringe.

After addition, the resulting yellow solution was stirred
at -78°C for 30 minutes, then at 0% for 1 hour hefore
quenched with an agueous sclution of ammonium chloride.
The reaction wmixture was extracted three times with ethyl
acetate (10 wh]). The organic extracts were combined,

washed with water and brine, dried (Mg30,} and evaporated.

Tha crude product was purified using flash chromatography
on silica gel eluting with 3% EtOAc/hexane. The desired
fractions were pooled and concentrated, and the collacted
regidue dried in vacuo overnight to gilve Part HIZ)

compound as a white foam, B0 mg (68% yield).

‘s gtock molution of 0.5 M LDA in THF was prepared from
diiscpropylamine (redistilled, Aldrich) and 2.5 M of Buli
in hexane {Aldrich) following the uszual procedures and
stored at -20°C.

Exampie 3
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To a soluticon of Example 2 Part H compound (500 mg,
0,854 mmwol) in a mixture of MeOH and EboH (10 mL] was
added 10% Palladium/C (100 mg) and purged with hydrogen
(H;). The reaction mixturs wag then stirred at 55 psi
under hydrogen for 2 hours. Upon the completion of the
reaction, the catalyst was filtered and the solvent was
remeved in vacuc to afford E00mg (99% yield) of the
product ag a white foam. ESI-LC/MS (M+H) =583,

B.

To a conled (0°C¢) solution of Part A compound
(450my, 0.766 mnol} in anhydrcus CH,CL, (9mL) under argon
wag slowly added trifluroacetic acid (886 mL, 12.5
mmel) .  After the addition was complets, the reaction
mixture was allowed to stirred at 0°C for 10 miputes and
at roowm temperature for 3 hours and then the solvent was
removaed in vacuo. The reactlion wixture was quenched with
rheosphate solution (pH 7.5, 12 ml) and extracted with
CH,Cl, (20 ml. % 2). The combined organic layer was washed
with brine {(saturated MNaCl aclution, 1GmL}, dried over
godium sulfate (Wa,3¢,] and filtered. The solvent was
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removed in vacuo. Flash silica gel chromatography using
20% to BO0% ethyl acetate in hexane as an eluent afford
220mg (91% yield) part B compound as a white powder. EST-
LO/MS (M+1)*=474, MP {*C) = 253.-354.

To a solubion of part B compound (330mg, 0.698
mmol} in anhydrous THF (8mL) at room temperature was
added an aqueous selution of sodium hydrowide (1IN NaOH,
872uk, 0.872 mmol). The reaction was stirred at room
temperature for 10 minntes. The solvent was removed in
vacuo and taken up in water (5mL). SP-207 resin bound
chromatography using water, followed by 20% to 40%
acetonltrile in water as the eluant afford 315 mg {(92%
yield) of Part € compound as a white lyophillate. The
5P-207 resin was pre-washed with saturated sodium
bicarbonate golution (NaHCO,, 50 mL} Eollowed by saturated
sodium chloride sclution (MaCl, S0 mlL), and watexr (200
L) .

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

‘H NMR (DMS0O-D§; 400mHz) & 1.0%-1.09 (m, 1H), 1.23-1.29
(m, BH}, 1.35-1.44 (m, 2H), 1.70-1.78 {m, 1H}, 1.30-1.58
(m, 6H}), 2.25-2.35 {m, 1H), 2.45-2.55 (m, 1H}, 3.36-3.40
(m, 1K}, 3.62-3.65 (m, 1H,}, 4.70 {3, 1H), 7.25-7.41 (m,
74}, 7.67 (d, 1H, J = 7.48Hz);

*C NMR {DMSO-DG, 400mHz; § 175.8, 162.4, 180.6, 160.0,
155.0, 146.8, 141.0, 140.3, 138.3, 134.7, 131.2, 130.9,
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128.5, 128.8, 128.3, 126.3, 68,6, 65.6, 44.7, 44.3, 40.0,
32.6, 31.1, 30.5, 26.3, 22.2.

Following the procedure of Examples 1 to 3 the
S following compounds may be prepared.

Examples 4 to 18

HE,
T CO.H
¥ BH
1o where ¥ iz as set out below
Example 5 Example
o
o
A
2 | . -
=N
15
Example 9
W

- ga -

JP 2004-503541 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 0146311

Example 11

(153)

PUTIUSOTABRGR
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Example 23

Example 24
o
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Example 29
4 f
e \YA
=N
5
Exapple 31 Example 32 Example 33
el
F\K‘ p ,
= -~
g
[ &
s
o
Example 34
e
Fel ZF ‘ e
AL
- =N
It will ke appreciated that the compounds of
Examples 1 to 34 may also be converted to corresponding
lactones and/or salts thereof.
15 With respect to Exzamples 35 to 38, please refer to

Scheme 6.
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Exampla 35
Preparation of Pyridine Aldehyde (18) {Scheme &)

OVCHS

F

To a mixture of 4-Fluorco-benzaldehyde (925.8 g,

10 7.5& woles) and methyl isobutyryl acetate (1087 g, 7.54
moleg) was added piperidine (64.2 g, 0.75 mol}, followed
by acetic acid (22.6 g, (.23 mel). The mixbure was
heated to 80 to 85° C for about 2 hours., 16 Liters (4 x
4L) of toluene wes added and mixed with the reaction

15 mixture. The toluens was removed uging a rotavapor (50-
65°% C/20-%0 torr), leaving a yellow oil. The yallow oil
wag dissolved in 5L MIBE and washed with:

1 2 3L HCL {0.5N)
1 = 3L NaHCO, (saturated soln.)
20 1 x 3L DI water
The MTRE wag evaporated off. Thereafter, 1.5L of
MTBE was added and the mixture svaporated to remove water
to atford about 1780 g {(yield 88%) of title compound as a
yellow oil.
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To 7.35 L NaHMDE(7.35 moles, 1.05 eq) under N,
(cocled down between —72Z2 to —65°C) was added & THF {6 L)
solution of l-benzosuborone (1177 g, 7.36 moles, 1.05
eg). The reaction temperature was maintained below -50°C
during the addition. The reaction was then stirred at -
betwsen —72 to -65°C for 1 hour and a zoluticn of
compound A (1751.5g, 7.0 moles, in 6 L THE) was slowly
added to the reaction while keeping the temperature below
-50°C. After the addition was complete, the reaction was
stirred for Z-3 hours between -72 tc —65°C. The reaction
was quenched with HOac (1.4L) between -72 to -50°C. The
mixture was zllowed to reach RT and saturated ammocnium
chloride golutiom (NH,C1l,15L) was added plus 7L DI-water,
and the mixture agitated for %-10 min. The aqueous layer
was extracted with 1 x 8L MTBE. The combined organic
layers were washed with water {2 x 51} and brine (1 x
30L), then dried. The sclvent was removed to afford crude
compound B (2.08 kg}. The crude compound B was used
directly in the next sktep.

To a sclution of the crude compound B (3078 g) in
agqueous HOAc (16L) was added ammonium acetate {1446 g,
followed by cupric acetate momchydrate (1853 g}. The
reaction was refluxed between 120 to 124°C for 12-15
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hours. Approximately 90% of the acebic acid was
evaporated to produce 2 green slurry. The slurry was
then mixed with 14L MTRE.

The resulting soluntion was filtered through a
celite pad {177g celite in a 7" x 8", H.H, funnel) and
the cake washed with 16T MTB. The ¢rganic phase was
washed with:

- 2 % 9 L DI-water, pH of combined wash=4.2

- 2 x 2 L NaHCO,, pH of the combined wash=6.4

- 1 x 9 L Dl-water, pH=6.0.

The solvent was evaporated to produce a black oil
{2883 g). 2.5 L of methancl was added and the mixture
agitated for approximately 2z-3 h. The product was
filtered and washed with 2 L of cold methanol {-10 to
0*¢) . The product was dried at 40-50°C/”20" of Eg to
produce an off-white solid, 783 g, HELC APRP=97.8. Yield
27%,

Te a 500 mL round bottom flask squipped with a
magnetic stirrer and a nitrogen inlet was charged Part C
compound (17} (Scheme 6) (50.0g, 128.4 mmol) and toluene
{170 mL}. The mixture was stirred at 20-25°C until a
clear solutiom was ohitainsd. B selutin of 65% Red-Al in
toluene {57.8 mL, 1%2.6 mmecl) was added and the reaction
mixture was heated to 88°C until complete as determined
by HPLC. The reaction mixture was cooled to ~20°C and
quenched by pouring it inte cold (0-5°C) 20% HCl (455
nl) . Phases were separated and the spent toluene phase
was discarded. The pH of the agueous phase was adjusted
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T

from <0 to 4-5 with 10W NaOH. Ethyl acetate (500 nL) was
added and the pH adjustment continued to 7-8, The phases
were separated. The aqueous phase was extracted with
additional ethyl acetate {2 x 500 mlL}. The combined rich
ethyl acetate solution was washed with water {3 x 250 mL)
and concentrated under reduced pressure to ~465 nL. This
sclution was carried through to the next ozidatlon step,

The rich ethyl acetate solution was charged from
above into a three neck 1-L flask eguipped with
mechanical stirring, temperature controller, and addition
funnel and cooled to 0-5°C. To the siurry, potassiom
bromide (1.53 g, 12.8 mmol) and TEMPO (2,Z,6,6—
tetramethyl-l-piperidinyloxy) (0.20 g, 1.28 mmol) were
addead. The pH of NaOCl (sodium hypochlorite} solution
(212.1 mL) was adjusted to ~%.1 and added to the slurry
at a rate such that the temperature remained at 0-5°C.
Stirring was continued at 0-5°C until the reaction was
complete as determined by HPLC. The agueows phass was
extracted with EtORc (2 x 200 mL}. The combined rich
organic phase was washed with a 1:1 solution of sat. ag.
Waz5:03 (sodium thiosulfate) (75 mL) and water (75 mL)}
followed by wash of the rich organic phase with 1N NaOB
{250 nL). The rich organic phase was washed with water
{250 mL) and concentrated to ~100 ml uvnder reduced
pressure. Isopropancl (IPRA) (400 ml) was added and the
resulting mizture was heated to reflux (80-85°C). The
solution was distilled to a volume of ~250 mL. Water (50
xL) was added and the corystal slurry was stirred at 70-
80°C fer 1 h then allowed to cool to 20-25°C over at least
1 h. The slurry was held at 20-25°C for at least 1 h
kefore collecting the sclid by filtration on a Buchner
funnel. The cake was washed with celd (0°C) IPA/water
(4:1) (2 x 50 mL) and dried to a constant weight under
vacuum at 40°C to afford 41.5 g {903%) of title aldshyde
as a white crystelline solid,

- 87 -

JP 2004-503541 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(160)

WO 0146311 PUTIUSUTABRGR
Examnle 36
i;c'} Py B/ 16) (8cheme B
,N_T/"\», s (16) {3cheme 6)
N, & G
-
3 A. Preparation of Sulfide {15}

=
QX
N\I/s\,lvlvlko/{ {45} (Schama 6)

N, |
.

To a 250 mL flask was charged Kanska alcohol
(12} {3cheme ¢) (10.0 g, 38.41 mmol), methylenes chloride
10 (100 mL), and triethylamine (11.75 mi, 84.51 mmol) and
cooled to -30°C . Triflic anhydride (7.11 mL, 42.25
mmel) was added wia a syringe at a2 rate to maintain the
temperature at -35 to -25°C, ~15 min. The reaction
mixture was stirred at ~30°C for ~20 min and checked for
15 disappearance of Kaneka alcohol by TLC. A slurry of 1-
phenyl-1B-tetrazole-5-thicl (7.1%2 g, 40.34 mmel) in
methylene c¢hloride {50 mL) was added to the triflate
solution. After the reaction was complete, water{100 mL)
wag added and the mixture was stirred for ~5 min. The
20 phases were separated and the aquecus phase was
discarded. The rich orgnaic phase was washed with water
(130 mh} for ~5 min and phaseg separated. The rich
organic phase was weshed with saturated WaHCO; (100 mi)
for ~-15 min and pha=es separated. The rich organic phase
25 was concentrated to ~50 aL. The solution was taken to

the next step for further transformetion.
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B. FPreparation of Sulfopns (16}

a 0\><‘0 Q
.8 W

e

=

]
N 1&

=7

IPA {150 mL} was added to the Part B sulfide

5 soclution from the above step. The sclution was cooled to
0-5°C, To the stirred sclution of sulfide, a soclution of
(MH,) MO,0,,#4E,0 (ammonium heptamolybdate tetrahydrats)
(4.75 g, 3.84 mmel) in 30% H0, (hydrogen peroxide) was
added dropwise during "15 min, maintaining the

10  tewmperature of the solutin at 0-5°C. The conversion of
suifide to sulfone was monitored by HPLC ~Z4 h., After
completion of the reaction, methylene chloride was
distilled out. The pot temperature was maintained at oot
more than 2Z5°C. The crystal slurry was distilled to a

15 woilume of ~230 ol with IPR and the resulting slurry was
stirred foxr at least 1 h at 20-22°C. The solid was
collected by vacuum filtration, the cake wached with
TPA/water (4:1, 25 mL} followed by drying under vacuum at
40°C to constant weight affording 12.8 g (74%) of the

20  title sulfone as a white crystalline solid.

Exanple 37
Preparaticn of Qlerin (19}

25

Bn W2 purxged 250 wl 3-neck rh flask was charged with
Example 35 pyridine derivative (18) (%.0 g, 13.9% mmol),
Brxampie 36 sulfons (16) (6.52 g, 15.3 mmol) and THE (75
mL). The stirred selution was cooled to -74 to -78°C

< 89 -~
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Slowly a 1M solution of LiHMDS (lithium
bis{trimethylsilyl}amide) {(15.3 mL, 15.3 mmncl) in THF was
charged at a rate such that the temperture remained
between -~70 and -78°C. After addition of the base was
complets, the reaciton mixture was warmed to ~-45°C over
~15 minutes, The stirred reaction was quenched at -70°C
by slow addition of sat. ag. NH4C1l {7.5 ml) sclution and
water (38 ml}). The dry ice bath was removed and the
solution was warmed to 20-25°C from the reaction mixtore.
Ethyl acetate (50 mlL) was added, the mixture agitated,
and layers separated. The crganic layer was washed with
saturated sodium bicarbonate sclution (2 = 38 ml)
followed by brine (25 wml) and concentrated to a volume of
50 mL. Acetonitrile (50 mL) was added and the solution
was concentrated to a volume of 50 mL. This step was
repeated. Water (~5-% mL} was slowly added to the hot
selution (60-70°C) until the cloud point was reached,

The thin slurry was held for 30 min at high temperature
and then slowly cooled over several hours with stirring.
The product was filtered, cake was washed with a 5:1
misture of acsteonitrile znd water, and dried to afford
7.2 g [91%) of the title compound as a white crystalline

wmaterial.

Example 38
Preparation of the final compound as arginine salt (1B%)

A S ™
= ~\/'\/001H HNTT T g
NH

- To a 3.0-liter round bottom flask equiped with a
mechanical stirrer, a thermometer, zand a septa was
charged Example 37 trans clefin (1%} (92.0 g, 157 mmol)
and THF (600 mL} at amblent temperature. With stirring,

« 90 -
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tov the resulting clear sight yellow solution was added &M
HC1 f{ag. 74.6 mi, 447 mmel) at ambient temperature to
form (20}

CH ©CH
. /Gczlﬁu (20}

The reaction mirture was stirred for 5.0-6.0 h followed
by addition <f 2 N MaO@ {(ag. 389 mL, 777 mmol) to form a
light yellow suspension, Agitation was maintained at
ambient until reaction (saponification of (20)) was

10 judged compleie Ly am in-process HPLC assay. THF was
evaporated on a rotary evaporator at about 45°C.  The
white slurry residue was diluted with 1000 mL of water
and was extracted with MTBE (methyl t-butyl ether}) (230
mlL x 2). After separating the MIBE layer, the agueous

15 layer containing (21)

OH oH
_.CQ;Na

was transferred to a 5.0-liter round bottom flask
equipped with a mechanical stirrer, a thermometer, and a
septa. While temperatnre was controlled at <Z39°C, 1 N HC1

20 {ag) was added to the above aguequs layer until the
pH=6.94. Subsequently, 330 mb of othyl acetats was added
to the aquecus layer followed by charging more 1 M HCL
{ag) until pH=2.82. After separating and saving the

ethyl acetate layer, the agueous layer was extracted with
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sthyl acetate (330 mL x 3). The cotbined ethyl acetate
layers containing acid Ib® of the invention

oM OH
/\/‘\,)\/002” (1% (Seheme 6)

5 were washed with 50% brine (265 ml), brine (427 mL),
separated and mixed with z suspension of L-arginine (27.4
g, 157 mmol) in ethanel {276 ml) and water (138 mL). The
mixture was evaporated to dryness under reduced prassure
at ca 45-50°C. To the resulting white =olid were added

1¢  ethyl acetete (450 mL}, ethanol (316 mL), and water (145
mL} followed by heating the white suspension to 50°C.
Another 36.7 mL of water was added to dissolve all solids
at 56°C; subsequently 1720 mL of ethy acetate was added
to the hot solution to initialize the crystallizaticn.

15 The white suspension was stirred at 50°C for 1.5 h and at
smbient for 13 h. After filtration, the crystalline
solid was washed with 143 mlL of a mizxture of EtChc {200
mbLj, EtOHE {12 mL) and Hp0 (6 ml) and was dried in vacuo
at 40-50% for 24 h. The title product cbtained as a

20 white solid weighsed 78.% (g). TYield, 75.7%. [w]®=+23.0
(¢ 0.31, CHsON:Ha0, 1:1, w/ie).

1H NMR (CDs0D}: & 7.74 {dd, J=2.5 Hz, J°=1.0 Hz, IH), 7.41
(gt, J=7.0 He, J'=6.1 Hz, 1R), 7.37 {dt, J=7.3 Hz, J'=1.4
25 Hz, 1Ky, 7.27 (d, J=7.2 Hz, 1R}, 7.22 (dd, J=15.4 Hz,
J'=7.08z, 2H), 7.20 (d, J=7.0 Hz, 2H), 6.45 {d, J=16.5
Hz, 1B}, 5.43 (dd, J=16.5 Hz, J'=6.5 Hz, 1H), 4.24 (q,
J=6.5 Hz, 1H), 3.79% (m, LlH), 3.55~3.50 (m, 2B), 3.23 (m,
2H), 2.62 (t, J=7.2 Hz, 2H), 2.31-2.21 (m, 2H), 2.18 (%,
30 J=6.8 Hz, 2H), 2.65 (m, 2R), 1.87 (g, J=7.0 Hz, 2H), 1.74
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(m, 2H), 1.57 {(m, 1E}, 1.54 (d, J=6.8 Hz, 6H), 1.31 (m,
1H) .

n WMR (CDaOD): & 180.1, 174.7, 164.5, 163.1, 162.5,
158.7, 157.8, 149.1, 141.9, 141.0, 140.8, 136.4, 132.6,
132.3, 131.6, 130.5, 130.1, 12%.7,129.2, 127.6, 126.6,
116.3, 116.0, 71.5, 68.0, 55.6, 45.0, 41.9,34.2, 233.1,
32.2, 29.6, 27.7, 25.8, 22.5.

MS: cale'd for CigHsFNsOs (M° + H) 490 and 175, found
490 and 175.

IR (KBr): 3341, 3200, 3070, 2060, 2834, 2860, 1670,
1629, 1602, 1580, 1509, 1465, 1450, 1397, 1357, 1221,
842, 766, 740 cm,

Bnal. Celc'd for CagHeeFN0s: C, 65.14, H, ©.98, W, 10.55.

Found €, 65.15, H4, 6.97, N, 10.53.
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5

10

What is claimed is:
1. 2 compound having the structure

wherein

o5
Z is “Rs or By ;

n is O or 1;

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

y iz 0, 1, 2, 3 or 4, provided that at least one of
% and y 1s other than o; and opticnally one or more
carbons of (CHaly and/or one or more carbons of {CHaly
together with additional carbons form a 3 to 7 membered
spirecyclic ring;

R: end E; are the same or different and are
independently selected from alkyl, arylalkyl, cycioalkyl,
alkenyl, cyclcalkenyl, aryl, hetercaryl or
cycloheteroaikyl;

Rz is H or lower alkyls

Ry is H, halogen, CF;, hydroxy, alkyl, alkoxy,
alkanoylamina, aroylamino or cyano;

R: is H or lower alkyl;

{which may ke cis or trans);

and represents a single bond ar a double bond

JP
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and pharmaceutically acceptable salts therecf {when
B; i5 H), esters thereof, prodrug esters thereof, and all
stereoisomers thereof.

P

2. The compound as defined in Claim 1 wherein e
is a double bond which is trans.

3. The compound as defined in Claim 1 wherein B,
is arvyl,

Rz is alkyl or cycleoalkyl or aryl;

Rt is H:

n is o;

¥ is 3;

vy is 0; and

=
acid, an alkali metal salt, or an alkaline sarth metal
salt, or an amino acid salt.

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

4, The compound as defined in Claim 3 wherein Ry
is 4-fluorophenyl, 4-flucro-3-methylphenyl, or 3,5-
dimethylphenyl; and

R» is isopropyl, t-butyl or cyclopropyl.

5., The compound as defined in Claim 1 having the
structure

or an alkali metal salt, or an alkaline earth metal salt,
or an amine acid salt, or an zcid addition salt via the
pyridine of the corresponding § lactone,
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wharein Rs and Rz are the same or different and are
independently selected from H, halogen or alkyl and
Ry is alkyl or cycloalkyl.

3 &. The compound as defined in Claim 1 having the
structure

or

10
wherein R; ia H or an alkali metsl, alkeline earth metal,
aminoe acid salt, or other pharmacentically acceptable
salt, or the internal lactone thereof, in the form of its
calcium salt, sodium salt or arginine salt.

15

7. A compound of the structure

- 926 --
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wherein R; 1s M or azn alksli or alkaline earth metal ion
or an amine acid, or the internal lactone thereof, in the

form of its sodium salt, calcium =alt or arginine salt.

8. A pharmacevtical composition comprising a
compound as defined in Claim 1 and a pharmaceutically
acceptable carrier therefor.

2. A pharmaceutical combination comprising the HMG
Cod reductass inhibitor compound as defined in Claim 1
and one or more hypolipidemic agents or lipid-lowsring
agents, or lipid agents, or lipid modulating agents,
and/or one or more other types of therapeutie agents
including antidizbetic agents, anti-cbesity agents,
antihypertenaive agents, platelet aggregaticn inhihitors,
anti-dementia agente, anti-Alzheimer's agents, anti-
ogtecporosis agents, and/or hormone replacement
therapeutic agents, and/or other cardiovascular agents
{including anti-anginal agents, anti-arrhythmic ageats,
anti-atherosclerosis agents, anti-inflammatory agente,
anti-arthritis agente, anti-platelet agents, anti-heart
fazilure agents), anti-cancer agents, anti-infective
agente, hormcne replacement agents, growbth hormone
secretagogues, selective androgen receptor modulators,
and/or immunomodulatory agents.

10. The combinaticn as defined in Claim 9 wherein
the hypelipidemic agent or lipid-lowering agent or othar
lipid agent or lipid modwlating agent or anti-
athercsclerotic agent, which is employed comprises 1,2,3
or more MTF inhibiters, HME Col reductase inhibitors,
sgualene synthetasge inhibitors. fibric acid derivatives,
PPAR o agonigts, PPAR dusl oY agonists, FPAR & agonists,
ACAT inhibitora, lipoxygenase inhibitors, cholesterol
abacrption iphibitors, 1leal Wa'/bile acid cotransporter
inhibiteors, upregulators of LDL receptor activity,
cholesteryl ester transfer protein inhibitors, bile acid
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sequestrants, or nicotinie agid and derivatives thereaf,
ATP citrate lyase inhibitors, phytoestrogen compounds, an
HDL upregulators, LDL cataboliem promoters, antioxidants,
PLA-2 inhibitors, antihomocysteine agents, HMG-Cok
synthase inhibitors, lanosterol demethylase inhibitors,
or stercl regulating element binding protein-I agents;

wherein the antidiabetic agant which may be
cptionally employed is 1,2,3 or wore antidiabetie agente
or antibyperglycemic agents including insulin
sscratagogues or insulin sensitizers, which may include
biguanides, sulfonyl ureas, PTP-1B inhibitors, aldose
reductase inhibitore, glucosidase inhibitors, PPAR ¥
agonists, PPAR o agonists, PPAR & antagonists or
agonists, aP2 inhibitors, PPAR ao/y dual agenigts,
dipeptidyl peptidase IV (DP4) inhibitors, SGLT2
inhibiteors, glycogen phogphorylase inhibiteors, and/oxr
meglitinides, insulin, and/cr glucagon-like peptide-1
IGLP-1) or a mimetics thersof;

wherein the other type of therapesutic agent which
may be optionally employed 1s 1, 2, 3 or more of an anti-
abesity agent which is a beta 3 adrenergic agonist, a
lipase inhibitor, a serctonin (and dopamine) reuptaks
jmbhibitor, an aPZ iphibitor, a thyroid receptor beta
drug, an ancrectic agent, a PTP-1B inhibitor, a CCKA
&gonist, a neuropeptide Y antagonist, a melanocortin-4-
receptor agenist, a PPAR modulator which i= a PPAR y
antagoenist, PFAR o agonist, and/of PPAR & antagonist, a
leptin inhibiter such as a leptin receptor activator, a
fatty acid coxidaticen upregulater or inducer:

wherein the lipid modnlating agent im an MTP
inhikbitor, an HMG CoR reductase inhibitor, a squalene
svnthetase inhibitor, a fibric aeid derivative, an
upregulator of LDL receptor activity, a lipoxygenase
inhibitor, or an ACAT inhibitor and the other lipid agent
is a cholesgteryl egter transfer protein inbibitor;

wherain the antihypertensive agent employed is an

ACE inhikiter, angiotensin II receptor antagonist, NEP
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inhibitox, a NEP/ACE inhibitor, a calcium channel
blocker, & T-channel calecium antagonist, = B-adrenergic
blocker, a diuretic, a a-adrensrgic blocker, a dual
action raceptor antagonist (DARA), or a heart failure
drug.

11. The combination as defined in Claim 10 wherein
the antidiabetic agent is 1, 2, 3 or more of metformin,
glyburide, glimepiride, glipyride, glipizide,
chlorpropamide, gliclazide, acarbeoss, miglitel,
pioglitarzone, troglitazone, rosiglitazone, insulin,
Gl-262570, igaglitazone, JTT-501, NN-2344, L855645,
YM-440Q, R~119702, RAJSE77, vepaglinide, nateglinide,
¥AD1129, AR-HO39242, GW-4039544, RRP297, AC2293, LY315902,
P32/98 and/or NVD-DPP-7284;

wherein the anti-cbesity agent ig orlistak, ATL-
962, AJ$677, LTE0355, CP331648, aibutramine, topiramate,
axolkine, dexamphetamine, phentermine,
phenylpropanclamine, and/or mazindel, PS7 or (P-644673
(PEizer);

wherein the lipid modulating agent is pravastatin,
lovaatakbin, siwmvastatin, atorvastatin, cerivastatin,
fluvastatin, pitavastatin, rosuvastatin, fenofibrate,
gemfibrozil, clofibrare, avasimibe, T5-962, MD-700,
cholestagel, niacin, and/or LY295427;

wherein the antihypertensive agent is an ACE
inbibiter which is captopril, feosinepril, enalapril,
lisingpril, quinapril, benszepril, fentlapril, ramipril
or meexipril;

an NEP/ACE inhibitor which is omapatrilat,
gemopatrilat, or CG3 304440;

an angiotensin II receptor antagonist which is
irbesartan, losartan or valsartan;

anmlodipine besylate, prazosin HC1, verapamil,
nifedipine, nadelol, propranclel, or cleonidine HCL,
carvediol, atenelol, hydrochlorothlazide, torasemide,
furesemide, spircnolactone or indapamide;
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wherein the platelet zggregation inhibitor is
aspirin, clopidogrel, ticlopidine, dipyridamole,
ifetroban, abciximal, tireflban, eptifibatids, or
anagrelide;

whezein the other therapeutic agent is an anti-~
Alzheimer’s agent or anti-dementia agent, which is
tacrine RCl (Cognex®), donepezil {Aricept®), a Y-
secretase inhibtor, a f-secretase inhibitor and/or
antihypertensive agent:

an anticstecoporcsis agent, which is parathyroid
hermore, a hisphosgphonate, alendronate, a Ca receptor
agenist or a progestin receptor agonist;

2 heoxmone replacement therapeutic agent, which is a
selective sstrogen receptor modulator (SERM);

a tyrosine kinase inhibitor;

a zelective androgen recepior modulator;

an antiarrbythmic agent, which is a P-blocker, or a
calcium channel blacker, or an d-adrenergic blocker;

coenzyme  sub, 10;

an agent that wpregulates type IIT endothelial cell
nitric acid syntase:

a chondropretective compound which is polysulfated
glycosamincglycan {PSGAG), glucosamine, chondroitin
sulfate (CS5), hyaluronic acid (HA)], pentosan polysulfate
(PPS), doxycycline or minocycline:

a cyclooxygenase (COX)-2 inhihitor, which is
Celebrexr® (Searle) or Vioxx® {Merck) or a glycoprotein
I1a/I1Ib recepteor antagenist;

a 5-HT reuptake inhibitor:

a growth hormone secretagogue;

an anti-athercsclerosis agent;

an anti-infective agent, or an immunosuppreszsnt

for use in transplantation, or an antineoplastic agent,
12. The combination as defined in Claim 10 wherein
the HMG CoR reductase inhibitor compound is in

combination with an ACE inhibitor or a NEP/ACE inhibitor.
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13. The combination as defined in Claim 12 wherein
the BMG CoA raductase inhibitor compound is in
combination with an ACE inhibiter which is rampipril;

wherein the HMG Col reductase inhibitor is in
combination with a NEP/ACE inhibitor which is omapatrilat
or gemopatrilat;

wherein the HMG CoA reductase inhibitor is in
combination with & platelet aggregaticn inhibitor.

14. The combination as defined in Claim 13 wherein
the platelet inhikitor is clopidogrel, or aspirin or a
combination of clopidogrel and aspirin.

15. A& method of inhibiting chelesterol biosynthesis
or lowering blood serum cholesterol levels and/or
medulating klood serum cholesterol levels, lowering LDL
chelestersl and/or increasing HDL cholestersl, or
treating dyslipidemia, mixed dyslipidemia, LDL Pattern B,
LDL Pattern A, hyperlipidemia, hypercholesterclemia, hypo
u-lipoproteinemiz, hyperlipoproteinemia or
hypertriglyceridemia, and other akerrations of
apolipeprotein B metabolism, cor reducing levels of Lp(a),
or treating or preveanting other cholesterol-zelated
diseases, or treating or preventing or reversing
progression of atherosclerosis, or preventing or treating
Alzheimer’s disease, or preventing or treating
osteoporosis and/or ostecpenia, or reducing inflammatory
markers, reducing C-reactive protein, or preventing or
treating low grade vasculsr inflammaticn, or preventing
or treating stroke, or preventing or treating dementia,
or preventing and treating coronaxy heart dlsease, and
primary and secondary prevention of myocardial
infarction, or preventing or treating stable and unstable
angina, orx primary prevention of corcnary events, or
secondary prevention of cardiovascular events, or

preventing or tresting peripheral vascular disease,
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preventing or treating peripheral arterial disease, or
preventing or treating acute vascular syndromes, or
preventing or reducing the risk of undergoing myccardial
revascularization procedures, &r preventing or treating
microvascular diseases such as nephropathy, neuropathy,
retinopathy and nephrotic syndrome, or preventing or
treating hypertension, preventing or treating Type T
diabetss, Type Z diabetes, and related diseases, insulin
resistance, hyperglycemia, hyperinsulinemia, elevated
blood lavels of fatty acids or glyecerol, obesity, LDL
Pattern B, LDL Pattern A, Syndiome X, diabetic
complications, dysmetabelic syndrome, and related
diseases, and sexuezl dysfunction, preventing and treating
malignant lesions, premalignant lesions, gastrointestinal
malignancies, liposarcomas and epithelial tumors, cancer—
induced asthenia (fatigue), irritable bowel syndroms,
Crohn's disease, gastric uleceritis, and gallstones, and
HIV infection, drug-induced lipodystrophy, and
proliferative diseases, improving coagulation
homecstasls, reducing PAI-1 activity, reducing
fikrinogen, and/or reducing platelet aggregation, and/or
improving endothelial function, which comprises
administering to a wmammalian species in need of treatment
a therapsutically effective amount of a compound as
defined in Claim 1.

16, A wethed for treating cholestercl related
diseases, diabetes and related diseases, cardicvascular
diseases, cerebrovascular diseases, which comprises
administering to a mammalian species in need of treatment
a therapeutically effective amount of a combination of a
compound as defined in Clalm 1 and a hypolipidemic agent,
and/or lipid modulating agent and/or antidiabetic agent
and/or cardiovascular agent, cerebrovascular agent,
and/or other type of therapeutic agent, which comprises
administering tec a mammalian species in need of treatment
a therapeutically efective amount of guch combinaticns.
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17. A compound baving the structures

wherein Ry, and Ez are the same or different and are
independently selected from alkyl, arylalkyl, cyclealkyl,
alkenyl, cycleoalkenyl, aryl, heteroaryl or
cycloheteroalkyl; ¢ is

Halids
%—cnzn (whera R i alkyl), }-CHEDH, % ,

Vl\ w
/—{ {whera W is aryl, alkyl, or alkoxy),
Q

s}

oF o on,a oyl
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18. The compeund as defined in Claim 17 having the
follewing structures:

coR (Realkyh) OH Helide "‘;’;,W
g S Ry Ry o
R A P
[cH,}, cHa |4 ccH;lx N
(cH,], etz IC% - .
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