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HMG~CoA REDUCTASE INHIBITORS AND METHOD

5 The present invention relates to compounds and
pharmaceutical compositions useful as hypocholesterolemic
and hypolipidemic agents. More particularly, this
invention concerns (1) certain inhibitors of the enzyme
3~hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA

10 reductase) that include a pyridine containing nucleus
attached by means of a linker to an HMG-binding domain
sidechain, (2) pharmaceutical compositions containing
such compounds and (3) a method of lowering blood serum
cholesterol levels and modulating blood serum lipid

15 levels employing such pharmaceutical compositions.

U.S._Patent No. 5,686,433 to Robl discloses the
structure

20 wherein:
Am is a binding domain sidechain;
X is a linker; ] .
R! and R? are the same or different and are each
independently selected from
25 (1) hydrogen,
(11) alkyl,
(1ii) aryl,
(1v) cycloalkyl,
(v} aralkyl,
30 (vi) aralkoxy,
(vil) alkenyl,
{(viil) cycloalkenyl, and

-1 -
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(1x)
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heterocyclo (e.g., thienyl, benzodioxolyl):;

R? is selected from

(1)
(11)
(1i1)
(1iv)
(v)
{vi)
(vil)
(viii)
(1x)
(x)
(x1)
{xii)

hydrogen,
lower alkyl,
aryl,
cycloalkyl,
alkoxy,
aralkyl,
aralkoxy,
alkenyl,
cycloalkenyl,
halo-substituted alkyl,
adamantyl, and

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

R' is selected from

(1)
(11)
(144)
(iv)
(v}
{vi)
(vil)
(viii)
(1x)
(x)
(xi)
(xil)

(xi11)

. "‘ag,'l '(Gg,‘

hydrogen,
lower alkyl,
aryl,
cycloalkyl,
alkoxy,
aralkyl,
aralkoxy,
alkenyl,
cycloalkenyl,
adamantyl,
halogen,

halo-substituted alkyl (e.g.,

trifluoromethyl), and

heterocyclo (e.g., thienyl, benzodioxolyl):;
or R® and R* taken together can be

35 but when A, is

CH;),~ or (CEB=CH), ;
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m—m-c:l,—T—cn.-cu,n'
onr
or a § lactone thereof, R® and R' cannot be (CH=CH)j;

R® 18 hydrogen or lower alkyl;

R® is hydrogen, lower alkyl, alkali metal, or
alkaline earth metal;

n is 0 or 1;

p is 3, 4 or 5;

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

ris 0, 1, 2, or 3.

In preferred embodiments (Am) is an HMG-binding
domain sidechain having a dihydroxy or a phosphinic acid
function.

The phosphinic (or phosphonic when X is CH;-0-)
acid HMG-binding domain sidechaln (A;) 1is

i I
n&r—k—ﬂng e CH,=CO, R
wherein R® and R’ are independently selected from
hydrogen, lower alkyl, alkali metal ion and alkaline

earth metal ion; and R® is hydrogen or lower alkyl.
The dihydroxy acid binding domain sidechain (A; is

l.
D—r-c!.—%—ﬂ.-w.n'
of
wherein R® is hydrogen or lower alkyl, R? is hydrogen or
lower alkyl in free acid form or ln the form of a

physiologically acceptable and hydrolyzable ester or §
lactone thereof (i.e., when Am is
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In addition, R® can be alkall metal ion or alkaline earth
metal lon.
A suitable linker (X) is —(CH;),-, ~CH=CH-, -C=C-,
~CH20-~, wherein O is linked to the phosphorous atom or
5 the aromatic anchor when Am is A;, ahd wherein O is
linked to the aromatic anchor when Am is A;, and wherein
“a" i 1, 2, or 3.

In accordance with the present invention, there are
10 provided certain pyridine-containing compounds that are
potent inhibitors of cholesterol biosynthesis by virtue
of their ability to inhibit the enzyme 3-methyl-glutaryl-
coenzyme A reductase (HMG-CoA reductase).
In particular, in its broadest chemical compound
15 aspect, the prasent invention provides compounda of the
formula
I

wherein X 1s 0, S or NRy;
20

Zis s ox - ;

nis 0 or 1;
Ri and R; are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
25 alkenyl, cycloalkenyl, aryl, heterocaryl or
cycloheteroalkyl;

o,
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Rs 18 H, or lower alkyl:

Ry is H, halogen, CFy, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino, or cyano;

Ry is H, alkyl, aryl, alkanoyl, aroyl, or
alkoxycarbonyl;

Rg i3 H or lower alkyl;

Ry and Ryp are the same or different and are
independently selected from H or alkyl, or where at least
one of Ry and Ryp 18 alkyl, Rs and Ry may be taken
together with the carbon or carbons to which they are
attached to form a 3 to 7 membered carbocyclic ring,
which may include a spirocyclic ring;

and 9” represents a single bond or a double bond
(which may be cis or trans):;

and including pharmaceutically acceptable asalts
thereof where R; is H, esters thereof, prodrug esters
thereof, and all stereoisomers thereof.

Preferably, the 2 group will be in form of a free
acid, a physiologically acceptable and hydrolyzable ester
or 8 lactone thereof, or an alkali metal salt, alkaline
earth metal salt or an amino acid salt.

Preferred are campounds of formula I of the
invention wherein

Ry and Rz are independently selected from alkyl,
cycloalkyl and aryl;

Ry 18 H, alkyl or halogen:;

X is 0; and

n is o.

More preferred are compounds of formula I of the
invention wherein R; is aryl (especially substituted aryl
as defined hereinafter); ]

Rz 18 alkyl or cycloalkyl;

Ry 18 H;

Ry and Rjp are H;

X is O;

n-is o; and

#** s a double bond.

- 5 -
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S8till more preferred are compounds of formula I of
the invention wherein

R; 1s substituted aryl, preferably 4-fluorophenyl,
4-fluoro-3-methylphenyl or 3,5-dimethylphenyl;

5 R; is alkyl or cycleoalkyl, preferably isopropyl, t-

butyl or cyclopropyl;

Ry is H;

X 1s O:

n is o;

10 ”’ is a double bond, preferably “trans”; and

HO, \“m
R is R or ;

or an alkall or alkaline earth metal salt thereof or an

amino acid salt.
15 Most preferred compounds of formula I of the

invention will have the structure

?ll“

or an alkali or alkaline earth metal (such as Na, K or

20 Ca) salt thereof, or an amino 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-fluoro, 4-fluoro-3-methyl or 3,5-dimethyl);
and

25 Rz 18 alkyl or cycloalkyl, preferably lsopropyl, t-
butyl or cyclopropyl.

In another aspect, the present invention provides
pharmaceutical compositions, useful as hypolipidemic or
hypocholesterolemic agents, or hypotriglyceridemic

30 agents, or anti-Alzheimer’s agents, or anti-osteoporosis
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agents as well as other uses as described herein,
comprising a hypolipidemic or hypocholaateroiemic or
hypotriglyceridemic or anti-Alzheimer’s disease or anti-
osteoporosis amount, or other therapeutically effective
amount (depending upon use) of a compound of formula I in
accordance with this invention, in combination with a
pharmaceutically acceptable carrier.

In another aspect, the present invention provides a
method of inhibiting cholesterol bilosynthesis or lowering
blood serum cholesterol levels and/or modulating blood
serum cholesterol levels such as lowering LDL cholesterol
and/or increasing HDL cholesterol, or treating
dyslipidemia, mixed dyslipidemia, hyperlipidemia,
hypercholesterolemia, hypo a-lipoproteinemia, LDL Pattern
B, LDL Pattern A, hyperlipoproteinemia or
hypertriglyceridemia, and other aberrations of
apolipoprotein B metabolism, or reducing levels of Lp(a),
or treating or preventing other cholesterol-related
diseases, or treating or preventing or reversing
progression of atherosclerosis, or preventing or treating
Alzheimer’s disease, or preventing or treating
osteoporosils and/or osteopenia, or reducing inflammatory
markers such as C-reactive protein, or preventing or
treating low grade vascular inflammation, or preventing
or treating stroke, or preventing or treating dementla,
or preventing and treating coronary heart disease
(including primary and esecondary prevention of myocardial
infarction), or preventing or treating stable and
unstable angina, or primary prevention of coronary
events, or secondary prevention of cardiovascular 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 myocardial
revascularization procedures, or preventing or treating
microvascular diseases such as nephropathy, neuropathy,
retinopathy and nephrotic syndrome or preventing or
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treating hypertension in a patient in need of such
treatment by administering a pharmaceutical composition
in accordance with the present invention as defined
above.

In addition, in accordance with the present
invention, a method 1s provided for preventing or
treating diabetes, especially Type 2 diabetes, and
related diseases such as insulin resistance,
hyperglycemia, hyperinsulinemia, elevated blood levels of
fatty acids or glycerol, obesity, Syndrome X, diabetic
complications, dysmetabolic syndrome, and related
diseases, and sexual dysfunction, wherein a
therapeutically effective amount of a compound of
structure 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 leslions (such as ductal carcinoma in
situ of the breast and lobular carcinoma in situ of the
breast), premalignant lesions {such as fibroadenoma of
the breast and prostatic intraepithelial neoplasia (PIN),
gastroilntestinal malignencles, liposarcomas and various
other epithelial tumors (including breast, prostate,
colon, ovarlan, gastric and lung), cancer-induced
asthenia (fatigue), irritable bowel syndrome, Crohn’s
disease, gastric ulceritis, and gallstones, and HIV
infection, other infectious diseases, drug-induced
lipodystrophy, and proliferative diseases such as
psorliasis, wherein a therapeutically effective amount of
a compound of structure I is administered to a human
patient in need of treatment.

In addition, in accordance with the present
invention, a method is provided for improving coagulation
homeostasis including reducing PAI-1 actlvity, reducing
fibrinogen, and/or reducing platelet aggregation, and/or
improving enddthelial function, wherein a therapsutically
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effective amount of a compound of structure I is
administered to a patient in need of treatment.

In addition, in accordance with the present
invention, a method is provided for treating choleaterol
related diseases, diabetes and related diseases,
cardiovascular diseases, cerebrovascular diseases as
defined above and hereinafter and other diseases as set
out above, wherein a therapeutically effective amount of
a combination of a compound of atructure I and a
hypolipidemic agent, and/or lipid modulating agent and/ox
antidiabetic agent and/or cardiovasacular agent,
cerebrovascular agent, and/or other type of therapeutic
agent, is administered to a patient in need of treatment.

In the above methods of the invention wherein a
caombination is administered, the campound of structure I
will be employed in a welght ratio to the other
therapeutic agent (depending upon its mode of operation)
within the range from about 0.01:1 to about 500:1,
preferably from about 0.5:1 to about 100:1.

In accordance with the present invention, there 1is
provided compounds useful in inhibiting the enzyme HMG-
CoA reductase, which inhibitors are useful as
hypocholesterolemic agents, dyslipidemic agents,
hypolipidemic agents, hypotriglyceridemic agents, anti-
Alzheimer’s disease agents, and antiosteoporosis agents
as well as other uses as described herein.

The term “coronary events” as employed herein
refers to myocardial infarction, myocardial
revascularization procedures, angina, cardlovascular
death and acute coronary syndrome.

The term “cardiovascular diseases or events” as
employed herein refers to atherosclerosls of the coronary
arteries, myocardial infarction, including primary MI and
secondary MI, recurrent myocardial infarction, angina
pectoris (including stable and unstable angina),
congestive heart failure, and sudden cardiac death.

J)
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The term “cerebrovascular diseases or events” as
employed herein refers to cerebral infarction or stroke
(caused by vessel blockage or hemmorage), or transient
ischemia attack (TIA), syncope, atherosclerosls of the
intracranial and/or extracranial arteries, and the like.

The term “cholesaterol-related dlseases” as
employed herein refers to dlseases involving elevated
levels of LDL cholesterol, diseases involving regulation
of LDL receptors, diseases involving reduced levels of
HDL cholesterol, dyslipidemia, hyperlipidemia, elevated
LDL Pattern B, slevated LDL Pattern A,
hypercholesteroclemia, hypo a-lipoproteinemia (low HDL
cholesterol syndrome), hyperlipoproteinemia, elevated
Ip(a) levels, hypertriglyceridemia, other aberrations of
apolipoprotein B metabolism, heterozygous familial,
presumed familial combined and non-familial (non-FH)
forms of primary hypercholesterolemia (including
Frederlickson Types IIa and IIb), cholesterol eater
storage disease, and cholesterol ester transfer protein
disease, and related diseases.

The conditions, diseases, and maladles
collectively referenced to as "Syndrome X" orx
Dyasmetabolic Syndrome (as detailed in Johanson, J. Clin.
Endocrinol. Metab., 1997, 82, 727-734, and other
publications)} include hyperglycemia and/or prediabetic
insulin resistance syndrome, and is characterized by an
initial insulin resistant state generating
hyperinsulinemia, dyslipidemia, and impailred glucose
tolerance, which can progress to Type II diabetes,
characterized by hyperglycemia, which can progress to
diabetic complications.

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

- 10 -
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The conditions, diseases and maladies collectively
referred to as “diabetic complications” include
retinopathy, neuropathy and nephropathy, and other known
complications of diabetes.

The term “other type(s) of therapeutic agents” as
employed herein refers to one or more antidiabetic agents
(other than compounds of formula 1), one or more anti-
obesity agents, and/or one or more lipid-lowering agents,
one or more lipid modulatling agents (including anti-
atherosclerosis agents), other types of antl-
atherosclerosis agents, and/or one or more antiplatelet
agents, one or more agents for treating hypertension, one
or more antl-cancer drugs, one or more agents for

‘treating arthritis, one or more anti-osteoporosis agents,

one or more anti-obesity agents, one or more agents for
treating immunomodulatory diseases, and/or one or more
agents for treating anorexia nervosa.

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

The term “other types of antl~atherosclerosis
agents* as employed herein refers to conventional anti-
atherosclerosis agents including lipoxygenase inhibitors,
ACAT inhibitors, antioxidants, PPAR 8 agonists,
phospholipase inhibitors including PLA-2 inhibitors
and/or other known anti-atherosclerotic agents.

The terms pharmaceutically acceptable “salt” and
“salts” refar to basic salts formed with inorganic and
organic bases. Such salts include ammonium salts; alkali
metal salts, such as lithium, sodium and potassium salts
(which are preferred); alkaline earth metal salts, such
as calcium and magnesium salts; salts with organic bases,
such as amine like salts (e.g., dicyclohexylamine salt,
benzathine, N-methyl-D-glucamine, and hydrabamine salts):
and salts with amino acids like arginine, lysine and the

- 11 -
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like; and zwitterions, the so-called “inner salts”.
Nontoxic, pharmaceutically acceptable salts are
preferred, although other salts are also useful, e.g., in
isolating or purifying the product.

The term pharmaceutlically acceptable “salt” and
“salts” also includes acld addition salts. These are
formed, for example, with strong inorganic acids, such as
mineral acids, for example sulfuric acid, phosphoric acid
or a hydrohalic acid such as HCl or HBr, with strong
organic carboxylic acidse, such as alkanecarboxylic acids
of 1 to 4 carbon atoms which are unsubstituted or
substituted, for example, by halogen, for example acetic
acld, such as saturated or unsaturated dicarboxylic
aclds, for example oxalic, malonic, succinic, maleic,
fumaric, phthalic or terephthalic acld, such as
hydroxycarboxylic acids, for example ascorbic, glycolic,
lactic, malic, tartaric or citric acid, such as amino
acids, (for example aspartic or glutamic acld or lysine
or arginine), or benzoic acid, or with organic sulfonic
acids, puch as {Cl1-C4¢) alkyl or arylsulfonic acids which
are ungubstituted or substituted, for example by halogen,
for example methanesulfonic acid or p-toluenesulfonic
acld.

Unleas otherwise indicated, the term "lower
alkyl™, "alkyl”™ or "alk" as employed herein alone or as
part of another group includes both straight and branched
chain hydrocarbons, containing 1 to 20 carbons,
praeferably 1 to 10 carbons, more preferably 1 to 8
carbons, in the normal chain, such as methyl, ethyl,
propyl, isopropyl, butyl, t-butyl, ilsobutyl, pentyl,
hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl,
2,2,4-trimethyl-pentyl, nonyl, decyl, undecyl, dodecyl,
the various branched chain lsomers thereof, and the like
as well as such groups including'I to 4 substituents such
as halo, for example F, Br, Cl or I or CF3, alkyl,
alkoxy, aryl, aryloxy, aryl(aryl) or diaryl, arylalkyl,
arylalkyloxy, alkenyl, cycloalkyl, cycloalkylalkyl,

- 12 -
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cycloalkylalkyloxy, amino, hydroxy, hydroxyalkyl, acyl,
cycloheterocalkyl, heterocaryl, heteroaryloxy,
heteroarylalkyl, heteroarylalkoxy, aryloxyalkyl,
alkylthio, arylalkylthio, aryloxyaryl, alkylamido,
alkanoylamino, arylcarbonylamino, nitro, cyano, thiol,
haloalkyl, trihaloalkyl and/or alkylthio.

Unless otherwise indicated, the term "cycloalkyl™
as employed herein alone or as part of another group
includes saturated or partially unsaturated (containing 1
or 2 double bonds) cyclic hydrocarbon groups containing 1
to 3 rings, including monocyclic alkyl, bicyclic alkyl
(or bicycloalkyl) and tricyclic alkyl, containing a total
of 3 to 20 carbons forming the ring, preferably 3 to 10
carbons, forming the ring and which may be fused to 1 or
2 aromatic rings as described for aryl, which includes
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl,
cyclohexenyl, '

A X X oo
DO B

any of which groups may be optionally substituted with 1
to 4 substituents such as halogen, alkyl, alkoxy,
hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl,
alkylamido, alkanoylamino, oxo, acyl, arylcarbonylamino,
hateroaryl, cycloheteroalkyl, amino, alkylamino, nitro,
cyano, thlieol and/or alkylthio and/or any of the
substituents for alkyl. .

The term “cycloalkenyl” as employed herein alone
or as part of another group refers to cyclic hydrocarbons
containing 3 to 12 carbons, preferably 5 to 10 carbona

- 13 -
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and 1 or 2 double bonds. Exemplary cycloalkenyl groups
include cyclopentenyl, cyclohexenyl, cycloheptenyl,
cyclooctenyl, cyclohexadienyl, and cycloheptadienyl,
which may- be optionally substituted as defined for
cycloalkyl. )

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

Unless otherwise indicated, the term "lower
alkenyl™ or "alkenyl®™ as used herein by itself or as part
of another group refers to straight or branched chain
radicals of 2 to 20 carbona, preferably 2 to 12 carbons,
and more preferably 1 to 8 carbons in the normal chain,
which include one to six double bonds in the normal
chain, such as vinyl, 2-propeny1,.3-butenyl, 2-butenyl,
4-pentenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, 2-heptenyl,
3-heptenyl, 4-heptenyl, 3-octenyl, 3-nonenyl, 4-decenyl,
3-undecenyi, 4-dodecenyl, 4,8,l2-tetradecatrienyl, and
the like, and which may be optionally substituted with 1
to 4 substituents, namely, halogen, haloalkyl, alkyl,
alkoxy, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,
amino, hydroxy, heteroaryl, cycloheteroalkyl,
alkanoylamino, alkylamido, arylcarbonyl-amino, nitro,
cyano, thiol, alkylthio and/or any of the alkyl
substituents set out herein.

Unless otherwise indicated, the term "lower
alkynyl®™ or "alkynyl" as used herein by itself or as part
of another group refers to straight or branched chain
radicals of 2 to 20 carbons, preferably 2 to 12 carbons
and more preferably 2 to 8 carbons in the normal chain,
which include one triple bond in the normal chain, such
as 2-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3-
pentynyl, 2-hexynyl, 3-hexynyl, 2-heptynyl, 3-heptynyl,
4-heptynyl, 3-octynyl, 3-nonynyl, -4-decynyl, 3-undecynyl,
4-dodecynyl and the like, and which may be optionally

- 14 -
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substituted with 1 to 4 substituents, namely, halogen,
haloalkyl, alkyl, alkoxy, alkenyl, alkynyl, aryl,
arylalkyl, cycloalkyl, amino, heteroaryl,
cycloheterocalkyl, hydroxy, alkanoylamino, alkylamido,
arylcarbonylamino, nitro, cyano, thiol, and/or alkylthio,
and/or any of the alkyl substituents set out herein.

The terms "arylalkenyl™ and "arylalkynyl™ as used
alone or as part of another group refer to alkenyl and
alkynyl groups as described above having an aryl
substituent.

Where alkyl groups as defined above have sinyle
bonds for attachment to other groups at two different
carbon atoms, they are termed "alkylene" groups and may
optionally be substituted with 1 or 2 substituents as
defined above for "alkyl"™, such as, for example, alkyl,
halo, hydroxy, alkoxy and/or cycloalkyl.

Where alkenyl groups as defined above and alkynyl
groups as defined above, respectively, have single bonds
for attachment at twe different carbon atoms, they are
termed “alkenylene groups™ and "alkynylene groups”,
respectively, and may optionally be substituted with 1 ox
2 substituents as defined above for "alkenyl® and
Talkynyl®,

The term "halogen™ or "halo” as used hereln alone
or as part of another group refers to chlorine, bromine,
fluorine, and lodine as well as CF3, with chlorine or

fluorine being preferred.

The term "metal ion" refers to alkall metal ions
such as sodium, potassium or lithium and alkaline earth

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

and aluminum.

Unless otherwise indicated, the term "aryl" as
employed herein alone or as part of another group refers
to monocyclic and bicyclic aromatic groups containing 6
to 10 carbons in the ring portion (such as phenyl ox

- 15 -
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naphthyl including l-naphthyl and 2-naphthyl) and may
optionally include one to three additional rings fused to
a carbocyclic ring or a heterocyclic ring (such as aryl,
cycloalkyl, heteroaryl or cycloheteroalkyl rings for
example

e R e e Wec N e

s clioeec))

and may be optionally substituted through available’
carbon atoms with 1, 2, or 3 groups selected from
hydrogen, halo, haloalkyl, alkyl, haloalkyl, alkoxj,
halophenyl, benzoyloxy, haloalkoxy, alkenyl,
trifluoromethyl, trifluoromethoxy, alkynyl, cycloalkyl-
alkyl, cycloheteroalkyl, cycloheterocalkylalkyl, aryl,
heteroaryl, arylalkyl, aryloxy, aryloxyalkyl, arylalkoxy,
arylthio, arylazo, hetercarylalkyl, heteroarylalkenyl,
heteroarylheteroaryl, hetercaryloxy, hydroxy, nitro,
cyano, amino, substituted amino wherein the amino
includes 1 or 2 substituenta (which are alkyl, alkanoyl,
aryl or any of the other aryl compounds mentioned in the
definitions), thiol, alkylthio, arylthio, heteroarylthio,
arylthioalkyl, alkoxyarylthio, alkylcarbonyl,
arylcarbonyl, alkylaminocarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylcarbonyloxy,
arylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino,
arylsulfinyl, arylsulfinylalkyl, arylsulfonylamino or
arylsulfonaminocarbonyl and/or any of the alkyl
subatituents set out herein.

Unless otherwise indicated, the term "lower
alkoxy”, "alkoxy", "aryloxy™ or "aralkoxy" as employed

- 16 ~
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herein alone or as part of another group includes any of
the above alkyl, aralkyl or aryl groups linked to an
oxygen atom.

Unless otherwise indicated, the term "subatituted
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, heterocaryl, heterocarylalkyl,
cycloheteroalkyl, cyclcheterocalkylalkyl, cycloalkyl,
cycloalkylalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl or
thioalkyl. These substituents may be further substituted
with a carboxylic acid and/or any of the subatituents for
alkyl as set out above. In addition, the amino
substituents may be taken together with the nitrogen atom
to which they are attached to form l-pyrrolidinyl, 1-

plperidinyl, l1-azepinyl, ¥-morpholinyl, 4-
thiamorpholinyl, l-piperazinyl, 4-alkyl-l-piperazinyl, 4-
arylalkyl-l-piperazinyl, 4-diarylalkyl-l-piperazinyl, 1-
pyrrolidinyl, l-piperidinyl, or l-azepinyl, optionally
gubstituted with alkyl, alkoxy, alkylthlo, halo,
trifluvoromethyl or hydroxy.

Unless otherwise indicated, the term "lower
alkylthio™, alkylthio", "arylthio” or "aralkylthio" as
employed herein alone or as part of another group
includes any of the above alkyl, aralkyl or aryl groups
linked to a sulfur atom.

Unless otherwise indicated, the term "lower
alkylamino™, ™alkylamino", "arylamino™, or
"arylalkylamino™ as employed herein alone or as part of
another group includes any of the above alkyl, aryl or
arylalkyl groups linked to a nitrogen atom.

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

R
caxbonyl ( ¢ ) group; examples of acyl groups include
any of the Rl groups attached to a carbonyl, such as

- 17 -
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alkanoyl, alkenoyl, aroyl, aralkanoyl, heteroaroyl,
cycloalkanoyl, cycloheteroalkanoyl and the like.

Unless otherwise indicated, the term
“cycloheteroalkyl” as used herein alone or as part of
another group refers to a 5-, 6~ or 7-membered saturated
or partially unsaturated ring which includes 1 to 2
hetero atoms such as nitrogen, oxygen and/or sulfur,
linked through a carbon atom or a hetercatom, where
poasible, optionally via the linker (CH;); (where r is 1,
2 or 3), such as

SHicNes

sefechet
G 2
cNeARS

and the like. The above groups may include 1 to 4
substituents such as alkyl, halo, oxo and/or any of of
the alkyl substituents set out herein. In addition, any
of the cycloheteroalkyl rings can be fused to a
cycloalkyl, aryl, heteroaryl or cycloheteroalkyl ring.
Unless otherwise indicated, the term "heterocaryl"
as used herein alone or as part of another group refers
to a 5- or 6- membered aromatic ring which includes 1, 2,
3 or 4 hetero atoms such as nitrogen, oxygen or
sulfur,and such rings fused to an aryl, cycloalkyl,
heteroaryl or cycloheteroalkyl ring (e.g.
benzothiophenyl, indolyl), and includes possible N-
oxides. The hetercaryl group may optionally include 1 to

- 18 -
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4 substituents such as any of the substituents set out
above for alkyl. Examples of hateroagyl groups include
the following:

., -G .G O

OO G 0.~ 00
iﬁ-@'@-@.@.m.

13343330,

and the like.

The term "cycloheteroalkylalkyl"™ as used herein
alone or as part of another gorup refers to
cycloheteroalkyl groups as defined above linked through a

15 C atom or heteroatom to a (CHz)r chain.

The term "hetercarylalkyl" or "heterocarylalkenyl"™
as used herein alone or as part of another group refers
to a heteroaryl group as defined above linked through a C
atom or heterocatom to a -{CHz)ry- chain, alkylene or

20 alkenylene as defined above.

The term "polyhaloalkyl™ as used herein refers to
an "alkyl"™ group as defined above which includes from 2
to 9, preferably from 2 to 5, halo substituents, such as
F or Cl, preferably F, such as CF3iCHz, CF3 or CF3CF2CH3z.

25 The term "polyhaloalkoxy" as used herein refers to
an "alkoxy" or "alkyloxy" group as defined above which
includes from 2 to 9, preferably from 2 to 5, halo

10

- 19 -
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substituents, such as F or Cl, preferably F, such as
CF3CH20, CF30 or CF3CF3CH30.

All stereoisomers 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 carbon atoms including any one or the R substituents.
Consequently, compounds of formula I can exist in
enantiomeric or diastereomeric forms or in mixtures
thereof. The processes for preparation can utilize
racemates, enantiomers or dlastereomers as starting
materials. When diastereomeric or enantiomeric products
are prepared, they can be separated by conventional
methods for example, chromatographic or fractional
crystallization.

The term "prodrug esters™ as employed herein
includes esters and carbonates formed by reacting one or
more hydroxyls of compounds of formula I with alkyl,
alkoxy, or aryl substituted acylating agents employing
procedures known to those skilled in the art to generate
acetates, pivalates, methylcarbonates, benzoates and the
like. In addition, prodrug esters which are known in the
art for carboxylic and phosphorus acid esters such as
methyl, ethyl, benzyl and the like.

Examples of such prodrug esters include

CH,CO,CH— Gﬁf’h‘!f" t=C By COCH;— , oxr
" d:n.:.
I
CyH,OCOCH— |
Other examples of suiltable prodrug esters include

% & & ﬁzﬂ

J\O_O/\ ¥ (‘Qu W
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wherein R2 can be H, alkyl (such as methyl or t-butyl),
arylalkyl (such as benzyl) or aryl (such as phenyl); R4
is H, alkyl, halogen or alkoxy, R® is alkyl, aryl,
arylalkyl or alkoxyl, and n; is 0, 1 or 2.

Where the campounds of structure I are in acid
form they may form a pharmaceutically acceptable salt
such as alkali metal salts such as lithium, sodium or
potaseium, alkaline earth metal salts such as calcium or
magnesium as wéll as zinc or aluminum and other cations
such as ammonium, choline, diethanclamine, lysine (D or
1), ethylenediamine, t-butylamine, t-octylamine, tris-
(hydroxymethyl) aminomethane (TRIS), N-methyl glucosanine
(NMG), triethanolamine and dehydroabletylamine.

Compounds of the invention may be prepared by the
following method.

. Referring to Reaction Scheme 1, Knovenagel
condensation of readily available beta-keto ester 1,
where R is lower alkyl, with aldehyde 2 under standard
conditions (e.g. HOAc, piperidine, toluene, reflux)
affords the corresponding adduct 3. Base induced 1,4-
addition of ketone 4 (e.g. LiN(TMB), in THF or EtONa in
EtOH) provides the adduct 5, usually as a mixture of
diastereomers.

Conversion of the 1,5-diketone 5 to the pyridyl
ester 6 may be effected by treatment with an ammonia
source (such as NHOAc) in the presence of an oxidant
(such as Cu(QAc)2 or oxygen) in a suitable solvent (such
as refluxing HOAc), or by reaction of 5 with
hydroxylamine hydrochloride in HOAc¢ with heat. The ester
functionality of 6 can be reduced by standard methods -
(LiAlH,, DIBAL, LiBH,) to give alcohol 7 which can
subsequently be converted to the corresponding halilde 8
(e.g. PBr, in CH,Cl,, CBxr,/PPh, in CH,CN oxr POCl,).
Conversion of halide B to the phosphorus compound 9 where

W 1 Ph or alkyl 1s effected by treatment of 8 with W,POEt

in toluene. Conversion of halide 8 to compound 9 where W
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is OR (R is lower alkyl) may be effected by the reaction
of 8 with HOP(OR)2/base/THF or by Arbuzov reaction with
P(OR),. Witting reaction between 9 and aldehyde 10
(aldehyde 10 has been previously described in US patent
5,686,433) may be effected under standard conditions with
base (n-Bull, LiN(TMS),, LDA) in an appropriate solvent
(THF, Et,0, toluene, DMPU) to afford the adduct 11.
Treatment of 11 under acidic conditionsg- (e.g. TFA, HCl)
effects the conversion of 11 to lactone Ia.
Baponification of Ia to Ib (where R, 1s alkall metal, or
alkaline earth metal) can be effected by treatment of Ia
with aquecus base or subsequently acldified to give Ib
where R, 1s H. Additionally, Ia can be treated with an
alcohol of the type R,0OH under basic conditione to form
the corresponding esters of Ib.

As seen in Reaction Scheme 2, the saturated

derivatives of compound I (where d is CH,-CH,) are
obtained by catalytic (Pd/C, Pt/C, PAd(OH),) hydrogemation
of 11, Ia, or Ib to afford 12, Ic, or Id, respectively.
Compound 12 may be converted to Ic and Id following the
earlier described methods for the conversion of compound
11 to Ia and Ib.

Scheme 1

T oot Ajl. Cb 3

1 2
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Scheme 2

The synthesis of compounds I wherein "’ is CH=CH
and n 18 1, is described in Scheme 3. Bis-silylation of
compound Ib! with a bulky silylchloride (e.g., Clsi(t-
butyl) Phz, ClSi(t-butyl)}Mez, ClSiPhs) in the presence of a
suitable base (e.g., TEA, imidazole, pyridine) and
solvent (e.g., CHaCl;, THF)} provides compound Ib2.
Treatment of Ib? with oxidants such as m~CPBA or CF3COs;H
in an appropriate sclvent such as CH2Cl; or HOAc affoxds
N-oxide Ib’. Desilylation of Ib? (TBAF/HOAc/THF or
HF/CHyCN) gives Ib' which may be saponified to Ib® using

- 24 -
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aquecus solutions of a metal hydroxide in an appropriate
solvent (e.g., MeOH, dioxane).

bt 0

Solvent
(Mi=alknll matal)
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Additionally, compound Id' may be oxidized and
saponified, as described above, to provide compounds I

wherein "’ is CH)CH; and n is 1 (e.g., compounds Id® and
ID?) as shown in Scheme 4.

SCHEME 4

10 It will be appreciated that in Schemes 1 to 4, with
respect to compounds 4, 5, 6, 7, 8, 9, 11, Ia, Ib, 12,
Ic, 1d, Ib*, Ib* 1Ib°, Ib*, Ib%, Id', Id? and Id?, although
substituents Ry; and Rio as defined hereinbefore ara not
included in these compounds, Schemes 1 to 4 may be

15 carried out where such compounds include Ry and Ryq

substltuents.
' Scheme 5 depicts a preferred method for preparing

the HMG CoRA reductase inhibitor of formula I of the
invention using the Julia-Kocienskl olefination reaction

20 employing 4-pyridyl carboxylaldehyde (18) and chiral
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sulfone (16). The desired trans intermediate (19) is
isolated in high yield and optical purity which ia
convertaed to the final product of the invention. As will
be seen, the chiral sulfone (16), a key intermediate in
the Julia-Kocienskl atep, 1s prepared in three steps
starting from the commercially available Kaneka alcohol
(12) via triflate (13) and sulfide intermediate (15).

Referring to Scheme 5, treatment of commercially
avallable chiral alcohol (12) with triflic anhydride and
triethylamine in dichloromethane at low temperature (for
example 0 to -30°C) affords triflate (13). Other
pyridine or amine bases may be employed. Triflate (13)
(without being isolated) is carried onto the next atep
without further purification. A methylene chloride
solution of triflate (13)is treated with l-phenyl-1H-
tetrazole-5-thiol (14) to provide the chiral sulfide (15)
which is oxidized with hydrogen peroxide in the presence
of catalytic ammonium heptamolybdate tetrahydrate to give
crystalline sulfone {(16). Other oxidant, such as m-
chloro~p-benzoic acid (mCPBA) mey be employed.

Addition of LiHMDS or NaHMDS to a mixture of
sulfone (16) and pyridine carboxylaldehyde (18) in THF at
low temperature (-78 to -35°) provides trans olefin (19)
in high diastereoselectivity (>99%).

The pyridine aldehyde (18) is obtained as a
crystalline solid form the corresponding ester (17).
Reduction of easter {17) with Red-Al followed by oxidation
with Tempo (2,2,6,6-tetramethyl-l-piperidinyloxy) gives
aldehyde (18) in high yield. The final compound Ie of
the invention is prepared in a one pot procedure starting
from (19) without isolating any intermediates. Removal
of acetonide under acidic condition provides dlol Ie of
the invention which upon further treatment with sodium
hydroxide gives the sodium salt of the acid If of the
invention. Subsequent treatment of If with acld followed
by the addition of arginine produces crystalline arginine
salt of the invention Ig.



34

e 0.

CPW“’" gj




W 01196347 PCT/US01/18864

In addition, in accordance with the present
S invention, intermediates 6, 7, 8, 9, 11 and 12 are novel
ccampounds and form part of the present invention. These
compounds have the generai structure
IX

* Py

.l"\

P

Ryo

10 wherein X is O, S or NR;, Ri, Ra, Rq; Ry, Ry and Ryp as are
as defined above, Q is

SRR S

/'i(' (ultmiha:ylluuhnmln alkyl, or alkoxy),
o

1

or W
7
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Thus, the intermedliates of the invention can have the
following structures:

(Re=alkyl) Helde (prof. Br) 'f<
Yyt Y TYT A AR
] 7 » .

(Wheary! or afloxy)

? (Prot. s-butyl)
g&- (proL. t-butyl)
Ry Ry
Ry Ry
1
1
5

Compounds 6, 7, B, 9, 11 and/or 12 may include Ry
and R;p substituents.

Compounds containing dihydroxy acid HMG-CoA binding
domain side chains may be prepared in homochiral form,

10 which is preferred, or may be prepared as racemic
mixtures (3S*, 5R*) and may later be resolved to obtain
the 38, 5R isomer.

Thus, the intermediates of the invention can have the
followlng structures:

15

- 30 -
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coR  (Reuiiyl) Halide pret. B 'f{
Ry Re R, " Re .~ 3
] y 8 .

"‘ R

(Woary or allexy)

{pret. t-butyl)
g" g -
Ry e
Ry Ra
"
12
Re

Compounds containing dihydroxy aclid HMG-CoA binding
domain side chains may be prepared in homochiral form,
which is preferred, or may be prepared as racealc
mixtures (3S*, S5R*) and may later be resolved to obtain
the 3S, 5R isomer.

The compounds of the invention are inhibitors of 3-
hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase
and thus are useful in inhibiting cholesterol
biosynthesis and/or in lowering triglycerides, in a
manner similar to atorvastatin, pravastatin, simvastatin,
lovastatin, cerivastatin, visastatin (or rosuvaatatin)
(Astra Zeneca ZD4522), fluvastatin, itavastatin (or
pltavastatin) and the like.

A further aspect of the present invention is a
pharmaceutical composition containing at least one of the
compounds of formula I of the present invention in
association with a pharmaceutical wvehicle or diluent.

The pharmaceutical composition can be formulated
employing conventional solid or liquid vehicles of
diluents and pharmaceutical additives of a type
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appropriate to the mode of desired administration. The
compounds can be administered by an oral route, for
example, in the form of tablets, capsules, granules or
powders, or they can be administered by a parenteral
route in the form of injectable preparations. Such
dosage forms contain from 0.1 to 1500 mg of active
compound per dosage, for use in the treatment. The dose
to be administered depends on the unitary dose, the
symptoms, and the age and the body weight of the patient.

The compounds of the present invention can be
administered in a similar mahner as known compounds
suggested for use in inhibiting cholesterol biosynthesis,
such as pravastatin, lovastatin, simvastatin, visastatin
(or rosuvastatin), atorvastatin, cerivastatin,
fluvaatatin, ltavastatin (or pitavastatin), and the like,
in mammallan specles 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 HM3 CoA reductase inhibitors of formula I may
be employed in combination with all therapeutic agents
which are useful in combination with AMG CoA reductase
inhibitors.

Thus, where desired, the compounds of structure I
may be used in combination with one or more hypolipidemic
agents or lipid-lowering agents, or lipid agents, or
lipid modulating agents, and/or one or more other types
of therapeutic agents including antidlabetic agents,
anti-obesity agents, antihypertensive agents, platelet
aggregation inhibitors, anti-Alzheimer's agents, anti-
dementia agents, anti-ostecporosis agents, and/or hormona
replacement therapeutic agents, and/or other therapeutic
agents, and/or other cardiovascular agents (including
anti-anginal agents, anti-arrhythmic agents, anti-
atherosclerosis agents, anti-inflammatory agents, anti-
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platelet agents, anti-heart failure agents), anti-cancer
agents, anti-infective agents, hormone replacement
agents, growth hormone secretagogues, selective androgen
receptor modulators, and/or other therapeutic agents
which may be administered orally in the same dosage form
or 1n a separate oral dosage form, or by injection.

The hypolipidemic agent or lipid-lowering agent or
other lipid agent or lipid modulating agent which may be
cptionally employed in combination with the compounds of
formula I of the invention may include 1,2,3 or morxre MTP
inhibitors, HMG CoA reductase inhibitors, squalene
synthetagse inhibitors, PPAR a agonists, PPAR dual a/y
agonists, PPAR 8§ agonists, fibric acid derivatives, ACAT
inhibitora, lipoxygenase inhibitors, cholesterol
absorption inhibitors, ileal Na'/bile acid cotransporter
inhibitors, upregulators of LDL receptor activity,
cholesteryl ester transfer protein inhibitors, bile acid
sequestrants, and/or nicotinic acid and derivatives
thereof.

MTP inhibitors employed herein include MTP
inhibitors disclosed in U.S. Patent No. 5,595,872, U.S.
Patent No. 5,73%,135, U.S8. Patent No. 5,712,279, U.S8.
Patent No. 5,760,246, U.S8. Patent No. 5,827,875, U.B.
Patent No. 5,885,983 and U.8. Application Serial No.
09/175,180 filed October 20, 1998, now U.S. Patemt No.
5,962,440. Preferred are each of the preferred MIP
inhibltors disclosed in each of the above patents and
applications.

All of the above U.S. Patents and applications are
incorporated herein by reference.

Most preferred MTP inhibitors to be employed in
accordance with the present invention include preferred
MTP inhibitors as set out in U.8. Patent Nos. 5,739,135
and 5,712,279, and U.8. Patent No. 5,760,246.

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

. {2,2,2-Trifluoroethoxy)benzoyl] amino] -1-piperidinyl]

butyl] -N- (2,2, 2-trifluorcethyl) -9H- £luorene-9-carboxamide
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The bypolipidemic agent may be an HMG Coh
reductase inhibitozr which includes, but is not limited
to, mevastatin and related compounds as disclosed in U.8.
Patent No. 3,983,140, lovastatin (mevinolin) and related
compounds as disclosed in U.8. Patent No. 4,231,938,
pravastatin and related compounds such as disclosed in
U.8. Patent No. 4,346,227, simvastatin and related
compounds ag disclosed in U.8. Patent Nos. 4,448,784 and
4,450,171. Other HM3 CoA reductase inhibitors which may
be employed hexein include, but are not limited to,
fluvastatin, disclosed in U.S. Patent No. 5,354,772,
cerivastatin disclosed in U.S. Patent Nos. 5,006,530 and
5,177,080, atorvastatin dlsclosed in U.8. Patent Nos.
4,681,893, 5,273,995, 5,385,929 and 5,686,104,
pitavastatin (Nissan/Sankyo's nisvastatin (NK-104) or
itavastatin), disclosed in U.8. Patent No. 5,011,930,
Shionogl-Astra/Zeneca rosuvastatin (visastatin (ZD-4523))
discloped in U.S. Patent No. 5,260,440, and related
statin compounds disclosed in U.8. Patent No. 5,753,675,
pyrazole analogs of mevalonolactone derivatives as
disclosed in U.8. Patent No. 4,613,610, indene analogs of
mevalonolactone derivatives as disclosed in PCT
application WO 86/03488, 6-[2- (substituted-pyrrol-1-yl)-
alkyl)pyran-2-ones and derivatives thereof as disclosed
in U.8. Patent No. 4,647,576, Searle's BC-45355 (a 3-
substituted pentanedioic acid derivatilve)
dichloroacetate, imidazole analogs of mevalonolactone as
disclosed in PCT application WO 86/07054, 3-carboxy-2-

- 34 -



W 01796347 PCT/US01/18864

10

15

30

3s

hydroxy-propane-phosphonic acid derivatives as disclosed
in French Patent No. 2,596,393, 2,3-disubstituted

pyrrole, furan and thicphena derivatives as disclosed in
European Patent Application No. 0221025, naphthyl analogs
of mevalonolactone as disclosed in U.8. Patent NMo.
4,686,237, octahydronaphthalenes such as disclosed in
U.8. Patent No. 4,499,289, keto analogs of mevinolin
(lovastatin) as disclosed in European Patent Application
No.0,142,146 A2, and quinoline and pyridine derivativea
disclosed in U.S8. Patent No. 5,506,219 and 5,691,322.

In addition, pbosphinic acid compounds useful in
inhibiting CoA reductase suitable for use harein are
disclosed in GB 2205837.

The squalene synthetase inhibitors suitable for
use herein include, but are not limited to, a-phosphomno-
sulfonates disclosed in U.8. Patent No. 5,712,396, those
diaclosed by Biller et al, J. Med. Chem., 1988, Vol. 31,
No. 10, pp 1869-1871, including isoprenold (phosphinyl-
methyl)phosphonates as well as other known aqualene
synthetase inhibitors, for example, as disclosed in U.8.
Patent No. 4,871,721 and 4,924,024 and in Biller, 8.A.,
Neuenschwander, K., Pompipom, M.M., and Poulter, C.D.,
Current Pharmaceutical Design, 2, 1-40 (1996).

In addition, other squalene synthetase inhibitors
suitable for use herein include the terpenoid
pyrophosphates disclosed by P. Ortiz de Montellano et al,
J. Med. Chem., 1977, 20, 243-249, the farnesyl
diphogphate analog A and presqualene pyropkosphate (PSQ-
PP) analogs as digclosed by Corey and Volante, J. Am.
Chenm. Soc., 1976, 98, 1291-1293, phosphimylphosphonates
reported by McClaxd, R.W. et al, J.A.C.8., 1987, 104,
5544 and cyclopropanes reported by Capson, T.L., PhD
dissertation, June, 1987, Dept. Med. Chem. U of Utah,
Abstract, Table of Contents, pp 16, 17, 40-43, 48-51,
Summary.

Other hypolipidemic agents suitable for use herein
include, but are not limited to, fibric acid derivatives,
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such as fenofibrate, gemfibrozil, clofibrate,
bezafibrate, ciprofibrate, clinofibrate and the like,
probucol, and related compounds as disclosed in U.S.
Patent No. 3,674,836, probucol and gemfibrozil being
preferred, bile acld gequestrants such as cholestyramine,
colestipol and DBAE-Sephadex (Secholex®, Policexide®) and
cholestagel (3ankyo/Geltex), as well as lipostabil
(Rhone-Poulenc), Eisal E-5050 (an N-substituted
ethanolamine derivative), imanixil (HOE-402),
tetrahydrolipstatin (THL), istigmastanylphos-
phorylcholine (SPC, Roche), aminocyclodextrin (Tanabe
Seiyoku), Ajinomoto AJ-814 (azulene derivative),
melinamide (Sumitomo), Bandog 58-035, American Cyanamid
CL-277,082 and CL-283,546 (disubstituted urea
derivatives), nicotinic acid (niacin), acipimox, acifran,
neomycin, p-aminosalicylic acid, aspirin,
poly(diallylmethylamine) derivatives such as dilsclosed in
U.S8. Patent No. 4,759,923, quaternary amine
poly(diallyldimethylammonium chloride) and ionemes such
as disclosed in U.8. Patent No. 4,027,009, and othexr
known serum cholesterol lowering agents.

The other hypolipidemic agent may be an ACAT
inhibitor (which also has anti-athercsclerosis activity)
such as disclosed in, Drugs of the Future 24, 9-15
(1999), (Avasimibe); “The ACAT inhibitor, Cl1l-1011 is
effective in the prevention and regression of aortic
fatty streak area in hamsterg”, Nicolosi et al,
Atherosclerosis (Shannon, Irel). (1998), 137(1), 77-8S;
“The pharmacological profile of FCE 27677: a novel ACAT
inhibitor with potent hypolipidemic activity mediated by
selective suppression of the hepatic secretion of
ApoBl100-containing lipoprotein”, Ghiselli, Giancarlo,
Cardiovasc. Drug Rev. (1998), 16(1), 16-30; “RP 73163: a
biloavailable alkylsulfinyl-diphenylimidazole ACAT
inhibitor”, smith, C., et al, Bioorg. Med. Chem. Lett.
(1996), 6(1), 47-50; “ACAT inhibitors: physiologic
mechanisms for hypolipidemic and anti-atherosclerotic
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activitiea in experimental animals”, Krause et al,
Editor(s) : Ruffolo, Robert R., Jr.; Hollinger, Mannfred
A., Inflammation: Mediators Pathways (1995), 173-98,
Publisher: CRC, Boca Raton, Fla.; “ACAT inhibitora:
potential anti-atherosclerotic agentg”, Sliskovic et al,
Curr. Med. Chem. (1994), 1(3), 204-25; “Inhibitors of
acyl-CoA:cholesterol O-acyl transferase (ACAT) as
hypocholesterolemic agents. 6. The first water-soluble
ACAT inhibitor with lipid-regulating activity. Inhibitors
of acyl-CoA:cholesterol acyltransferase (ACAT). 7.
Development of a series of substituted N-phenyl-N'-[{1-
phenylcyclopentyi)methyl]u:eas with enhanced
hypocholesterolemic activity”, Stout et al, Chemtracts:
Org. Chem. (1995), B8(6), 359-62, or TB-962 (Talsho
Pharmaceutical Co. Ltd), as well as F-1394, C8-505,
F-12511, HL-004, K-10085 and YIC-C8-434.

The hypolipidemic agent may be an upregulator of
LDL recsptor activity such as MD-700 (Taisho
Pharmaceutical Co. Ltd) and LY295427 (Eli Lilly).

The hypolipidemic agent may bes a cholesterol
abaorption inhibitor preferably Schering-Plough's
BCH48461 (ezetimibe) as well as those disclosed in .
Atherosclerosis 115, 45-63 (1995) and J. Med. Chem. 41,
973 (1998).

The other lipid agent or lipid-modulating agent
may be a cholesteryl transfer protein inhibitor (CETP)
such as Pfizer's CP-529,414 as well ag those disclosged in
WO/0038722 and in EP 818448 (Bayer) and EP 992496, and
Pharmacia‘'a 8C-744 and S8C-795 as well as CETi-1 and
JIT-705.

The hypolipidemic agent may be an ileal Na'/bile
acid cotransporter inhibitor such as disclosed in Drugs
of the Future, 24, 425-430 (1999).

The ATP citrate lyase inhibitor which may be
employed in the combination of the invention may include,
for example, those disclosed in U.8. Patent No.
5,447,954,
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The other lipid agent also includes a
phytoestrogen compound such ae disclosed in WO 00/30665
including isolated soy bean protein, soy protein
concentrate or soy flour as well ag an isoflavone such as
ganistein, daidzein, glycitein or equol, or phytosterols,
phytostanol or tocotriemnol as diasclosed in WO
2000/015201;

a beta-lactam cholesterol absorption inhibitor
such as disclosed in EP 675714;

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

an a-glucosidase inhibitor, an aldose reductase
inhibitor and/or an LDL catabolism promoter guch as
disclosed in EP 1022272;

a sodium-proton exchange inhibitor such as
dieclosed in DE 19622222;

an LDL-receptor inducer or a steroidal glycoside
such as disclosed in U.8. Patent No. 5,698,527 and
GB 2304106;

an anti-oxidant such as beta-carotene, ascorbilc
acid, a-tocopherol or retinol as disclosed in WO 94/15592
a8 well as Vitamin C and an antihomocysteine agent such
as folic acid, a folate, Vitamin B6, Vitamin B12 and
Vitamin E;

isoniaxid as disclosed in WO 97/35576;

a cholesterol absorption lnhibitor, an HM@-CoA
synthage inhibitor, or a lanosterol demethylase inhibitor
as digclosed in WO 97/487%701;

a PPAR 8§ agonist for treating dyslipidemia;

or a sterol regulating element binding protein-I
(BREBP-1)} as disclosed in WO 2000/050574, for example, a
ephingolipid, such as ceramide, or neutral
sphingomyelenase (N-SMase) or fragment thereof.

Preferred hypolipidemlic agents are pravastatin,
lovastatin, silmvastatin, atorvastatin, fluvastatin,
cerivastatin, pitavastatin and rosuvastatin, as well as
niacin and/or cholesatagel.
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The above-mentioned U.S. patents are incorporated
herein by reference. The amounts and dosages employed
will be as indicated in the Physiclan's Degk Reference
and/or in the patents set out above or as otherwise known
in the art.

The compounds of formula I of the invention will
be employed in a weight ratio to the hypolipidemlc agent
(wexe present), within the range from about 500:1 to
about 1:500, preferably from about 100:1 to about 1:100.

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

The dosages and formulations for the hypolipidemic
agent or other lipid agent or lipid modulating agent will
be as disclosed in the various patents and applicaticns
discuassed above.

The dosages and formulations for the other
hypolipidemic agent or other lipid agent or lipild
modulating agent to be employed, where applicable, will
be as get out in the latest edition of the Physicians’
Deak Reference.

For oral administration, a satisfactory result may
be cobtained employing the MTP inhibitor in an amount
within the range of from about 0.01 mg to about 500 mg
and preferably from about 0.1 mg to about 100 mg, one to
four times dally.

A preferred oral dosage form, such as tablets or
capsules, will contain the MIP inhibitor in an amount of
from about 1 to about 500 mg, preferably from about 2 t
about 400 mg, and more preferably from about 5 to about
250 mg, ocne to four times dally.

For oral administration, a satisfactory result may
be obtained employing an HMG CoA reductase inhibitor, for
example, pravastatin, lovastatin, simvastatin,
atorvastatin, fluvastatin or cerivastatin in dosages
employed as indicated in the Physician's Desk Reference,
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such as in an amount within the range of from about 1 to
2000 mg, and preferably from about 4 to about 200 mg.

The squalene synthetase inhibitor may be employed
in dosages in an amount within the range of Ffrom about 10
mg to about 2000 mg and preferably from about 25 mg to
about 200 mg.

A preferred oral dosage form, such as tablets or
capsules, will contain the HMG CoA reductase inhibitor in
an amount from about 0.1 to about 100 mg, preferably from
about 0.5 to about 80 mg, and more preferably from about
1 to about 40 mg.

A preferred oral dosage form, such as tablets or
capsules will contain the squalene synthetase inhibitor
in an amount of from about 10 to about 500 mg, preferably
from about 25 to about 200 mg.

The anti-atherosclerotic agent includes a
lipoxygenase inhibitor including a 15-lipoxygenase (15-
10) inhibitor such as benzimidazole derivatives as
disclosed ln WO 97/12615, 15-10 inhibitors as disclosed
in WO 37/12613, isothiazolones as disclosed in
WO 96/38144, and 15-10 inhibitors as disclosed by
Sendobry et al “Attenuation of diet-induced
atherosclerosis in rabbits with a highly selective 15-
lipoxygenase inhibitor lacking significant antioxidant
properties,” Brit. J. Pharmacology (1997) 120, 1199-1206,
and Cornicelll et al, “15-Lipoxygenase and its
Inhibition: A Novel Therapeutic Target for Vascular
Disease”, Current Pharmaceutical Deaigm, 1999, 5, 11-20.

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

The compositions described above may be
administered in the dosage forms as described above in
gingle or divided doses of ome to four times daily. It
may be advisable to start a patient on a low dose
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combination and work up gradually to a high dose
combination.

The antidiabetic agent which may be optiomally
employed in combinatiom with the HMG-CoA reductase
inhibitor of formula I may be 1,2,3 or more antidiabetic
agents or antlhyperglycemic agents including insulin
secretagogues or insulin sensitizers, which may include
biguanides, sulfonyl ureas, glucosidase inhibitors,
aldose reductase inhibitors, PPAR y agonists such as
thiazolidinediones, PPAR a agonists (such as fibric acid
derivatives), PPAR 8§ antagonists or agonilsts, aP2
inhibitoxs, PPAR a/y dual agonists, dipeptidyl peptidase
IV (DP4) inhibitors, SGLT2 inhibitors, glycogen
phosphorylase inhibitors, and/or meglitinides, as well as
insulin, and/or glucagon-like peptide-1 (GLP-1), and/or a
PTP-1B inhibitor (protein tyrosine phosphatase-1B
inhibitor).

The antidiabetic agent may be an oral
antihyperglycemic agent preferably a biguanide such as
metformin or phenformin or salts thereof, preferably
metformin HCl.

Where the antidiabetic agent is a biguanide, the
compounds of structure I will be employed in a weight
ratio to biguanide within the range from about 0.001:1 to
about 10:1, preferably from about 0.01:1 to about 5:1.

The antidiabetic agent may also preferably be a
sulfonyl urea such as glyburide (alac known as
glibenclamide), glimepiride (disclosed in U.8. Patent No.
4,379,785), glipizide, gliclazide ox chlorpropamide,
other known sulfonylureas or other antihyperglycemic
agents which act on the ATP-dependent channel of the B-
cells, with glyburide and glipizide being prefexred,
which may be administered in the same or in separate oral
dosage forms.

The compounds of gtructure I will be employed in a
weight ratio to the sulfonyl urea in the range from about
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0.01:1 to about 100:1, preferably from about 0.02:1 to
about 5:1.

The oral antidiabatic agent may also be a
glucosidase inhibitor such as acarbose (disclosed in U.S8.
Patent No. 4,904,769) or miglitol (disclosed in U.S.
Patent No. 4,639,436), which may be administered in the
pame or in a separate oral dosage forms.

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

The compounds of structure I may be employed in
combination with a PPAR Y agonist such as a
thiazolidinedione oral anti-dlabetic agent ox other
insulin sensitizers (which has an insulin sensitivity
effect in NIDDM patients) such as troglitazone (Warner-
Lambert's Rezulin®, disclosed in U.8. Patent No.

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

Mitsubishi's MCC-555 (disclosed in U.8. Patent No.
5,594,016), Glaxo-Welcome's @L-262570, engllitazone (CP-
68722, Pfizer) or darglitazone (CP-86325, Pfizer,
isaglitazone (MIT/J&J), JTT-501 (JPNT/P&U), L-895645
(Merck), R-119702 (Bankyo/WL), NN-2344 (Dr. Reddy/NN), or
¥M-440 (Yamanouchl), preferably rosiglitazone and
ploglitazone.

The compounds of structure I will be employed in a
weight ratio to the thiazolidinedione in an amount within
the range from about 0.01:1 to about 100:1, preferably
from about 0.05:1 to about 10:1.

The sulfonyl yrea and PPAR y agonists in amounts of
less than about 150 mg oral antidiabetic agent may be
incorporated in a single tablet with the compounds of

structure I. .
The compounds of structure I may also be employed

in combination with a antihyperglycemic agent such as
insulin or with glucagon-like peptide-l1 (GLP-1) or
mimetic such as GLP-1(1-36) amide, GLP-1(7-36) amide,
GLP-1(7-37) (as dleclosed in U.S. Patent No. 5,614,492 t

- 42 -



WO 0196347 PCT/US01/18864

10

15

20

30

35

Habener, the disclosure of which is incorporated herein
by reference), as well as AC2993 (Amylen) and LY-315902
(Lilly), which may be administered via injection,
intranasal, inhalation or by transdermal or buccal
devices. .

Where present, metformin, the sulfonyl ureas, such
as glyburide, glimepiride, glipyride, glipizide,
c¢hlorpropamide and gliclazide and the glucosidase
inhibitors acarbose or miglitol or insulin (injectable,
pulmonary, buccal, or oral) may be esmployed in
formilations as described above and in amounts and dosing
a8 indicated in the Physician's Desk Reference (PBR).

Where present, metformin or salt thereof may be
employed in amounts within the range from about 500 to
about 2000 mg per day which may be administered in single
or divided doses one to four times dally.

Where present, the PPAR anti-diabetic agent may be
employed in amounts within the range £rom about 0.01 to
about 2000 mg/day which may be administered in single or
divided doses one to four times per day.

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

Where present GLP-1 peptides or mimetics may be
administered in oral buccal formulations, by nasal
administration or parenterally as described in U.8.
Patent Nos. 5,346,701 (TheraTech), 5,614,492 and
5,631,224 which are incorporated herein by reference.

The antidiabetic agent or other lipid agent may
also be a PPAR modulator such as a PPAR a/y dual agonist
such as AR-HO39242 (Astra/Zeneca), GW-409544 (Glaxo-
Wellcome), XRP297 (Kyorin Merck) as well as those
disclosed by Murakaml et al, “A Novel Insulin Sensitizer
Acts As a Coligand for Peroxisome Proliferation -
Activated Receptor Alpha (PPAR alpha) and PPAR gamma.
Effect on PPAR alpha Activation on Abnormal Lipid
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Metabolism in Liver of Zucker Fatty Rate”, Diabetes 47,
1841-1847 (1998), and in U.8. application Serial No.
09/664,598, filed Beptember 18, 2000, (attorney file
LA29) the disclosure of which is incorporated herein by
reference, employing dosagee as set out therein, which
compounds designated as preferred are preferred for use
herein.

The antidiabetic agent may be an SGLT2 inhilbitor
such as disclosed in U.S. application Serial No.
09/679,027, filed October 4, 2000 (attorney file LA49),
employing dosages as set out therein. Preferred are the
compounds designated as preferred in the above
application.

The antidiabetic agent may be an aP2 inhibitor
such as disclosed in U.S. application Serial No.
09/391,053, filed SBeptember 7, 1999, and in U.S.
application Serial No. 09/519,079, filed March 6, 2000
(attorney file LA27), employing dosages as set out
herein. Preferred are the compounds designated as
preferred in tha above application.

The antidiabetic agent may be a DP4 inhibitor such

as disclosed in application Serial No. 09/788,173, filed
February 16, 2001 (attorney file LAS0), W099/38501,
W099/46272, W099/67279 (PROBIODRUGE), WO99/67278
(PROBIODRUG), W099/61431 (PROBIODRUG), NVP-DPP728A (1-
[[[2-[ (5-cyanopyridin-2-yl)amino] ethyl] amino) acetyl] -2-
cyano- (S8) -pyrrolidine) (Novartis) (preferred) as
disclosed by Hughes et al, Biochemistry, 38(36), 11557-
11603, 1999, TSL~225 (tryptophyl-1,2,3,4-tetrahydro-
isoquinoline-3-carboxylic acid (disclosed by Yamada et
al, Bioorg. & Med. Chem. Lett. 8 (1998) 1537-1540, a-

cyanopyrrolidides and 4-cyanopyrrolidides as disclosed by

Ashworth et al, Bioorg. & Med. Chem. Lett., Vol. 6, No.
22, pp 1163-1166 and 2745-2748 (1996) employing dosages
as set out in the above references.

The meglitinide which may optionally be employed
in combination with the compound of formula I of the

6(;
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invention may be repaglinide or Starlix® (Novartis),
nateglinide (Novartis) or KAD1229 (PF/Kismsei), with
repaglinide being preferred.

The antidiabetic compound may be a melanocortin
receptor agonist such as & spiropiperidine as disclosed
in WO 99/64002.

. The HMG CGE raductase inhibitor of formula I will

be employed in a weight ratio to the meglitinide, PPAR
modulator such as a PPAR Y agonist, PPAR a agonist, PPAR &

agonits or antagonist, PPAR a/y dual agonist, aP2
inhibitor, DP4 inhibitor or SGLT2 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 other type of therapeutic agent which may be
optionally employed with the HMG CoA reductase inhibitor
of formula I may be 1, 2, 3 or more of an anti-obasity
agent including a beta 3 adrenergic agonist, a lipase
inhibitor, a serotonin (and dopamine) reuptake inhibitor,
an aP2 inhibitor, a thyroid receptor beta drug, a PTP-1B
inhibitor, an anorectic agent, a PPAR modulator including
PPAR ¥ antagonists, PPAR a agonists, PPAR 8§ antagonists, a
CCKA agonist, a leptin inhibitor such as a leptin
receptor activator, a neuropeptide Y antagonist, a
melanocortin-4-receptor (MC4AR) agonist, a fatty acid
oxidation upregqulator or inducer (such as Famoxin®
Genset).

The beta 3 adrenergic agonist which may be
optionally employed in combination with a compound of
formula I may be AJ9677 (Takeda/Dainippon), L750355
{Maxck), or CP331648 (Pfizer) or other known beta 3
agonists as disclosed in U.S. Patent Nos. 5,541,204,
5,770,615, 5,491,134, 5,776,983 and 5,488,064, with
AJ9677, 1L750,355 and CP331648 being preferred.
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The neuropeptide Y antagonists which may be
optionally employed in combination with a compound of
formula I include those descxribed in WO 0113917 (BMS) or
in U.S. Patent No. 6,218,408 (Synaptic) and in WO 0114376
{(Banyu) .

" The lipase inhibitor which may be optionally
employed in combination with a compound of formula I may
be orlistat or ATL~962 (Alizyme), with orlistat being
preferred.

The serotonin (and dopoamine) reuptake inhibitor
which may be optionally employed in combination with a
compound of formula I may be sibutramine, topiramate
(Johnson & Johnson) or axokine (Regeneron), with
sibutramine and topiramate being preferred.

The thyroid receptor beta compound which may be
optionally employed in combination with a compound of
formula I may be a thyrold receptor ligand as disclosed
in WO97/21993 (U. Cal SF), W099/00353 (KaroBio),
GB98/284425 (KaroBio), and U.S. Provisional Application
60/183,223 filed February 17, 2000, with compounds of the
KaroBlo applications and the above U.S. provisional
application being preferred.

The anorectic agent which may be optionally
employed in combination with a compound of formula I may
be dexamphetamine, phentermine, phenylpropanolamine or
mazindol, with dexamphetamine belng preferred.

The CCKA agonists which may be employed herein
include Glaxo-SmithKline’s GI-181,771 and Sanofl’s
SR146,13].

The PTP-1B inhibitor which may be an anti-cesity
and/or an antidiabetic agent include those disclosed in
WO 99/585,521, WO 99/58518, WO 99/58522 and WO 99/61435.

The anti-obesity agent employed may also be
Pfizer’s P57 or CP-644,673 (licensed from Phytopharm).
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The various anti-obesity agents described above may
be employed in the same dosage form with the compound of
formula I or in different dosage forms, 1n dosages and
regimens as generally known in the art or in the PDR.

The antihypartensive agents which may be employed
in combination with the HMG CoA reductase inhibitors of
the invention include ACE inhibitors, anglotensin II
raeceptor antagonists,NEP inhibitors such as candoxatril,
NEP/ACE inhibitors, as well as calcium channel blockers
{such as verapamil and amlodipine besylate), T-channel

calcium antagonists (such as mibefradil), P-adrenergic

blockersa, diuretics, a-adrenergic blockers (such as
doxazosin mesylate and terazosin HCl), dual action
receptor antagonists (DARA), heart fallure drugs such as
digoxin, and other types of antlhypertensive agents.

The anglotensin converting enzyme inhibitor which
may be employed herein includes those coniaining a
mercapto (-S-) molety such as substituted proline
derivatives, such as any of those disclosed in U.S. Pat.
No. 4,046,889 to Ondettl et al mentioned above, with
captopril, that is, 1-[(28)—3-parcapto-2—
methylpropionyl]-L~proline, being preferred, and
mercaptoacyl derivatives of substituted prolines such as
any of those disclosed in U.S. Pat. No. 4,316,906 with
zofenopril being preferred.

Other examples of mercapto containing ACE
inhibitors that may be employed herein include rentiapril
(fentiapril, Santen) disclosed in Clin. Exp. Pharmacol.
Physiol. 10:131 (1983); as well as pivopril and Y¥S980.

Other examples of anglotensin converting enzyme
inhibitors which may be employed herein include any of
those disclosed in U.S. Pat. No. 4,374,829 mentiocned
above, with N-{l-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-
L-proline, that is, enalapril, being preferred, any of
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the phoasphonate substituted amino or imino acids or salts
disclosed in U.S. Pat. No. 4,452,790 with (8)-1-[6-amino-
2-[ [hydroxy-(4-phenylbutyl)phesphinyl] oxy] -1-oxchexyl] -L-
proline or (ceronapril) being preferred,
phosphinylalkanoyl prolines diaclosed in U.S. Pat. No.
4,168,267 mentloned above with fosinopril being
preferred, any of the phosphinylalkanoyl substituted
prolines disclosed in U.S. Pat. No. 4,337,201, and the
phosphonamidates disclosed in U.S. Pat. No. 4,432,971
discuased above.

Other examples of ACE inhibitors that may be
employed herein include Beecham’s BRL 36,378 as disclosed
in European Patent Application Nos. 80822 and 60668;
Chugai’s MC-838 disclosed in C.A. 102:72588v and Jap. J.
Pharmacol. 40:373 (1986):; Ciba-Geigy’as CGS 146824 (3-(([1-
ethoxycarbonyl-S—phenyl—(13)—propyl]amin6)—2,3,4,5-
tetrahydro-2-oxo-1-(3S) -benzazepine-1 acetic acid HCl)
disclosed in U.K. Patent No. 2103614 and CGS 16,617
(3(S)~[[(15)-5~amino-1-carboxypentyl] amino]-2, 3,4, 5~
tetrahydro-2-oxo-1H-1-benzazepine-l-ethanoic acid)
disclosed in U.S. Pat. No. 4,473,575; cetapril
(alacepril, Dainippon) disclosed in Eur. Therap. Res.
39:671 (1986); 40:543 (1986); ramipril (Hoechsst)
disclosed in Euro. Patent No. 79-022 and Curr. Ther. Res.
40:74 (1986); Ru 44570 (Hoechst) disclosed in
Arzneimittelforschung 34:1254 (1985), cilazapril
(Hoffman-LaRoche) disclosed in J. Cardiovasc. Pharmacol.
9:39 (1987); R 31-2201 (Hoffman-LaRoche) disclosed in
FEBS Lett. 165:201 (1984); lisinopril (Merck), indalapril
(delapril) disclosed in U.S. Pat. No. 4,385,051;
indolapril (Schering) disclosed in J. Cardiovasc.
Pharmacol. 5:643, 655 (1983), spirapril (Schering)
disclosed in Acta. Pharmacol. Toxicol. 59 (Supp. 5):173
(1986) ; perindopril (Servier) disclosed in Eur. J. clin.
Pharmacol. 31:519 (1987); quinapril (Warner-Lambert)
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disclosed in U.S. Pat. No. 4,344,949 and CI925 {(Warner-
Lambert) ([3S-[2[R(*)R(*)]]13R(*)]-2-[2-[[1~(ethoxy-
carbonyl) -3-phenylpropyl] amino] -1-oxopropyl]-1,2, 3, 4-
tetrahydro-6, 7-dimethoxy-3-isoquinolinecarboxylic acid
HCl)discloased in Pharmacologist 26:243, 266 (1984), WY-
44221 (Wyeth) disclosed in J. Med. Chem. 26:394 (1983).

Preferred ACE inhibitors are captopril, fosinopril,
enalapril, lisinopril, quinapril, benazepril, fentiapril,
ramipril and moexipril.

NEP/ACE inhibitors may also be employed herein in
that they possess neutral endopeptidase (NEP) inhibitory
activity and anglotensin converting enzyme (ACE}
inhibitory activity. Examples of NEP/ACE inhibitors
suitable for use hereln include those disclosed in U.S.
Pat. No.s. 5,362,727, 5,366,973, 5,225,401, 4,722,810,
5,223,516, 4,749,688, U.S. Patent. No. 5,552,397, U.S.
Pat. No. 5,504,080, U.S. Patent No. 5,612,359,U0.8. Pat.
No. 5,525,723, European Patent Application 0599,444,
0481,522, 0599,444, 0595,610, European Patent Application
053436322, 534,396 and 534,492, and European Patent
Application 0629627a2.

Preferred are those NEP/ACE inhibitors and dosages
thereof which are designated as preferred in the above
patents/applications which U.S. patents are incorporated
herein by reference; most preferred ares omapatrilat,
gemopatrilat ([S[(R*,R*)]-hexahydro-6-( (2-mercapto-l-oxo-
3-phenylpropyl)amino] -2, 2-dimethyl-7-oxo-1H~azepine-1-
acetic acid) and CGS 30440.

The angiotensin II receptor antagonist (also
referred to herein as angiotensin II antagonist or AII
antagonist) suitable for use herein includes, but is not
limited to, irbesartan, losartan, valsartan, candesartan,
tasosartan or eprosartan, with irbesartan, losartan orx
valsartan being preferred.
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A preferred oral dosage form, such as tablets or
capsules, will contain the ACE inhibitor or AII
antagonist in an amount within the range from abut 0.1 to
about 500 mg, preferably from about 5 to about 200 mg and
more preferably from about 10 to about 150 mg.

For parenteral administration, the ACE inhibitor,
angiotensin II antagonlst or NEP/ACE inhibitor will be
employed in an amount within the range from about 0.005
ng/kg to about 10 mg/kg and preferably from about 0.01
mg/kg to about 1 mg/kg.

¥here a drug is to be administered intravenously,
it will be formulated in conventional wvehlcles, such as
diatilled watexr, saline, Ringer’s solution or other

conventional carriers.
It will be appreciated that preferred dosages of

ACE inhibitor and AII antagonist will be as aset out in
the latest edition of the Physician’s Desk Referance
(PDR) .

Dual action receptor antagonists (DARA} suitable
for use herein include those dlaclosed in U.S.
applications Serial No. 09/513,779, filed February 25,
2000, and Serial No. 09/604,322, filed June 26, 2000.

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

HC1l (Minipress®), verapamil, nifedipine, diltiazem,
felodipine, nisoldipine, isradipine, nicardipine, beta
blockers such as nadolol, atenolol (Tenormin®), sotalol,
terazosin, doxazosin, carvedilol, and propranolol, and
clonidine HCl (Catapres®).

Diuretics which may be employed in combination
with compounds of formula I include hydrochlorothiazide,
torasemide, furosamide, splronolactone, and indapamide.
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Antiplatelet agents which may be employed in
combination with compounds of formula I of the invention
include aspirin, clopidogrel, ticlopidine, dipyridamole,
abciximab, tirofiban, eptifibatide, anagrelide, and
ifetroban, with clopidogrel and aspirin being preferred.

The antlhypertensive agents, diuretics and
antiplatelet drugs may be employed in amounts as
indicated in the PDR. Ifetroban may be employed in
amounts as set out in U.S. Patent No. 5,100,889.

Anti-~Alzheimer’s agents or anti-dementia agents
suitable for use herein with the HMG CoA reductase
inhibitors of the invention include tacrine BCl (Cognex ) .
and donepezil (Aricept®), as well as y-secretase
inhibitors, p-secretase inhibitors and/or
antihypertensive agents. Dosages employed will be as set
out in the PDR.

Antiosteoporosis agents suitable for use herein in
combination with the HMG CoA reductase iphibitorxs of the
invention include parathyroid hormone or bisphosphonates,
such as MK-217 (alendronate) (Fosamax®) as well as Ca
receptor agonists and progestin receptor agonists.
Dopages employed will be as set cut in the PDR.

The hormone replacement therapeutic agents, where
present, will be employed in dosages as set ocut in the
latest edition of the PDR. Examples of such agents
include selective estrogen receptor modulators (SERMs)
such as raloxifen, tamoxifen or lasoxifen.

The HM3 CoA reductase compound of the invention may
also be employed in combination with a tyrosine kinase
inhibitor such as disclosed in WO 2000/053605;

the selective androgen receptor modulator suitable
for use herein may be ILGD-2226 (Ligand):;

the antiarrhythmic agents suitable for use hereln
include B-~blockers as set out herein including sotalol
and amioderoma, calcium channel blockers as set out
herein including verapamil, nifedipine, amlodipine-
baesylate, and diltiazem, which may also be used in
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combination with a debrillator device such as a pace
maker;

coenzyme ) sub. 10 such as disclosed in U.S. Patent
No. 5,316,765, 4,933,165, 4,929,437;

an agent that upregulates type III endothelial cell
nitric acid syntase such as disclosed in WO 2000/003746;

a chondroprotective compound such as a polysulfated
glycosaminoglycan (PSGAG), glucosamine, chondroitin
sulfate (C8), hyaluronic acid (HR), pentosan polysulfate
(PP8) , doxycycline or minocycline, such as disclosed in
EP 970694;

a cyclooxygenase (COX)-2 inhibitor, such as
celecoxib (Celebrex® (Searle)) or rofecoxib (Vioco®
(Mexck)) or a glycoprotein Ila/IIIb receptor antagonist
such as disclosed in WO 99/45913 and tirofiban or
abciximah;

a 5-HT reuptake inhibitor such as disclosed in WO
99/44609; .

anti-anginal agents such as vasodilators, for
example, lsosgorbide dinitrate, or nitroglycerin;

a growth hormone gecretagogue such as disclosed in
U.8. applications Serial Mo. 09/662,448, filed September
14, 2000, and U.S8. Provislional application 60/203,335,
£iled May 11, 2000, and MK-677 (Merck), Pfizer's CP-
424391 and Lilly's LY 444,711;

anti-atheroscleroels agents such as ACAT inhibitors
and lipoxygenase inhibitors as described herein and
phospholipase A-2 inhibitors such as 8-3013 and
8B-435,495 (which are also anti-inflammatory agents);

anti-infective agents such a®s quinclones, for
example, clprofloxacin, ofloxacin, and Tequin® (Bristol-
Myers S8quibb), macrolides such as erythromycin and
clarithromycin (Biaxin® (Abbott)), and azithromycin
(zZithromax (Pfizer)); orx

an immunosuppressant (for use in transplantations)
such as cyclosporine, mycophenoclate mofetil, azathioprine

and the like.

<3



WO 01/96347 PCT/US01/18964

10

15

30

35

As used herein, the phrase “antineoplastic agent”
refera t compounds which prevent cancer cells from
multiplying. In general, the antineoplastic agents used
hereln prevent cancer cells from mwultiplying by: (1)
interfering with the cell's ability to replicate DNA, or
{(2) inducing apoptosis in the cancerous cells.

Examples of antineoplastic agents which are
sultable for use in combinations of this invention
include, but are not limited to, microtuble-stabillizing
agents such as the taxanes, for example, paclitaxel (also
known as Taxol®), docetaxel (also known as Taxotere®), 7-
O-methylthio- methylpaclitaxel (disclosed in U.S8.
5,646,176), 3'~tert-butyl-3'-N-tert-butyloxycarbonyl-4-
deacetyl-3'-dephenyl-3'-N-debanzoyl -4 -O-methoxycarbonyl -
paclitaxel (disclosed in USSN 60/179,965 filed on
February 3, 2000, and example 17 herein), C-4 methyl
carbonate paclitaxel (disclosed in WO 94/14787), the
epothilone, such as epothilone A, epothilone B,
epothilone C, epothilone D, desoxysepothilone A,
desoxyepothilone B, [18-

[1R*, 3R* (B) , 7TR¥, 108+, 11R%,12R+, 168%] ] -7, 11-dihydroxy-
8,8,10,12,16-pentamethyl-3~ [1-methyl-2- (2-methyl-4-
thiazolyl)ethenyl)] -4-axa-17~oxabicyclo[14.1.0] hepta-
decane-5,9-dione {(disclosed in WO 99/02514), [18-

[1R*, 3R* (E) , 7R¥,108*,11R% 12R*,6168%]] -3~ [2- [2-
{aminomethyl) -4-thiazolyl] -1-methylethenyl] -7,11-di-
hydroxy-8,8,10,12,16-pentamethyl-4,17-dioxabi-
cyclo[14.1.0] -heptadecane-5,9-dione (disclosed in USSN
09/506,481 filed on February 17, 2000, and examples 7 and
8 herein), and derivatives thereof; microtuble-disruptor
agents; alkylating agents; anti-metabolites;
epldophyllotoxin; an antineoplastic enzyme; a
topoisomerage inhibitor; procarbazine; mitoxantrone;
platinum coordination complexes; biological response
modifiers; growth inhibitors; hormonal/antihormonal
therapeutic agents; and haematopoletic growth factors.
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Other classes of antineoplastic agents suitable for
use in the method of the present invention include, but
are not limited to, the anthracycline family of drugs,
the vinca drugs, the mitomycins, the bleomycins, the
cytotoxic nucleosides, discodermolide, the pteridine
family of drugs, diynepes, aromatase inhibitors, and the
podophyllotoxins. Particularly useful members of those
classes not previcusly mentioned include, for example,
doxorubicin, carminomycin, daunorubicin, aminopterin,
methotrexate, methopterin, dichloro-methotrexate,
mitomycin €, porfiromycin, 5-fluorouracil, 6-
mercaptopurine, gemcitabine, cytosine arabinoside,
podophyllotoxin or podophyllotoxin derivatives such as
etoposide, etoposide phosphate or teniposide, melphalan,
vinblastine, vincristine, leurosidine, vindesine,
leurosine, and the like. Other useful antineoplastic
agents include estramugtine, cisplatin, carboplatin,
cyclophosphamide, bleomycin, tamoxifen, ifosfamide,
melphalan, hexamethyl melamine, thiotepa, cytarabin, ]
idatrexate, trimetrexate, dacarbazine, L-asparaginasa,
camptothecin, CPT-11, topotecan, ara-C, bicalutamide,
flutamide, leuprolide, pyridobenzoindole derivatives,
interferons, and interleukins.

It will be apprecilated that unless otherwise
specified the dosage regiment for therapeutic agents used
in combination with the compounds of the invention will
be as specified in the PDR.

In carrying out the method of the invention for
treating hypercholesterolemia, hyperlipidemia,
hyperlipoproteinemia, hypertriglyceridemia, or
atherosclerosls, and related diseases, or Alzheimer’s
disease or ostecoporosis, or other disclosures as set out
hereinbefore, a pharmaceutical composition will be
employed containing the compounds of structure I, with or
without other cholesterol lowering agents, osteoporosis
agents, Alzheimer’s agents, antidiabetic agent(s) and/or
antihyperlipidemic agent (s) and/or other type therapsutic
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agents in association with a pharmaceutical vehicle or
diluent. The pharmaceutical composition can be
formulated employing conventional solid or liquid
vehicles or diluents and pharmaceutical additives of a
type appropriate to the mode of desired administration,
such as pharmaceutically acceptable carriers, éxcipiants,
binders and the like. The compounda can be administered
t6 mammalian specles including humans, monkeys, dogs,
etc. by an oral route, for example, in the form of
tablets, capsules, beads, granules or powdera, or they
can be adminlstered by a parenteral route in the form of
injectable preparations, or'they can be administered
intranasally or in transdermal patches. Typical solid
formulations will contain from about 0.1 to about 500 mg
of a compound of formula I. The dose for adults is
preferably between 0.5 and 1,000 mg per day, which can be
administered in a single dose or in the form of
individual doses from 1-4 times per day and also single
dose once weekly (5 to 1000 mg).

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

The following abbreviations are employed in the
Examples and elsewhere herein:

Ph = phenyl

Bn = benzyl

i-Bu = iso-butyl

Me = methyl

Et ethyl

TMS = trimethylsilyl

FMOC = fluorenylmethoxycarbonyl
Boc = tert-butoxycarbonyl
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Cbz = carbobenzyloxy or carbobenzoxy or benzyloxycarbonyl
DIPEA = diisopropyl ethylamine

PTSH = N-phenylthiotetrazole

PPhy = triphenylphosphine

NMO = methylmorpholine N-oxide

TPAP = tetrapropylammonium perruthenate

DEAD = diethyl azodicarboxylate

HOAc or AcOH = acetic acid

TFA = trifluorcacetic acld

Et;NH = diethylamine

NMM = N-methyl morpholine

n-BuLi = n-butyllithium

Pd/C = palladium on carbon

PtOz; = platinum oxide

MTBE = methyl t-butyl ether

DI water = dionized water

TEA = triethylamine

EDAC = 3-ethyl-3’-(dimethylamino)propyl-carbodiimide
hydrochloride (or 1-[(3-(dimethyl)amino)propyl})-3-
ethylcarbodiimide hydrochloride)

HOBT or HOBT.H;0 = l-hydroxybenzotriazole hydrate
HOAT = 1-hydroxy-7-azabenzotriazole

PyBOP reagent = benzotriazol-l-yloxy-tripyrrolidino
phosphonium hexafluorophosphate

LiN(TMS)2 = Libis(trimethylsilyl)amide

DIBAL = diisobutylaluminum hydride

LDA = lithium diisopropylamide

DMPU = 1,3-dimethyl-3,4,5, 6-tetrahydro-2(1H)-pyrimidinone
AcCN = acetonitrile

LiHMDS = lithium bis(trimethylsilyl)amide

NaHMDS = sodium bis (tximethylsilyl)amide

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

min = minute(s)

h or hr = hour(s)

L = liter

mL = milliliter
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g = gram(s)

mg = milligram(s)

mol = moles.:

mmol = millimole(s)

meq = milliequivalent

RT, rt = room temperature

sat or sat’d = saturated

ag. = agqueous

TLC = thin layer chromatography

HPLC = high performance liquid chromatography
LC/MS =~ high performance liquid chromatography/mass
spectrometry

MS or Mass Spec = massa spectrometry

NMR = nuclear magnetic resonance

mp = melting point

Bp = boiling point

The following Examples represent preferred
embodiments of the invention. Unless otherwlse
indicated, all temperatures are in degrees Centigrade.
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A mixture of polyphosphoric acid (82.9 g) and dry

-Xylene (30 ml) was heated to 105-110°C in amn il bath,
treated with a solution of 4-phenoxybutyric acid (25 g,
0.137 mole) in dry o-xylene (110 ml) and stirred at 105-
110°C for 2 hours. The reaction mixture was cooled to
room temperature over a 2-hour pericd, poured into ice-
water (180 ml), then extracted with ether (3 x 150 ml).
The combined organic extracts (rust-colored) were washed
with water (2 x 80 ml) and brine (80 ml), dried
{anhydrous Na,80,), filtered, evaporated to dryness and
evaporated once from hexanes (500 ml). The residue was
dried in vacua for 48 hours to give a reddish-brown syrup
(27.19 g} which was divided into two portions,
chromatographing each portion on a eilica gel column,

{EM, 2-1/4" x 10”") to give a light amber syrup (10.792
g). Trituration of an impure fraction with ether (3 x 25
ml) gave an additional 1.98 g of product. Yield : 12.77
g, amber syrup; 56 ¥. Rf 0.38 (Silica gel; EtOAc:Hexane-
1:4; TV).

A(1).

>
“\“/'\/'\/‘Lofk
Q

An oven-dried 3-neck 1-L flask equipped with
temperature sensor probe, 125-mL constant pressure
addition funnel and septum was charged with dry CH,Cl,
(300 ml.) and dry DMSO (20.9 mL, 0.2944 mol, 2.5 equiv)
under argon atmosphere; cooled to -75°C. Oxalyl chloride
(13.6 mL, 0.156 mol, 1.32 equiv) was added neat via
syringe dropwise over 15 min (temperature rose to -66°C),
and then let stir additional 15 min. A solution of the
alcohol 2-[(4R,68)-6- (hydroxymethyl)-2,2~-dimethyl-1,3-
dioxan-4-yl]lacetic acid t-butyl ester (30.66 g, 0.1178
mol, 1 equiv) in dry CH,Cl, (80 mL) was added dropwise
from the addition funnel over 30 min (temperature rose to
-68°C) . The resulting white mixture wae stirred for 70
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min at ~-76°C, then triethylamine (82 mL, 0.5889 mol, 5
equlv) was added dropwise from addition funnel over 35
min (temperature xose to -65°C ), then the light yellow
mixture was stirred vigoroualy at ~76°C. TLC (8i0,, 20%
EtOAc/CH,Cl,, Rfw0.52). After 30 min, the cooling bath
was removed and the reaction was quenched by slowly
adding cold 20% ag KH,PO, (35 mL), followed by cold H,0
(300 mL) ; and then let stlir 15 min (temperature rose to
=7°C). The reaction was poured into a 2-L separatory
funnel and extracted with hexanes (500 mL). The organic
extract was washed with cold 10% agq KH,PO, (3x300 mL) and
saturated aqueous NaCl (300 mL). The organic was dried
over anhydrous Na,80,, filtered and concemtrated in wvacua
to give yellow oll. Purification by 810, f£lash
chromatography (10cm x 20 cm column) with 35:65
EtOAc/Hexanes afforded the title compound as a white
solid (22.2 g, 0.0859 mol, 73%):

'H NMR (CDC1,) 8 1.267-1.465 (m, 16H), 1.803 (Ad, J=12.7
Hz, 2.2 He, 1H), 2.290-2.464 (m, 2H), 4.314 (d, J=18.4
Hz, 2H), 9.555 (d, Jwl.3 H=z, 1H).

vi)ok{\

To a slurry of NaH (19.20 g, 4680 mmol) and diethyl
carbonate (80 mL} in a 3-neck 1L round bottom flask at
room tenmperature was added a solution of cyclopropyl
methylketone (23.5 mlL, 238 mmol) in Bt,0 (30 mkL).
Approximately 10% of the solution was added, and then
0.25 mL of EtOH was added to the reaction slurry.
Addition of the remaining ketome solution continued with
light gas evolution. After addition of all of the ketone
solution, the reactlon becams quite exothermic with
vigorous H, evolution. The reaction mixture was cooled

pericdically with an ice-bath to keep the temperature
around 35°C to 50°C. After one hour, gas evolution had

A(2).
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ceased and the reaction mixture was stirred at room
temperature for 3h. The reaction mixture was cooled in
an ice-bath, diluted with Et,0 (200 mL), and treated with
1 N HCl with some ice to adjust to around pH 3. The
reaction mixture was extracted with Et,0 (3 x 150 mL).
Tha Et,0 extracts were combined, washed with saturated
agueous NaHCO, (200 mL), H,0 (200 mL) and brine (200 mL),
and dried (Na,80,), filtered and concentrated under
reduced pressure to give a yellow oll. The oil was
distilled under vacuum to give the title compound as =
colorless oill, 28.5 g, 77%. B.p. = 94-96°C/8 mmHg.

A(3).

To a stirred solution of part A(2) compound (28.24
g, 181 mmol) in benzene (128 wmL) was added 4-fluoro-
benzaldehyde (19.4 mL, 181 mmol), HOAc (0.31 mL, 5.4
mmol) and piperidine (1.8 mL, 18.2 mL). The reaction
mixture was heated at reflux and azeotrope was collected
with a Dean-Stark trap. Aftexr 16 h, the reaction was
cooled to room temperature, diluted with Et,0 (250 mlL),
washed with agqueous 0.5 N HCl, saturated aqueous NaHCO,,
H,0 and brine, and then dried (Na,80,), filtered and
concentrated under reduced pressure. Purification by
flash chromatography (1:10 EtOAc/hexane) gave the title
compound as a light yellow oll, 29 g, 61% yield.
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A polution of compound of Part A (7.21 g, 40.9
mnol) in dry THF (5.0 ml) was added to a -78°C solution
of 1lithium bis({trimethylellyl)amide (1.0 M in THF; 49
ml, 49 mmol) in dry THF (25 ml) and stirred at -78°C
under argon for 1 hour. The reaction mixture was treated
with a solution of Example 1 Part A(3) compound (7.15 g,
27.3 mmoles), in dry THF, stirred at -78°C for 30 minutes
then at 0°C for 30 wminutes. The reaction mixture was
quenched at 0°C by the dropwise addition of glacial
acetic acid (5 ml) and the resulting slurry was stirred
at room temperature for another 5 minutes then poured
slowly into an ammonium chloride solution (25%, 140 ml).
The bright yellow solution was extracted with ether (2 x
100 ml) and the combined organic extracts were washed
with water (2 x 25 wl) and brine (25 ml), dried
(anhydrous Na,80,), filtered, .,evaporated to dryness and
dried in wvacuo to give the crude product mixture as a
yellow oll (17.16 g).

c.

A mixture of crude Part B compound (17.0 g, 27.3
mmol), ammonium acetate (9.34 g, 120 mmol) and copper
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acetate monohydrate (20.54 g, 101 mmol) in glacial acetic
acid (100 ml) was refluxed under argon for 19 hours. The
mixture was poured into an ice-cold solution £
concentrated ammonium hydroxide (85 ml) in water (170 ml)
and the bright blue solution was extracted with ether (3
X 200 ml). The combined organic extracts were washed
with water (2 x 80 ml) and brine (80 ml), dried
(anhydrous Na,80,), filtered, evaporated to dryness, and
dried in yacua. The crude product (14 g, brown syrup)
was chromatographed in two batches, each on a silica gel
column (EM, 2-1/4" x 10”) to give tha desired product as
an off-white solid (4.161 g). An additional 931 mg of
product was obtained from chromatography of mixed
fractions. Yield: 5.092 g, 46 ¥ from compound A).

Rf 0.53 (8ilica gel; EtOAc:Hexane-l1l:4; UV)

D-

A solution of Part C compound (2.515 g, 6.23 mmol)
in dry THF (30 ml) was cooled to 0°C (ice-water bath),
treated dropwise with lithium aluminum hydride (1.0 M in
THF; 12.5 ml, 12.5 mmol), stirred at 0°C for 30 minutes
then at room temperature for 3 hours. The reaction
mixture was cooled to 0°C, treated successively with
water (0.5 ml), 15% NaOH (0.5 ml) and water (1.5 ml),
stirred at room temperature for 5 minutes then diluted
with ethyl acetate (50 ml). The slurry was filltered
through a Celite® pad, washing the pad well with ethyl
acetate (3 x 25 ml). The clear filltrate was evaporated
to dryness and dried in wacua to give the title product.

2
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Yield: 2.386 g, white foam (100 &). Rf 0.15 {8ilica gel;
EtOAC :Hexane-1:4; TUV).

A solution of Part D compound (2.27 g, 6.23 mmol)
in dry dichloromethane (45 ml) was cooled to 0°C (ice-
water bath) and treated dropwise with phosphorus
tribromide (1.0 M in dichloromethane; 12.5 ml, 12.5
mool) . The ice bath was removed and the reaction mixture
was stirred at room temperature for 30 minutes after
which it was re-cooled to 0°C and treated dropwise with
paturated godium bicarbonate (70 ml). The mixture was
then warmed to room temperature and extracted with ethyl
acetate (2 x 100 ml). The combined organic extracts were
washed with water (2 x 50 ml) and bripe (50 ml), re-
extracting each aqueous wash with dichloromethane (100
ml). The organic extracts were dried (anhydrous sodium
sulfate), flltered, evaporated to dryness and dried in
yacia to give the title product as a white solld. Yield:
2.503 g, (94 %¥). m.p. = 169-171°C. Rf 0.58 (8llica gel;
EtOAc:Hexane- 1:4; OV).
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A solution of diethyl phosphite (0.88 ml, 6.83
muoles) in dry THF (10 ml) was cooled to -10°C
(acetonitrile-dry ice bath), treated with sodium
(bistrimethylsilyl)amide (1.0 M in THF; 6.7 ml, 6.7 mmol)
and stirred at -10°C for 30 minutes. The cooled solution
was treated with a solution of Part E compound (2.41 g,
5.68 mmol) in dry THF (20 ml), stirred at -10°C for 1.0
hour then quenched at ~10°C with water (14 ml). The
solution was extracted with ethyl acetate (2 x 75 ml) and
the combined organic extracts washed with 1.0 M
hydrochloric acld ( 8.0 ml) and brine (10 ml), dried
(anhydrous sodium sulfate), filtered, evaporated to
dryness and dried in vacuo. The crude product (3.12 g,
syrup) was chromatographed on a sllica gel column (EN,
5.5 cm x 12.5 cm) to give the title compound as a syrup.
Yield: 2.34 g (85.5%). Rf 0.33 (8ilica gel; EtCAc-
Hexane-1:1; OV).

A solution of Part F compound (2.29 g, 4.756 mmol)
in dry THF (20 ml) was cooled to -78°C, treated with 2.37
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M n-butyllitium (2.41 ml, 5.71 wmol) and stirred at ~78°C
£ r 40 minutes. The solution was treated dropwise via
cannula with a -78°C s lution of Part A(l) compound (2.36
g, 9.15 mmol) in dry THF (10 ml), keeping both solutions
at -78°C at all times. The reaction mixture was stirred
at ~78°C for 1.0 hr, -10°C for 1.0 hr and at room
temperature for 5 hr, quenched with 25% ammonium chloride
solution (12 ml) then extracted with ethyl acetate (2 x
100 ml). The combined organic extracts were washed with
25% ammonium chloride solution (12 ml) and brine (12 ml),
dried (anhydrous sodium sulfate), filtered, evaporated to
dryness and dried in wacua. The crude product yellow
syrup was chromatographed on a silica gel'colum (EM, 2-
1/4" x 10*) to afford the title compound as a syrup.
Yield: 878 mg (32 %). Rf 0.37 (Silica gel; EtOAc:Hexane-
1:4; OV).

A solution of Part G compound (850 wmg, 1.45 mmol)
in dry dichloromethane (20 ml) was cooled to 0°C, treated
with trifluorcacetic acid (1.85 ml, 24 mmol), stirred at
0°C for 5 minutes, then at room temperature for 4.5
houra. The reaction mixture was poured slowly into a 1 L
flask containing ethyl acetate (300 ml) and saturated
sodium bicarbonate (40 ml), rinsing the flask with ethyl
acetate (50 ml). The mixture was stirred well and the
phases separated, washing the organic phase with
saturated sodium bicarbonate (25 ml) and brine (25 ml),
The organic phase was dried over anhydrous sodium
sulfate, filtered, evaporated to dryness and dried in
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vacuo. The crude product mixture was chromatographed on
a silica gel column (EM, 1.5" x 12") to give the desired
compound as a syrup. Yield: 570 mg (83 %). Rf 0.23
(8ilica gel; EtOAc:Hexane-1:1l; UV)

I.

A golution of Part H compound (550 mg, 1.17 wmmol)

in dry TEF (10 ml) was treated with 1.0 N NaCH (1.46 ml;

10 1.46 mmol) and etirxred at room temperature for 10
minutes. The reaction mixture was evaporated to dryness
and the repidual solid was dissolved in a mixture of
water (8.7 ml) and 1.0 N sodium hydraxide (70 ul). The
solution was eluted on an SP207 column (Na+ form; 1.5" x

15 4”), eluting the column with water (200 ml), 10% CH,CN/H,0
(200 ml), 20% CH,CN/H,0 (100 ml) and 50% CH,CN/B,0 (200
ml). The desired fractions were combined and evaporated
to dxryness. The semi-solid cbtained was dissolved in
water (300 ml) and lyophilirzed to give the title

20 compounds as a white solid. Yield: 583 mg (95%) RfE
0.48 (8ilica gel; CH,Cl,:MeOH:HOAc-18:1:1; OV).

Analysis for C,H,FNONa * 0.8 HO (MW = 525.94) :

25 Cale'd: C, 66.23; H, 5.29; N, 2.66; F, 3.61
Found: C, 66.37; H, 5.30; N, 2.62; F, 3.591

1
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G(1).

The Example 1 Part E bromide (13.03 g, 0.037 mol, 1
equlv) and Ph.POEt (6.5 wmL, 0.0297 mol, 1.1 equiv) were
heated at reflux in anhydrous toluene (200 mL) under an
argon atmosphere. The reaction became a thick yet
stirrable white mixture after about 10 min. Tha reaction
was complete after 1 hr by tle (810,, 30% EtOAc/CH.Cl,,
product Rf=0.34). The mixture was cooled to 0°, and the
white precipitate was collected by vacuum filtxation,
washed with hexanes (2x50 mL), and dried in yacua (14.8
g, 0.027 mol, 100%): HPLC (Shimadzu, YMC 8-5 Cl8 4.6x50
mn column, 4min gradient @ 4mL/min, UV detection 220 nM;
start ¥B=50, final ¥B=100; A=10:90 MeOH/E,0 + 0.2% H,PO,,
B=90:10 MeOH/H,0 + 0.2% H,PO,) R.T.=3.70 min (100%);

'y NMR (CDCl,) 50.712-0.760 (m, 2 H), 1.10-1.14 (m, 2 H),
2.163-2.228 (m, 1 H), 2.3211_ (t, J=6.2 Hg, 2 H), 3.850

(d, Jwl4 Hs, 2 H), 4.2568 (t, J=6.2 Hz, 2 H), 6.779 (d4d,
J=8.3 Hz, 5.3 Hz, 2 H), €.9542 (t, J=8.3 Hz, 2 H), 7.070
(@, J=7.9 Bz, 1 H), 7.257 {(t, J=7.5 Hz, 1 H), 7.334-7.421
(m, 9 H), 7.469-7.521 (m, 2 H), 7.822 (d, J=7.5 Hz, 1 H);
MS m/z 546 (M+H)*.
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A flame-dried 250-mL flagk was charged with Part
G(1) compound (14.82 g, 27.2 mmol, 1 equiv), chased with
anhydrous toluene (2x50 mi), dried over high-vacuum and
filled with argon. THF (150 mL) was added and the partial
slurry was cooled to 0°C. A 2.5 M solution of n-Bull in
hexanes (11.4 ml, 0.0285 mol, 1.05 equiv) was added
dropwise to the vigorously stirred mixture over a period
of 40 min. The resulting green colored solution was then
ptirred for 1 hr at 0°C. The aldehyde Example A(l)
compound (8.42 g, 0.0326 mol, 1.2 equiv) in a flame-dried
500-m; flask (material previcusly chased with anhydrous
toluene, 3x20 mlL) under an argon atmosphere was dissolved
in dry THF (75 mlL) and cooled to —-78°C. The phosbine
anion solution was added dropwlise to the aldehyde via
cannula over a period of 45 min, them the dark blue
colored solution was stirred at -78°C for 1.5 hr. The
mixture was let warm to room temperature over a 2 hr
period; the initially blue solution became a dark brick-
red color and finally a light orange color. TILC (810,, 5%
EtOAc/CH,Cl,, product Rf=0.37). The reaction was quenched
with half-gaturated aqueous NaCl (200 mL) and extracted
with Bt,0 (300 mL); the organic was washed with H,0 (2x100
mL) and saturated aquecus NaCl (100 mL). ‘The organic
layer was dried over anhydrous Na,80,, filtered and
concentrated in yacua. Purlfication by 810, flash
chromatography (10 cm x 25 cm) with 2% EtOAc/CH,Cl, (2 L),
3% EtOAc/CH,CL, (2 L), 5% BtOAc/CH,Cl, (1 L), 7%
BtOAc/CH,Cl, (1 L), and 10% EtOAc/CH,Cl, (1 L) afforded
Part G(2) compound (the same ap Example 1 Part 4
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compound) as a white solid (11.13 g, 0.019 mol, 70%):
HPLC (8himadzu, YMC 8-5 C18 4.6x50 mm column, 4 min
gradient @ 4 mL/min, OV detection 220 nM; start sB=70,
final $B=100; A=10:90 MeOH/H,0 + 0.2% H,PO,, B=30:10
MeOH/H,0 + 0.2% H,PO,) R.T.=4.36 min (100%);

H ®™R (CDCl,} § 0.928-1.039 (m, 3 H), 1.191-1.368 (m, 6
H), 1.4384 (s, 3 H), 1.4483 (5, 9 H), 2.225-2.431 (m, 3
H), 2.4782 (t, J=6.2 Hz, 2 H), 4.188-4.334 (m, 2 H),
4.3667 {t, 2 H), 5.5846 (dd, J=16.2 Hz, 5.7 Hz, 1 H),
6.342 (d, - Jwl6.2 Bx%, 1 H), 7.0663-7.1356 (m, 5 H), 7.257
(t, J=7.5 Hz, 1 H), 7.3538 (t, J=7.5 Hz, 1 H), 7.828 (4,
Ju7.5 Hz, 1 H); MS (FAB) w/z 586 (M+H)*.

Exsumple 2

A mixture of p-fluorcbenzaldehyde (4.939 g, 0.03%
mol, 1 equiv), ethyl iscbutyrylacetate (6.495 g, 0.039
mol, 1 equiv), piperidine (0.395 mL, 3.91 mmol, 0.1
equlv), and glacial acetic acid (0.070 mL, 1.22 mmol,
0.03 equiv) in anhydrous benzene (30 mL) was heated at
reflux with a Dean-8Stark trap to collect H,O0. After 20
hrs, the reaction was cooled to rt. The yallow reaction
mixture was diluted with Et,0 (50mL) and washed with 0.5N
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ag HCl, satd. ag NaHCO,, H,0, and satd. agq NaCl. The
rganic extract was dried over anhydrous Na,80,, vacuum
filtered and the filtrate concentrated by rotary
evaporation ln vacua to yellow oll. Vacuum distillatiomn
afforded the desired product as a light yellow oil (8.575
g, 0.0324 mol, 83%): bp 107-115°C (0.225 wmm Hg);

‘H NMR (CDCl,) & 1.047 and 1.160 (d's, Ju6.6 Hz, 6H, 1.4:1
ratio), 1.260 and 1.296 (t's, J=7.1 Eg, 3H, 1:1.4 ratio),
2.674 and 3.140 (m's, J=7 Hz, 1H, 1.4:1 ratio), 4.245-
4.324 (m, 2H), 7.010-7.074 (m, 2H), 7.346-7.448 (m, 2H),
7.701 (s, 1H). M8 (FAB) m/z 265 (M+H)* ,6 287 (M+Na)*.

An oven-dried 250-mL 3-neck flask purged with
argon was charged with anhydrous THF (30 mL) and lithium
bis(trimethylseilyl)amide (1M in THF, 57.9 mL, 0.0580 mol,
1.8 equiv), then cooled to —-78°C in a dry ice-acetone
bath. A solution of Example 1 Part A compound (7.824 g,
0.0482 mol, 1.5 equiv) in dxry THF (6 mL) was added via
cannula and the enolate allowed to generate over 1 hr at
=78°C. Then a solution of Part A compound (8.50 g, 0.0322
mol, 1 equiv) in dry THF (6 mL) was added via cannula and
the resulting amber solution stirred at -78°C for 30 wmin,
then at 0°C for 30 min. The reaction was quenched with
glaclal acetic acid (6 mL), then poured into satd ag
NE,Cl. The mixture was extracted with Et,0 (100 mL) and
the ethereal extract was washed with H,O0 (2x30 mlL) and
patd ag NaCl. The organic was dried over anhydrous
Na,80,, vacuum filtered and concentrated by rotary
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evaporation in yacua to a yellow oil (17.19 g): M8 (FAB)
m/z 427 (M+H)*.

c.

The crude Part B compound (17.19 g), NH,OAc (11.0qg,
0.142 mol, 4.4 equiv), and Cu(OAc), monchydrate (24.2 g,
0.119 mol, 3.7 equiv) were dissolved in glacial HOAc (120
mL) undexr argon and heated at gentle reflux for 20 hra.
The reaction was cooled to rt, then poured into an ice
cold solution of conc NHOE (100 mL) in H,0 (200 mL). The
mixture was extracted with Et,0 (200 mL+2x100 mL), then
the combined etbereal extracte was washed with H0 (2x100
mL) and satd ag NaCl. The extract wae dried over
anhydrous Na,80,, vacuum filtered and concentrated by
rotary evaporation in vacuo. The resulting brown oll was
chased with hexanes té remove HOAc, followed by drying in
yacuo. Purification in two batches on two 810, flash
colums (Scm x 22 cm) with 5% EtOAc/Hexanes afforded the
product as a yellow oil which crystallized upon sitting
(5.98 g, 0.0148 mol, 46% for two steps):

g NMR (CDC1,) 8 0.959 (t, J=7 Hz, 3H), 1.164 and 1.359
(d's, J=7 Hz, 6H, 1l:4 ratio), 2.557 (t, J=6.2 Hz, 2H),
2.897 and 3.146 (m's, J=7 Hz, 1H, 1l:4 ratio), 4.006 (q,
J=7 Hz, 2H), 4.418 (t, J=6.2 Hz, 2H), 6.710-7.578 (m,
7H), 7.898 (4, J=7.5 Hz, 1H); M8 (ESI +Q) m/z 406 (M+H)'.
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Part C compound (5.78 g, 0.0143 mol, 1 equlv) was
dissolved in dry THF (70 mlL) under argon and cooled to
0°C. A solution of LiAlH, in THF (1M, 28.5 mL, 0.0285
mol, 2 equiv) was added slowly. The reaction was stirred
at rt for 2 hres, followed by 25 min at reflux. TLC (810,
5% EtOAc/CH,Cl,, Rf=0.24). The reaction was cooled to
0°C, then carefully quenched with H,0 (2.3 mL), 15% aq
NaOH (2.3 mb), and HO (4.7 ml). The white mixture was
stirred at rt for 10 min, then vacuum filtered and the
solid washed with EtQhc. The flltrate was concentrated
by rotary evaporation in yacun to a yellow oil.
Purlfication on a 810, flash column (5cm x 20 cm) with a
gradient of 4% to 8% EtOAc/CH,Cl, afforded the product as
a white solid {(4.082 g, 0.0112 mol, 79%):

L NMR (CDC1,) 8 1.402 (4, J=6.6 Hz, 6H), 2.463 (t, JT=6.2
Bz, 2H), 3.532 (m, J=6.6 Hz, 1H), 4.382 (t, J=6.2 HE,
2H), 4.461 (d, J=5.3 Hz, 2H), 7.097 (d, J=7.9 Hz, 1H),
7.168 (t, J=8.8 Hz, 2H), 7.233-7.397 (m, 4H), 7.929 (4,
J=7.5 Hz, 1H); M8 (BESI +Q)m/z 364 (M+H)"’.
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The Part D alcohol (3.066g, 8.437 mmol, 1 equiv),
dissolved in dry CH,Cl, (60 mlL) under argon at 0°C, was
treated by dropwise addition of a 1M solution of PBr, in
CH,Cl, (16.9 mL, 16.9 mnol, 2 equiv). The reaction was
stirred at rt for 30 min, at which time the reaction was
recooled to 0°C and treated with satd ag NaHCO, (90 mL).
The ‘mixture was diluted with CH,Cl, (50 mL), the layers
were peparated, and the organic washed with H,0 (2x50 mlL)
and satd agq NaCl (50 mL). The organic was dried over
anhydrous Na,80,, filtered and concentrated in wacun. TIC
(8i0,, 5% EtOAc/ CH,Cl,, Rf=0.69). The residue was
purified by 810, £lash chromatography (3.8cm x 15cm
columm) with CH,Cl, to cbtain product as white solid (2.97
g, 6.97 mmol, 83%):

‘H NMR (CDCl,) 8 1.403 (d, J=6.6 Haz, 6H), 2.430 (t, J=6.2
Hz, 2H), 3.459 (m, d=6.6 Hz, 1H), 4.290 (s, 2H), 4.356
(t, Jmw6.2 Hz, 2H), 7.087 (4, J=7.9 Hz, 1H), 7.183 (t,
J=7.5 Hz, 2H), 7.263-7.397 (m, 4H), 7.910 (d, J=7.5 Hz,
1H) ; MB (ESI +Q) m/z 426/428 (M+H)®.
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The Part E bromide (2.97 g, 6.967 mmol, 1 equiv)
and ethyl diphenylphosphinite (1.7 whL, 7.663 mmol, 1.1
equlv) were heated at reflux under argon for 1.5 hrs.
TLC (810,, 30% EtOAc/CH,Cl,, product Rf=0.47). The
reaction was cooled in an ice bath, then the solid
collected by vacuum filtration in Buchner funnel; the
s0lid was washed with small volumes of toluene, followed
by hexanes. This afforded product as white solid (3.48
g, 6.35 mmol, 91%):

H NMR (CDCl,) 8§ 1.256 (d, O=6.6 Hz, 6H), 2.334 (t, J=6
Hz, 2H), 3.33 (m, 1H), 3.716 (d, J=13.6 Hz, 2H), 4.252
(t, J=6 Hz, 2H), 6.767 (br t, J=5.3 Hz, 2H), 6.895 (t,
J=8.5 Hz, 2H), 7.072 (d, J=7.9 Hx, 1H), 7.284 (t, J=7.4
Hz, 1H), 7.320-7.420 (m, SH), 7.460-7.520 (m, 2H), 7.929
(d, J=7.4 Hx, 1H); MS (ESI +Q) m/z548 (M+H)'.

a.

An oven-dried 50-mL flask charged with the Part F
diphenylphosphine oxide (1.00 g, 1.826 mmol, 1 equlv) was
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chased with anhydrous t luene (3x5 mkL), dried omn hi-~
vacuum, and filled with argon. The dry solid was

diss lved in dry THF (10 mL) and the resulting suspension
cooled to 0°C. nBulil solution (Aldrich, titrated with
diphenylacetic acid: 2.4 M in bexanes; 0.80 mh, 1.92
mmol, 1.05 equiv) was added slowly dropwise over 20 min.
The resulting dark amber-colored solution was allowed to
stir at 0°C for 1 hr. The Example 1 A(l) aldehydea (0.566
g, 2.192 mmol, 1.2 equiv) in an oven-dried 100-mlL flask
(material previously chased with anhydrous toluene (3x5
mL) and dried in vacuo) under argon atmosphere was
dissoclved in dry THF (5 mL) and cooled to -78°C. The
anion solution was added via cannula to the aldehyde
solution over a perlod of 25 min, then the dark green-
colorad solution was stirred at -78°C for 1.5 hrs. The
acetone/dry ice bath was then removed and the reaction
allowed to slowly warm to room temperature; the initially
green solution became an orange mixture. After 2 hrs,
the reaction was quenched with bhalf-satd ag NaCl (60 mL),
extracted with Et,0 (100 mL), then washed the orgamic with
H,0 and satd ag NaCl. Purification by 8i0, flash
chromatography (3.8cm x 15cm column) afforded the product
a®s a white foam (556 mg, 0.546 mmol, 52 ¥%). Also
recovered unreacted diphenylphosphine oxide (445 mg,
0.8127 mmol) : - .

H "MR (CDC1,) & 0.890 (g, 1H), 1.323-1.462 (m, 21H),
1.595 (d, 1H), 2.249 (dd, J=15.4 Hx, 6.2 Hz, 1H), 2.403
(dd, Jwl5.4 Hx, 7.0 Hz, 1H), 2.516 (t, J=6.2 Hz, 2H)},
3.406 (m, 1H), 4.197-4.295 (m, 2H), 4.407 (m, 2H), 5.288
(dd, J=16.2 Hz, 5.7 Hx, 1H), 6.327 (dd, J=16.2 Bx, 1.3
Hz, 1H), 7.076-7.142 {(m, 5H), 7.277-7.399 (m, 2H), 7.943
(d, J=7.5 Hz, 1H); M8 (ESI +Q) m/z 588 (M+H)"*.
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The Part @ compound (0.230 g, 0.391 ,nmmol) was
dissolved in dry CH,Cl, (5 mL) under an argon atmosphere
and cooled to 0°C. Trifluorocacetic acid (0.5 mL) was
added and the mixture was stirred at rt for 6 hrs. TLC
(810,, 20% BtOAc/CH,Cl,, Rf=0.31). The reactiom solution
was transferred to a separatory fumnel and treated with
patd aq NaHCO, (25 mL), extracted with EtOAc (100 wmL), and
the organic washed with satd aq NaHCO, and satd ag NaCl.
The organic was dried over anhydrous Na,80,, filtered and
concentrated by rotary evaporation in vacua. The residue
was purified by 810, flash chromatography (1.9c¢m x l1l5cm
column) to afford the product as a white solid (160 mg,
0.338 mmol, B6%):

H NMR (CDCL1,) 8 1.304 (d, J=6.6 Hz, 6H), 1.442-1.690 (m,
2H), 2.476-2.678 (m, 4H), 3.339 (m, 1H), 4.157 {(m, 1H),
4.389 (t, Jw6.2 Hz, 2H), 5.076 (m, 1H), 5.320 (dd, J=16.2
Hz, 10.1 Hs, 1H), 6.489 (d, J=16.2 Hz, 1H), 7.06-7.16 (m,
SH), 7.281 (t, 1H), 7.368 (t, 1H), 7.914 (d, J=7.5 Hs,
1H) ; M8 (ESI +Q) m/z 474 (M+H)*.
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The Part H lactome (148 mg, 0.31325 mmol, 1 equiv)
was dissolved in THF (3 mbh), treated with 1IN aq NaOH
{0.391 mL, 0.3907 mmol, 1.25 equlv), and stirred at rt.
TLC (810,, 0.5:0.5:9 HOAc/MeOH/CH,Cl,, Rf=0.25). After 30
min, the solvents were removed by rotary evaporation in
vacuo and the residue dried on hi-vacuum. A 8P207 Na-
form resin column (1.9cm x 10cm bed) was prepared as
follows: the resin was poured into a glass chromatography
colum equipped with f£ritted disc support, the resin was
washed with satd ag NaHCO, (15 mL), satd ag NaCl (15 mL},
and DI H,0 (100 mL, Milli-Q). The residue was taken up in
Milli-Q DI H,0 (5 mL), applied to column, and eluted with
Milli-Q DI H,0 (100 mL), 10% AcCN/H,0 (60 mL), and 25%
AcCN/H,0 (125 mL). Product-containing fractions were
combined and concentrated by rotary evaporation in wacuo
to a small volume, then tranaferred to a 40-mL
lyophilization jar, using additiomal H,0 to rinse out
flask. The contents of the jar were frozen in an
acetone-dry ice bath and lyophilized to afford the
product as a white lyophilate (148 mg, 0.288 mmol, 92%):

4 NMR (DMBO-d,) 8 0.90-1.00 (m, 1H), 1.20-1.35 (m, 7H),

1.727 (dd, J=14.9 Hz, 7.9 Hz, 1H), 1.955 (dd, J=14.9 Hz,
4 Hz, 1H), 2.399 (t, J=6.2 Hx, 2H), 3.424-3.490 (m, 2H),
4.00-4.10 (m, 1H), 4.386 (t, J=6.2 Hz, 2H), 4.954 (br s,
1H), 5.354 (dd, J=16.2 Hz, 5.3 Hx, 1H), 6.297 (4, J=16.2
Hz, 1H), 7.12 (d, J=7.9 Hz, 1H), 7.20-7.46 (m, 7H), 7.802
(dd, I=7.9 Hz, 1.8 Hz, 1H); M8 (ESI +Q) w/z 492 (M+H)’;
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Anal. Caled for C,,H.,FNO,Na'H,0:
C, 65.53; B, 5.88; N, 2.64.
Found: C, 65.46; H, 5.70; N, 2.52,

Example 3

The Example 2 Part G compound (200 mg, 0.3403 mmol,
1 equiv) was hydrogenated at 45 psi H, in anhydrous MeOH
(30 mL) with 10% Pd-C (40 mg, 20 wt &) for 2 hra. The
catalyst was washed with small portions of MeOH and the
filtrate was concentrated by rotary evaporation in vacuo.
The residue was purifieii by 810, flash chromatography
(2.5cm x 13 cm) with 3% EtOAc/CH,Cl, to afford the product
as a white foam (193 mg, 0.3273 mmol, 96%): HPLC
(8himadzu YMC 8-5 Cl18 4.6x50 mm column, 4 min gradient @
4mL/min, DV detection 220 nM; start %B=60, final $B=100;
A=10:90 MeOH/H,0 + 0.2% E,PO,) R.T.=4.35 min {100%);

‘H MR (CDCl,) §0.902 (q, J=12.3 Hz, 1H), 1.27-1.60 (m, 24
H), 2.212 (dd, J=15.4 Hz, 6.2 Hz, 1 H}, 2.25-2.42 (m, 4
H), 2.50-2.60 (m, L BE), 3.336 (m, 1 H), 3.599 (m, 1 H),
4.10-4.20 {m, 1 H), 4.328 (t, J=6.2 HE, 2 H), 7.067 (4,
J=7.9 Hz, 1 H), 7.1416 (d, J=6.6 Hz, 4 H), 7.265 (t,
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J=7.5 Hz, 1 H), 7.340 (£, J=u7.5 Hx, 1 H), 7.901 (d, J=7.5
Hz, 1 H); M8 (ESI +Q) m/= 590 (M+H)*.

Part A compound (258 mg, 0.4375 mmol) was dissolved
in dry CH,Cl, (5 mlL) under argom, cooled to 0°C and
treated with trifluorcacetlc acid (0.5 mL). 8tirring was
continued at room temperature for 7 hrs, at which time
the reaction was complate by HPLC. S8Saturated agqueous
NaHCO, (25 mL) was added to the reaction, the reaction was
diluted with EtOAc (100 mL), and the layers separated.
The organic was washed with saturated aqueous NaHCO, and
saturated aqueous NaCl, then dried over anhydrous Ka,S0,,
filtered and concentrated in yacma. Purification by 810,
flash chromatography (1.9 cm x 15 cm) with 20%
EtQAc/CH,Cl, afforded a white foam (163 wmg, 0.342 mmol,
78%): HPLC (Shimadzu, YMC 8-5 Cl18 4.6x50 mm columm, 4
min gradient @ 4mlL/min, UV detection 220 nM; start ¥B=0,
final %B=100; A=10:90 MeOH/H,0 + 0.2% H,PO,, B=50:10
MeOH/H,0 + 0.2% H,PO,) R.T.=3.81 min (94.6%);

H RIMR (CDC1,) 81.37 (4, J=6.6 H2, € H), 1.45-1.85 (m, 4
H), 2.40-2.75 (m, 6 H), 3.327 (m, 1 H), 4.285 (br s, 1
H), 4.350 (t, J=6.2 Bz, 2 H), 4.49 (m, 1 H), 7.093 (4,
J=7.9 Hz, 1 H), 7.181 (d, J=7.0 Hz, 4 H), 7.291 (t, JI=7.5
Hz, 1 H), 7.3697 (t, J=7.5 Hx, 1 H), 7.912 (4, J=7.5 Hz,
1 H); M8 (ESI +Q) m/z 476 (M+H)".
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Part B compound (149 mg, 0.3133 mmol, 1 equiv) wase
dissolved in THF (3 mL) and 1IN agueous NaOH (0.392 mL,
0.3916 mmol, 1.25 equiv) and stirred at room temperature
for 30 min. The solvent was removed by rotary
evaporation in ¥acua and the residue was dried under
high-vacuum. An 8P207 resin column (1.9 cm x 10 cm ) was
prepared as follows: resin was poured into a glass
chromatography colum equipped with fritted disc suppoxt
and the resin was washed sequentially with saturated
agqueous NaHCO, (15 mL), saturated agqueous NaCl (15 mlL),
and Milli-Q H,0 (100 mL). The dried residue was taken up
in Milli-Q HO (8 mL) and carefully applied to top of the
column. The columm was eluted with Milli-Q EH,0 (100 mkL),
10% AcCN/ H,0 (60 mL), 20% AcCN/ H,0 (60 mL), and 25%
AcCN/ H,0 (100 mL). Product-containing fractions were
combined and concentrated by rotary evaporatiom to a
small volume, and transferred to a 40-ml: lyophilization
jar. The contents were frozen in acetone-dry ice bath
and lyophilized. This afforded the product as a white
lyophilate (149 mg, 0.289% mmol, 92%): HPLC (Bhimadsu,
YMC 8-5 C18 4.6x50 mm column, 4 wmin gradient @ 4ml/min,
UV detection 220 nM: start ¥B=0, final %B«=100; A=10:90
MeOH/H,0 + 0.2% H,PO,, B=10:90 MeOH/H,0 + 0.2% H,PO,)
R.T.=3.58 min (92.9%);

'Yy NMR (DMSO-d,) 8 1.048-1.105 (m, 1 H), 1.232-1.50 (m, 9
H), 1.750 (dd, J=14.9 Hz, 8.3 Hz, 1 H), 1.966 (dd, J=14.9
Hx, 4.0 Hz, 1 H), 2.298-2.356 (m, 3 H), 3.335-3.424 (m, 2
H), 3.616-3.656 (m, 1 H), 4.3166 (t, J=6.2 Hz, 2 H),
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4.711 (bxr 8, 1 H), 7.098 (4, J=7.9 Hz, 1 B), 7.376-7.43

(m, 6 H), 7.773 (d, J=7.5 Hz, 1 H); MS (BESI +Q) m/x 494
(M+H)* £ r acid form.

5 The following Examples may be prepared employing
' procedures set out herein and in the working Examples.

Examples 4 to 26

COpH
10 Y

whare ¥ 18 as set out below

15
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Following the procedure outlined in reaction Scheme
5 and the description thereof, the Example 27 aldehyde 1is
obtalned.

An example of a typical preparation of the aldehyde
1s set out below. .

To a 500 mL round bottom flask equipped with a
magnetic stirrer and a nitrogen inlet was charged
compound (17) (Scheme 5) .

(50 g, 128.4 mmol)

(prepared as described in Example 2 Parts A, B and C
except methyl isobutyryl acetate is substituted for ethyl
lsobutyryl acetate) and toluene (170 mL). The mixture is
stirred at 20-25°C until a clear solution is obtained. A
solutin of 65% Red-Al in toluene (57.8 mL, 192.6 mmol) is
added and the reaction mixture is heated to B0°C until
complete as determined by HPLC. The reaction mixture is
cooled to ~20°C and quenched by pouring it into cold (0-
5°C) 20% HCl (495 mL). Phases are separated and the
spent toluene phase is discarded. The pH of the aqueous
phase is adjusted from <0 to 4-5 with 10N NaOH. Ethyl
acetate (500 mL) 1s added and the pH adjustment continued
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to 7-8. The phases are separated. The aqueous phase is
extracted with additional ethyl acetate (2 x 500 mL).
The combined rich ethyl acetate solution ia washed with
water (3 x 250 mL) and concentrated under reduced
pressure to ~465 mL. This solution is carried through to
the next oxidation step.

The rich ethyl acetate solution 1s charged from
above into a three neck 1l-L flask equipped with
mechanical stirring, temperature controller, and addition
funnel and cooled to 0-5°C. To the slurry, potassium
bromide {1.53 g, 12.8 mmol) and TEMPO (2,2,6, 6-
tetramethyl-l1-piperidinyloxy) (0.20 g, 1.28 mmol} are
added. The pH of NaOCl (sodium hypochlorite) solution
(212.1 ml:) is adjusted to ~9.1 and added to the slurry at
a rate such that the temperature remained at 0-5°C.
Stirring is continued at 0-5°C until the reaction is
complete as determined by HPLC. The aqueous phase is
extracted with EtOAc (2 x 200 mL). The combined rich
organic phase 1s washed with a 1:1 solution of sat. aq.
NazSz0; {(sodium thiosulfate) (75 mL) and water (75 mL)
followed by wash of the rich organic phase with 1N NaOH
(250 mL). The rich organic phase is washed with water
(250 mL) and concentrated to ~100 mL under reduced
pressure. Isopropanol (IPA) (400 mL) is added and the
resulting mixture 1s heated to reflux (80-85°C). The
solution is distilled to a volume of ~250 mL. Water (50
nL) is added and the crystal slurry is stirred at 70-80°C
for 1 h then allowed to cool to 20-25°C over at least 1
h. The alurry is held at 20-25°C for at least 1 h before
collecting the solid by filtration on a Buchner funnel.
The cake is washed with cold (0°C) IPA/water (4:1) (2 x
50 mL) and dried to a constant welght under vacuum at
40°C to afford title aldehyde.
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Example 20
lo o
?ﬁw (16) (8chome &)

A. Preparation of Sulfide (15)

5o
":NI.W (18) (Scheme 8)

To a 250 mIL flask was charged Kaneka alcochol
(12) (Scheme 6) (10.0 g, 38.41 mmol), methylene chloride
(100 mL), and triethylamine (11.75 mL, 84.51 mmol) and
cooled to ~30°C. Triflic anhydride (7:11 mlL, 42.25 mmol)
was added via a syringe at a rate to maintain the
temperature at -35 to -25°C, ~15 min. The reactilon
mixture was stirred at -30°C for ~30 min and checked for
disappearance of Kaneka alcohol by TLC. A siurry of 1~
phenyl~1H~tetrazole-5-thliol (7.19 g, 40.34 mmol) in
mathylene chloride (50 mL) was added to the triflate
solution. After the reaction was complete, water (100 mL)
was added and the mixture was stirred for ~5 min. The
phases were separated amnd the aqueous phase was
discarded. The rich orgnailc phase was washed with water
(100 mL) for ~5 min and phases separated. The rich
organic phase was washed with saturated NaHCOy (100 mlL)
for ~15 min and phases separated. The rich organic phase
was concentrated to ~50 mL. The soclution was taken to
the next step for further transformation.

- B -
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B. Preparation of Sulfone (16)

A
.t

IPA (150 mI) was added to the Part A sulfide
solution from the above step. The solution was cooled to
0-5°C. To the stirred solution of sulfide, a solution of
(NH, ) MO,0,,04H,0 (ammonium heptamolybdate tetrahydrate)
(4.75 g, 3.84 umol) in 30% H,0, (hydrogen peroxide) was
added dropwise during “15 min, maintaining the
temperature of the solutin at 0-5°C. The conversion of
sulfide to sulfone was monitored by HPLC ~24 h. After
completion of the reaction, methylene chloride was
distilled out. The pot temperature was maintained at not
more than 25°C. The crystal slurry was distilled to a
volume of ~230 mL with IPA and the resulting slurry was
stirred for at least 1 h at 20-22°C. The solld was
collected by vacuum filtration, the cake washad with
IPA/water (4:1, 25 mL) followed by drying under vacuum at
40°C to constant weight affording 12.8 g (74%) of the
title sulfone as a white crystalline solid.

Exsmple 29
Preparation of Olefin (19)
F

Following the procedure set cut in reaction Scheme
5 and the description thereof, the Example 27 pyridine
derivative and the Example 28 sulfone are employed to

prepare the title compound.
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An example of a typical preparation of the Example
29 compound is set out below.

Aa Nz purged 250 ml: 3-neck rb flask is charged.with
Example 27 pyridine derivative (18) (5 g, 13.9 mmol),
Example 28 sulfone (16) (6.9 g, 15.3 mmol) and THF (75
mL). The stirred solution 1s cooled to ~74 to -78°C .
Slowly a 1M solution of LiHMDS (lithium
bis(trimethylsilyl)amide) (15.3 mL, 15.3 mmol) in THF is
charged at a rate such that the temperture remained
between -70 and ~78°C. After addition of the base is
cocmplete, the reaciton mixture is warmed to ~-45°C over
~15 minutes. The atirred reaction is quenched at -70°C
by slow addition of sat. ag. NHCl (7.5 mL) solution and
water (38 mL). The dry ice bath is removed and the
solution is warmed to 20-25°C from the reaction mixture.
Ethyl acetate (50 mL) is added, the mixture agitated, and
layers separated. The organic layer is washed with
saturated sodium bicarbonate solution (2 x 38 mL)
followed by brine (25 mL) and concentrated to a volume of
50 ml. Acetonitrile (50 mL) is added and the solution is
concentrated to a volume of 50 mL. This step is
repeated. Water (~5-6 mL) is slowly added to the hot
solution (60-70°C) until the cloud point is reached. The
thin slurry is held for 30 min at high temperature and
then slowly cooled over several hours with stirring. The
product is filtered, cake is washed with a 5:1 mixture of
acetonitrile and water, and dried to afford the title
compound.
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Exsmple 30
Preparation of the final compound

5
Following the procedure of Example 3 Parts B and C,
the Example 29 compound is employed to prepare the title
compound in the form of the sodium salt.
10
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What is claimed is:

l. A compound having the structure

e d N

wherein X 18 O, 8 or NR;

O
E is m..’ or ’. L]
WA o .

nis 0 or 1;

Ri1 and R; are the same or ‘different and are
independently selected from alkyl, arylalkyl, cyclecalkyl,
alkenyl, cyclozlkenyl, aryl, heterocaryl or
cycloheteroalkyl;

Rs 18 H or lower alkyl;

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

Ry 1s H, alkyl, aryl, alkanoyl, aroyl or
alkoxycarbonyl;

Reg 1s H or lower alkyl;

Rp and Rjo are the same or different and are
independently selected from H or alkyl, or Ry and Rig may
be taken together with the carbon or carbons to which
they are attached to form a 3 to 7 membered carbocyclic
ring;

and ' representa a single bond or a double bond
(which may be cis or trans):
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thereof (where Ry is H), esters thereof, prodrug easters
thereof, and all stereolsomers thereof.

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

3. The compound as defined in Claim 1 wherein Ri

is aryl,
. Rz is alkyl or cycloalkyl or aryl;

Ry 18 H;

n is o;

X 18 0; and

*” is a trans double bond, in the form of a free
acid or an alkali or alkaline earth metal salt or an
amino acid salt.

4. The compound -as defined in Clalm 3 wherein R;
is 4-fluorophenyl, 4-fluoro-3-methylphenyl, or 3,5~
dimethylphenyl; and

Rz 1s isopropyl, t-butyl or cyclopropyl.

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

or an alkall or alkaline earth metal salt thereof or an
amino acld salt or an acid addition salt via the pyridine
of the corresponding 8 lactone,
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wherein Rs and R are the same or different and are @

independently selected from H, halogen or alkyl and
Rz 18 alkyl or cycloalkyl.

5 6. The compound as defined in Claim 1 having the
structure
OH OH OH OH
Ry Ry
N N
; or

10 wherein Rs is H or an alkalli or alkaline earth metal or
an amino acid salt or other pharmaceutically acceptable
salt, or the internal lactone therseof.

7. A compound of the structure
15

wherein Ry is H or an alkall or alkaline earth metal ion
or an amino acid, or the internal lactone thereof.
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8. A pharmaceutical composition comprising a
compound as defined in Claim 1 and a pharmaceutically
acoeptable carrier therefor.

8. A pharmaceutical combination comprising the HMG
CoA reductase inhibitor compound as defined in Claim 1
and cne or more hypolipidemic agents or lipid-lowering
agents, or lipid agents, or lipid modulating agents,
and/or one or more other types of therapeutic agents
including antidiabetic agents, anti-obesity agents,
antihypertensive agents, platelet aggregation inhibitors,
anti-dementia agents, anti-Alzheimer's agents, anti-
osteocporosis agents, and/or hormone replacement
therapeutic agents, and/or other cardiovascular agents
(including anti-anginal agents, anti-arrhythmic agents,
anti-atherosclerosis agents, anti-inflammatory agents,
anti-arthritis agents, anti-platelet agents, anti-heart
failure agents), anti-cancer agents, anti-infective
agents, hormone replacement agents, growth hormone
secretagogques, selective androgen receptor modulators,
and/or immmnomodulatory agents.

10. The combination as defined in Claim 9 wherein
the hypolipidemic agent or lipid-lowering agent or other
lipid agent or lipid modulating agent or anti-
atherosclerotic agent, which is employed comprisea 1,2,3
or more MTP inhibitors, HMG CoA reductase inhibitora,
squalene synthetase inhibitors, fibric acid derivatives,
PPAR a agonists, PPAR dual a/y agonists, PPAR & agonists,
ACAT inhibitors, lipoxygenase inhibitors, cholesterol
abaorption inhibitors, ileal Na"/i::ile acld cotransporter

" iphibitors, upregulators of LDL receptor activity,

cholesteryl ester transfer protein inhibitors, bile acid
sequestrants, or nicotinjic acid and derivatives thereof,

ATP citrate lyase inhibitors, phytoestrogen compounds, an
HDL upregulators, LDL catabolism promoters, antioxidants,
PLA-2 inhibitors, antihomocysteine agents, HMG-CoA
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synthase inhiblt rs, lanosterocl demethylase inhibitors,
or sterol regulating element binding protein-I agents;

wherein the antidiabetic agent which may be
opticnally employed ie 1,2,3 or more antidiabetic agents
or antihyperglycemic agents including insulin
secretagogues or insulin sensitizers, which may include
biguanides, sulfonyl ureas, PTP-1B inhibitors, aldose
reductase inhibitors, glucosidase inhibitors, PPAR 7
agonists, PPAR a agonists, PPAR 3 antagonists or
agonists, aP2 inhibitore, PPAR a/y dual agonists,
dipeptidyl peptidase IV (DP4) inhibitors, SGLT2
inhibitors, glycogen phosphorylase inhibitors, and/or
meglitinides, insulin, and/or glucagon-like peptide-1
(ALP-1) or a mimetics thareof;

wherein the other type of therapeutic agent which
may be optionally employed is 1, 2, 3 or more of an anti-
obesity agent which is a beta 3 adrenergic agonist, a
lipase inhibitor, a serotonin (and dopamine) reuptake
inhibitor, an aP2 inhibitor, a thyrold receptor beta
drug, an anorectic agent, a PTP-1B inhibitor, a CCKA
agonist, a neuropeptide Y antagonist, a melanocortin-4-
receptor agonist, a PPAR modulator which is a PPAR ¥
antagonist, PPAR a agonist, and/or PPAR § antagonist, a
leptin inhibitor such as a leptin receptor activator, a
fatty acid oxidation upregulator or inducer:;

wherein the 1lipid modulating agent is an MTP
inhibitor, an HMG CoA reductase inhibitor, a squalene
synthetase inhibitor, a fibric acid derivative, an
upregulator of LDL receptor activity, a lipoxygenase
inhibitor, or an ACAT inhibitor and the other lipld agemnt
is a cholesteryl ester transfer protein inhibitor;

wherein the antihypertensive agent employed is an
ACE inhibitor, angiotensin II receptor antagonist, NEP
inhibitor, a NEP/ACE inhibitor, a calcium channel
blocker, a T-channel calcium antagonist, a f-adrenergic
blocker, a diuretic, a a-adrenergic blocker, a dual
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action receptor antagonist (DARA), or a heart faillure
drug.

11. The combination as defined in Claim 10 wherein
the antidiabetic agent 1s 1, 2, 3 or more of metformin,
glyburide, glimepiride, glipyride, glipizide,
chlorpropamida, gliclazide, acarbose, miglitol,
ploglitazone, troglitazone, rosiglitazome, lnsulin,
G1-262570, isaglitazone, JIT-501, NN-2344, 1895645,
T¥M-440, R-119702, AJ9677, repaglinide, nateglinide,
KAD1125, AR-HO35242, CN-409544, KRP257, AC3993, LY315902,
P32/98 and/or NVP-DPP-728A;

wherein the anti-obesity agent is orlistat, ATL-
962, AJ9677, L750355, CP331648, sibutramine, topiramate,
axokine, dexamphetamine, phentermine,
phenylpropanolamine, and/or mazindol, P57 or CP-644673
(Pfizer) ;

wherein the lipid modulating agent is pravastatin,
lovastatin, simvastatin, atorvastatin, cerlvastatin,
fluvastatin, pitavastatin, rosuvastatin, fenofibrate,
gemfibrozil, clofibrate, avasimibe, T8-962, MD-700,
cholestagel, nlacin, and/or LY295427;

wherein the antihypertensive agent is an ACE
inhibitor which is captopril, fosinopril, enalapril,
lisinopril, quinapril, benazepril, fentliaprll, ramipril
or moexlipril;

an NEP/ACE inhibitor which is omapatrilat,
gemopatrilat, or CGS 30440;

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

amlodipine besylate, prazosin HCl, verapamil,
nifedipine, nadolol, propranolol, or ¢lonidine HCL,
carvediol, atenolol, hydrochlorothiazlde, torasemide,
furosemide, gpironolactone or indapamide;

wherein the platelet aggregation inhibiter is
aspirin, clopidogrel, ticlopidine, dipyridamole,

- 95 -



ifetroban, abciximab, tirofiban, eptifibatide, or

W 01196347 PCT/US01/18864 'fl)(EL’

10

15

30

35

anagrelide;

wherein the other therapeutic agent is an anti-
Alzheimer’s agent or anti-dementia agent, which is
tacrine HCl (Cognex®)}, donepezil (Aricept®), a Y-
secretase inhibtor, a f-secretase inhibitor and/or
antihypertensive agent;

an antiosteoporosis agent, which las parathyroid
hormone, a bisphosphonate, alendronate, a Ca receptor
agonist or a progestin receptor agonist;

a hormone replacement therapeutic agent, which is a
selective estrogen receptor modulator (SERM);

a tyrosine kinase inhibitor;

a selective androgen receptor modulator;

an antiarrhythmic agent, which is a P-blocker, or a
calcium channel blocker, or an a-adrenergic blocker;

coenzyms Q sub. 10;

an agent that upregulates type III endothelial cell
nltric acid syntase;

a chondroprotective compound which is polysulfated
glycosaminoglycan (PSGAG), glucosamine, chondroitin
sulfate (CS), hyaluronic acid (HA), pentosan polysulfate
(PPS), doxycycline or minocycline;

a cyclooxygenase {COX)-2 inhibitor, which is
Celebrex® (Searle) or Vioxx® (Merxck) or a glycoprotein
IIa/IIIb receptor antagonist;

a 5~-HT reuptake inhibitor;

a growth hormone secretagogue;

an anti-atherosclerosis agent;

an anti-infective agent, or an immunosuppressant
for use in transplantation, or an antineoplastic agent.

12. The ccmbination as defined in Claim 10 wherein

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

wherein the HMG CoA 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 a platelet aggregation inhibitor.

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

15. A methed of inhibiting cholesterol bilosynthesis
or lowering blood serum cholesterol levels and/or
modulating blood serum choleaterol levels, loverin§ LDL
cholesterocl and/or increasing HDL cholesterol, or
treating dyslipidemia, mixed dyslipidemia, LDL Pattern B,
LDL Pattern A, hyperlipidemia, hypercholesterolemia, hypo
a-lipoproteinemia, hyperlipoproteinemia or
hypertriglyceridemia, and other aberrations of
apolipoprotein B metabolism, or reducing levels of Lp(a),
or treating or preventing other cholesterol-related
diseases, or treating or preventing or reversing
progresaion of atherosclerosis, or preventing or treating
Alzheimer’s disease, or preventing or treating
osteoporosis and/or osteopenia, or reducing inflammatory
markers, reducing C-reactive protein, or preventing or
treating low grade vascular inflammation, or preventing
or treating stroke, or preventing or treating dementia,
or preventing and treating coronary heart disease, and
primary and secondary prevention of myocardial
infarction, or preventing or treating stable and unstable
angina, or primary prevention of coronary events, or
secondary prevention of cardiovascular events, or
preventing or treating peripheral vascular disease,
preventing or treating peripheral arterial disease, or
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preventing or treating acute vascular syndromes, or
preventing or reducing the risk of undergoing myocardial
revaacularization procedures, or preventing or treating
microvascular diseases such as nephropathy, neuropathy,
retinopathy and nephrotic syndrome, or preventing or
treating hypertension, preventing or treating Type I
diabetes, Type 2 diabetes, and related diseases, insulin
resistance, hyperglycemia, hyperinsulinemia, elevated
blood levels of fatty acids or glycerol, obesity, LDL
Pattern B, LDL Pattern A, Syndrome X, diabetic
complications, dysmetabolic syndrome, and related
diseasens, and sexual dysafunction, preventing and treating
malignant lesions, premalignant lesions, gastrointeatinal
malignancies, liposarcomas and epithelial tumors, cancer-
induced asthenia (fatigue), lrritable bowel syndrome,
Crohn’s disease, gastric ulceritis, and gallstones, and
HIV infection, drug-induced lipodystrophy, and
proliferative diseases, improving coagulation
homeostasis, reducing PAI-1 activity, reducing
fibrinogen, and/or reducing platelet aggregation, and/or
improving endothelial function, which comprises

'administering to a mammalian species in need of treatment

a therapeutically effective amount of a compound as
defined in Claim 1.

16. A method for treating cholesterol related
diseases, diabetes and related diseases, cardiovascular
diseases, cerebrovascular diseases, which comprises
administering to a mammalian species in need of treatment
a therapeutically effective amount of a cambination of a
compound as defined in Claim 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 therapautic agent, which comprises
administering to a mammalian species in need of treatment
a therapeutically efective amount of such combinations.

1%
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17. A compound having the structure

By g

Ry~r.

<

wherein X 1s O, S or NR; where Ry is H, alkyl, aryl,
alkanoyl, aroyl or alkoxycarbonyl; R; and Ry are the same
or different and are independently selected from alkyl,
arylalkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl,
heteroaryl or cycloheteroalkyl;

Rs and Rip are the same or different and are
independently selected from H or alkyl, or Rs and Rjy may
be taken together with the carbon or carbons to which
they are attached to form a 3 to 7 membered carbocyclic
ring;

Q is ;—cn,n (vbere R is alkyl), ;—m, i/—m

/L\<' (vhers W is sryl, alkyl, or alkoxy),
)

1
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18. The compound as defined in Claim 17 having the [06
following structures:

cOR  (Realiyl) | Hullde "'K: '
'y Re R A
R " ~ Ry Re
e K Re
' 4 ] ¢ Rys 9

(Wearyl, efkyl orakexy)
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Calegexy *

Cluilon of doctmusnt, wilth SxiSaiion,viwee Sppropriain, of e V! pRaEgEs

A

US 5 753 675 A (WATTANASIN SOMPONG)
19 May 1998 (1998~05-19)

cited in the application

abstract; clalas

EP 0 491 226 A (BAYER AG)
24 June 1992 (1992-06-24)
the whole document

ROBL J A ET AL: “PHOSPHORUS~CONTAINING
INHIBITORS OF HMG-COA REDUCTASE. 2.
SYNTHESISAND BIDLOGICAL ACTIVITIES OF A
SERIES OF SUBSTITUTED PYRIDINES CONTAINING
A HYDROXYPHOSPHINYL"
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CHEMICAL SOCIETY. WASHINGTON, US,

vol. 34, ne. 9, 1991, pages 2804-2815,
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ISSN: 0022-2623
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intemations! Application No
Irformation e petent (enly Mammers PCT/US 01/18864
Paiant dooument Patent family Publioation

cliad In asarch report membar(s) dain

EP 0444533 04-09-1991 Al 645287 B2 13-01-1994
AU 7101681 A 29-08-1991
CA 2036417 Al 27-08-1991
EP 0444533 A2 04-09-1991
HU 56574 A2 30-09-1991
IE 910543 Al 28-08-1991
JP 4211660 A 03-08-1992
NZ 237097 A 23-12-1993
PT 96874 A 31-10~-1991
us 5506219 A 09-04--1996
us 5686433 A 11-11-1997
us 5691322 A 25-11-1997
ZA 9101046 A 28-10-1992

US 5686433 11-11-1997 IS 5506219 A 095-04-1996
us 5691322 A 25-11-1997
Al 645287 B2 13-01-1994
Al 7101691 A 29-08-1991
CA 2036417 Al 27-08-1991
EP 0444533 A2 04-09-1991
HU 56574 A2 30-09-1991
IE 910643 Al 28-08-1991
JP 4211660 A 03-08-1992
NZ 237097 A 23-12-1993
PT 96874 A 31-10-1991
ZA 9101046 A 28-10-1992
Al 637321 B2 27-05-1993
Al 3941389 A 21-06-1990
DX 422989 A 01-03-1990
EP 0356788 A2 07-03-1990
HU 52479 A2 28-07-1990
JP 2108665 A 20-04-1990
Nz 230121 A 26—-08~1993
ZA 8905869 A 30-05-1990

EP 0325130 26-07-198% DE 3801406 Al 27-07-1989
AU 642127 B2 14-10-1993
AU 2861789 A 20-07-1989
CN 1274719 A 29-11-2000
CN 1034364 A ,B 02-08-1989
DD 283400 A5 10-10-1990
DX 23389 A 21-07-1989
EP 1123924 Al 16-08-2001
EP 1123925 Al 16-08-2001
EP 0325130 A2 26—-07-1989
FI 890268 A ,B, 21-07-1989
HU 50776 A2 28-03-1990
JP 1216974 A 30-08-1989
JP 2558344 B2 27-11-1996
KR 132432 Bl 17-04-1998
NO 177005 B 27-03-1995
N2 227637 A 25-02-1993
PT 89477 A ,B 08-02-1990
us 5006530 A 09-04-1991
us 5169857 A 08-12-1992
us 5401746 A 28-03-1995
IA 8900429 A 28-02--1990
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TRANSMITTAL LET™ R TO THE L Tk Jfﬂ

».  UNITED STATES RECE. /ING OFFICE A &

L

Cortifieation under 37 CFR 1.10 (if applicable)

ELSOOT103568U5 12 June 2001

Bq:-lhnllﬂllnllnlu' Dato of Depoait

llerdvyea-ﬂwuutthlpplluﬂnlwrnl dence attached hereto ks being deposited with the United Sintes Posta) Sexvice
“Express Mall Post Office to Addressee” serviee under 37 CFR 1.10 on ﬂndlu indicated above and b addremed to Ansistant
Commissioner for Patants, Washington, D.C, 20231,

ﬁlnl ﬁlﬂnm
[ of carrespondenece Typed or printed neme of person mllllg!m
IL E New International Application
HMG-CoA REDUGTASE INHIBITORS AND METHOD ) Esrliest priority date
TITLE . m.mmm

15 JUNE 2000 (15.00.00)

SCREENING DISCLOSURE INFORMATION: In order to assist in mpmﬁlu
:z'@mhmﬁdmm\\m#lhmhfm Elmdndeou hesrln'ledmdfm
purposes, the following information is supplied. (Note: -mmbuuulppu)

[0 Theinvention disclosed was mot made in the United States.
[C] Thereis no priar U.S. spplication relating to this invention.

] The following prior U.S. application(s) contain subject matter which is related to the invention disclosed in the itached
international application. (NOTE: mwmmmommuwmmmm
(Requnst) and this listing does not constituty a claim for priority).

application no. 80/211.508 filsdon | 16 JUNE 2000 (15.08.00)

application po. filed on T

D. D The present internstional application in idemtical copiains less subject matter than that found in the prior U.S.

K [g] Theprosent internstional epplication cantains additional subject matier not found in the prior U.S. appli s

spplication(s) entified in paragraph

identified in paragruph C. sbove. The subject matier is found on pages
n:d.DOl‘.!NOTALm MIGHT BE CONSIDERED TO ALTER the general neture of the invention in s

manner which would require the U.S. spplication to have boon made available for inspection by the appropriats defense
agencies under 35 U.S.C, 181 and 37 CPR 5.1, Ses 37 CFR 5.15

@ A
| 9
C

OL 7] A Response to an Invitation from the RO/US. The following document(s) is (are) enclosed:

[[1 A Requestfor An Exmnsion of Time t File 8 Response
B  APowe of Attomey (General or Reguim)
0  Replacement pages:

pages of the roquest (PCT/ROVI01) | pages of the figures
L | poges of the description poges of the shetract
poges of the claims
D. [] Submission of Pricrity Documents .
Priority docament Priarhy document
E [X  Fees asspecified on attached Fee Calculation sheet form PCT/RO/101 annex
Iv.L] A Request for Rectification under PCT 91 L] A Petition Ll Awﬁqm
V. L] Other (ploase specity:
BRISTOL-MYERS SQUIBE COMPANY  BURTON RODNEY
hhuE M-um-tum — T

FTO-1382 (Rev. *l!!!)m Copyright 1996 Lagulauit
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Case No.. quns i L ¥
Appfication No.:__60/211,595 (B, Redfiey)

Maliing Date: 12_dJune 2001

Expross Mall No.: EL600710559US

" The patent and Trademark Office acknowiedges, and has
memmmdmmm

z.m.c{o

below for PCT
pCIIUS 01'1'18864
0 Appin. Flling Papera s
21 Transmittal Fee: 240, ocm g
R} Search Fee: 3450% 2 >
Basic Fee: , © S -
K1 Basic Fee 1560@_!, £ ¢
X1 Designation Fes:  492. 0&3 a3 £
& Priority Document Fee: 15 b £ %‘% 5 i
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PC® Qe o ey

International Application No.
REQUEST
Internationa] Filing Date
‘The undersigned requests that the presant
mmmanﬂapplmanbepmud
Applicant's or agent’s file referenco HX115
(if desired) (12 characters maximum)
Box No. I TITLE OF INVENTION

HMG-CoA REDUCTASE INHIBITORS AND METHOD

Box No. 11 APPLICANT

ame and address; (Famtly nome followed by givan nome; for a lsgal entity, full afficial devignation.
The addrexs wurt incheds pottal cods and reow of country. The coumtry of the address indficeded in this D This person is also inventor,

is the applicent’s State (hat is, country) of rasidence {f no Siate of residence is indicased below,)

BRISTOL-MYERS SQUIBB COMPANY clephone

P.O. BOX 4000 IWQ} 252:;.38

PRINCETON, NEW JERSEY 08543-4000

UNITED STATES OF AMERICA Facsimile No.
{000) 252-4526
Teleprinter No.

State (ihat is, country) of nationality: State (that is, couniry) of residence:

us uUs
&m_ prracn s apphicant [ ] S o B tn snm"? D oF America only. Dmsmmmnm
BoxNo.Il  FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

ame and address: W&mﬁbﬂbw_ﬂ.ﬁrlhﬂmﬁﬂﬂm
askirezs moust include postal code ard name of country. The country of the address indicaled in This person is:

uhhwmﬁlumdmvu&wq‘mﬁuhmw
ROBL, Jeffrey A. -
7 Tullp Drive L] eppicen onty
Newtown, PA 18840 . .
UNITED STATES OF AMERICA D sopticsnt and ivento
[} inventor only (fshis check-bas
is marked, do not fiil in beiow.
Stxte (that is, country) of nationality: State (that is, country) of residence:

us us

'If;hr::hepummlpplm D all designated l:] llldwd of - e nmdsol:%u Ddlegmmdhulm
IDQ Further applicants and/or (fither) inventors are indicated on & contimuation sheet.
Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The person identified below is hereby/hus been appointed to act on behalf ]
dmw&qummm:ymmwm:ﬂ agent D commog represntative

Name end address: (Family lowed by give ; mmﬂlmﬂ
ame {Fi m nm_forn # oo Telephone No.

addrers must include pastal (B0G) 2524338
BRISTOL-MYERS SQUIBB COMPANY —
P.0. BOX 4000 Faczimile No.
PRINCETON, NEW JERSEY 08543-4000 (800) 2524528
SEE SUPPLEMENTAL SHEET NO, 4
. Teleprinter No.

Address for d Mark this check-box where wmmmn.mm is/bas been sppointed and the
Dm%:gmgm;quﬂMmmrw sent

Form PCT/RO/101 (first sheet) (July 1998; reprint January 2000) Lageifier 2000, Fons PCTREQ Ses Noiex to the request form




S

Sheet No. 2

Contluuation of Box No. Il  FURTHER APPLICANTS AND/OR (FURTHER) INVENTOR(S)

If none of the following sub-boxes is used, this sheet Is not to be included in the request.

WNmmﬂddm:ﬂ'ﬂmﬂMb.Mlﬂ-;ha legad entity, full qfficial designation.
The addresy must include postal code and nawes of country. The country of the avkiress indicated in This person is:
Bax s the applicant's Stase (that iz, country) of razidence if no Siale of revidencs ix indicated below,)

25 Maron Doe [] sppticant only
Pisineboro, NJ 18940 . )
UNITED STATES OF AMERICA applicant and inventor
[[] inventor anly ¢1/ this chect-bax
ir marked, do not fill in below,)
Stute (that s, conmiry) of nationality: Stete (that ir, country) of rexidence:
PEOPLE'S REPUBLIC OF CHINA us

B [] S (] g Ersre e IX) ety [ 52 i

‘Name and addresy:(Famlly nams follonwed ky given noone; for a legal extify, full official designation.
The address st inchude pasial code and mome of country. The country of the address indiccied in This person is:
Bex is the gpplicant’s Siais (that iy, country) of residence (f no State of residence is indicoted below.) 3

SUN, Chong-Ql .
mnmmwnm ] spplicant caly
East Windsor, NJ 08520 . .
UNITED STATES OF AMERICA spplicant wnd inventar
[[] invetor only (17 this chech-bax
iz marked, do not fill in baiow,)
Steic (that is, country) of nationality: Stste (that is-country) of residence:
PEOPLE'S REPUBLIC OF CHINA us
- o ey S e U e r—
Toia peraon s sppticant [ ] ghiignated [ Sikdsaimyted Sinten cmcoet, D] eUmited Stes [ ghe Shues indicmed in
[Name and address: (Family name followad by given naws; for a legal antity, full official destgnation.
The address must inchuds postal cods @d neme of cousstry. The country of the address indicated in This person is:
Bax is the applicant’s Suiz (thas is, country) of residence {f no Sias of residencs (s indicated below,) *
] eopiicant caly

[[] sppticant snd inventor

[] inveator aaly (37 this check-bax
is marked, do not fill in below,)

State (Yhat ix, couniry) of nationality: State (that is, country) of residence:

Pz [ s [ SRERETam. [ yooesy [ nimasns

[Nams and address: (Family nams followed by given name; for a legal emtity, Al official designation, .
The ackiress must include postal cods and noome of country. Tha couniry of the address indicgted in ‘This person is:
Baz Is the applicons’s State (that is, country) of rasiisncs {f no Stals of rexidence is indicated below,)
I llppllemtonly

[] epplicant and iaventor

[[] inventor onty @f thix check-ba
is marked, do not fill in below.)

Stute (chat is, coursry) of nationality: State (that is, country) of regidence:

P ot [ g [ shigipriiver oo, [ Setsy [ Bt

[ Further appticants and/or (farther) frventors are indicated an nother continustio sheet.

Form PCI/RO/101 (continuation sheet) (July 1998; reprint Jasusry 2000) Lageiter 000, Ferm FCTREQ Swe Notez to the request farm



®  a.l

BexNo.V DESIGNATIONOFSTATES  Adwk the qplicabls check-baxar beigw: of laast ore mscst be sarbad.

The following designations are hareby mede under Rule 4.9(s):
Regional Patent

B AP ARIPO Pmieat: GH Obana, GM Gumbla, KE Kenys, L8 Lesotho, MW Malawi, MZ Mozambique, 8D Suden,
BL Sicra Leone, BZ Sweriland, TZ United Repablic of Tanzania, UG Ugands, TW Zimbabwe, snd mry other State which is
aCoutracting State of the Harare Protocol snd of tha PCT

[ EA Eurssim Patent: AM Armonis, AZ Azsrbaijen, BY Belarus, KG Kyrgyzestan, KZ Kazakthstan, MD Republic of Moldova,
RU Russian Federation, TJ Tajikistan, TM Torkmenistan, sod sny other State which in s Contracting Stain of the Exiaslan
Petent Cogvention snd of the PCT

O EF Esrepean Patent; AT Amtria, BE Belgium, CH & L1 Switseriand wnd Licchtensteln, CY Cypros, DE Germany,
DK Denmark, ES Spuin, F1 Finleod, FR France, GB United Kingdom, GR Greece, IE Ireland, IT haly, LU Luxembourg,
MC Monsco, NL Nethariands, T Portagal, SE Bweden, TR Turkoey, and any other Stato which is s Contracting State of
the European Patent Convention and of the PCT

& OA OAPI Pateat: EF Purkina Faso, B Bonin, CF Contrel African Republic, CG Congo, CI Cote d”Ivoire, CM Camercon,
GA Gsben, GN Guines, GW Guines-Bisssu, ML Mali, MR Mawiisnia, NE Niger, SN Scoogal, TD Chad, TG Togo, sndany
mmmmmmm“-mhmmmﬁuﬂyp—*-mﬁm‘

pectiondoted eg) ......co0vevirriranrirarirsaners CetsesrastasiitateansisriTrrrritanenntnannns -
National] Patent (}fother kind of prosection or sreatment dezired, spacly on dosted ling}:
H] AE United Arsb Enirates I GE Goorgis......cccovvvvnnennnn. Emﬂ .....................
) AG Antigus snd Berbuda GHGhE.......cconinrannnarne MXMaxion .....ccocuvevenrennn.
B AL Albania . ................ cennes GM Gambia ) MZ Mosambique
Kl AMAms........eevannennns BIER Crostis .....cccoocvnnnnnnann O NO Norwsy
EIAT Avatria.........c0nvmeneeens DI HU Hoogery ....oovvvenennnnnnss KINZ New Zealad............ cerens
B AU Anstralla.........oo0neeenenn. B ID Indonesia KIPL Polmd.......ccoevveennenns
@ AZ Azxbaijn R lsml..... teesvesansresanans R T Paugl...... cenvanens
i) BA Bomis end Herngovima . . ... .". W IEIN Indla. ..., X RO Romenis
............................. K18 kdand [A XU Rosslen Fedation ... .........
&) BB Barbades BIJP Jpm...cccuiuininincnrannes  Sasssestisssiiiinesennes
@ BG Bolgaria........ verrssensanans DXEKenya..........00n0eene ererr [ BD Sudsn
BABR Braxll...........ooeeeminenne BIXG Xymysstan .....cccnenenanns B SE Swodon
EBY Bolarm......c..cooevnenrennen 2 KP Democratic Peoplea Repubtie (1 5G Singapore .
B BE Balimn.....coocnnueriinnnennes Of KO . ..vueannasnnannons BN Sowola......ccconvvernenee
B CA Canita RIKR Republio of Kores . ... .0evusses M 8K Slovalia......coonnvennnanns
[ CB & LI Switsoriend and Lischammein K] K2 Kamkhotan .....cccocennnnne. K] 81, Blerra Lovme.......ccecneeees
BONCHm.. . ovrreriennrerneans M LC Saist Lucia BT Tojiidsten.....cocnvennannss.
me “Hm m'l'M'hIh_I- trestunsrnsnnnns
B CR ComaRies....... . K LR Liberia R TR Tuday........cccconennen.
BlcuCha.....c.ocuvencanrnnnnne. u Losotho . ..oovenenrenranenens ) TT Trinided mnd Tobago ..........
a u I ........... .e er IIIIII IER AR RN RN AN NN NENNEN]
=umlﬂlb ............... M LU Lonembourg @ TZ United Reguablic of Tanewnia
mn‘n l veenisnnanenanns . BLVM mm‘m -------------------
G4 DM Deminies BEIMAMoroces ......coonnveansnresns UGU# """"""""" v
D2 Algoia ..coeeeeeneneerenn, IX] MD Reprblic of Maldow.. ... R U8 Usliod Stuee of Amaria . ...
03 KX Batmin. oo s rerre DUZ Utk
AES %pein ................. vesens I MGMadaganesr. ....... veersnaa * DBVN VISt Nt ..o ceenernnnnns
BA¥ Folaad.........ccc0ceninnne ] MX The former Yogoskey Republic of ] YU Yugoslavs . ...........
B GS UnidKingdam == Mmadomis .............. == B ZA South Aftics.......
X! GD Grenade B MN Mangolia (8 ZW Zimbabws . .................
Check-baxes balow reserved for designeting States which have become pacty to the PCT after issuanes of this sheet:
(A ..ECUADOR............cvevuvmens [ [ carenseenrmrene e [ ceeeees
| B a...... Canerassresnatsatcennanannnan o

Precastionary Designation Siatewent: In sdidition to the designetions made above, the spplicant also makes pader Rule 4.9(b) sll
other designations which wonid be parmitied usder the PCT exeopt suy designstion(s) indicated in the Supplenents] Box m being
oxcinded from the scope of this steternent. The spplicant declares that those additions] designations sre subjoct to confirmation and that
sxty designation which Ly not confirmed before the expirtion of 15 months from the pricrity dste is w0 be regunded s withdrewn by the
spplicant at the expintion of that thme Hmit, (Conyirmation (Inciuding fist) swst reack the recelving Qffics witkin shy 1.5-month thee lwk )

Forin PCT/ROV10] (soucnd sheet) (March 2001) Seg Notes 10 the request form




1
Supplemeatal Box {f the Supplsmental Bax is not used, thiy shest need not be included in the request. U’

I lf. in any of the Baxss, the Is insufficient to furnish oll the information: [n such vrite "Continuation of Box No. ..."
m&::;:u:dﬁcﬂu;rﬁnh;éhlwmhhmmum#ﬂhmhm&dﬁﬂuﬂtrh

@ VmMmMmm-ﬂmumemwmwbmﬂm:h:ﬂm
write "Contiruation of Bax No. II™ and i Jor each additional person; the same type of information as reguired in Bax

No. Ill. The the address indicated in this Box is the 't Siate idence
o mwih'_ ox applicant (that s, country) of res {f no State of

() If, in Bax No. II or in any of the mb-baxes of Bax No. lli, the indication "the States Indicated in the Supplemunial Bax” is
checked: in suck cass, write "Continuation BaﬂalrwfwhmtmﬂaHPwWand‘BmNo.H
and No. IlI* (as the cave may nams of the (a) and, next to (each) such name, the State(s)
ww.?mmmm , Exravian, European or ] patent) for the pxrposes of whick the mamed person i

(i) U in Bax No. II or in any of the sub-baxes of Box No. IlI, the inventor or the invertor/applicant is not inventor for the
ium{aﬂkﬁnﬂi&mw the of the United Staiex of America: in such case, write “Continuation of
ax No. II" or "Continuation of Bax Neo. LII* or "Continuation of Baxes No. II and No. lII" (ax the care may be). indicate the
md‘ﬁchnﬁw{q)adnﬂb(amﬁ:nhmﬂun %) (and/or, where applicabls, ARIPQ, Eurasian, European or

f in addition 1o the indicated in Bax IV, there : in such writs "C
®) Lm%mmmmthmgp#wm%.ww IllBaxN‘:..ﬂ"; omttnactlon of Box: Ne. 17"

[ in Bax No. V, the State (or OAP]) iz accompanied by the indication "patewt of addition,” or "certificate

® fm:’:ﬁnn:ﬁ%ﬁm_u_@;ﬁUﬂlﬂ&md‘dw?hhmu&udbygmlm':IIHHM'g
S e o e T ot i
parent titls or _hgd‘lhpumapplmm:'

(v I in Box No. VI, there are more than three eariler applications whase priovity is claimed: in such case, write "Continuation
of Bax No. VI" and indicate for each odditional earlier application the same type of information as required in Box No. VI;

¥, in Bazx No. VI, the eariier application is an ARIPO application: in such cars, write "Conttixuation of Box No. VF",
wmrdeMMthm@lmMMNMumgmmhﬁ

Indurtrial 5
mma?wd Property or one Member of the World Trads Organization for which that earlier

{vi)

2. If with regard to the precantionary designation siaternent contained in Bax No. V, the applicant wirhas to excluds any State(s)

ihe that s such "
Jrom mdw %dmm;ﬂlm&mﬂm{dawwmtmbmmmaﬂ

3 e icant claims, in respect of any dexignated Office, the benefity of provisions of the national law concerning
disclosures T‘H lack : in such care, write "Stolsmani concerning non-prejudical disclosures
arcmpuonlolmhfmuzy" ﬂ'llll’:'m-ll:lfm‘ll‘ ow.

CONTINUED FROM PAGE 1 BOX [V (AGENT. OR COMMON REPRESENTATIVE)

BRISTOL-MYERS SQuIB8 COMPANY
P.0. BOX 4000

PRINCETON, NEW JERSEY 08543-4000
UNITED STATES OF AMERICA

ALGIERI, Aldo; BABAJKO, Suzanne; BABCOCK, Timothy; BUCHHOLZ, Briana;
D'AMICO, Stephen; DAVIS, Stephen; DUBOFF, Samuel; HERMENAU, Ronald;
KILCOYNE, John; KLEIN, Christopher; LANGE, Keith; LOPEZ, Gabriel;
MAKUJINA, Shah; MATHIAS, Marla; McNEIL, Scott; MORSE, David; O'BRIEN,
Maureen; PATEL, Rena; PEIST, Kenneth; PROVOOST, Jonathan; RODNEY, Burton;
RYAN, Richard; SHER, Audrey; SWITZER, Joan; WILK-ORESCAN, Rosemarie;
WINSLOW, Anastasia

Form PCT/RO/101 (supplementa] sheet) (January 2000) Lageur 20X, Fors FCTREQ  Sag Noies to the reguest form



SheetNo. ....5.. .
Box Na. VI momﬁ:su l iFwﬂ:nmdemmmdmﬁmlheSupplmmﬂle\

ufﬂ:ﬂllﬂ dedo of N“ﬂ.;!ll' . Where carlicr application is:
jer application earlicr application national application: | regional npplieation:* | international application:
(damonyear) country o O | | eceiving e
item (1)

15 JUNE 2000 00/211,505 us

(15.08.00)

item (2)
jtem (3)

. ofﬂwnlt}ulpplluﬂu(g(aubﬂ wionwul Idﬂhﬁ% llhl(l) "

nunﬂmdamlm hcuuM

. the eaviter

Wiure o ﬁ‘m# “‘J l-dl--—-,mnhhﬁm#ﬁi
Box No. VII INTERNATIONAL SEARCHING AUTHORITY
Cholce of Internstional Searching Awthority (18A) Request io use revslts of earller search; refevence to that search (U an ewiler
w "”.:.."S'qw Searching Authorities z search has beew carriad out by or pequasied fram the Inteswational Seorching Astwrity):
mmummmum: Dato (day/month/vear) Number Country (or reglonal Offics)
ISA/kP

Box No. VI CHECK LIST: LANGUAGE OF FILING
This international application contning | This international application is saccompanied by the Item(s} marked below:

the following number of shests: 1. 1R fee calculstion sheet

request : 5 2. B9 separate signed power of attomey

dumpum (gduding 89 3. [J copy of geneml power of attorney; reference number, if any:
sequence listing par) 1 4.7 satement explaining lack of signature

5. [ priority document(s) identified in Box No. V1 as item(s):

algtract : 1 | 6.7 transiation of interational application into (iangusge):

drawings : 7. [J separute indications conceming deposited microorganism or other biological materia!

?&“;TN . 8. [J nuckeotide and/or amino acid sequence listing in computer readable form
*————— | 9.8 other (specifi): TRANSMITTAL LETTER, GENERAL POWER OF

Total number of sheets : 116 " Attorney's

mlr: of the Pl::;wlnp whldl iln.ln'np u.l'm:llln' nf the

BoxNo.IX SIGNATURE OF APPLICANT OR AGENT

Nwmﬂ:w*mHnmd‘ﬂum:ﬂaﬂtﬁmﬂthhﬂthm:@mﬂﬂuﬁm@hm

For receiving Office use only

1. Date of actual receipt of the purported 2. Dawings:
internxtional applicstion: -

_mdmufmnlmptdmlnllhbu D received:
tlmelyvedplpm or drawings completing the :
purporied international application:

4, Dlteofumdyrucﬂ of the required ived:
Arﬂclﬂl(!)‘ D not recel

5. International Sesrching Autherity T ittal I
(if two or more mre competent): ISA/ 6. D uﬂu&ihpﬂdﬁwydﬂud

For International Buresu use only

Date of receipt of the record
byhlnﬂnﬁomlem

Farm PCT/RO/101 (tast sheet) (July 1998; repxint Junuary 2000) Lageier 2000, Ferm PCTREG Ses Notaz to the request form




m.hunm‘wdmnawaamwnm«a‘mm Mq
PCT -

) For recelving Office use only
FEE CALCULATION SHEET
eﬁphum'" or agent's
reference HX118 Dute stamp of the receiving Office

Applicant
BRISTOL-MYERS 8QUIBB COMPANY

CALCULATION OF FRESCRIBED FEES

1. TRANSMITTALFEE ......c:00000n fNaeesacsssrsamasanens | 240.00 ]:I

2 SBARCHFEE  ....ccuvevvnvnencsssnsnsnenenrnnsnsnnns
Internatioual scarch to be carvied out by IBAZEP |__ss6.00 [s]

Intwrnati Searching Authorities are in relatiocn to the intsrmational
i R 0y Ao s e e arry ot (he atas et i)

q:i. INTERNATIONAL FEE

Basle Fee
The intemationsl application contains _ 116  sheets.
fir30shosts . . . ... ... .. | 382.00 E
86 - x 9.00 - o
e | 774.00 2]
Add amounts entered at bl and b2 and cater toslat B, . I 1,156.00 .
Desigaation Fems :
The internationsl spplication contains 88 _ designations. 492.00
nmbesofdulmh amount of designation fee - D
puysble (inaximon °)
Addsmountsentered st Band Dand entertotnintl . . . . . . . | 1,648.00 " -] 1
e ers et b (o il pplioas o) oo soabied e
total to be entered at I s 25% of the sum hmd:l-dm 15.00
4. FEE FOR PRIORITY DOCUMENT ({fapplicable) . . . . . . . . . L * P

S, TOTALFEESPAYABLE . . - « + + « o s+ s s s s o s = &
Add smounts entered at T, S, ] and P, and enter total in the TOTAL box | 2,749.00

TOTAL
[ e denignation fees are not paid s this time.
MODE OF PAYMENT
m&wm) [] vek dret [] cowpons
[ cheme [] e _ [ oter gapacisy:
[ posal maney order [ revenme sacpe

DEPOSIT ACCOUNT AUTHORIZATION  (this mode of payment may not be availabie at all receiving Offices)
TheRO/__US .isuabymﬂniummumumm-boummmm

M%h“ﬂfﬁ“ﬂmﬁhﬂmﬂdﬁmﬂ“%nm fs)

authorized deficimcy ar credit any overpsyment in the total fees indicated shove to my
uhuﬁyuﬂdndhﬁ.pdnhhpmﬁmndtmhlof
} Buresn of WIPO to nyy deposit acoount.
19-3880 3ﬂM0]
Deposit Account No. Date (daywmonth/year)

Form PCT/RO/101 (Annex) (Jenuary 2000)
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POWER OF ATTORNEY
(for an international application filed under the Patent Coaperation Treaty)

(PCT Rulo 90.4)

The undersigned spplicent(s) (Names should be indicoted ay they appear in the requart):
BRISTOL-MYERS SQUIBB COMPANY

hereby appoints (sppoint) the following person as: g agent D common representative
Name and addresy

o R EIERT > oo BRI Suzhnel AR Tty BUCARbr i sk reme o
D'AMICO, Stephen; DAVIS, Stephen; DUBOFF, Samuel; HERMENAU, Ronald;
KILCOYNE, John; KLEIN, Christopher; LANGE, Keith; LOPEZ, Gabriel;
MAKUJINA, Shah; MATHIAS, Marla; McNEIL, Scott; MORSE, David; O'BRIEN,
Maureen; PATEL, Rena; PEIST, Kenneth; PROVOOST, Jonathan; RODNEY, Burton;
RYAN, Richard; SHER, Audrey; SWITZER, Joan; WILK-ORESCAN, Rosemarie;

WINSLOW, Anastasia BRISTOL-MYERS SQUIBB COMPANY
P.0. Box 4000
Princeton, NJ 08543-4000, UNTIED STATES OF AMERICA
to represent the undersigned before E all ths competent International Authorities

[] the totemations) Searching Autharity only
[:] the International Preliminary Examining Authority anly
in connection with the international application identified below:
Title of the Investion: HMG-CaA REDUCTASE INHIBITORS AND METHOD

Applicant’s ar agent's flls reference: HX115

International applleation number (if aiready avaliable):

filed with the following Office THE UNITED STATES PATENT AND TRADEMARK a3 receiving Office
and to make or recgive payments on behalf of the undersigned.

ture of the i (where there ore several icantx, each of the | : mext to each signature, indicate the
i:;qnjhm;pf@::&mw?mmﬂm;wyﬁm;%mm;mwww
power):

BRISTOL-MYERS SQUIBB COMPANY

e (e

Petent Counsel

e zq@é/

Form PCT/Model of power of sticmey (for a given international application) (July 1992) Lagaifur 1997, Farm PCTM1




CERTIFICATION Iz

The undersigned, being the Executive Vice President and General Counsel of
Bristol-Myers Squibb Company, hereby designates:

Marla J. Mathias
Stephen B. Davis
David M. Morse

(a) to present to the Patent, Trademark, Copyright and similar Government Offices of all-
countries or to any competent suthority, all original, divisional, continuation and reissue
applications, peunons and requests mthennmeometol-Mym Squibb Company and its
subsidiary companies, for letters patent for inventions, utility models, industrial models
and designs and improvements or additions thereof, trademarks and copyrights: (b) to
initiate and prosecute oppositions and appeals: (c) to appear befare all officers duly
suthorized, all Ministers, Bureaus, Clerks’ Offices and Commissions or Commissioners
that may be necessary: (d) to sign and spprove on bebalf of this corporation’ all
documents and powers of attorney which in the judgment of the authorized individuals
may be necessary or desirable to catry out the powers hereby conferred: (¢) to request all
proceedings: (f) to pay over or withdraw all taxes, obtain receipts therefor and give
discharge: (g) to withdaw applications and all documents relating thereto: (h) to
commence proceedings against infringers and assure the defense in infringement actions:
and (i) generally to do all that in the judgment of the suthorized individual may be
necessary to secure the granting of the privileges above-mentioned.

IN WITNESS WHEREOF, 1 have placed my hand and caused the scal of the
Company to be affixed heretoon this ¥ dayof def. 2000
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GENERAL POWER OF ATTORNEY .
(for several international applications filed under the Patent Cooperation Treaty)

(PCT Rule 90.5)

The undersigned person(s):
Fﬂz_mﬂwbm“.hlﬁﬂhﬂmﬂlww The acddrezs must includs postal code and

ROBL, Jeffrey A.

7 Tulip Drive

Newtown, PA 18940
UNITED STATES OF AMERICA

hercby sppoin(s) the following person st Xl e
Name and addram

Gy TEHERY,” SRV ERBANGD, S /anal s “HHEEDL, ProstRy,hbres Eﬂbﬂdﬁ"'&ﬂ!ﬂ# ]

SamueI HERHENAU. Ronald S.; KILCOYNE, John; KLEIN, Christopher. LOPEZ, Gabriel;
MAKUJINA. Shah; MATHIAS, Marla; MORSE, David; O'BRIEN, Maureen; RODNEY, Burton:
RYAN, Richard; SHER, Audrey; SWITZER, Joan; WILK-ORESCAN, Rosemarie; WINSLOW,
Anastasia; BUCHHOLZ, Briana; DAMICO, Stephen; LANGE, Keith; PATEL, Rena;
PEIST, Kenneth, MCNEIL, Scott; PROYOOST, Jonathan

BRISTOL-MYERS SQUIBB COMPANY

P.0. Box 4000

Lawrenceville-Princeton Road

Princeton, New Jersey UNITED STATES OF AMERICA
o represent the undersigned before [x] st the competent Intermational Ausharisies

|:]u-hmmum-nsagthuAuunquuy
[] the tntesmationa) Preiiminary Examining Autharity oaly

in connection with any and all imternational spplications flled by the undersigned with the foliowing Office
" THE UNITED STATES PATENT AND TRADEMARK OFFICE

snd to sake or recelve peyments on bebalf of the undersigned.

thure several eoch of them
g s U copciny e ahe ioeem e ¢ s oot gt 0 ooch sigroters. indicate the mass of the persen

=X A\RY

Jeffrey A. Robl

Dux March 2 9, 209(

Fomn PCT/Model of genaral power of sttomey (for scveral international spplications) (July 1992) Loguitinr 1887, Farm PCTME



_ PCT 123

GENERAL POWER OF ATTORNEY
(for several international applicotions filed under the Patent Cocperation Treaty)
{PCT Rule 90.5)

The undersigned person(s):
mmﬂﬂbm“;haﬂmmﬂlwm The address vzt inciude posial code and

CHEN, Bang-Chi

28 Marion Drive
Plainsboro, NJ 08536
UNITED STATES OF AMERICA

hercby appolats) the following persn ex X ageme
Nawe and sddram

ot AT 5SS SRS Py AT om e e, ]
Samuel; HERMENAU, Ronald S.; KILCOYNE John; KLEIN, Christopher; LOPEZ, Gabriel;
MAKUJINA, Shah; MATHIAS, Marla; HDRSE. David; O'BRIEN, Maureen; RODNEY, Burton;
RYAN, Richard; SHER, Audrey; SWITZER, Joan:; WILK-ORESCAN, Rosemarie; WINSLOW,
Anastasia; BUCHHOLZ, Briana; DAMICO, Stephen; LANGE, Keith; PATEL, Rena;
PEIST, Kenneth, MCNEIL, Scott; PROVOOST, Jonathan
BRISTOL-MYERS SQUIBB COMPANY
PIO. BOK 4000 " b

Lawrenceville-Princeton Road
Princeton, New Jersey UNITED STATES OF AMERICA

to represent the undersigned before [:]-nnuuuqnuunn-nnhnuAnm-nh-
[:]ﬂnlmumnhnﬂ&anhhunn&nﬁyuﬂv
[ the insemationat Preliminary Examining Authoriey caly

in connection with any end all intemnational applications filed by the undersigned with the following Office
" THE UNITED STATES PATENT AND TRADEMARK OFFICE
and to make or reccive payments an behalf of the undersigned.

there aeverad sach sach
e ey 5 e o e, e e o e pven

Qb (A

Bang-Chi1 Chen

Dz Gfa]s)

Form PCT/Model of gentral power of attornay (for several interantionsl applications) (July 1993) Lagaifter 1907, Form PCTM
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GENERAL POWER OF ATTORNEY
(for several international applications flied under the Patent Cooperation Treaty)

(PCT Rule 90.5)

.

The undersigned person(s):
gE:E;nn-'ﬁanuikygm-nlu-wjhra}hﬂﬁqnlmuuu)h"qﬂbhidlan-nn The addrest st inciude postal code gl

SUN, Chong-Qing

527 Dutch Neck Road
East Windsor, NJ 08520
UNITED STATES OF AMERICA

herchy sppolui() the following persan ax X wgent [0 ommon represmmsssive
Namo and sddrms

o) RLETERY,” ST SREAND, Sh/Anal s RREE0L, Traseny: 'ﬂhﬁ'ﬁ"ﬂ%ﬁ!ﬁ"’ﬂm#

Samuel HERMENAU, Ronald S.; KILCOYNE, John; KLEIN, Christopher; LOPEZ, Gabriel.w
MAKUJINA. Shah; MATHIAS, Marla; MORSE, David; O'BRIEN, Maureen; RODNEY, Burton;
RYAN, Richard; SHER, Audrey; SWITZER, Joan; WILK-ORESCAN, Rosemarie; WINSLOW,
Anastasia; BUCHHOLZ, Briana; DAMICO, Stephen; LANGE, Keith; PATEL, Rena;
PEIST, Kenneth, MCNEIL, Scott; PROVOOST, Jonathan

BRISTOL-MYERS SQUIBB COMPANY

P.0. Box 4000

Lawrencevilile-Princeton Road

Princeton, New Jersey UNITED STATES OF AMERICA

0 represent the undersigned before {[x] at the competent lotormationsl Astherities
[:]ﬂtImunnﬂhnd!knuihulhﬂhnﬂynnw
[ ] the imermationa) Pretiminery Examining Authortty caly

in connection with eny and all international spplicutions filed by the undecsigned with the following Office
" THE UNJTED STATES PATENT AND TRADEMARK OFFICE
md to make or recelve payments on bebsif of the undemsigned.

a3 recelving Office

ﬁlmw)(vh-hnnndmlmk thew mux! signoture, indicate the ths person
and the copacily in which the peryon xigns. rnﬂmu“ﬁw:ﬁ_mmm: nowe of

2 A=

Chong-Qing Sun

Dase: ¢*3,/1ig‘//1r'

Form PCT/Model of general power of sttnmey (for several intornstional appilcations) (July 1992) Laguitar 1987, Foms PCTMR



? PCTIUSO1I1?’
ATENT COOPERATION TREATY lf)/
From the INTERNATIONAL BUREAU
PCT Tor
NOTIACATION CONCERNING
SUBMISSION OR TRANSMITTAL 2332&;5:";: ibb Company
OF PRIORITY DOCUMENT P.O. Box 4000
(PCT Administrative Instructions, Section 411) Princeton, NJ 08543-4000
ETATS-UNIS D'AMERIQUE
Date of malling {day/month/ysar)
18 September 2001 (18.08.01)
Appiicant's or agent’s file reference
HX115 IMPORTANT NOTIFICATION
International application No. intaernational filing date (day/month/ysar)}
PCT/US01/18864 12 June 2001 (12.06.01)
International publiostion dats {day/month/ysar) Priority drte {day/monthyssr)
Not yet published 15 June 2000 {15.06.00)
Applicant

BRISTOL-MYERS SQUIBB COMPANY et al

1. The applicant is heraby natified of the date of recsipt (except where the lstters “NR" appear in the right-hand column) by the
International Bureau of the priority document{s) relating to the sariler applioation(s) indicatad below. LUinless otherwlse
Indlosted by an asterisk appearing next to a date of recelpt, or by the lstters "NR", In the right-hand column, ths priority
doaument concemed was submitted or transmitted to the International Buresu In compliance with Rule 17.1{a} or (b).

2 This updstss and raplages any previausly lasued notification concerming submission or transmittal of priority documents.

3. An ssterisk(*) appearing next to a date of reoslpt, in the right-hand column, denotes a priority document submitted
or transmitted to the Imemational Buresu but not in complianes with Ruls 17.1{a) or (b). In such a case, the atiention
of the appliaant Is directed to Rule 17.1(c) whioh provides that no designated Offios may disregand the priority claim
oconcemed before giving the applicant an opportunity, upon entry into the national phase, to furnigh the priority document
within s time limit whioh s reasonabls under the alroumstances.

4. The lottors "NR" appearing In thas right-hand column danote a priority dooument which was not reosived by the Intemational
Bureau or which the appliosnt did not request the recelving Offios to prepare end tranasmkt ta the intermational Bureau,
as pravided by Ruls 17.1{a} or {(b), respedctively. In such a case, the stiention af the spplicent is dirested to Rule 17.1(0) which
provides thet no designetad Offics may disragard the priority olaim concsrned before giving the applicant an opportunity,
upon entry into the national phase, to fumish the priority documant within a time limhk which Is reasonable under the
olroumstanoss.

Date of mealot
af priority dogumant

Briority date

15 June 2000 (165.06.00) 60/7211,596

RECEIVED
Int’l Patent Law

/
ﬁ{i 0CT 02 2001

Docketed Item  Due Date

08 Augu 2001 (06.08.01)

The international Buresu of WIPO ' ?35%:. ~
34, chemin des Colombettes Mougamadou ABIDINE TFax 338.87]40)

1211 Geneva 20, Switsariand
Faosimile No. (41-22) 740.14.36 Telephone No. {41-22) 338.83.38

Farm PCTAB/304 (July 1888) 004285082



T demad must be filsd divectly 5 the compemwt Iniernational Prefiwinary Examin. , Authoriy or, if o or more Authoritiss are
compeiant, with the ane chosen liy the applicasst. Ths full neoms or two-lstier cods of that Autharity may be indicated ky the gpplicant on the ling below;

126

IPEA/ US
PCT CHAPTER II
DEMAND
under Article 31 ofﬂm?mapulﬂm H
international examination sccording Pateot Cooperation Treaty
: ou;':yuougthsuu(mmmm.
For Intzmational Preliminary Examining. Authority use ooly ' .
Ilduﬂﬂﬂluufm Date of recuipt of DEMAND J
BexNe.I IDENTIFICATION OF THE INTERNATIONAL APPLICATION ‘:&"f;'"""“‘"“"m
International epplication Ne. Internationsal flling date (dayvmontivyear) (Berlicst) Priarity date (dvinonth/iuar)
PCT/US01/18864 12 June 2001 (12.06.01 ) | 16 JUNE 2000 ( 15.08.00 )
Thie of invention
HMG-CoA REDUCTASE INHIBITORS AND METHOD
BexNo.II APPLICANT(S)
Nmﬂmm—rﬁ_m&gﬂﬂ# 'Itmllqﬂmﬂn.:
BRISTOL-MYERS SQUIBB COMPANY
P. O. BOX 4000 Facatmile No.:
PRINCETON, NEW JERSEY 085434000
UNITED STATES OF AMERICA (606) 252-4526
Teleprinter No.:
Statn (that is, country) of natiomality: Stete (that is, country) of residence:
us us
Nume and adiress: (Fomily me followsd by given nowe; for a legal entity, full offisial darignation. Thy addrass waxt incleds pastal code and
mame of country.)
ROBL, Jeffroy A.
7 Tulip Drive
Newtown, PA 18840
UNITED STATES OF AMERICA
State (that iv, country) of pationality: Siate (that v, country) of residence:
us us
Name snd address: (Fawily nawe foliowed by given mams; for a lsgol entity, Adl official designation. The odkiress seust inchuds postal code and
nams of country)
CHEN, Bang-Chl
28 Marion Drive
Plairsboro, NJ 08538
UNITED STATES OF AMERICA '
State (that is, couniyy) of pationality: Stuie (that iy, country) of residence:
PEOPLE'S REPUBLIC OF CHINA us
E Further applicants are indicated on & continustion sheet.

Form PCTAIPEA/O] (first shoet) (July 1998, roprint Jannary 2000) Lageibir 500, Form PCTOBN . Ses Notes 10 the demand form



* Case No.: i K _

Appication No.._PCT/usor/1sees - "12%

Vg “‘M“
- oa Mal No_ EL600710576US

*The patent and Trademark Office;acknowledges, and has
stamped hereon the date of recelpt of the items checked
below for PCT fillng:  DEMAND '

C1 Transmittal Fee:

Cl Search Fotis Recd PETPTD 0 9 JMN 2002
[ Beskc Foe:

CJ-Priorhy Document Fee: :
k PE’I iminary Exam. Fee 750.00
XHand11ng Fee 146.00. .
Total

896.00

r“"un-nn-
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International spplication No.
Sheet No. .2. PCT/US01/18864

Continoation of Bex No. I AFPLICANT(S)

1f none of the folowing sub-baxes ts used, this sheet iz Rot &0 be inciuded in the demand.

Name and addresy: (Fomily nams followed Sy given nams; for a lsgel antity, Al official designation. The oddrese weust inchuds perial code and
nane of cowntry) .

SUN, Chong-Qing
8§27 Dutch Neck Road
East Windsor, NJ 08520
UNITED STATES OF AMERICA
State (tAar is, country) of nationality: Stuin (thai iz, country) of residence:
PEOPLE'S REPUBLIC OF CHINA us .
Name and address; (Family nams followed by givan name; for a lagal entity, full official designation. The address waust inchads pasal cods and
name of cowniry,)
Stuie (that ix, country) of nationality: Stata (that is, country) of residence;

Name and address: (Family nans fhiiowsd by given nams; for a lagal wtity, full official designation. The askdrexs seust incheds postel cods and
nmwe of cowniry.)

State (that i, couintry) of nationality: Stata {that is, country) of residence:

Name snd addross; (Family nams foliowsd by given nawe; for a lepal entily, full official designation. The oddress st includs postal code and
name of country)

Stete (that is, counsry) of nstionallly: State (that is, country) of residence:;

D Purther applicants are indicsted on anothar contimuation shoot.
Forva PCTAPEA/40] (continnation shect) (July 1998; reprint January 2000)  Levsiiter 3000, Form PTOEM  See Nodas 1o the demand form
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s International application No.
L Shect No. .=. PCT/US01/18864
Box No. Il AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE -

The following person s agent [C] commen representxiive
E I» heyeby appointod and say earfier appointment of (an) agont(s) /common reprosentative is hereby revaked.

the
D Ill-_d!y E for mmwmnmmm.h

Neme end adkdree: _M.,._p.ﬁmﬁ.“.._r Telophone No.:

ingheds pastel cods 262-4338
BRISTOL-MYERS SQUIBB COMPANY : (509
P.O. BOX 4000 -
PRINGETON, NEW JERSEY 0R343-4000 ""’"‘"'m"_‘;
UNITED STATES OF AMERICA . (son
SEE CONTINUATION SHEET NO. & Teleprinter No.:

D hqnﬁl.-huwhudhﬂd“:khm.ﬁ q:uululdl- wmmumuw“

Box Ne. IV  BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Sintessant concorning smend mente:* .
1. ‘The applicant wishes the International preliminery exsminstion to start on the basls of:
X1 0o intornational application s ovighmily fied
tedeacription ] morighallyfled -
os smended mder Article 34

-ummu
-mmmwmmmmm
& mnended uoder Artialo 34

s originally filed
o9 amended mder Article 34

2. D The applicant wishes any smendment to the claims vnder Article 19 to be considersd ma roversad,

3 D mwmumﬂuwmmuhmmumu
20 months from the priority dete uniess the Internations] Froliminary Exeming Authority receives & copy of sxy
smmendments mmide mder Articls 19 or a notios from the spplicant that he does not wish to make such snendments
(Rule 69.1(D). (Thir check-baz may bs maried only where the time limit under Articis 19 haz not yet axpired)

*  Where no check-box Is marked, intemational prefiminery cxamination will start on the basly of the Intornations] spplication as

originally filed or, where a copy of mnendments t the claims under Article 19 end/or emendments of the international
applicstion under Asticls 34 are received by the International Preliminary Examining Authority before it bas bagun to drew up

o written opinion or the internationsl preliminsry exseainstion repast, = 30 emended.
Languags for the purposes of Internstions| prefiminary cxaminstion: ENGLISH
which is the lsnguage in which the interuations] spplication wes Hled.
which is the languege of & transistion firmished for the purposes of international search.
which is the imguage of publication of the iInternational spplicstion.
]  which is the hanguage of the tmslation (w0 be) furnished for the purpases of intermationsl preliminary exsmination.
BoxNe.V ELECTION OF STATES

}Fﬂqﬂhﬂh&y*ﬂlﬂ“”(ﬁlqdhnﬂhhm-ﬂﬂnm»ﬁ"ﬂfh

axchuding the foliowig States which the sppiicant wishes net to elect:

the drawings

0o ood o

— oy
Form PCT/IPEA/MO] (second sheat) (July 1998; reprint Jaznary 2000) Lopatiter 2000, Farm Sas Nodez 1o the demand form
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Intormational application No.
Sheet No. .4. PCT/USD1/18864

Box Na. VI CHECK LIST

The damand s sccompanied following eloments, in the reforred o In Mlnln‘h Anthority
Do o TV, f the perpases oF bsmation] Sreliainary Cxammimtton: _ ot oy "'I"'l’l

1. tranaistion’of interationsl application ' sheets O O

2  smeodments snder Article 34 shocts (I (.|
15 , where transistion) :

¢ ‘.'f"’"""";'..'m“ ra— L shocts | -

S. letter shoets (. D

6. other (apecif) sheets O ]
The demnand Is also sccompenied by the itan{s) macked below: _

1. DC] 2w calonlation shest . 4 [[] setament explaining lack of signatare

2 separsie signod power of sitomey s. ] deﬂnﬂmlhﬂnsh

3, D m_—-ﬂmcfﬂ-w 6. [] other fapeci: * )

Rox No. VII SIGNATURE OF AFPLICANT, AGENT OR éom REPRESENTATIVE

each signanrs, the the and the
Mnﬁ“ hbﬂﬂc name of the person signing expacily in which the person signs (if such capacity is not
For Intrnational Prelimingry Exsmining Authority use ouly =
1. Dute of sctual receipt of DEMAND:
dats of reccipt of demend due
wnder Rulo 60.1(b):
of 1
3. D mmuwg:m.;mm 9 months D muppu-uh-h-n

4. D a&awuuuumuwmsmmumu = extanded by virtes of

the dato of recelpt of the deeand b after the of |
s [ Althongh mesptof expiration of 19 moaths from the griority date, the delay in srrival fs

> Fulmﬂmllh-uumly
Danand recelved from IPEA on:

Form PCT/IPEAMO] (last shoet) (July 1958; reprint Jamuaey 2000) Lol SR P FOTBRE 0y Notey 10 the damand form



(1] Wmm- andbr invanters end n0 "continuation sheet” is availabls: in such cam,

ﬂ:.*....ﬂ'f...%ﬂﬂ“ I T '-r:m

D i in Bax No. I or in any of the sub-baxes of Box No. I, th indication "the States indicated in the
checkpd: i such case, write "Continuction hﬂnn'wmmihhﬂr 4‘
and No. II” (ax the case may be), indicots the mams of the and, next fo (eack) swuch
(and/or, where applicabis, Ewrcyion, Ewrcpeon or OAPI patent) for the puwrposs of which the mi

}

o hhﬂaﬂwhwz ﬂ&:dbﬂ;ﬁhm.hhﬁhﬂ-lmh—ﬁh
a..l-ﬂwﬁhmd' 1-‘,:-#"

0w xumw— indicated in Bex IV, thary are ficther agents; u-ﬁnwmqn-ihm
and inclicate for each wu_wqm-wunmm :

&, in Box No. 7V, izhfrw Mbﬁm d’“ r'm‘
write “Continuation

'eﬁhhb’n n-nd'lhl &bﬂ by an

hrdh_d‘-ﬁh ('M.D.d
4fler the nome mlnn\h(wm the mmber hﬂﬁ.ﬂ#dhhfnfh
parent titls or d‘hpﬂm

in Box No. VI there than thrag suriiar spplications whess prierily it cleluvsd: in such ase, write "Continustion
‘{rum w&m:::d“-h#ﬂ-—wdm-muhm K

F

;

3

DEMAND-PCT/US01/18864

DAMICO, Staphen; DAVIS, Stephen; DUBOFF, Samuel; DOLAN, Peter; FERGUSON; Blair; FURMAN, Theodors; -
GIBBONS, MAUREEN; HERMENAU,Ronsit; KILCOYNE, Johr; KLEIN, Christophar; LANGE, Xelth; LARSEN, Soolt;
MAKUJINA, Shah; MORSE, David; O'BRIEN, Maureen; PATEL, Rena; PEIST, Kennetty; PROVOOST, Jonathen;
RODNEY, Bur torx RYAN, Rcherd: SHER, Aucey; SWITZER, Joar; VANATTEN, Mary; WALK-OREBCAN, Rosemare
WINSLOW, Ansstasia \

BRISTOL-MYERS SQUIBB CONPANY

H Continued from Page 3, Box IlI . +

Form PCT/RO/101 (supplementsl sheet) (eatary 2000) Logaiiner 3000, Form PCTRIA Sag Notas 10 the raquest forse
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CHAPTER II

PCT

FEE CALCULATION SHEET
Annex to the Demand for internations] preliminary examinstion

For Internatioeal Preliminary Exaraining Authoity e only
e ation No. PCT/US01/18884 ' :

A v et HX118 Dato stamp of tha IPEA

Applicent

BRISTOL-MYERS SQUIBB COMPANY, ET AL

Caleulation of preseribed foce

1. Preliminery cxamination fea l 78000 | P

7

Where the applicant is (or all applicants are) so
M?'JmmhMaﬂhHKd'm 100 [ H
’ wgmn:dnrndﬂ

and entex total in the TOTAL BOX  —r.ocrcoemsremnrrmes 896.00
Mode of Payment
D chegque D revemue stxmps
D postal money order D coupans
[ tekenn [] otoer apocit:

Deposit Account Authorisntion (this mods of payment may not be available at all IPEAy)
TheIPEA/ _US ghWMNMMﬂMMMbwmm

(] fitsbie ot e st et oo gl

? /f/ji
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PCT 13%

POWER OF ATTORNEY
(for an international application filad under the Patent Cooperation Treaty)
(PCT Rule 90.4)

The mdersigned applicant(s) (Names should be indicated as they appear in the requer):
BRISTOL-MYERS 5QUIBB COMPANY

bereby sppoints (appoint) the following person sx E(] agent D common ropresentative
Nams sad address
{Family name followed by given mame; for o legal entity, full official designation. The addresy sunt includs postal code and name of

ALGIERI, Aldo; BABAJKO, Suzanne; BABCOCK, Timothy; BOUDREAUX; Gerakd; BUCHHOLZ, Briane; BELFIELD,
Jing; DAMICO, Stephan; DAVIS, Stephen; DUBOFF, Samuel; DOLAN, Peter; FERGUSON, Blalr; FURMAN,
Theodare; GIBBONS, MAUREEN; HERMENAU,Ronaki; KILCOYNE, Johr; KLEIN, Christopher; LANGE, Kaith;
LARSEN, Scott, MAKUJINA, Shah; MORSE, David; O'BRIEN, Maureen; PATEL, Rena; PEIST, Kenneth; PROVOOST,
Jonsthan; RODNEY, Bur fon; RYAN, Richard; SHER, Audrey; SWITZER, Joan; VANATTEN, Mary; WILK-ORESCAN,
Rosamarie; WINSLOW, Anastasia

o reprosant the undersigned before [ sit tho compotent International Authorities
[[] ttw intemstionat Searching Authaxity anly
[T] the Interuational Preliminary Examining Autharity caly
in connection with the international application identified below:
Title of the lnvention: HMG-CoAREDUCTASL INHIBITORS AND METHOD

Applcant's or agent's flle reforence:  HX115

International applicstion nomber (if already available): PCT/US01/18864

filed with the following Office __ UNITED STATES PATENT AND TRADEMARK OFFICE
and to maka or receive peymonts on bolalf of the undersigued.

of the applien (where thare are several applicamix, sack of them ; sack signaixre, indicats the
;ﬁm‘;‘"ﬁm;mﬂ;quﬁmrﬁﬂhmmflﬁwzgmmhwﬁwd

as recefving Office

2y N
e
__0:1_41“7_14442._

Form PCT/Model of power of attornd¥’ (for & given international application) (July 1992) Legaiiter 1907, Form PCTMA




CERIIFICATION I3y

The undersigned, being the Executive Vice President and General Counsel of

Bristol-Myers Squibb Company, hereby designates: :

" Maria J. Mathiss
Stephen B. Davis
David M. Morse

(s) to present to the Patent, Trademark, Copyright and éimiler Government Offices of all
countries or t0 any competent authority, all original, divisionsl, continuation and reissoe

spplications, petitions and requests in the name of Bristol-Myers Squibb Company snd its - |

subsidiary companies, for letters patent for inventions, utility models, industrial models
and designs snd improvements or additions thereof, trademarks and copyriglits: (b) to

_ initiate and prosecute oppositions and appeals: (c) to appear before all officers duly

suthorized, all Ministers, Buréaus, Clerks® Offices and Commiskions or Commissiogers
that may be necessary: (d) to sign and spprove on bebalf of this corporstion’ sll

- documents and powers of attorney which in the judginent of the suthorived individuels

may be necessary or desinable o carry out the powers hereby counferred: (0) to request all

proceedings: (f) to pay over or withdraw all taxes, obtain receipts therefor. and give

discharge: (g) to withdaw spplicstions and all documents relsting thereto: (h) o
. lw - II.EI m “Iﬁ Ilhl ﬁ. l |.

and (1) genenlly to do all that in the. judgment of the suthorized individual may be

necessary to secure the granting of the privileges shove-mentioned.

IN WITNESS WHEREOF, 1 have placed my band and cavsed the seal of the
Company to boaffixed beretoonthis ¥ dayof Qeee. 2000 :




EL600710576US
" The patent and Trademark Office acknowledges, and has
mmwﬁmmmmm

NMALLD

Express Mall No.:
below for PCT filing:
O Appin. Aliing Papers
] Tansmittal Fee:

1 Search Fee:

Malling Date:

POST OFFICE
11)4AIJCM?£HiSiﬂE

750.00

D Priority Document Fee:
.\' Preliminary Exam. Fee

XHand1ing Fee
Total

[ Designation Fee:

g
]
O

EXPRESS
MAIL

146.00

SELLOC?IOE?RUSN

ELLO0?L057LUS

*t HARL ?HQIHIAS

Demand HX115)

VIds- CO -

-Nd “08543-40800|
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ASSISTANT COMMISSIONE
. FOR PATENTS 1581 R

E
ePP LICATION

" BDX:
WASHINGTON DC 20231-9999 -
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From the INTERNATIONAL SEARCHING AUTHORITY

To:

BRISTOL-MYERS SQUIBB Company

ATENT COOPERATION TREA

136
PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT

P.0. Box 4000
PRINCETON, NJ
UNITED STATES

dy NOV 15 2001

QF%EEQI Patent La: 2

OR THE DECLARATION

(PCT Rule 44.1)

Docketed Item  Due

06/11/2001

BRISTOL-MYERS SQUIBB COMPANY

Appiicants or agent's flejreference 1 .

HX115 wmlummm Soe peragraphe 1 and 4 below
Imemational appiication No. International fing dais

PCT/US 01/ 18864 12/06/2001

Applicant

1. [X] The appiicant is hereby notifisd that the inemational Gearch
Filing of amendments and steiement under Articls 19:

Where? Direcly othe Inemational Bureau of WIPO
34, chemin dos Colombaties
1211 Geneva 20, Switrariand
Fascimba No.: (41-22) 740.14.35

2. The nofified that no Intemational Search

Articie 17(2)(a) 10 that effect is tranamitisd herewith.

4, Further sotion(s): mmbramlnchdolhm

Ghortly afier 18 months from the priority date, the intamational
it the applicant wishea 1o avoki or postpone publication, a notice

Within 18 monthe from the priority

priority daie or coukd nat be elecied because they are not bound

The appiicant is entitied, I he e0 wishes, 10 amand the ciaims of the Iintamational Appication (ses Rule 46):

Whan? The time Smit for fling such amendments ts normally 2 montha from the date of trenamittal of the
intarnational Search Report however, for more detalle, s8e the notes on the accompanying shaet.

For more detelied Instructions, soe the notes on the accompanying sheet.

3 D With regard to the protsst against paymneant of (an) addtional fea{s) undar Rule 402, the applicant Is notifed that:

proiast iogether with the decision thereon has been tranamitind to the Intemational Bureau fogather with the
applicant's request ©© forward the inxis of both the protest and the decision thareon fo the designaid Offices.

D no dacision has been made yet on the protest; the appilicant will ba notified ad soon &8 a decision Is mads.

priority claim, must reach the Inlsmatonal Bureau as provided in Rules BObE.1 and S0Abis.3, respacively, before the
compietion of the technical preparations for intemational publication.

dais, a demand for intlemational preliminary axamination muat be flled ¥ the applicant
wishes 1 pasipons the antry inio the national phase untll 30 months from the priority date (in some OfMces aven lader).

Within 20 montha from the priority date, the applicent must perform the phase
before all designated Offices which have not bean slecied in the damand or in a kaiar election within 18 montha from the

Report has bean axtablished and is tranamitied herewith.

Report will be established and that the declaration under

will be pubiished by the Intemational Bureau.
of withcmwal of the Intemnational appilcsation, or of the

acts for eniry Into the naional
by Chapter IL.

Name and malling address of the intemational Seanching Authority
T x Europsan Patant Office, P.D. 58018 Patantiaan 2
NL-2280 HV Rijawijk
Tal. (+31-70) 340-2040, Tx. 31 851 epo i,
Fax (+31-70) 340-3016

Authorized officer
Chantal Meyer

Form PCTAISA/220 (July 1808)
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NOTES TO FORM PCT/ISAR220

: ' X

These Noles are intendsd o give the baslo insivustions conceming the filing of smendments undar asticls 19, The
Noles sre based on the recuiremenis of the Paisnt Cooperation Treaty, the Regulsiions end the Adminiiretive insirudtions
under that Treaty. in asse of discrepancy batween these Notas and those requirements, the lelter are applisabie. For more
dalsiled informalion, sea aise the PCT Applioant’s Guide, a publisation of WIPO.

in theea Noles, "Article”, "Fhula®, and "Saction® refar ia the provisions of the PCT, the PCT Reguisiions and the PCT
mm-—m

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The appiicant has, afier having recsived the intemnalionsal search mport, one apportunily to amend the claime of the
inbwmationsl spplication. i should however be smphasized that, liﬁl”dhmw
desoription and drawings) may be smended during the inlemational preliminary axamination there s
mn.dhbmﬂ“dhdlh-unhhﬁoﬂw-hn.oa.hwm"lnlhllﬁbh
far the purposss of provisional proteation or has ancather resson for amending the olaima belore indemnalionsl phbulisstion.
Fustharmare, R should be emphasized that provisional prolection s svellsbles in some States only.

What parts of the inflsmetional spplication may be amendad ?

Under Asticle 18, only the claims may be amended.

During the inlernational phase, the dem et be emanded (or Anther emended) under Avtisle 34 belore
uummmuﬂummﬂ:ﬁmmynumm
Avsiicle 3 bafors the intsmnationsl Examining Authorlly.

Ihnmibhnmn-.dmdhm applioation may be amended ursder Asticle 28
ar, whare appiisshle, Arllde

Whan? Within 2 montha from the dais of traremilial of the inlemational searsh repord or 16 monthe from the priorty
duie, whichever ims imi axpires laler. & should be noted, however, that the amendmants will be considered
& having bean recsived on time ¥ ey are ressived by the Intsmationsl Buresu afler the expiration of the
hmumhmdhmumummm

(Pude 46.1).

Whare nat to file the sendrmsals?

mmmmbwmhmmm-nmmhmomuh
intsmnational Searching Authorlly (Fule 46.2).

Whare a demand lor inbemational preiminwy sasminadion has been/a flled, sae below.

How? Elher by sanseliing one or more eniire daima, by adding one or momn new claims or by amending the et of
one ar more of the daims as fled,

A replacement aivest must ba sutynitted lor sach shast of the olaims which, on ascouni of an amandment or
amandmaenis, differs from the ahast originally Bed.

All the clsire appewing on a replasement shest must be numbered in Arablo numerals. Whare a alaim s

The amendinents must be nusly in the anguage in whish the intemalionsl appliostion ls to be publishad,

What docussents must/may sscompany the esendments ?
Latter (Bastion 205(b)):
The smancdments must be submitted with a latter.

The istter Wil not be published with the inlsmational appiesiion snd the samended daims. it should not be
confused whh the "Siatement under Asticle 19(1)" (see balow, under “Sialement under Article 18(1)".

mu-uumwmwm:& -l"—:.m.n:-mdn
I French, the isiter must be in French.

Noles in Form PCTASA/2E) (Biret sheet) (Jarnuery 1904}

BNBOOGID: <XEIBARSONDENRS_|>»
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NOTES TO FORM PCTASA/220 (continued)

 intier must indioste the diffsrenses batwesn the claims as Fied and the slaims as amendad. & must, In

:’:u-.m-,hmmmm in the Intermalional appliesation (& being undersioad
that identissl indioalions conceming several claims may be grouped), whather

@ theeclsim is unchangad:

@ the claim is cancelied;

(§) the claim is new;

(v) the olaim repiaces one or more alsims as filed;

(v) the claim b the resull of the division of & olaim an Sled.

The fallowing sxanpies Eusirate the maymner in which asendmnents mustbe explained n the
aocompanying lstter:

1. [Where ariginally there ware 48 olaims syl sher emmandment of some claims there are 51}
"Clairm 1 1o 28, 31, 32, 34, 35, 37 1o 48 replaced by amemnisd olaime bearing the same rumbern;
claims 30, 33 and 36 unchanged; new dlaims 48 1o 51 added.”

[Whase originally there 16 alaima snd afler smendmernt of ofl dlaimm there are 11]:
'Gimibﬂlqh-:t-;ll-lhdddllihﬂ.' =

[Wheve ariginally there were 14 slaims and e smendmants sonesist in esnesliing some slsime and in adkiing
gﬁuli‘:i.ﬂ““d-n?hﬂ“mdﬂmﬂ.ﬂﬂﬂm ‘or
“Claims 7 1o 13 cancelied; new claime 15, 18 and 17 added; all other olsiimss unchenged.”

4 various kinds of amandmenis are made}:
1-10 unchanged; clsims 11 to 13, Il-uu-ﬂd;dﬁ-“.il-ﬂi._!—dqm
dlnﬂ;dllni?mm-l-lﬂdﬁnii 16 and 17; naw claima 20 and 21 ackied.

-

"Stetement under artiols 15(1)" (Fade 40.4)

The smardmanis be sgeompanied sintement sxplaining the amendments and indoaling impact
uﬁmﬂmﬂmmm#&muhmm-uhmfﬁ

The stelsment wil be published with the intemational appliostion and the amendad alsima.
& must be in the isngunge in which the intermalional apppication s o be publisherd.
R must be brief, not exoseding 500 words if in English or  ranaisind inte English.

R sheuld not be confused with and dose not replace the lsller idiseling the difsrences betwean the sislms
a8 fied and =» amended. & must be fled on a separsle shest and rmust be identiied es such by a heading,
profersily by using the warch "Stalement under Arilele 19(1)."

R may not contain ety deparaging sommenis on the inlermedions! search report or the relsvense of eltatiors
ulddhlhﬂmt Relsrerss to cltsfions, releverd 1o a given alsim, contained in the intemnalionsl search
raport may be made only in cormesiion with an amendment of that olaim.

Cansequanss ¥ a deinand for internstionsl preliminery sxaminstion has sirendy been fied

o, at the fime of filing any amendmants undar Artisls 18, a demand for International praliminary examinalion
has aiready been submilied, the appiioant must prefershiy, lhmmdi‘hmmu
infemnational Buresy, also Hs a copy of such amendmenis with the inlemational Preliminary Examining
Authorlly (eee Fule &2 2{a), first sentence).

Conssmguanss with regenid io iransisiion of the intemations! appiisstion for entry Inta the astional phese

The applicents attenlion is draswn fo the fest that, whaye upon eniry inio the nalional phese, a tramsiafion of the
siaims s amencud undar Arlicle 18 may have to be hrnished to the designalediiscted Oflions, instvad of, or
in addiion fo, the tranelation of the dairs as fled.

For frther datalis an the requirements of sach designatedisisstsd Offios, swe Volums I ¢f the POT Appllaant’s

Neles to Ferm PCTASARZR0 (second shest) Karmary 1904)

BNSDOCID: <XEISARONOENRY_|_»



.PATENT COOPERATION TBEA1’

PCT

-INTERNATIONAL SEARCH REPORT
(PCT Articie 18 and Rules 43 and 44)

159

e L L e
HX115 ACTION

Inematonal appiication No. imtemational filing dade (deyimonthiymar) | (Earieet) Priofity Daie (dey/montyear)
PCT/US 01/ 18864 12/06/2001 15/06/2000

Applicant

BRISTOL-MYERS SQUIBB COMPANY

mmmmmmmmwwmmmmmnmmnu appicant
according ¥ Article 18. A capy Is being transmitted 1o the International Bureau

This Inlemational Ssarch Report conelets of a total of __~ 4 sheets.
[X]  tisaieo accompanied by a copy of each prior art document citad in this repart

1. Basis of the report
&. Wih regard to the language, the intamationa! ssarch was carriad out on the basis of the intemational application In the
langunge In which it wea fied, uniess otherwise indicaiad under this iem.

the Intemeional search was carriad out on the baals of & transistion of the iInemational appiication furnished {0 this
D Authorty (Rule 23.1(b)).

b. With regard to any nucleotide and/or smino acid ssquence disciosad In the Imemational application, the intemadional saarch
mmﬂmmhbﬂadhmlﬂu:

contained In the itemational application In writtan form.

flad together with the Intemational appiication in compuier readable form,
fumished subsequently to this Authority in writtan form.

fumnishad subsequently to this Authority In computer eadbie form.

the siztemant that the subsacquently furnishad written sequence isting does not go beyond the diacioaure in the
Intemational appication as fiad has bsan fumished.

the stelement that the Information recordad in computer readabie form |s ideniical to the written ssquencs [isfing has boen

Certain claims wars found unssarchable (See Box I).
Unity of invantion is iscking (see Box 11).

O 0O 00000

4. With regard 1D the fifle,
[X] the textis approved as submitted by the eppiicant.
[C] thetextnas been estabished by this Authority 1o read as follows:

5. With regard io the abstract,

[X] the textis approved as submitiad by the applicant
the taxt has been estabilshed, acconding to Rule 38.2(b), by this Authtriy as It appears in Bax [il. The appiicant may,
[

within one monih from the daie of maling of this intemational search report, submit comments 1 this Authartty.
6. The figure of the drawings 1o be published with the abstract ls Figurs No. -
[[] asmuggeswdby the appicant. []  Noneotthe ngures.

] because the appicant taied 1 mxgeet a figure.
[] tecausa this gure betier charactsrizes the Invention.

Form PCTAGA/210 (first sheet) (July 1698)



INT.IATIONAL SEARCH REPORT A -

PCT/US 01/18864

A G

TION OF SUBJECT MATTER
IPC 7 CO7D4§T7H4 C07D495/04 CO07D471/04 A61K31/55
//(€07D491/04,313:00,221:00),(C07D495/04,337:00,221:00),
(C07D471/04,223:00,221:00)

MNIMMWIWNMMMMIMIW

A FELDS SEARCHED

Df;ﬂclll;mm ciansification sysiem followed by classilication symbols)

{
CO7D A61K A61P

Documanistion searched other than minimum documeniation io the extant that such documants an included In the flalds sasrched

Elecironic data base conmulied during the intemational ssarch (nama of data bass and, Whets practical, search terms used)
EPO-Internal, WPI Data, PAJ, BIOSIS

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Categery * | Cliation of docsnent, wih indication, where spprogeiate, of the relivan] paasages

Flalevan! io claim No,

Y EP 0 444 533 A (SQUIBB & SONS INC)
4 September 1991 (1991-09-04)
examples 3,9,10

Y US 5 686 433 A (ROBL JEFFREY ADAM)
11 November 1997 (1997-11-11)

1-18

1-18

cited in the application
examples 63,75,76,99

Y EP 0 325 130 A (BAYER AG)
26 July 1989 (1989-07-26)
claims

Y EP 0 818 197 A (BAYER AG)
page 16; table 5

14 January 1998 (1998-01-14)

1-18

1-18

iy -

m Fusther documents are lsted In the continuation of box C.

E Putant family members are fisted In annex.
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L  Basls of the opinion

1. With regard o the elements of the international spplication:*
E the international application as originally filed

[X] the desoription:
pages 1-89 , b3 originally filed
pages NONE . filed with the demand
peges NONE , filed with the lstter of

[x] the claims:
pages 90-100 , a3 originally filed
peges NONE , a8 amended (together with any statement) under Article 19
pages NONE , filed with the demand
pages NONE , filed with the letter of

E the dmwings:
pages NONE , a8 originally filed
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pages NONE , filed with the demand
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ar 553).
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[ ] filed together with the international application in computer readsble form.

[ fumished subsequently to this Authority in written form. .
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the description, pages____ NONE

the claims, Nos. NONE
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beyond the disclonme as filed, as indicated in the Supplemental Box (Rule 70.2(c)).

* Replacemens sheetr which have been firnishad 1o the recening Office in reypanse io an invisation under Arsicle 14 are refarred 1
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V. Reascned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial spplicability;
citations snd explanstions supporting such stasement

1. statement
Novelty (N) Claims 1-18 YES
Claims NONE NO
Inventive Step (I8) Claims 1-18 YES
Clalms NONE NO
Industrial Applicability (TA) Claims 1-18 YEB
COlatms NONE NO

£. oiiations and explanations
Claims 1-18 meet the criteria set out in PCT Article 85(8)-(8) becaupe the prior art dees not teach er fairly suggest the
claimed compounds, compositions, or methods of using the compounds or compositione.

Claims 1-18 meet the criterin set out in PCT Article 35(4)
for industrial appliesbility.

NEW CITATIONS
NONE
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VII. Cerin ohservatons on the interngtionsl spplication

The following obuervations an the clarity of the dlstms, dssaription, and drewings ar an the question whether the dlatms sre fally
supparied by the desoription, sre made

The compounds of claims 1-7 are asserted to be inhibitors of 3-methyl-glutaryl-coenzyme A reductase (HMG-CoA
reductase).

However, no evidence is presented that shows this to be the case, Structure/activity relationships of enzyme inhibitors are
unpredictsble, and so "undne experimentation” would be required to determine which of the claimed compounds will inhibit
HMG-CoA reductase, and under what conditions. In addition, elaim 8 is drawn to « "phermaceutical composition®; this
term implies an aswertion of therspeutic efficacy.  If it were to turn out

that the claimed compounds exhibit some inhibition of HMG-CoA

reductase in vitro, it wonld not necessurily follow therefrom that the componnds will be effective in vive to redoce serum
cholesterol levels. Inhibition is 2 question of degree, and it is not established what degres of inhibition is sufficient to
mchisve a reduction of serum cholesterol.  Moreover, issues of

pharmacokinetics and bioavuilability remain to be determined.  Accordingly, if it turns out thet the claimed componnds
exhibit soma inhibition of HMG-CoA reductase in vitro, it will remaig the case that "undne experimentation” would be
required to practice the invention of claims 8, 15 and 16.

Claims 1-8, 15, 18 are objected to ss lacking clarity under PCT Rule 66.9(a)(v) because practice of the claimed invention
is not snabled as required under PCT Rule 5.1{a) for the reasony set forth in the immediately preceding paragrsph.
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HMG-CoA REDUCTASE INHIBITORS AND METHOD

The present invention relates to compounds and
pharmaceutical compositions useful as hypocholesterclemic
and hypolipidemic agents. More particularly, this
invention concerns (1) certain inhibitors of the enzyme
3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA
reductase) that include a pyridine containing nucleus
attached by means of a linker to an HMG-binding domain
sidechain, (2) pharmaceutical compositions containing
such compounds and (3) a method of lowering blood serum
cholesterol levels and modulating blood serum lipid
levels employing such pharmaceutical compositions.

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

wherein:

Am is a binding domain sidechain;

X 1s a linker;

R®' and R? are the same or different and are each
independently selected from

(1) hydrogen,

(1ii) alkyl,

(iii) aryl,

(iv) cycloalkyl,

(v) aralkyl,

(vi) aralkoxy,

(vii) alkenyl,

(viil) cycloalkenyl, and

-1 -
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(ix) heterocyclo (e.g., thienyl, benzodioxolyl);

R! is selected from

(1) hydrogen,

(11) lower alkyl,

(i1i) aryl,

(iv) cycloalkyl,

(v) alkoxy,

(vi) aralkyl,

(vii) aralkoxy,

(viii) alkenyl,

{ix) cycloalkenyl,

{x) halo-substituted alkyl,
(x1) adamantyl, and

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

R' 18 selected from

(i) hydrogen,

(1i) lower alkyl,

(iii) aryl,

(iv) cycloalkyl,

(v) alkoxy, '

(vl) aralkyl,

(vii) aralkoxy,

(viii) alkenyl,

(ix) cycloalkenyl,

(x) adamantyl,

(x1i) halogen, )

{(xii) halo-substituted alkyl (e.g.,
trifluoromethyl), and

(xi1i) heterocyclo (e.g., thienyl, benzodioxolyl):
or R® and R' taken together can be

~(CEy),, - (CHy)g CHy),~ or (CB=CH), ;

but when A; is

/5!
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m—m-mz—!:—m.-man'
"
or a § lactone thereof, R® and R* cannot be (CH=CH),;

R® 1s hydrogen or lower alkyl;

R® is hydrogen, lower alkyl, alkali metal, or
alkaline earth metal;

n is 0 or 1;

p is 3, 4 or 5;

qis 0, 1, 2, or 3; and

r is 0, 1, 2, or 3.

In preferred embodiments (Am) is an HMG-binding
domain sidechain having a dihydroxy or a phosphinic acid
function.

The phosphinic (or phosphonic when X is CHz-0-)
acid HMG-binding domain sidechain (A;) is

R%0—P—CB,—C—CH,~CO,R’
&
wherein R® and R’ are independently selected from
hydrogen, lower alkyl, alkall metal ion and alkaline
earth metal ion; and R® is hydrogen or lower alkyl.
The dihydroxy acid binding domain slidechain (A; is

n.
nn_-fn-cq;—t:ﬂng—cqgﬂ
wherein R® is hydrogen or lower alkyl, R? is hydrogen or
lower alkyl in free acid form or in the form of a
physiologically acceptable and hydrolyzable ester or &
lactone thereof (i.e., when Am is

CY2
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In addition, R® can be alkall metal ion or alkaline earth
metal ion.

A suitable linker (X) is - (CHz),-, -CH=CH-, -C=C-,
-CH20-, wherein O is linked to the phosphorous atom or
the aromatic anchor when Am is A, ahd wherein O is

linked to the aromatic anchor when Am is A;, and wherein
“a” is 1, 2, or 3.

In accordance with the present invention, there are
provided certaln pyridine-containing compounds that are
potent inhibitors of cholesterol biosynthesis by virtue
of their ability to inhibit the enzyme 3-methyl-glutaryl-
coenzyme A reductase (HMG-CoA reductase).

In particular, in its broadest chemical compound

aspect, the present invention provides compounds of the
formula

I

whereln X 1s 0, S of NRy;

E is CORy or

nis 0 or 1;

R, and Rz are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heteroaryl or
cycloheteroalkyl;

155
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Ry.is H, or lower alkyl;

Ry is H, halogen, CF3;, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino, or cyano;

Ry is H, alkyl, aryl, alkanoyl, aroyl, or
alkoxycarbonyl;

Rg is H or lower alkyl;

Ry and Rjp are the same or different and are
independently selected from H or alkyl, or where at least
one of Ry and Ryp 1s alkyl, Ry and Rjp may be taken
together with the carbon or carbons to which they are
attached to form a 3 to 7 membered carbocyclic ring,
which may include a spirocyclic ring;

and ”’ represents a single bond or a double bond
(which may be cls or trans);

and including pharmaceutically acceptable salts
thereof where R; is H, esters thereof, prodrug esters
thereof, and all stereoisomers thereof.

Preferably, the Z group will be in form of a free
acid, a physiologically acceptable and hydrolyzable ester
or 8§ lactone thereof, or an alkali metal salt, alkaline
earth metal salt or an amino acid salt.

Preferred are compounds of formula I of the
invention wherein

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

Ry 18 H, alkyl or halogen;

X is 0O; and

n is o.

More preferred are compounds of formula I of the
invention wherein R; is aryl (especially substituted aryl
as defined hereinafter); '

Rz is alkyl or 'cycloalkyl;

R; 18 H; '

Ry and Rjp are H;

X is O;

n.is o; and

»** is a double bond.
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Still more preferred are compounds of formula I of
the invention wherein

Ri is substituted aryl, preferably 4-fluorophenyl,
4-fluoro-3-methylphenyl or 3,5-dimethylphenyl;

R2 1s alkyl or cycloalkyl, preferably isopropyl, t-
butyl or cyclopropyl;

Ry 18 H;

X is 0;

n is o;

”’ 1s a double bond, preferably “trans”; and

HO, \\‘

£ is . or ;
o,

or an alkali or alkaline earth metal salt thereof or an
amino acid salt.

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

"y

Ry
[ 3™

or an alkall or alkaline earth metal (such as Na, K or
Ca) salt thereof, or an amino 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-fluoro, 4-fluoro-3-methyl or 3,5-dimethyl);
and

Rz 18 alkyl or cycloalkyl, preferably isopropyl, t-
butyl or cyclopropyl.

In another aspect, the present invention provides
pharmaceutical compositions, useful as hypolipidemic or
hypocholesterolemic agents, or hypotriglyceridemic
agents, or anti-Alzheimer’s agents, or anti-oasteoporosis
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agents as well as other uses as described h rein,
comprising a hypolipidemic or hypocholesteroiemic or
hypotriglyceridemic or anti-Alzheimer’s disease or anti-
osteoporoasis amount, or other therapeutically effective
amount (depending upon use) of a compound of formula I in
accordance with this invention, in combination with a
pharmaceutically acceptable carrier.

In another aspect, the present invention provides a
method of inhibiting cholesterol biosynthesis or lowering
blood serum cholesterol levels and/or modulating hlood
serum cholesterol levels such as lowering LDL cholesterol
and/or increasing HDL cholesterol, or treating

'dyslipidemia, mixed dyslipidemia, hyperlipidemia,

hypercholesterolemia, hypo a-lipoproteinemia, LDL Pattern
B, LDL Pattern A, hyperlipoproteinemia or
hypertriglyceridemia, and other aberrations of
apolipoprotein B metabolism, or reducing levels of Lp(a),
or treating or preventing other cholesterol-related
diseases, or treating or preventing or reversing
progression of atherosclerosis, or preventing or treating
Alzheimer’s disease, or preventing or treating
osteoporosis and/or osteopenia, or reducing inflammatory
markers such as C-reactive protein, or preventing or
treating low grade vascular inflammation, or preventing
or treating stroke, or preventing or treating dementia,
or preventing and treating coronary heart disease
(including primary and secondary prevention of myocardial
infarction), or preventing or treating stable and
unstable angina, or primary prevention of coronary
events, or secondary prevention of cardiovascular 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 myocardial
revascularization procedures, or preventing or treating
microvascular diseases such as nephropathy, neuropathy,
retinopathy and nephrotic syndrome or preventing or

-7 -
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treating hypertension in a patient in need of such
treatment by administering a pharmaceutical composition
in accordance with the present invention as defined
above.

In addition, in accordance with the present
invention, a method 1s provided for preventing or
treating diabetes, especlally Type 2 diabetes, and
related diseases such as insulin resistance,
hyperglycemia, hyperinsulinemia, elevated blood levels of
fatty acids or glycerol, obesity, Syndrome X, diabetic
complications, dysmetabolic syndrome, and related
diseases, and sexual dysfunction, wherein a
therapeutically effective amount of a compound of
structure 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
situ of the breast and lobular carcinocma in situ of the
breast), premalignant lesions (such as fibroadenoma of
the breast and prostatic intraepithelial neoplasia {(PIN),
gastrointestinal malignencies, liposarcomas and various
other epithelial tumors (including breast, prostate,
colon, ovarian, gastric and lung), cancer-induced
asthenia (fatigue), irritable bowel asyndrome, Crohn’s
disease, gastric ulceritis, and gallstones, and HIV
infection, other infectious diseases, drug-induced
lipodystrophy, and proliferative diseases such as
psoriasis, wherein a therapeutically effective amount of
a compound of structure I is administered to a human
patient in need of treatment.

In addition, in accordance with the present
invention, a method is provided for improving coagulation
homeostasis including reducing PAI-1 activity, reducing
fibrinogen, and/or reducing platelet aggregation, and/or
improving endothelial function, wherein a therapeutically
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effective amount of a compound of structure I is
administered to a.patient in need of treatment.

In addition, in accordance with the present
invention, a method is provided for treating cholesterol
related diseases, diabetes and related diseases,
cardiovascular diseases, cerebrovascular diseases as
defined above and hereinafter and other diseases as set
out above, wherein a therapeutically effective amount of
a combination of a compound of structure I 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, 18 administered to a patient in need of treatment.

In the above methods of the invention wherein a
combination is administered, the compound of structure I

_will be employed in a welght ratio to the other

therapeutic agent (depending upon its mode of operation)
within the range from about 0.0l:1 to about 500:1,
preferably from about 0.5:1 to about 100:1.

In accordance with the present invention, there is
provided compounds useful in inhibiting the enzyme HMG-
CoA reductase, which inhibitors are useful as
hypocholesteroclemic agents, dyslipidemlic agents,
hypolipidemic agents, hypotriglyceridemic agents, anti-
Alzheimer’s disease agents, and antiosteoporosis agents
as well as other uses as described herein.

The term “coronary events” as employed herein
refers to myocardial infarction, myocardial
revascularization procedures, angina, cardliovascular
death and acute coronary syndrome.

The term “cardiovascular diseases or events” as
employed herein refers to atherosclerosis of the coronary
arterles, myocardial infarction, including primary MI and
secondary MI, recurrent myocardial infarction, angina
pectoris (including stable and unstable angina),
congestive heart failure, and sudden cardiac death.

|53
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The term “cerebrovascular diseases or events” as
employed herein refers to cerebral infarction or stroke
{caused by vessel blockage or hemmorage), or transient
ischemia attack (TIA), syncope, atherosclerosis of the
intracranial and/or extracranial arteries, and the like.

The term “cholesterol-related diseases” as
employed herein refers to diseases involving elevated
levels of LDL cholesterol, diseases involving regulation
of LDL receptors, diseases involving reduced levels of
HDL cholesterol, dyslipidemia, hyperlipidemia, elevated
LDL Pattern B, elevated LDL Pattern A,
hypercholesterolemia, hypo a-lipoproteinemia {(low HDL
cholesterol syndrome), hyperlipoproteinemia, elevated
Lp(a) levels, hypertriglyceridemia, other aberrations of
apolipoprotein B metabolism, heterozygous familial,
presumed familial combined and non-familial (non-FH)
forms of primary hypercholesterolemia (including
Frederickson Types IIa and IIb), cholesterol ester
storage disease, and cholesterol ester transfer protein
disease, and related diseases.

The conditions, diseases, and maladies
collectively referenced to as "Syndrome X" or
Dysmetabolic Syndrome (as detalled in Johanson, J. Clin.
Endocrinol. Metab., 1997, 82, 727-734, and other
publications) include hyperglycemia and/or prediabetic
insulin resistance syndrome, and is characterized by an
initial insulin resistant state generating
hyperinsulinemia, dyslipidemia, and impaired glucose
tolerance, which can progress to Type II diabetes,
characterized by hyperglycemia, which can progress to
diabetic complications.

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

- 10 -
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The conditions, diseases and maladies ¢ llectively
referred to as “diabetic complications” include
retinopathy, neuropathy and nephropathy, and other known
complications of diabetes.

The term “other type(s) of therapeutic agents” as
employed herein refers to one or more antidiabetic agents
{(other than compounds of formula I), one or more anti-
obesity agents, and/or one or more lipid-lowering agents,
one or more lipid modulating agents (including anti-
atherosclerosis agents), other types of anti-
atherosclerosis agents, and/or one or more antiplatelet
agents, one or more agents for treating hypertension, one
or more anti-cancer drugs, one or more agents for
treating arthritis, one or more anti-osteoporosis agents,
one or more anti-obesity agents, one or more agents for
treating immunomodulatory diseases, and/or one or more
agents for treating anorexia nervosa.

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

The term “other types of anti-atherosclerosis
agents” as employed herein refers to conventional anti-
atherosclerosis agents including lipoxygenase inhibitors,
ACAT inhibitors, antioxidants, PPAR & agonists,
phospholipase inhibitors including PLA-2 inhibitors
and/or other known anti-atherosclerotic agents.

The terms pharmaceutically acceptable “salt”™ and
“salts” refer to basic salts formed with inorganic and
organic bases. Such salts include ammonium salts; alkali
metal salts, such as lithium, sodium and potassium salts
(which are preferred); alkaline earth metal salts, such
as calcium and magnesium salts; salts with organic bases,
such as amine like salts (e.g., dicyclochexylamine salt,
benzathine, N-methyl-D-glucamine, and hydrabamine salts);
and salts with amino acids like arginine, lysine and the

- 11 -
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like; and zwitterions, the so-called “inner salts”.
Nontoxic, pharmaceutically acceptable salts are
preferred, although other salts are also useful, e.g., in
isolating or purifying the product,

The term pharmaceutically acceptable “salt” and
“salts” also includes acid addition salts. These are
formed, for example, with strong inorganic acids, such as
mineral acids, for example sulfuric acid, phosphoric acid
or a hydrohalic acid such as HCl or HBr, with strong
organic carboxylic acids, such as alkanecarboxylic acids
of 1 to 4 carbon atoms which are unsubstituted or
substituted, for example, by halogen, for example acetic
acid, such as saturated or unsaturated dicarboxylic
acids, for example oxalic, malonic, succinic, maleic,
fumarie, phthalic or terephthalic acid, such as
hydroxycarboxylic acids, for example ascorbic, glycolic,
lactic, malic, tartaric or citric acid, such as amino
acids, (for example aspartic or glutamic acid or lysine
or arginine), or benzoic acid, or with organic sulfonic
acids, such as (C1-C4) alkyl or arylsulfonic acids which
are unsubstituted or substituted, for example by halogen,
for example methanesulfonic acid or p-toluenesulfonic
acid.

Unless otherwise indicated, the term "lower
alkyl"™, "alkyl" or "alk"™ as employed herein alone or as
part of another group includes both straight and branched
chain hydrocarbons, containing 1 to 20 carbons,
preferably 1 to 10 carbons, more preferably 1 to 8
carbons, in the normal chain, such as methyl, ethyl,
propyl, isopropyl, butyl, t-butyl, isobutyl, pentyl,
hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl,
2,2,4-trimethyl-pentyl, nonyl, decyl, undecyl, dodecyl,
the various branched chain isomers thereof, and the like
as well as such groups includingll to 4 substituents such
as halo, for example F, Br, Cl or I or CF3, alkyl,
alkoxy, aryl, aryloxy, aryl(aryl) or diaryl, arylalkyl,
arylalkyloxy, alkenyl, cycloalkyl, cycloalkylalkyl,

- 12 -
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cycloalkylalkyloxy, amino, hydroxy, hydroxyalkyl, acyl,
cycloheterocalkyl, heterocaryl, heterocaryloxy,
heterocarylalkyl, heteroarylalkoxy, aryloxyalkyl,
alkylthio, arylalkylthio, aryloxyaryl, alkylamido,
alkanoylamino, arylcarbonylamino, nitreo, cyano, thiol,
haloalkyl, trihaloalkyl and/or alkylthio.

Unless otherwise indicated, the term "cycloalkyl"
as employed herein alone or as part of another group
includes saturated or partially unsaturated (containing 1
or 2 double bonds) cyclic hydrocarbon groups containing 1
to 3 rings, including monocyclic alkyl, bicyclic alkyl
(or bicycloalkyl) and tricyclic alkyl, containing a total
of 3 to 20 carbons forming the ring, preferably 3 to 1.0
carbons, forming the ring and which may be fused to 1 or
2 aromatic rings as described for aryl, which includes
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl,
cyclohexenyl,

A A X oo

[ORGCRE)

any of which groups may be optionally substituted with 1
to 4 substituents such as halogen, alkyl, alkoxy,
hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl,
alkylamido, alkanoylamino, oxo, acyl, arylcarbonylamino,
heteroaryl, cycloheteroalkyl, amino, alkylamino, nitro,
cyano, thiol and/or alkylthio and/or any of the
substituents for alkyl.

The term “cycloalkenyl” as employed herein alone
or as part of another group refers to cyclic hydrocarbons
containing 3 to 12 carbons, preferably 5 to 10 carbons

- 13 -
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and 1 or 2 double bonds. Exemplary cycloalkenyl groups

.include cyclopentenyl, cyclohexenyl, cycloheptenyl,

cyclooctenyl, cyclohexadienyl, and cycloheptadienyl, °
which may. be optionally substituted as defined for
cycloalkyl.

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

Unless otherwise indicated, the term "lower
alkenyl™ or Talkenyl" as used herein by itself or as part
of another group refers to straight or branched chain
radicals of 2 to 20 carbons, preferably 2 to 12 carbons,
and more preferably 1 to 8 carbons in the normal chain,
which include one to six double bonds in the normal
chain, such as vinyl, 2-propenyl, 3-butenyl, 2-butenyl,
4-pentenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, 2-heptenyl,
3-heptenyl, 4-heptenyl, 3-octenyl, 3-nonenyl, 4-~decenyl,
3-undecenyi, 4-dodecenyl, 4,8,l12-tetradecatrienyl, and
the like, and which may be optionally substituted with 1
to 4 substituents, namely, halogen, haloalkyl, alkyl,
alkoxy, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,
amino, hydroxy, heterocaryl, cycloheteroalkyl,
alkanoylamino, alkylamido, ar&lcarbonyl—amino, nitro,
cyano, thiol, alkylthio and/or any of the alkyl
substituents set out herein.

Unless otherwise indicated, the term "lower
alkynyl™ or "alkynyl™ as used herein by itself or as part
of another group refers to straight or branched chain
radicals of 2 to 20 carbons, preferably 2 to 12 carbons
and more preferably 2 to 8 carbons in the normal chain,
which include one triple bond in the normal chain, such
as 2-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3-
pentynyl, 2-hexynyl, 3-hexynyl, 2-heptynyl, 3-heptynyl,
4-heptynyl, 3-octynyl, 3-nonynyl, 4-decynyl, 3-undecynyl,
4-dodecynyl and the like, and which may be optionally

- 14 -
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substituted with 1 to 4 substituents, namely, halogen,
haloalkyl, alkyl, alkoxy, alkenyl, alkynyl, aryl,
arylalkyl, cycloalkyl, amino, heterocaryl,
cycloheteroalkyl, hydroxy, alkanoylamino, alkylamido,
arylcarbonylamino, nitro, cyano, thiol, and/or alkylthio,
and/or any of the alkyl substituents set out herein.

The terms “arylalkenyl®™ and "arylalkynyl™ as used
alone or as part of another group refer to alkenyl and
alkynyl groups as described above having an aryl
substituent.

Where alkyl groups as defined above have single
bonds for attachment to other groups at two different
carbon atoms, they are termed "alkylene"™ groups and may
optionally be substituted with 1 or 2 substituents as
defined above for "alkyl", such as, for example, alkyl,
halo, hydroxy, alkoxy and/or cycloalkyl.

Where alkenyl groups as defined above and alkynyl
groups as defined above, respectively, have single bonds
for attachment at two different carbon atoms, they are
termed "alkenylene groups" and "alkynylene groups",
respectively, and may optionally be substituted with 1 or
2 substituents as defined above for "alkenyl" and
"alkynyl".

The term "halogen”™ or "halo" as used herein alone
or as part of another group refers to chlorine, bromine,
fluorine, and iodine as well as CF3, with chlorine or

fluorine being preferred.

The term "metal ion" refers to alkall metal ions
such as sodium, potassium or lithium and alkaline earth
metal ions such as magnesium and calcium, as well -as zinc
and aluminum.

Unless otherwise indicated, the term "aryl" as
employed herein alone or as part of another group refers
to monocyclic and bicyclic aromatic groups containing 6
to 10 carbons in the ring portion (such as phenyl or

- 15 -
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naphthyl including l-naphthyl and 2-naphthyl) and may
optionally include one to three additional rings fused to
a carbocyclic ring or a heterocyclic ring (such as aryl,
cycloalkyl, heteroaryl or cycloheterocalkyl rings for

example
% e Yes I el
, =~
and may be optionally substituted through avallable
carbon atoms with 1, 2, or 3 groups selected from
hydrogen, halo, haloalkyl, alkyl, haloalkyl, alkoxy,
halophenyl, benzoyloxy, haloalkoxy, alkenyl,
trifluoromethyl, trifluoromethoxy, alkynyl, cycloalkyl-
alkyl, cycloheterocalkyl, cycloheteroalkylalkyl, aryl,
heteroaryl, arylalkyl, aryloxy, aryloxyalkyl, arylalkoxy,
arylthio, arylazo, heteroarylalkyl, heteroarylalkenyl,
heteroarylheterocaryl, heteroaryloxy, hydroxy, nitro,
cyano, amino, substituted amino wherein the amino
includes 1 or 2 substituents (which are alkyl, alkanoyl,
aryl or any of the other aryl compounds mentioned in the
definitions), thiol, alkylthio, arylthio, heterocarylthio,
arylthioalkyl, alkoxyarylthio, alkylcarbonyl,
arylcarbonyl, alkylaminocarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylcarbonyloxy,
arylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino,
arylsulfinyl, arylsulfinylalkyl, arylsulfonylamino or
arylsulfonaminocarbonyl and/or any of the alkyl
substituents set out herein.

Unless otherwise indicated, the term "lower
alkoxy", "alkoxy", "aryloxy" or "aralkoxy" as employed

- 16 =
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\6k
herein alone or as part of another group includes any of
the above alkyl, aralkyl or aryl groups linked to an
cxygen atom.

Unless otherwise indicated, the term "substituted
amino” as employed herein alone or as part of another
group refers to amino substituted with one or two
substituents, which may be the same or different, such as
alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
cyclohetercalkyl, cyclohetercalkylalkyl, cycloalkyl,
cycloalkylalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl or
thiocalkyl. These substituents may be further substituted
with a carboxylic acid and/or any of the substituents for
alkyl as set out above. 1In addition, the amino
substituents may be taken together with the nitrogen atom
to which they are attached to form l-pyrrolidinyl, 1-
piperidinyl, l-azepinyl, #4-morpholinyl, 4-
thiamorpholinyl, l-piperazinyl, 4-alkyl-l-piperazinyl, 4-
arylalkyl-l-piperazinyl, 4-diarylalkyl-l-piperazinyl, 1-
pyrrolidinyl, l-piperidinyl, or l-azepinyl, optionally
substituted with alkyl, alkoxy, alkylthio, halo,
trifluoromethyl or hydroxy.

Unless otherwise indicated, the term "lower
alkylthio™, alkylthio™, "arylthio™ or "aralkylthio" as
employed herein alone or as part of another group
includes any of the above alkyl, aralkyl or aryl groups
linked to a sulfur atom.

Unless otherwise indicated, the term “lower
alkylaimino®, "alkylamino”, "arylamino™, or
"arylalkylamino” as employed herein alone or as part of

_ another group includes any of the above alkyl, aryl or

arylalkyl groups linked to a nitrogen atom. ]
Unless otherwise indicated, the term "acyl" as

employed herein by itself or part of another group, as

defined herein, refers to an organic radical linked to a

R
carbonyl ( c ) group; examples of acyl groups include
any of the Rl groups attached to a carbonyl, such as

- 17 -
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alkanoyl, alkenoyl, aroyl, aralkanoyl, heteroaroyl,
cycloalkanoyl, cycloheterocalkanoyl and the like.

Unless otherwise indicated, the term
“cycloheteroalkyl” as used herein alone or as part of
another group refers to a 5-, 6- or 7-membered saturated
or partially unsaturated ring which includes 1 to 2
hetero atoms such as nitrogen, oxygen and/or sulfur,
linked through a carbon atom or a heteroatom, where

possible, optionally via the linker (CH;); (where r is 1,
2 or 3), such as

SHCH e

qeliscies
> >
CTHCACRE

and the like. The above groups may include 1 to 4
substituents such as alkyl, halo, oxo and/or any of of
the alkyl substituents set out herein. In addition, any
of the cycloheteroalkyl rings can be fused to a
cycloalkyl, aryl, heteroaryl or cycloheterocalkyl ring.
Unless otherwise indicated, the term "heteroaryl"
as used herein alone or as part of another group refers
to a 5- or 6- membered aromatic ring which includes 1, 2,
3 or 4 hetero atoms such as nitrogen, oxygen or
sulfur,and such rings fused to an aryl, cycloalkyl,
heteroaryl or cycloheteroalkyl ring (e.g.
benzothiophenyl, indolyl), and includes possible N-
oxldes. The heteroaryl group may optionally include 1 to

- 18 -



10

15

20

25

HX0115 PCT

4 substituents such as any of the substituents set out

above for alkyl. Examples of heteroaryl groups include
the following:

OG- G- O

@3(»(\_/@.) -G
oA \ff@-

SRR B A

and the like.

The term "cycloheteroalkylalkyl™ as used herein
alone or as part of another gorup refers to
cycloheteroalkyl groups as defined above linked through a
C atom or hetercatom to a (CHz)r, chain.

The term "hetercarylalkyl™ or "heteroarylalkenyl”
as used herein alone or as part of another group refers
to a hetercaryl group as defined above linked through a C
atom or heteroatom to a -(CH2)r- chain, alkylene or
alkenylene as defined above.

The term "polvhaloalkyl™ as used herein refers to
an "alkyl"™ group as defined above which includes from 2
to 9, preferably from 2 to 5, halo substituents, such as
F or Cl, preferably F, such as CF3CHz, CF3 oxr CF3iCF2CH3.

The term "polyhaloalkoxy™ as used herein refers to
an "alkoxy" or "alkyloxy" group as defined above which
includes from 2 to 9, preferably from 2 to 5, halo

- 19 -
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substituents, such as F or Cl, preferably F, such as
CFaCH20, CFi40 r CF3CF3CH30.

All stereoisomers 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 carbon atoms including any one or the R substituents.
Consequently, c¢ompounds of formula I can exist in

. enantiomeric or diastereomeric forms or in mixtures

thereof. The processes for preparation can utilize
racemates, enantiomers or diastereomers as starting
materials. When diastereomeric or enantiomeric products
are prepared,'they can be separated by conventional
methods for example, chromatographlic or fractional
crystallization.

The term "prodrug esters” as employed herein
includes esters and carbonates formed by reacting one or
more hydroxyls of compounds of formula I with alkyl,
alkoxy, or aryl substituted acylating agents employing
procedures known to those skilled in the art to generate
acetates, plvalates, methylcarbonates, benzoates and the
like. In addition, prodrug esters which are known in the
art for carboxylic and phosphorus acid esters such as
methyl, ethyl, benzyl and the like.

Examples of such prodrug esters include

CHCOCR,— ,  CHCOCH— ,  t—CHE00CH— , or

(E:ﬁg
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wherein R2 can be H, alkyl (such as methyl or t-butyl),
arylalkyl (such as benzyl) or aryl (such as phenyl); R4
is H, alkyl, halogen or alkoxy, R® is alkyl, aryl,
arylalkyl or alkoxyl, and n; is 0, 1 or 2.

Where the compounds of structure I are in acid
form they may form a pharmaceutically acceptable salt
such as alkali metal salts such as lithium, sodium or
potassium, alkaline earth metal salts such as calcium or
magnesium as well as zinc or aluminum and other catlions
such as ammonium, choline, diethanolamine, lysine (D or
L), ethylenediamine, t-butylamine, t-bctylamine, tris-
(hydroxymethyl) aminomethane (TRIS), N-methyl glucosamine
(NMG), triethanolamine and dehydroabietylamine.

Compounds of the invention may be prepared by the
following method.

. Referring to Reaction Scheme 1, Knovenagel
condensation of readily available beta-keto ester 1,
where R is lower alkyl, with aldehyde 2 under standard
conditions {(e.g. HOAc, piperidine, toluene, reflux}
affords the corresponding adduct 3. Base induced 1,4-
addition of ketone 4 (e.g. LiN(TMS), in THF or EtONa in
EtOH) provides the adduct 5, usually as a mixture of
diastereomers.

Conversion of the 1,5-diketone 5 to the pyridyl
ester 6 may be effected by treatment with an ammonia
source {(such as NH,OAc) in the presence of an oxidant
(such as Cu(OAc)2 or oxygen) in a suitable solvent (such
as refluxing HOAc), or by reaction of 5 with
hydroxylamine hydrochloride in HOAc with heat. The ester
functionality of 6 can be reduced by standard methods
(LiAlH,, DIBAL, LiBH,) to give alcohol 7 which can
subsequently be converted to the corresponding halide 8
(e.g. PBr, in CH,Cl,, CBr,/PPh, in CH,CN or POCl,).
Conversion of halide 8 to the phosphorus compound 9 where
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
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is OR (R is lower alkyl) may be effected by the reaction \’A\
f 8 with HOP(OR)2/base/THF r by Arbuzov reacti n with
P(OR),. Witting reaction between 9 and aldehyde 10
{(aldehyde 10 has been previously described in US patent
5,686,433) may be effected under standard conditions with
base (n-BulLi, LiN(TM8),, LDA) in an appropriate aolvent
(THF, Et,0, toluene, DMPU) to afford the adduct 11l.
Treatment of 11 under acidic conditions (e.g. TFA, HCl)
effects the conversion of 11 to lactone Ia.
Saponification of Ia to Ib (where R, is alkall metal, or
alkaline earth metal) can be effected by treatment of Ia
with aqueoua' base or subsequently acidified to give Ib
where R, is H. Additionally, Ia can be treated with an
alcohol of the type R,0H under basic conditions to form
the corresponding esters of Ib.
As seen in Reaction Scheme 2, the saturated

derivatives of compound I (where ”’ is CH,-CH,) are
obtained by catalytic (Pd/C, Pt/C, Pd(OH),) hydrogenati n
of 11, Ia, or Ib to afford 12, Ic, or Id, respectively.
Compound 12 may be converted to Ic and Id following the
earlier described methods for the conversion of compound
11 to Ia and Ib.

Scheme 1 .
0 o] + nd ﬂhﬂ <:f%1:jj
Rn’u\/lLou R.-cl-lo“ - )']/"\on 7 :‘
1 2 i
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Scheme 2

The synthesis of compounds I wherein "’ 1s CH=CH
and n is 1, is described in Scheme 3. Bis-silylation of
compound Ib! with a bulky silylchloride (e.g., ClSi(t-
butyl)Ph;, C1Si(t-butyl)Me;, ClSiPh;) in the presence of a
suitable base (e.g., TEA, imidazole, pyridine) and
solvent (e.g., CH:Cl;, THF) provides compound IbZ,
Treatment of Ib? with oxidants such as m-CPBA or CF3COsH
in an appropriate solvent such as CH;Cl; or HOAc affords
N-oxide Ib®. Desilylation of Ib® (TBAF/HOAcC/THF or
HF/CHsCN) gives Ib* which may be saponified to Ib® using

- 24 -
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aqueous solutlons of a metal hydroxide in an appropriate
solvent (e.g., MeOH, dioxane).
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Additionally, compound Id® may be oxidized and
saponified, as described above, to provide comp unds I

wherein g is CH;CHz and n is 1 (e.g., compounds Id? and
1D?) as shown in Scheme 4.

SCHEME 4

Opalkyd

It will be appreciated that in Schemes 1 to 4, with
respect to compounds 4, 5, 6, 7, 8, 9, 11, Ia, Ib, 12,
Ic, 1d, Ib!, Ib?, Ib’, Ib%, IbS, Id!, Id? and Id%, although
substituents Re and Rj; as defined hereinbefore are not
included in these compounds, Schemes 1 to 4 may be
carried out where such compounds include Ry and Rjp
substituents.

Scheme 5 depicts a preferred method for preparing
the HMG CoA reductase inhibitor of formula I of the
invention using the Julia-Koclenskl olefination reaction
employing 4-pyridyl carboxylaldehyde (18) and chiral
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sulfone (16). The desired trans intermediate (19) is
isolated in high yield and optical purity which is
converted to the final product of the invention. As will
be seen, the chiral sulfone (16), a key intermediate in
the Julia-Kocienski step, is prepared in three steps
starting from the commercially available Kaneka alcohol
(12) via triflate (13) and sulfide intermediate (15).

Referring to Scheme 5, treatment of commercially
available chiral alcohol (12) with triflic anhydride and
triethylamine in dichloromethane at low temperature (for
example 0 to -30°C) affords triflate {(13). Other
pyridine or amine bases may be employed. Triflate (13)
(without being isolated) is carried onto the next step
without further purification. A methylene chloride
solution of triflate (13)is treated with l-phenyl-1H-
tetrazole-5-thlol (14) to provide the chiral sulfide (15)
which is oxidized with hydrogen peroxide in the presence
of catalytic ammonium heptamolybdate tetrahydrate to give
crystalline sulfone (16). Other oxidant, such as m-
chloro-p-benzoic acid (mCPBA) mey be employed.

Addition of L1HMDS or NaHMDS to a mixture of
sulfone (16) and pyridine carboxylaldehyde (18) in THF at
low temperature (-78 to -35°C) provides trans olefin (19)
in high diastereoselectivity (>99%).

The pyridine aldehyde (18) is obtained as a
crystalline solid form the corresponding ester (17).
Reduction of ester (17) with Red-Al followed by oxidation
with Tempo (2,2,6,6-tetramethyl-l-piperidinyloxy) gives
aldehyde (18) in high yleld. The final compound Ie of
the invention is prepared in a one pot procedure starting
from (19) without isolating any intermediates. Removal
of acetonide under acidic condition provides diol Ie of
the invention which upon further treatment with sodium
hydroxide gives the sodium salt of the acid If of the
invention. Subsequent treatment of If with acid followed
by the addition of arginine produces crystalline arginine
salt of the invention Ig.
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In addition, in accordance with the present
5 1invention, intermediates 6, 7, 8, 9, 11 and 12 are novel
compounds and form part of the present invention. These
compounds have the general structure
II

10 wherein X is O, S or NRy, Ry, Rz, R4, Ry, Rg and Ry as are
as defined above, Q is

) Ealide
§COR (vhere R ia alwyl), %—a:oﬂ, i/ ,

/f:><:"'(ﬂuu-llillqﬂ.mmﬁ;mlph-ml,lﬂwinﬂllﬂhﬂw’:
\ .

-

COzalkyl
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Thus, the intermediates of the invention can have the
following structures:

(Realkyl)

COraliyl (pref. t-butyf)

11

Compounds 6, 7, 8, 9, 11 and/or 12 may include Ry
and R;g substituents.

Compounds containing dihydroxy acid HMG-CoA binding
domain side chains may be prepared in homochiral form,
which is preferred, or may be prepared as racemic
mixtures (3S*, 5R*) and may later be resolved to obtain
the 3S, 5R isomer.

Thus, the intermediates of the invention can have the
following structures:
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Compounds .containing dihydroxy acid HMG-CoA binding
domain side chains may be prepared in homochiral form,
which i1s preferred, or may be prepared as racemic
mixtures (3S*, 5R*) and may later be resolved to obtain
the 3S, 5R isomer.

The compounds of the invention are inhibitors of 3-
hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase
and thus are useful in inhibiting choleaterol
biosynthesis and/or in lowering triglycerides, in a
manner similar to atorvastatin, pravastatin, simvastatin,
lovastatin, cerivastatin, visastatin (or rosuvastatin)
(Astra Zeneca 2D4522), fluvastatin, itavastatin (or
pitavastatin) and the like.

A further aspect of the present invention is a
pharmaceutical composition containing at least one of the
compounds of formula I of the present invention in
association with a pharmaceutical vehicle or diluent.

The pharmaceutical composition can be formulated
employing conventional solid or liquid vehicles of
diluents and pharmaceutical additives of a type

- 31 -



10

15

20

30

35

HX0115 PCT

18)
appropriate t the mode of desired administration. The W

compounds can be administered by an oral r ute, for
example, in the form of tablets, capsules, granules or
powders, or they can be administered by a parenteral
route in the form of injectable preparations. Such
dosage forms contain from 0.1 to 1500 mg of active
compound per dosage, for use in the treatment. The dose
to be administered depends on the unitary dose, the
symptoms, and the age and the body weight of the patient.

The compounds ¢of the present invention can be
administered in a similar manner as known compounds
suggested for use in inhibiting cholesterol biosynthesis,
such as pravastatin, lovastatln, simvastatin, visastatin
{({or rosuvastatin), atorvastatin, cerivastatin,
fluvastatin, itavastatin (or pitavastatin), and the 1like,
in mammalian 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 HMG CoA reductase inhibitors of formula I may
be employed in combination with all therapeutic agents
which are useful in combination with HMG CoA reductase
inhibitors.

Thus, where desired, the compounds of structure I
may be used in combination with one or more hypolipidemic
agents or lipid-lowering agents, or lipid agents, or
lipid modulating agents, and/or one or more other types
of therapeutic agents including antidiabetic agents,
anti-obesity agents, antihyperteneive agents, platelet
aggregation inhibitors, anti-Alzheimer's agents, anti-

dementia agents, anti-osteoporosis agents, and/or hormone

replacement therapeutic agents, and/or other therapeutic
agents, and/or other cardiovascular agents (including
anti-anginal agents, anti-arrhythmic agents, anti-
atherosclerosis agents, anti-inflammatory agents, anti-
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platelet agents, anti-heart failure agents), anti-cancer
agents, anti-infective agents, hormone replacement
agents, growth hormone secretagogues, selective androgen
receptor modulators, and/or other therapeutic agents
which may be administered orally in the same dosage form
or in a separate oral dosage form, or by injection.

The hypolipidemic agent or lipid-lowering agent or
other lipid agent or lipid modulating agent which may be
optionally employed in combination with the compounds £
formula I of the invention may include 1,2,3 or more MTP
inhibitors, HMG CoA reductase inhibitors, squalene
synthetase inhibitors, PPAR a agonists, PPAR dual a/y
agonists, PPAR § agoniets, fibric acid dexivatives, ACAT
inhibitors, lipoxygenase inhibitors, cholesterocl
absorption inhibitors, ileal Na'/bile acid cotransporter
inhibitors, upregulators of LDL receptor activity,
cholesteryl ester transfer protein inhibitora, bile acid
sequestrante, and/or nicotinic acid and derivatives
thereof.

MTP inhibitors employed herein include MTP
inhibitors disclosed in U.S. Patent No. 5,595,872, U.S.
Patent No. 5,739,135, U.8. Patent No., 5,712,279, U.S.
Patent No. 5,760,246, U.S. Patent No. 5,627,875, U.S8.
Patent No. 5,885,983 and U.S. Application Serial No.
09/175,180 filed October 20, 1998, now U.S8. Patent No.
5,962,440. Preferred are each of the preferred MTP
inhibitors disclosed in each of the above patents and
applications.

All of the above U.8. Patents and applications are
incorporated herein by reference.

Most preferred MTP inhibitors to be employed in
accordance with the present invention include preferred
MTP inhibitors as set out in U.S8. Patent Nos. 5,739,135
and 5,712,279, and U.8. Patent No. 5,760,246.

The most preferred MTP inhibitor is 9-[4-[4-[[2-
(2,2, 2-Trifluorcethoxy) benzoyl] amino] -1-piperidinyl]
butyl] ~-N-(2,2,2-trifluoroethyl) -9H-fluorene-9-carboxamide
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The hypolipidemic agent may be an HMG CoA
reductase inhibitor which includes, but is not limited
to, mevastatin and related compounds as disclosed in U.S.
Patent No. 3,983,140, lovastatin (mevinolin) and related
compounds as disclosed in U.S. Patent No. 4,231,938,
pravastatin and related compounds such as disclosed in
U.S. Patent No. 4,346,227, simvastatin and related
compounds as disclosed in U.S. Patent Nos. 4,448,784 and
4,450,171. Other HMG CoA reductase inhibitors which may
be employed herein include, but are not limited to,
fluvastatin, disclosed in U.S. Patent No. 5,354,772,
cerivastatin disclosed in U.8. Patent Nos. 5,006,530 and
5,177,080, atorvastatin disclosed in U.S. Patent Nos.
4,681,893, 5,273,995, 5,385,929 and 5,686,104,
pltavastatin (Nissan/Sankyo's nisvastatin (NK-104) or
itavastatin), disclosed in U.S8. Patent No. 5,011,930,
Shionogi-Astra/Zeneca rosuvastatin (visastatin (2ZD-4522))
disclosed in U.S. Patent No. 5,260,440, and related
statin compounds disclosed in U.S. Patent No. 5,753,675,
pyrazole analogs of mevalonolactone derivatives as
disclosed in U.8. Patent No. 4,613,610, indene analogs £
mevalonolactone derivatives as disclosed in PCT
application WO 86/03488, 6-[2-(substituted-pyrrol-1-yl)-
alkyl)pyran-2-ones and derivatives thereof as disclosed
in U.8. Patent No. 4,647,576, SBearle's 8C-45355 (a 3-
substituted pentanedioic acid derivative)
dichlorocacetate, imidazole analogs of mevalonolactone as
disclosed in PCT application WO 86/07054, 3-carboxy-2-
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hydroxy-propane-ph sphonic acid derivatives as discl sed
in French Patent N . 2,596,393, 2,3-disubstituted

. byrrole, furan and thiophene derivatives as disclosed in

Burcpean Patent Application No. 0221025, naphthyl analogs
of mevalonolactone as disclosed in U.S. Patent No.
4,686,237, octahydronaphthalenes such as disclosed in
U.8. Patent No. 4,499,289, keto analogs of mevinolin
(lovastatin) as disclosed in European Patent Application
No.0,142,146 A2, and quinoline and pyridine derivatives
disclosed in U.S. Patent No. 5,506,219 and 5,691,322.

In addition, phosphinic acid compounds useful in
inhibiting HMG CoA reductase suitable for use herein are
disclosed in GB 2205837.

The squalene synthetase inhibitors suitable for
use herein include, but are not limited to, a-phosphono-
sulfonates diasclosed in U.S. Patent No. 5,712,396, those
disclosed by Biller et al, J. Med. Chem., 1988, Vol. 31,
No. 10, pp 1869-1871, including isoprenoid (phosphinyl-
methyl)phosphonates as well as other known sgqualene
synthetase inhibitors, for example, as disclosed in U.S.
Patent No. 4,871,721 and 4,924,024 and in Biller, S.A.,
Neuenschwander, K., Ponpipom, M.M., and Poulter, C.D.,
Current Pharmaceutical Design, 2, 1-40 (1996).

In addition, other squalene synthetase inhibitors
suitable for uee herein include the terpenoid
pyrophosphates disclosed by P. Ortiz de Montellano et al,
J. Med. Chem., 1977, 20, 243-249, the farnesyl
diphosphate analog A and preaqualene pyrophosphate (PSQ-
PP) analogs as disclosed by Corey and Volante, J. Am.
Chem. Soc., 1976, 98, 1291-1293, phosphinylphosphonates
reported by McClard, R.W. et al, J.A.C.S., 1987, 149,
5544 and cyclopropanes reported by Capson, T.L., PhD
dissertation, June, 1987, Dept. Med. Chem. U of Utah,
Abstract, Table of Contents, pp 16, 17, 40-43, 48-51,
Summary.

Other hypoliplidemic agents suitable for use herein
include, but are not limited to, fibric acid derivatives,
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such as fen fibrate, gemfibrozil, cl fibrate,
bezafibrate, ciprofibrate, clin fibrate and the like,
probucol, and related compounds as disclosed in U.S.
Patent No. 3,674,836, probucol and gemfibrozil being
preferred, bile acid sequestrants such as cholestyramine,
colestipol and DEAE-Sephadex (Secholex®, Policexide®) and
cholestagel (Sankyo/Geltex), as well as lipostabil
(Rhone-Poulenc), Eisal E-5050 {(an N-substituted
ethanolamine derivative), imanixil (HOE-402),
tetrahydrolipstatin (THL), istigmastanylphos-
phorylcholine (SPC, Roche), aminocyclodextrin (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), acipimox, acifran,
neomycin, p-aminosalicylic acid, aspirin,
poly(diallylmethylamine) derivatives such as disclosed in
U.S. Patent No. 4,759,923, quaternary amine
poly(diallyldimethylammonium chloride) and ionenes such
as disclosed in U.S. Patent No. 4,027,009, and other
known serum cholesterol lowering agents.

The other hypolipidemic agent may be an ACAT
inhibitor (which also has anti-atherocsclerosis activity)
such as disclosed in, Drugs of the Future 24, 9-15
(1999}, (Avasimibe); “The ACAT inhibitor, Cl-1011 is
effective in the prevention and regression of aortic
fatty streak area in hamsters”, Nicolosi et al,
Atherosclerosis (Shannon, Irel). (1998), 137(1), 77-85;
"The pharmacological profile of FCE 27677: a novel ACAT
inhibitor with potent hypolipidemic activity mediated by
selective suppression of the hepatic secretion of
ApoBl00-containing lipoprotein”, Ghiselli, Giancarlo,
Cardiovasc. Drug Rev. (1998), 16(1), 16-30; “RP 73163: a
bioavailable alkylsulfinyl-diphenylimidazole ACAT
inhibitor”, Smith, C., et al, Bioorg. Med. Chem. Lett.
{(1996), 6{(1), 47-50; “ACAT inhibitors: physiologic
mechanisms for hypollipidemic and anti-atherosclerotic
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activities in experimental animals”, Krause et al,

Edit r(s): Ruff 1 , Robert R., Jr.; H llinger, Mannfred
A., Inflammation: Mediators Pathways (1995), 173-98,
Publisher: CRC, Boca Raton, Fla.; “ACAT inhibitors:
potential anti-atherosclerotic agents”, Sliskovic et al,
Curr. Med. Chem. (1994), 1(3), 204-25; “Inhibitors of
acyl-CoA:cholesterol O-acyl transferase (ACAT) as
hypocholesterolemic agents. 6. The first water-soluble
ACAT inhibitor with lipid-regulating activity. Inhibit rs
of acyl-CoA:cholesterol acyltransferase (ACAT). 7.
Development of a series of substituted N-phenyl-N'-[(1-
phenylcyclopentyi)methyl]ureas with enhanced
hypocholesterolemic activity”, Stout et al, Chemtracts:
Org. Chem. (1995), 8(6), 359-62, or TS-962 (Taisho
Pharmaceutical Co. Ltd), as well as F-1394, CS-505,
F-12511, HL-004, K-10085 and YIC-C8-434.

The hypolipidemic agent may be an upregulator of
LDL receptor activity such as MD-700 (Taisho
Pharmaceutical Co. Ltd) and LY295427 (Eli Lilly).

The hypolipidemic agent may be a cholesterol
absorption inhibitor preferably Schering-Plough's
8CH48461 (ezetimibe) as well as those diasclosed in
Atherosclerosis 115, 45-63 (1995) and J. Med. Chem. 41,
973 (1998).

The other lipid agent or lipid-modulating agent
may be a cholesteryl transfer protein lnhibitor (CETP)
such as Pfizer's CP-529,414 as well as those disclosed in
WO/0038722 and in EP 816448 (Bayer) and EP 992496, and
Pharmacla's 8C-744 and SC-795 as well as CETi-1 and
JTT-705.

_ The hypolipidemic agent may be an ileal Na'/bile
acid cotransporter inhibitor such as disclosed in Drugs
of the Future, 24, 425-430 (1999).

The ATP citrate lyase inhibitor which may be
employed in the combination of the invention may include,
for example, those disclosed in U.S8. Patent No.
5,447,954.
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The ther lipid agent als includes a
phyt estrogen compound such as discl sed in WO 00/30665
including isolated soy bean protein, soy protein
concentrate or soy flour as well as an isoflavone such as
genistein, daldzein, glycitein or equol, or phytosterols,
phytostanol or tocotrienol as disclosed in WO
2000/015201;

a beta-lactam cholesterol absorption inhibitor
such as disclosed in EP 675714;

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

an a-glucosidase inhibitor, an aldose reductase
inhibitor and/or an LDL catabolism promoter such as
disclosed in EP 1022272;

a sodium-proton exchange inhibitor such as
disclosed in DE 19622222;

an LDL-receptor inducer or a steroidal glycoside
such as disclosed in U.S. Patent No. 5,698,527 and
UGB 2304106;

an anti-oxidant such as beta-carotene, ascorbic
acid, a-tocopherol or retinol as disclosed in WO 94/15592
as well as Vitamin C and an antihomocysteine agent such
as folic acid, a folate, Vitamin B6, Vitamin Bl2 and
Vitamin E;

isoniazid as disclosed in WO 97/35576;

a cholesterol absorption inhibitor, an HMG-CoA
synthase inhibitor, or a lanosterol demethylase inhibitor
as dieclosed in WO 97/48701;

a PPAR 8 agonist for treating dyslipidemia;

or a sterol regulating element binding protein-I
(SREBP-1) as disclosed in WO 2000/050574, for example, a
sphingolipid, such as ceramide, or neutral
sphingomyelenase (N-SMase) or fragment thereof.

Preferred hypolipidemic agente are pravastatin,
lovastatin, simvastatin, atorvastatin, fluvastatin,
cerivastatin, pitavastatin and rosuvastatin, as well as
nilacin and/or cholestagel.
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The above-menti ned U.S. patents are inc rporated
herein by reference. The amounts and dosages employed
will be as indicated in the Physician's Desk Reference
and/or in the patents set out above or as otherwise known
in the art.

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

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

The dosages and formulations for the hypolipidemic
agent or other lipid agent or lipid moduléting agent will
be as disclosed in the various patents and applications
discussed above.

The dosages and formulationa for the other
hypolipidemic agent or other lipid agent orxr lipid
modulating agent to be employed, where applicable, will
be as set out in the latest edition of the Physicians'
Desk Reference.

For oral administration, a satisfactory result may
be obtained employing the MTP inhibitor in an amount
within the range of from about 0.01 mg to about 500 mg
and preferably from about 0.1 mg to about 100 mg, one t
four times daily.

A preferred oral dosage form, such as tablets or
capsules, will contain the MTP inhibitor in an amount £
from about 1 to about 500 mg, preferably from about 2 to
about 400 mg, and more preferably from about 5 to about
250 mg, one to four times dally.

Por oral adminiptration, a satisfactory result may
be obtained employing an HMG CoA reductase inhibitor, £ r
example, pravastatin, lovastatin, simvastatin,
atorvastatin, fluvastatin or cerivastatin in dosages
employed as indicated in the Physician's Desk Reference,
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such as in an amount within the range of from about 1 t
2000 mg, and preferably from about 4 t about 200 mg.

The squalene synthetase inhibitor may be employed
in dosages in an amount within the range of from about 10
mg to about 2000 mg and preferably from about 25 mg to
about 200 wg.

A preferred oral dosage form, such as tablets or
capsules, will contain the HMG CoA reductase inhibitor in
an amount from about 0.1 to about 100 mg, preferably from
about 0.5 to about 80 mg, and more preferably from about
1l to about 40 mg.

A preferred oral dosage form, such as tablets or
capsules will contain the squalene synthetase inhibitor
in an amount of from about 10 to about 500 mg, preferably
from about 25 to about 200 mg.

The antl-atherosclerotic agent includes a
lipoxygenase inhibitor including a 15-lipoxygenase (15-
LO) inhibitor such as benzimldazole derivatives as
disclosed in WO 97/12615, 15-LO inhibitors as disclosed
in WO 97/12613, isothiazolones as disclosed in
WO 96/38144, and 15-1L0 inhibitors as disclosed by
Sendobry et al “Attenuation of diet-induced
atherosclerosis in rabbits with a highly selective 15-
lipoxygenase inhibitor lacking significant antioxidant
properties,” Brit. J. Pharmacology (1997) 120, 1199-1206,
and Cornicelll et al, “15-Lipoxygenase and itse
Inhibition: A Novel Therapeutic Target for Vascular
Disease”, Current Pharmaceutical Design, 1999, 5, 11-20.

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

The compositions described above may be
administered in the dosage forms as described above in
single or divided doses of one to four times daily. It
may be advisable to start a patient on a low dose
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combination and work up gradually t a high 4 se
combination.

The antidiabetic agent which may be optionally
employed in combination with the HMG-CoA reductase
inhibitor of formula I may be 1,2,3 or more antidiabetic
agents or antihyperglycemic agents including insulin
secretagogues or insulin sensitizers, which may include
biguanides, sulfonyl ureas, glucosidase inhibitors,
aldose reductase inhibitors, PPAR Y agoniets such as
thiazolidinediones, PPAR a agonists (such as fibric acid
derivatives), PPAR 8§ antagonists or agonists, aP2
inhibitors, PPAR a/y dual agonists, dipeptidyl peptidase
IV (DP4) inhibitors, SGLT2 inhibitors, glycogen
phosphorylase inhibitors, and/or meglitinides, as well as
insulin, and/or glucagon-like peptide-1 (GLP-1), and/or a
PTP-1B inhibitor (protein tyrosine phosphatase-1B
inhibitor).

The antidiabetic agent may be an oral
antihyperglycemic agent preferably a biguanide such as
metformin or phenformin or salts thereof, preferably
metformin HCl.

Where the antidiabetic agent is a biguanide, the
compounds of structure I will be employed in a weight
ratio to biguanide within the range from about 0.001:1 to
about 10:1, preferably from about 0.01:1 to about 5:1.

The antidiabetic agent may also preferably be a
sulfonyl urea such as glyburide (also known as
glibenclamide), glimepiride (disclosed in U.S. Patent N .
4,379,785), glipizide, gliclazide or chlorpropamide,
other known sulfonylureas or other antihyperglycemic
agents which act on the ATP-dependent channel of the B-
cells, with glyburide and glipizide being preferred,
which may be administered in the same or in separate oral
dosage forms.

The compounds of structure I will be employed in a
weight ratio to the sulfonyl urea in the range from about
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0.01l:1 t about 100:1, preferably from about 0.02:1 t \(\\
about 5:1.

The oral antidiabetic agent may also be a
glucosidase inhibitor such as acarbose (disclosed in U.S.
Patent No. 4,904,769) or miglitol (disclosed in U.S.
Patent No. 4,639,436), which may be administered in the
game or in a separate oral dosage forms.

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

The compounas of stxructure I may be employed in
combination with a PPAR Yy agonist such as &
thiazolidinedione oral anti-diabetic agent or other
insulin sensitizers (which has an insulin sensitivity
effect in NIDDM patients) such as troglitazone (Warner-
Lambert's Rezulin®, disclosed in U.S. Patent No.
4,572,912), rosiglitazone (SKB), ploglitazone (Takeda),
Mitsubishi's MCC-555 (disclosed in U.S. Patent No.
5,594,016), Glaxo-Welcome's GL-262570, englitazone (CP-
68722, Pfizer) or darglitazone (CP-86325, Pfizer,
isaglitazone (MIT/J&J), JTT-501 (JPNT/P&U), L-895645
(Merck), R-119702 (Sankyo/WL)}, NN-2344 (Dr. Reddy/NN), or
YM-440 (Yamanouchi), preferably rosiglitazone and
plcglitazone.

The compounds of structure I will be employed in a
weight ratio to the thiazolidinedione in an amount within
the range from about 0.0l1:1 to about 100:1, preferably
from about 0.05:1 to about 10:1l.

The sulfonyl urea and PPAR y agonists in amounts £
less than about 150 mg oral antidiabetic agent may be
incorporated in a single tablet with the compounds of

structure I.
The compounds of structure I may also be employed

in combination with a antihyperglycemic agent such as
insulin or with glucagon-like peptide-l (GLP-1) or
mimetic such as GLP-1(1-36) amide, GLP-1(7-36) amide,
GLP-1(7-37) (as disclosed in U.S. Patent No. 5,614,492 to
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Habener, the discl sure £ which is inc rp rated herein
by reference), as well as AC2993 (Amylen) and LY-315902
{Lilly), which may be administered via injection,
intranasal, inhalation or by tranedermal or buccal
devices.

Where present, metformin, the sulfonyl ureas, such
as glyburide, glimepiride, glipyride, glipizide,
chlorpropamide and gliclazide and the glucosidase
inhibitors acarbose or miglitol or insulin (injectable,
pulmonary, buccal, or oral) may be employed in
formulations as described above and in amounts and dosing
as indicated in the Physician's Desk Reference (PDR).

Where present, metformin or salt thereof may be
employed in amounts within the range from about 500 to
about 2000 mg per day which may be administered in single
or divided doses one to four times daily.

Where present, the PPAR anti-diabetic agent may be
employed in amountse within the range from about 0.0l t
about 2000 mg/day which may be administered in single =r
divided doses one 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'a Desk
Reference.

Where present GLP-1 peptides or mimetics may be
administered in oral buccal formulations, by nasal
administration or parenterally as described in U.S.
Patent Nos. 5,346,701 (TheraTech), 5,614,492 and
5,631,224 which are incorporated herein by reference.

The antidliabetic agent or other lipid agent may
also be a PPAR modulator such as a PPAR a/y dual agonist
such as AR-HO039242 {(Astra/Zeneca), GW-409544 (Glaxo-
Wellcome), KRP297 (Kyorin Merck) as well as those
discloesed by Murakami et al, "A Novel Insulin SBensitizer
Acts As a Coligand for Peroxisome Proliferation -
Activated Receptor Alpha (PPAR alpha) and PPAR gamma.
Bffect on PPAR alpha Activation on Abnormal Lipid
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Metabolism in Liver £ Zucker Fatty Rats”, Diabetes 47,
1841-1647 (1998), and in U.S. application Serial N .
09/664,598, filed September 18, 2000, {(attorney file
LA29) the disclosure of which ig incorporated herein by
reference, employing dosages as set out therein, which
compounds designated as preferred are preferred for use
herein.

The antidiabetic agent may be an SGLT2 inhibitor
such as disclosed in U.S. application Serial No.
09/679,027, filed October 4, 2000 (attorney fille LA49),
employing dosages as set out therein. Preferred are the
compounds designated as preferred in the above
application.

The antidiabetic agent may be an aP2 inhibitor
such as disclosed in U.S. application Serial No.
09/391,053, filed September 7, 1999, and in U.S.
application Serial No. 09/519,079, filed March €, 2000
(attorney f£ile LA27), employing dosages as set out
herein. Preferred are the compounds designated as
preferred in the above application.

The antidiabetlic agent may be a DP4 inhibitor such
as disclosed in application Serial No. 09/788,173, filed
February 16, 2001 (attorney file LAS0), W099/38501,
W099/46272, W099/67279 (PROBIODRUG), W099/67278
(PROBIODRUG), W099/61431 (PROBIODRUG), NVP-DPP728A (1-
[[[2-[(5-cyanopyridin-2-yl)amino] ethyl] amino] acetyl] -2-
cyano- (8) -pyrrolidine) (Novartis) (preferred) as
disclosed by Hughes et al, Biochemistry, 38(36), 11597-
11603, 1999, TSL-225 (tryptophyl-1,2,3,4-tetrahydro-
isoquinoline-3-carboxylic acid (disclcsed by Yamada et
al, Bloorg. & Med. Chem. Lett. 8 (1998) 1537-1540, 2-
cyanopyrrolidides and 4-cyanopyrrolidides as disclosed by
Ashworth et al, Bioorg. & Med. Chem. Lett., Vol. 6, No.
22, pPp 1163-1166 and 2745-2748 (1996) employing dosages
as set out in the above references.

The meglitinide which may optionally be employed
in combination with the compound of formula I of the
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inventi n may be repaglinide r Starlix (Novartis), \N

nateglinide (Novartis) r KAD1229 (PF/Xissel), with
repaglinide being preferred.

The antidiabetic compound@ may be a melanocortin

receptor agonist such as a spiropiperidine as disclosed
in WO 99/64002.

The HMG CoA reductase inhibitor of formula I will
be employed in a weight ratio to the meglitinide, PPAR

modulator such as a PPAR y agonist, PPAR a agonist, PPAR §

agonits or antagonist, PPAR a/y dual agonist, aP2
inhibitor, DP4 inhibitor or SGLT2 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 other type of therapeutic agent which may be
optionally employed with the HMG CoA reductase lnhibitor
of formula I may be 1, 2, 3 or more of an anti-obesity
agent including a beta 3 adrenergic agonist, a lipase
inhibitor, a serotonin (and dopamine) reuptake inhibitor,
an aP2 inhibitor, a thyroild receptor beta drug, a PTP-1B
inhibitor, an anorectic agent, a PPAR modulator including

PPAR Y antagonists, PPAR @ agonists, PPAR § antagonists, a
CCKA agonist, a leptin inhibitor such as a leptin
receptor activator, a neuropeptide Y antagonist, a
melanocortin-4-receptor (MC4R) agonist, a fatty acid

oxidation upregulator or inducer (such as Famoxin®
Genset) .

The beta 3 adrenergic agonist which may be
optionally employed in combination with a compound of
formula I may be AJ9677 (Takeda/Dainippon), L750355
(Merck), or CP331648 (Pfizer) or other known beta 3
agonists as disclosed in U.S. Patent Nos. 5,541,204,
5,770,615, 5,491,134, 5,776,983 and 5,488,064, with
AJ9677, L750,355 and CP331648 being preferred.
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The neuropeptide Y antagonists which may be
optionally employed in combination with a compound of
formula I include those described in WO 0113917 (BMS) or
in U.S. Patent No. 6,218,408 (Synaptic) and in WO 0114376
(Banyu) .

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

The serotonin (and dopoamine) reuptake inhibitor
which may be optionally employed in combination with a
compound of formula I may be sibutramine, topiramate
(Johnson & Johnson) or axokine (Regeneron), with
sibutramine and topiramate being preferred.

The thyrold receptor beta compound which may be
optionally employed in combination with a compound of
formula I may be a thyrold receptor ligand as disclosed
in W097/21993 (U. Cal SF), W099/00353 (KaroBio),
GBS98/284425 (KaroBio), and U.S. Provislonal Application
60/183,223 filed February 17, 2000, with compounds of the
KaroBio applications and the above U.S. provigional
application being preferred.

The ancrectic agent which may be optionally
employed in combination with a compound of formula I may
be dexamphetamine, phentermine, phenylpropanolamine or
mazindol, with dexamphetamine being preferred.

The CCKA agonists which may be employed herein
include Glaxo-SmithKline’s GI-181,771 and Sanofi’s
SR146,131.

_ The PTP-1B inhibitor which may be an anti-oesity
and/or an antidiabetic agent include those disclosed in
WO 99/585,521, WO 99/58518, WO 99/58522 and WO 99/61435.

The anti-obesity agent employed may also be
Pfizer’s P57 or CP-644,673 (licensed from Phytopharm).
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The various anti-obesity agents described above may
be employed in the same dosage form with the compound of
formula I or in different dosage forms, in dosages and
regimens as generally known in the art or in the PDR.

The antihypertensive agents which may be employed
in combination with the HMG CoA reductase inhibitors of
the invention include ACE inhibitors, angiotensin II
receptor antagonists,NEP inhibitors such as candoxatril,
NEP/ACE inhibitors, as well as calcium channel blockers
(such as verapamll and amlodipine besylate), T-channel

calcium antagonists (such as mibefradil), P-adrenergic

blockers, diuretics, a-adrenergic blockers (such as
doxazosin mesylate and terazosin HCl), dual action
receptor antagonists (DARA), heart fallure drugs such as
digoxin, and other types of antihypertensive agents.

The anglotensin converting enzyme inhibitor which
may be employed herein includes those containing a
mercapto (-S-) molety such as substituted proline
derivatives, such as any of those disclosed in U.S. Pat.
No. 4,046,889 to Ondettl et al mentioned above, with
captopril, that is, 1-[(2S)-3-mercapto-2-
methylpropionyl]~L-proline, being preferred, and
mercaptoacyl derivatives of substituted prolines such as
any of those disclosed in U.S. Pat. No. 4,316,906 with
zofenopril being preferred.

Other examples of mercapto containing ACE
inhibitors that may be employed herein include rentiapril
(fentiapril, Santen) disclosed in Clin. Exp. Pharmacol.
Physiol. 10:131 (1983); as well as pivopril and YS980.

Other examples of angiotensin converting enzyme
inhibitors which may be employed herein include any of
those disclosed in U.S. Pat. No. 4,374,829 mentioned
above, with N-(l-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-
L-proline, that is, enalapril, being preferred, any of
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the phosphonate substituted amino or imino acids or salts \SK?\
disclosed in U.S. Pat. No. 4,452,790 with (S)-1-[6~amino-

2-[ [hydroxy- (4-phenylbutyl)phosphinyl]oxy] -1-oxohexyl] -L-
proline or (ceronapril) being preferred,

phosphinylalkanoyl prolines disclosed in U.S. Pat. No.
4,168,267 mentioned above with fosinopril being

preferred, any of the phosphinylalkanoyl substituted

prolines disclosed in U.S. Pat. No. 4,337,201, and the
phosphonamidates disclosed in U.S. Pat. No. 4,432,571
discussed above.

Other examples of ACE inhibitors that may be
employed herein include Beecham’s BRL 36,378 as disclosed
in European Patent Application Nos. 80822 and 60668;
Chugai’s MC-838 disclosed in C.A. 102:72588v and Jap. J.
Pharmacol. 40:373 (1986); Ciba-Gelgy’s CGS 14824 (3-([1l-
ethoxycarbonyl-3-phenyl- (1S} -propyllamino})-2, 3,4, 5~
tetrahydro-2-oxo-1-(3S) ~-benzazepine-1 acetic acid HCl)
disclosed in U.K. Patent No. 2103614 and CGS 16,617
(3(S)-[[(18)-5-amino-1-carboxypentyl]amino]-2, 3,4, 5-
tetrahydro~-2-oxo-1H-1-benzazepine-l-ethanoic acid)
disclosed in U.S. Pat. No. 4,473,575; cetapril
(alacepril, Dainippon) disclosed in Eur. Therap. Res.
39:671 (1986); 40:543 (1986); ramipril (Hoechast)
disclosed in Euro. Patent No. 79-022 and Curr. Ther. Res.
40:74 (1986); Ru 44570 (Hoechst) disclosed in
Arzneimittelforschung 34:1254 (1985), cilazapril
(Hoffman-LaRoche) disclosed in J. Cardiovasc. Pharmacol.
9:39 (1987); R 31-2201 (Hoffman-LaRoche) disclosed in
FEBS Lett. 165:201 (1984); lisinopril (Merck), indalapril
(delapril) disclosed in U.S. Pat. No. 4,385,051;
indolapril (Schering) disclosed in J. Cardiovasc.
Pharmacol. 5:643, 655 (1983), spirapril (Schering)
disclosed in Acta. Pharmacol. Toxicol. 59 (Supp. 5):173
(1986) ; perindopril (Servier) disclosed in Eur. J. clin.
Pharmacol. 31:519 (1987); quinapril (Warner-Lambert)
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disclosed in U.S. Pat. No. 4,344,949 and CI925 (Warner-
Lambert) ([3S-[2[R(*)R(*)]]I3R(*)]-2-[2-[[1~(ethoxy-
carbonyl) -3-phenylpropyl]amino] -1-oxopropyll-1,2, 3, 4-
tetrahydro-6, 7-dimethoxy-3-isoquinclinecarboxylic acid
HCl)disclosed in Pharmacologist 26:243, 266 (1984), WY-
44221 (Wyeth) disclosed in J. Med. Chem. 26:394 (1983).
Preferred ACE inhibitors are captopril, fosinopril,

enalapril, lisinopril, quinapril, benazepril, fentiapril,
ramipril and moexipril.

NEP/ACE inhibitors may also be employed herein in
that they possess neutral endopeptidase (NEP) inhibitory
activity and angiotensin converting enzyme (ACE)}
inhibitory activity. Examples of NEP/ACE inhibitors
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, U.S. Patent. No. 5,552,397, U.S.
Pat. No. 5,504,080, U.S. Patent No. 5,612,359,U.S. Pat.
Ne. 5,525,723, European Patent Application 0599, 444,
0481,522, 0599,444, 0595,610, European Patent Application
0534363A2, 534,396 and 534,492, and European Patent
Application 0629627A2,.

Preferred are those NEP/ACE inhibitors and dosages
thereof which are designated as preferred in the above
patents/applications which U.S. patents are incorporated
herein by reference; most preferred are omapatrilat,
gemopatrilat ([S[(R*,R*)]-hexahydro-6-[(2-mercapto-l-oxo-
3-phenylpropyl)amino] -2, 2-dimethyl-7-oxo-1H-azepine-1-
acetlc acid) and CGS 30440.

The angiotensin II receptor antagonist (also
referred to herein as angiotensin II antagonist or AII
antagonist) suitable for use herein includes, but is not
limited to, lrbesartan, losartan, valsartan, candesartan,
tasosartan or eprosartan, with irbesartan, losartan or
valsartan being preferred.
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A preferred oral dosage form, such as tablets or
capsules, will contain the ACE inhibitor or AII
antagonist in an amount within the range from abut 0.1 to
about 500 mg, preferably from about 5 to about 200 mg and
more preferably from about 10 to about 150 mg.

For parenteral administration, the ACE inhibitor,
angiotensin II antagonist or NEP/ACE inhibitor will be
employed in an amount within the range from about 0.005
mg/kg to about 10 mg/kg and preferably from about 0.01
mg/kg to about 1 mg/kg.

Where a drug is to be administered intravenously,
it will be formulated in conventlional vehicles, such as
distilled water, saline, Ringer’s solution or other
conventional carriers.

It will be appreciated that preferred dosages of
ACE inhibitor and AII antagonist will be as set out in
the latest edition of the Physiclan’s Desk Reference
(PDR) .

Dual action receptor antagonists (DARA) sultable
for use herein include those disclosed in U.S.
applications Serial No. 09/513,779, filed February 25,
2000, and Serial No. 09/604,322, filed June 26, 2000.

Other examples of preferred antihypertensive agents

suitable for use herein include omapatrilat (Vanlev®),
gemopatrilat, amlodipine besylate (Norvasc®), prazosin
HCl (Miniprees®), verapamil, nifedipine, diltiazem,
felodipine, nisoldipine, isradipine, nicardipine, beta
blockers such as nadolol, atenolol (Tenormin®), sotalol,
terazosin, doxazosin, carvedilol, and propranolol, and
clonidine HCl1l (Catapres®).

Diuretica which may be employed in combination
with compounds of formula I include hydrochlorothiazide,
torasemide, furosemide, spironolactone, and indapamide.
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Antiplatelet agents which may be employed in
combinatl n with compounds of formula I of the invention
include aspirin, clopidogrel, ticlopidine, dipyridamole,
abciximab, tirofiban, eptifibatide, anagrelide, and
ifetroban, with clopidogrel and aspirin being preferred.

The antihypertensive agents, diuretics and
antiplatelet drugs may be employed in amounts as
indicated in the PDR. Ifetroban may be employed in
amounts as set out in U.S. Patent No. 5,100,889,

Anti-Alzheimer’s agents or anti-dementia agents
suitable for use herein with the HMG CoA reductase
inhibitors of the invention include tacrine HCl (Cognex )
and donepezil (Aricept®), as well as y-secretase
inhibitors, P-secretase inhibitors and/or
antihypertensive agents. Dosages employed will be as set
out in the PDR.

Antiosteoporosis agents suitable for use herein in
combination with the HMG CoA reductase inhibitors of the
invention include parathyroid hormone or bisphosphonates,
such as MK-217 (alendronate) (Fosamax®) as well as Ca
receptor agonists and progestin receptor agonists.
Dosages employed will be as set out in the PDR.

The hormone replacement therapeutic agents, where
present, will be employed in dosages as set out in the
lateast edition of the PDR. Examples of such agents
include selective estrogen receptor modulators (SERMs)
such as raloxifen, tamoxifen or lasoxifen.

The HMG CoA reductase compound of the invention may
also be employed in combination with a tyrosine kinase
inhibitor such as disclosed in WO 2000/053605;

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

the antiarrhythmic agents suitable for use herein
include p-blockers as set out herein including sotalol
and amioderome, calcium channel blockers as set out
herein including verapamil, nifedipine, amlodipine-
besylate, and diltiazem, which may also be used in
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combination with a debrillator device such as a pace
maker:;

coenzyme Q sub. 10 such as disclosed in U.8. Patent
No. 5,316,765, 4,933,165, 4,929,437;

an agent that upregulates type III endothelial cell
nitric acid syntase such as disclosed in WO 2000/003746;

a chondroprotective compound such as a polysulfated
glycosaminoglycan (PSGAG), glucosamine, chondroitin
sulfate (CS), hyaluronic acid (HA), pentosan polysulfate
(PPS) , doxycycline or minocycline, such as disclosed in
EP 97069%4;

a cyclooxygenase (COX)-2 inhibitor, such as
celecoxib (Celebrex® (Searle)) or rofecoxib (Vioxx®
(Merck)) or a glycoprotein IIa/IIIb receptor antagonist
such as disclosed in WO 99/45913 and tirofiban or
abciximab;

a 5-HT reuptake inhibitor such as disclosed in WO
99/44609;

anti-anginal agents such as vascdilators, for
example, isosorbide dinitrate, or nitroglycerin;

a growth hormone secretagogue such as disclosed in
U.S. applications Serial No. 09/662,448, filed September
14, 2000, and U.S. Provisional application 60/203,335,
filed May 11, 2000, and MK-677 (Mexrck), Pfizer's CP-
424391 and Lilly's LY 444,711;

anti-atherosclerosis agents such as ACAT inhibit rs
and lipoxygenase inhibitors as described herein and
phospholipase A-2 inhibitors such as $-3013 and
8B-435,495 (which are also anti-inflammatory agents);

anti-infective agents such as quinolones, for
example, ciprofloxacin, ofloxacin, and Tequin® (Bristol-
Myers S8quibb), macrolides such as erythromycin and
clarithromycin (Biaxin® (Abbott})}), and azithromycin
(2ithromax (Pfizer)); or

an immunosuppressant (for use in trangplantations)
such as cyclosporine, mycophenolate mofetil, azathioprine
and the like.
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refers t compounds which prevent cancer cells from
multiplying. In general, the antineoplastic agents used
herein prevent cancer cells from multiplying by: (1)
interfering with the cell's ability to replicate DNA, or
{(2) inducing apoptosis in the cancerous cells.

Examples of antineoplastic agents which are
suitable for use in combinations of this invention
include, but are not limited to, microtuble-stabilizing
agents such as the taxanes, for example, paclitaxel (also
known as Taxol®), docetaxel (also known as Taxotere®), 7-
O-methylthio- methylpaclitaxel (disclosed in U.S,
5,646,176), 3'-tert-butyl-3'-N-tert-butyloxycarbonyl-4-
deacetyl-3'-dephenyl-3'-N-debenzoyl-4-0-methoxycarbonyl-
paclitaxel (disclosed in USSN 60/179,965 filed on
February 3, 2000, and example 17 herein), C-4 methyl
carbonate paclitaxel (discloged in WO 94/14787), the
epothilone, such as epothilone A, epothilone B,
epothilone C, epothilone D, desoxyepothilone A,
desoxyepothilone B, [18-

[1R*, 3R* (E) , 7R*,108*, 11R*, 12R+*,168+%] ] -7,11-dihydroxy-
8,8,10,12,16-pentamethyl-3-[1-methyl-2- (2-methyl-4-
thiazolyl) ethenyl] -4-aza-17-oxabicyclo[14.1.0] hepta-
decane-5,9-dlone (disclosed in WO 99/02514), [1S-

[1R*, 3R* (E) , 7R¥,108*,11R%,12R*, 16S%] ] -3- [2- [2-
(aminomethyl) -4-thiazolyl] -1-methylethenyl] -7,11-di-
hydroxy-8,8,10,12,16-pentamethyl-4,17-dioxabi-
cyclo[14.1.0] -heptadecane-5,9-dione (disclosed in USSN
09/506,481 filed on February 17, 2000, and examples 7 and
8 herein), and derivatives thereof; microtuble-disruptor
agents; alkylating agents; anti-metabolites;
epldophyllotoxin; an antineoplastic enzyme; a
topoisomerase inhibitor; procarbazine; mitoxantrone;
platinum coordination complexes; biological response
modifiers; growth inhibitors; hormonal/antihormonal
therapeutic agents; and haematopoietic growth factors.
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Other classes f antineoplastic agents suitable fo:n-/l/D
use in the method £ the present inventi n include, but
are not limited to, the anthracycline family of drugs,
the vinca drugs, the mitomycine, the bleomycins, the
cytotoxic nucleosides, discodexrmolide, the pteridine
family of drugs, diynenes, aromatase inhibitors, and the
podophyllotoxins. Particularly useful members of those
classes not previously mentioned include, for example,
doxorubicin, carminomycin, daunorubicin, aminopterin,
methotrexate, methopterin, dichloro-methotrexate,
mitomycin C, porfiromycin, S-fluorouracil, 6-
mercaptopurine, gemcitabine, cytosine arabinocside,
podophyllotoxin or podophyllotoxin derivatives such as
etoposide, etoposide phosphate or teniposide, melphalan,
vinblastine, vincristine, leurosidine, vindesine,
leurosine, and the like. Other useful antineoplastic
agents include estramustine, cisplatin, carboplatin,
cyclophosphamide, bleomycin, tamoxifen, ifosfamide,
melphalan, hexamethyl melamine, thiotepa, cytarabin,
idatrexate, trimetrexate, dacarbazine, L-asparaginase,
camptothecin, CPT-11, topotecan, ara-C, bicalutamide,
flutamide, leuprolide, pyridobenzoindole derivatives,
interferons, and interleukins.

It will be appreclated that unless otherwise
specified the dosage regiment for therapeutic agents used
in combination with the compounds of the invention will
be as specified in the PDR.

In carrying out the method of the invention for
treating hypercholesterolemia, hyperlipidemia,
hyperlipoproteinemia, hypertriglyceridemia, or
atherosclerosis, and related diseases, or Alzheimer’s
disease or osteoporosis, or other disclosures as set out
hereinbefore, a pharmaceutical composition will be
employed containing the compounds of structure I, with or
without other cholesterol lowering agents, osteoporosis
agents, Alzheimer’s agents, antidiabetic¢ agent(s) and/or
antihyperlipidemic agent({s) and/or other type therapeutic
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agents in association with a pharmaceutical vehicle or (2/
diluent. The pharmaceutical composition can be
formulated employing conventional solid or liquid
vehicles or diluents and pharmaceutical additives of a
type appropriate to the mode of desired administration,
such as pharmaceutically acceptable carriers, excipients,
binders and the like. The compounds can be administered
to mammalian species including humans, monkeys, dogs,
etc. by an oral route, for example, in the form of
tablets, capsules, beads, granules or powders, or they
can be administered by a parenteral route in the form of
injectable preparations, or they can be administered
intranasally or in transdermal patches. Typical solid
formulations will contain £from about 0.1 to about 500 mg
of a compound of formula I. The dose for adults is
preferably between 0.5 and 1,000 mg per day, which can be
administered in a single dose or in the form of
individual doses from 1-4 times per day and also single
dose once weekly (5 to 1000 mg).

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

The following abbreviations are employed in the
Examples and elsewhere herein:

Ph = phenyl

Bn = benzyl

i-Bu = iso-butyl

Me = methyl

Et ethyl

TMS = trimethylsilyl

FMOC = fluorenylmethoxycarbonyl
Boc = tert-butoxycarbonyl
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Cbz = carbobenzyloxy or carbobenzoxy or benzyloxycarb nyl
DIPEA = diisopropyl ethylamine

PTSH = N-phenylthiotetrazole

PPhy = triphenylphoaphine

NMO = methylmorpholine N-oxide

TPAP = tetrapropylammonium perruthenate

DEAD = diethyl azodicarboxylate

HOAc or AcOH = acetic acid

TFA = trifluoroacetic acid

Et;NH = diethylamine

NMM = N-methyl morpholine

n-Bull = n-butyllithium

Pd/C = palladium on carbon

Pt0O2 = platinum oxide

MTBE = methyl t-butyl ether

DI water = dionized water

TEA = triethylamine

EDAC = 3-ethyl-3'-(dimethylamino)propyl-carbodiimide
hydrochloride (or 1l-[(3-(dimethyl)amino)propyl])-3-
ethylcarbodiimide hydrochloride)

HOBT or HOBT.H;0 = l-hydroxybenzotriazole hydrate
HOAT = l-hydroxy-7—-azabenzotriazole

PyBOP reagent = benzotriazol-l-yloxy-tripyrrolidino
phosphonium hexafluorophosphate

LiIN(TMS)2 = Libis(trimethylsilyl)amide

DIBAL = diisobutylaluminum hydride

LDA = lithlum diisopropylamide

DMPU = 1,3-dimethyl-3,4,5, 6-tetrahydro-2 (1H)-pyrimidinone
AcCN = acetonitrile

LiHMDS = lithium bis(trimethylsilyl)amide

NaHMDS = sodium bis(trimethylsilyl)amide

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

min = minute(s)

h or hr = hour(s)

L = liter

mL = milliliter
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KL = microliter Q
g = gram(s) 19
mg = milligram(s)

mol = moles .

mmol = millimole (s)

meq = milliequivalent

RT, rt = room temperature

sat or sat’d = saturated

ag. = aqueous

TLC = thin layer chromatography

HPLC = high performance liquid chromatography

LC/MS = high performance liquid chromatography/mass
spectrometry

MS or Mass Spec = mass spectrometry

NMR = nuclear magnetic resonance

mp = melting point

Bp = boiling point

The following Examples represent preferred
embodiments of the invention. Unless otherwise
indicated, all temperatures are in degrees Centigrade.
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A mixture £ polyphosphoric acid (82.9 g) and dry

-xylene (30 ml) was heated to 105-110°C in an il bath,
treated with a solution of 4-phenoxybutyric acid (25 g,
0.137 mole) in dry o-xylene (110 ml) and stirred at 105-
110°C for 2 hours. The reaction mixture was cooled to
room temperature over a 2-hour perlod, poured into ice-
water (180 ml), then extracted with ether (3 x 150 ml).
The combined organic extracts (rust-colored) were washed
with water (2 x 80 ml) and brine (80 ml), dried
(anhydrous Na,80,), filtered, evaporated to dryness and
evaporated once from hexanes (500 ml). The residue was
dried in xacuo for 48 hours to give a reddish-brown syrup
(27.19 g) which was divided into two portions,
chromatographing each portion on a silica gel columm,

(EM, 2-1/4" x 10”") to give a light amber syrup (10.792
g). Trituration of an impure fraction with ether (3 x 25
mL) gave an additional 1.98 g of product. Yield : 12.77

g, amber syrup; 58 ¥. Rf 0.38 (8ilica gel; EtOAc:Hexane-
1:4; OV).

A(l).

An oven-dried 3-neck 1-L flask equipped with
temperature sensor prcbe, 125-mL constant pressure
addition funnel and septum was charged with dry CH,C1,
(300 mL) and dry DMSO (20.9 mL, 0.2944 mol, 2.5 equiv)
under argon atmosphere; cooled to -75°C. Oxalyl chloride
(13.6 mL, 0.156 mol, 1.32 equiv) was added neat via
syringe dropwise over 15 min (temperature rose to -66°C),
and then let stir additional 15 min. A solution of the
alcohol 2-[(4R,68) -6- (hydroxymethyl) -2, 2-dimethyl-1,3-
dioxan-4-yl]acetic acid t-butyl ester (30.66 g, 0.1178
mol, 1 equiv) in dry CH,Cl, (80 mL} was added dropwise
from the addition funnel over 30 min (temperature rose to
-68°C). The resulting white mixture was stirred for 70
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min at -76°C, then triethylamine (82 mL, 0.5889 mol, 5
equiv) was added dropwise from additi n funnel over 35
min (temperature rose to -65°C ), then the light yellow
mixture was stirred vigorously at -76°C. TLC (SiO,, 20%
EtOAc/CH,Cl,, Rf=0.52). After 30 min, the cooling bath
was removed and the reaction was quenched by slowly
adding cold 20% aq KH,PO, (35 mL), followed by cold H,0
(300 mL); and then let stir 15 min (temperature rose to
-7°C ). The reaction was poured into a 2-L separatory
funnel and extracted with hexanes (500 mL). The organic
extract was washed with cold 10% ag KH,PO, (3x%300 mL) and
saturated aqueous NaCl {300 mL). The organic was dried
over anhydrous Na,SO,, filtered and concentrated in wvacun
to give yellow oil. Purification by 8i0, flash
chromatography (10cm x 20 cm column) with 35:65
EtOAc/Hexanes afforded the title compound as a white
solid (22.2 g, 0.0859 mol, 73%):

'H NMR (CDCl,) 8§ 1.267-1.465 (m, 16H), 1.802 (dd, J=12.7
Hz, 2.2 Hz, 1H), 2.250-2.464 (m, 2H), 4.314 (4, J=18.4
Hz, 2H), 9.555 (d, J=1.3 Hz, 1H).

A(2).
o O

A

To a slurry of NaH (19.20 g, 480 mmol) and diethyl
carbonate (80 mL) in a 3-neck 1L round bottom flask at
room temperature was added a solution of cyclopropyl
methylketone (23.5 mL, 238 mmol) in Et,0 (30 mL).
Approximately 10% of the solution was added, and then
0.25 mL of EtOH was added to the reaction slurry.
Addition of the remaining ketone solution continued with
light gas evolution. After addition of all of the ketone
solution, the reaction became quite exothermic with
vigorous 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, gas evolution had
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ceased and the reaction mixture was stirred at room
temperature £ r 2h. The reacti n mixture was ¢ 1led in
an ice-bath, diluted with Et,0 {200 mL), and treated with
1l N HCl with some ice to adjust to around pH 3. The
reaction mixture was extracted with Et,0 (3 x 150 mL).
The Et,0 extracts were combined, washed with saturated
aqueous NaHCO, (200 mL), H,0 (200 mL) and brine (200 mL),
and dried (Na,80,), filtered and concentrated under
reduced pressure to give a yellow oil. The oil was
distilled under vacuum to give the title compound as a
colorless oil, 28.5 g, 77%. B.p. = 94-96°C/8 mmHg.

A(3).

To a stirred solution of part A(2) compound (28.24
g, 181 mmol) in benzene (128 ml) was added 4-fluoro-
benzaldehyde {(19.4 mL, 181 mmol), HOAc (0.31 mL, 5.4
mmol) and piperidine (1.8 mL, 18.2 mL). The reaction
mixture was heated at reflux and azeotrope was collected
with a Dean-Stark trap. After 16 h, the reaction was
cooled to room temperature, diluted with Et,0 (250 mL),
washed with agqueous 0.5 N HCl, saturated agqueous NaHCO,,
R0 and brine, and then dried (Na,80,), filtered and
concentrated under reduced pressure. Purification by
flash chromatography (1:10 EtOAc/hexane) gave the title
compound as a light yellow oil, 29 g, 61¥% yield.
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A solution of compound of Part A (7.21 g, 40.9
mmol) in dry THF (5.0 ml) was added to a -78°C sclution
of 1lithium bis(trimethylsilyl)amide (1.0 M in TEF; 49
ml, 49 mmol) in dry THF (25 ml) and stirred at -78°C
under argon for 1 hour. The reaction mixture was treated
with a solution of Example 1 Part A(3) compound (7.15 g,

27.3 mmoles), in dry THF, stirred at -78°C for 30 minutes

then at 0°C for 30 minutes. The reaction mixture was
quenched at 0°C by the dropwise addition of glacial
acetic acid (5 ml) and the resulting slurry was stirred
at room temperature for another 5 minutes then poured
slowly into an ammonium chloride solution (25%, 140 ml).
The bright yellow solution was extracted with ether (2 x
100 ml) and the combined organic extracts were washed
with water (2 x 25 ml) and brine (25 ml), dried
{(anhydrous Na,80,), filtered, evaporated to dryness and
dried in yacua to give the crude product mixture as a
yellow oil (17.16 g).

C.

A mixture of crude Part B compound (17.0 g, 27.3

25 mmol), ammonium acetate (9.34 g, 120 mmol) and copper
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acetate mon hydrate (20.54 g, 101 mmol) in glacial acetic /z‘
acid (100 ml) was refluxed under arg n £ r 19 hours. The
mixture was poured into an ice-cold solution of
concentrated ammonium hydroxide (85 ml) in water (170 ml)
and the bright blue solution was extracted with ether (3
X 200 ml). The combined organic extracts were washed
with water (2 x 80 ml) and brine (80 ml), dried
{anhydrous Na,80,), filtered, evaporated to dryness, and
dried in vacua. The crude preduct (14 g, brown syrup)
was chromatographed in two batches, each on a silica gel
column (EM, 2-1/4" x 10") to give the desired product as
an off-white solid (4.161 g). An additional 931 mg of
product was obtalned from chromatography of mixed
fractions. Yleld: 5.092 g, 46 ¥ from compound A).

Rf 0.53 (8ilica gel; EtOAc:Hexane-1l:4; UV)

D.

A solution of Part C compound (2.515 g, 6.23 mmol)
in dry THF (30 ml) was cooled to 0°C (ice-water bath),
treated dropwise with lithium aluminum hydride (1.0 M in
THF; 12.5 ml, 12.5 mmol), stirred at 0°C for 30 minutes
then at room temperature for 3 hours. The reaction
mixture was cooled to 0°C, treated successively with
water (0.5 ml), 15% NaOH (0.5 ml) and water (1.5 ml),
stirred at room temperature for 5 minutes then diluted
with ethyl acetate (50 ml). The slurry was filtered
through a Celite® pad, washing the pad well with ethyl
acetate (3 x 25 ml). The clear filtrate was evaporated
to dryness and dried in wvacuo to give the title product.
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Yield: 2.386 g, white £ am (100 %). Rf 0.15 (Silica gel;

EtOAc:Hexane-1:4; UV).

A solution of Parxrt D compound (2.27 g, 6.23 mmol)
in dry dichloromethane (45 ml) was cooled to 0°C (ice-
water bath) and treated dropwise with phosphorus
tribromide (1.0 M in dichloromethane; 12.5 ml, 12.5
mmol). The ice bath was removed and the reaction mixture
was stirred at room temperature for 30 minutes after
which it was re-cooled to 0°C and treated dropwise with
saturated sodium bicarbonate (70 ml). The mixture was
then warmed to room temperature and extracted with ethyl
acetate (2 x 100 ml). The combined organic extracts were
washed with water (2 x 50 ml) and brine (50 ml), re-
extracting each aqueous wash with dichloromethane (100
ml). The organic extracts were dried (anhydrous sodium
sulfate), filtered, evaporated to dryness and dried in
xacun to give the title product as a white solid. Yield:
2.503 g, (94 ¥). m.p. = 169-171°C. Rf 0.58 (8ilica gel;
EtOAc:Hexane- 1:4; UV).
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A solution of diethyl phosphite (0.88 ml, 6.83
mmoles) in dry THF (10 ml) was cooled to -10°C
{acetonitrile-dry ice bath), treated with sodium
(bistrimethylsilyl)amide (1.0 M in THF; 6.7 ml, 6.7 mm 1)
and stirred at -10°C for 30 minutes. The cooled solution
was treated with a solution of Part E compound (2.41 g,
5.68 mmol) in dry THF (20 ml), stirred at -10°C for 1.0
hour then quenched at -10°C with water (14 ml). The
solution was extracted with ethyl acetate (2 x 75 ml) and
the combined organic extracts washed with 1.0 M
hydrochloric acid ( 6.0 ml) and brine (10 ml), dried
(anhydrous sodium sulfate), filtered, evaporated to
dryneas and dried in vacuo. The crude product (3.12 g,
syrup) was chromatographed on a silica gel columm (EM,
5.5 cm x 12.5 cm) to give the title compound as a syrup.
Yield: 2.34 g (85.5%). Rf 0.33 (Silica gel; EtOAc-
Hexane-1:1; TV).

GI

A solution of Part F compound (2.29 g, 4.756 mmol)
in dry THF (20 ml) was cooled to -78°C, treated with 2.37
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M n-butyllitium (2.41 ml, 5.71 mmol) and stirred at -78°C
f r 40 minutes. The 8 lution was treated dropwise via
cannula with a -78°C solution of Part A(l) compound (2.36
g, 9.15 mmol) in dry THF (10 ml), keeping both solutions
at -78°C at all times. The reaction mixture was stirred
at -78°C for 1.0 hr, -10°C for 1.0 hr and at room
temperature for 5 hr, quenched with 25% ammonium chloride
solution (12 ml) then extracted with ethyl acetate (2 x
100 ml). The combined organic extracts were washed with
25% ammonium chloride solution (12 ml) and brine (12 ml),
dried (anhydrous sodium sulfate), filtered, evaporated t
dryness and dried in vacun. The crude product yellow
syrup was chromatographed on a silica gel column (EM, 2-
1/4" x 10”) to afford the title compound as a syrup.
Yield: 878 mg (32 %). Rf 0.37 (Silica gel; EtOAc:Hexane-
1:4; OV).

H.

A solution of Part G compound (850 mg, 1.45 mmol)
in dry dichloromethane (20 ml) was cooled to 0°C, treated
with trifluorcacetic acid (1.85 ml, 24 mmol), stirred at
0°C for 5 minutes, then at room temperature for 4.5
hours. The reaction mixture was poured slowly into a 1 L
flask containing ethyl acetate (300 ml) and saturated
sodium bicarbonate (40 ml), rinsing the flask with ethyl
acetate (50 ml). The mixture was stirred well and the
phases separated, washing the organic phase with
saturated sodium bicarbonate (25 ml) and brine (25 ml).
The organic phase was dried over anhydrous sodium
sulfate, filtered, evaporated to dryness and dried in
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vacuo. The crude pr duct mixture was chromatographed n
a gilica gel ¢ lumn (EM, 1.5 x 12”) to give the desired
compound as a syrup. Yleld: 570 mg (83 ¥%). Rf 0.23
(8ilica gel; EtOAc:Hexane-1:1; UV)

A solution of Part H compound (550 mg, 1.17 mmol)
in dry THF (10 ml) was treated with 1.0 N NaOH (1.46 ml;
1.46 mmol) and stirred at room temperature for 10
minutes. The reaction mixture was evaporated to dryness
and the residual solid was dissolved in a mixture of
water (6.7 ml) and 1.0 N sodium hydroxide (70 ul). The
solution was eluted on an SP207 column (Na+ form; 1.5" x
4"), eluting the column with water (200 ml), 10% CH,CN/H,0
(200 ml), 20% CH,CN/H,0 (100 ml) and 50% CH,CN/H,0 (200
ml). The desired fractions were combined and evaporated
to dryness. The semi-solid obtained was dissolved in
water (300 ml) and lyophilized to give the title
compounds as a white solid. Yield: 583 mg (95%) Rf
0.48 (8ilica gel; CH,Cl,:MeOH:HOAc-18:1:1; TV).

Analysis for C,H,,FNONa * 0.8 H,O (MW « 525.94}:

Cale'd: C, 66.23; H, 5.29; N, 2.66; F, 3.61
Found: C, 66.37; H, 5.30; N, 2.62; F, 3.91
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Alternats Procedure f r Example 1 Part G Compound

G(l).

The Example 1 Part E bromide (13.03 g, 0.027 mol, 1
equiv) and Ph,POEt (6.5 mL, 0.0297 mol, 1.1 equiv) were
heated at reflux in anhydrous toluene (200 mL) under an
argon atmosphere. The reaction became a thick yet
stirrable white mixture after about 10 min. The reacti n
was complete after 1 hr by tlc (810,, 30% EtOAc/CH,C1,,
product Rf=0.34). The mixture was cooled to 0°, and the
white precipitate was collected by vacuum filtration,
washed with hexanes (2x50 mL), and dried in wacun (14.8
g, 0.027 mol, 100%): HPLC (Shimadzu, YMC S-5 C18 4.6x50
mm column, 4min gradient ® 4mL/min, UV detection 220 nM;
start $B=50, final ¥B=100; A=10:90 MeOH/H,0 + 0.2% H,PO,,
B=90:10 MeOH/H,0 + 0.2% H,PO,) R.T.=3.70 min (100%);

'H NMR (CDCl,) 80.712-0.760 (m, 2 H), 1.10-1.14 (m, 2 H),
2.163-2.228 (m, 1 H), 2.3211 (t, J=6.2 Hz, 2 H), 3.850
(d, J=14 Hz, 2 H), 4.2568 (t, J=6.2 Hz, 2 H), 6.779 (dd,
J=8.3 Hz, 5.3 Hz, 2 H), 6.9542 (t, J=8.3 Hz, 2 H), 7.070
(d, J=7.9 Hz, 1 H), 7.257 (t, J=7.5 Hz, 1 H), 7.334-7.421
(m, 9 H), 7.469-7.521 (m, 2 H), 7.822 (4, J=7.5 Hz, 1 H);
MS m/z 546 (M+H)".
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G(2).

A flame-dried 250-mL flask was charged with Part
G(1) compound (14.82 g, 27.2 mmol, 1 equlv), chased with
anhydrous toluene (2x50 mL), dried over high-vacuum and
filled with argon. THF (150 mL) was added and the partial
slurry was cooled to 0°C. A 2.5 M solution of n-BuLi in
hexanes (11.4 mL, 0.0285 mol, 1.05 equiv) was added
dropwise to the vigorously stirred mixture over a period
of 40 min. The resulting green colored solution was then
ptirred for 1 hr at 0°C. The aldehyde Example A(1l)
compound (8.42 g, 0.0326 mol, 1.2 equiv) in a flame-dried
500-mL flask (material previously chased with anhydrous
toluene, 3x20 ml:) under an argon atmosphere was dissolved
in dry THF (75 mL) and cooled to -78°C. The phoshine
anion solition was added dropwise to the aldehyde via
cannula over a period of 45 min, then the dark blue
colored sclution was stirred at -78°C for 1.5 hr. The
mixture was let warm to room temperature over a 2 hr
period; the initially blue solution became a dark brick-
red color and finally a light orange color. TLC (8i0,, 5%
EtOAc/CH,Cl,, product Rf=0.37). The reaction was quenched
with half-saturated aqueous NaCl (200 mL) and extracted
with Et,0 (300 mL); the organic was washed with H,0 (2x100
mL) and saturated aqueous NaCl (100 mL). The organic
layer was dried over anhydrous Na,S80,, filtered and
concentrated in xacua. Purification by 810, flash
chromatography (10 cm x 25 cm) with 2% EtOAc/CH,Cl, (2 L),
3% EtOAc/CH,Cl, (2 L)}, 5% BtOAc/CH,Cl, (1 L), 7%
EtOAc/CH,C1l, (1 L), and 10% EtOAc/CH,Cl, (1 L) afforded
Paxt G(2) compound (the same as Example 1 Part G
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comp und) as a white s 1id (11.13 g, 0.019 mol, 70%):
HPLC (Shimadzu, YMC 8-5 Cl8 4.6x50 mm ¢ lumn, 4 min
gradient @ 4 mL/min, UV detection 220 nM; start %B=70,
final $B=100; A=10:90 MeOE/H,0 + 0.2% H,PO,, B=90:10
MeOH/H,0 + 0.2% H,PO,) R.T.=4.36 min (100%);

'H NMR (CDC1l,) 8 0.928-1.039 {(m, 3 H), 1.191-1.368 (m, 6
H), 1.4364 (s, 3 H), 1.4483 (8, 9 H), 2.225-2.431 (m, 3
H), 2.4782 (t, J=6.2 Hz, 2 H), 4.188-4.334 (m, 2 H),
4.3667 (t, 2 H), 5.5846 (dd, J=16.2 Hz, 5.7 Hz, 1 H),
6.342 (4, J=16.2 Hz, 1 H), 7.0663-7.1356 (m, 5 H), 7.257
(t, J=7.5 Hz, 1 H), 7.3538 (t, J=7.5 Hz, 1 H), 7.828 (d,
J=7.5 Hz, 1 H); M8 (FAB) m/z 586 (M+H)".

Example 2

A mixture of p-fluorcobenzaldehyde (4.939 g, 0.039
mol, 1 equiv), ethyl iscbutyrylacetate (6.495 g, 0.039
mol, 1 equiv), piperidine (0.395 mL, 3.91 mmol, 0.1
equiv), and glacial acetic acid (0.070 mL, 1.22 mmol,
0.03 equiv) in anhydrous benzene (30 mL) was heated at
reflux with a Dean-Stark trap to collect H,0. After 20
hrs, the reaction was cooled to rt. The yellow reaction
mixture was diluted with Et,0 (50mL) and washed with 0.5N
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aq HCl, esatd. ag NaHCO,, H,0, and satd. agq NaCl. The
rganic extract was dried over anhydrous Na,S0,, vacuum’
filtered and the filtrate concentrated by rotary
evaporation ln vacuo to yellow oil. Vacuum distillation
afforded the desired product as a light yellow oil (8.575
g, 0.0324 mol, 83%): bp 107-115°C (0.225 mm Hg);

'H NMR (CDCl,) 8§ 1.047 and 1.160 (d's, J=6.6 Hz, 6H, 1.4:1
ratio), 1.260 and 1.296 (t's, J=7.1 Hz, 3H, 1:1.4 ratio),
2,674 and 3.140 (m's, J=7 Hz, 1H, 1.4:1 ratio), 4.245-
4.324 (m, 2H), 7.010-7.074 (m, 2H), 7.346-7.448 (m, 2H),
7.701 (s, 1H). MS (FAB) m/z 265 (M+H)*', 287 (M+Na)*.

An oven-dried 250-mL 3-neck flask purged with
argon was charged with anhydrous THF (30 mL) and lithium
bis(trimethylsilyl)amide (1M in THF, 57.9 mL, 0.058 wol,
1.8 equlv), then cooled to -78°C in a dry ice-acetome
bath. A solution of Example 1 Part A compound (7.824 g,
0.0482 mol, 1.5 equiv) in dry THF (6 mL) was added via
cannula and the enoclate allowed to generate over 1 hr at
-78°C. Then a solution of Part A compound (8.50 g, 0.0322
mol, 1 equiv) in dry THF (6 mL) was added via cannula and
the resulting amber solution stirred at -78°C for 30 min,
then at 0°C for 30 min. The reaction wae quenched with
glacial acetic acid (6 mL), then poured into satd aqg
NH,Cl. The mixture was extracted with Et,0 (100 mL) and
the ethereal extract was washed with H,0 (2x30 mL) and
satd ag NaCl. The organic was dried over anhydrous
Na,80,, vacuum filtered and concentrated by rotary

- 70 -



10

15

20

25

HX0115 PCT

evaporati n in vacuao t a yellow oil (17.19 g): MS (FAB)
m/z 427 (M+H)*.

c.

The crude Part B compound (17.19 g), NH,OAc (11.0gq,
0.142 mol, 4.4 equiv), and Cu(OAc), monohydrate (24.2 g,
0.119 mol, 3.7 equlv) were dissolved in glacial HOAc (120
mL) under argon and heated at gentle reflux for 20 hrs.
The reaction was cooled to rt, then poured into an ice
cold solution of conc NHOH (100 mL) in H,0 (200 mL). The
mixture was extracted with Et,0 (200 mL+2x100 mL), then
the combined ethereal extracts was washed with H,0 (2x100
nL) and satd ag NaCl. The extract was dried over
anhydrous Na,S80,, vacuum filtered and concentrated by
rotary evaporation in vacuo. The resulting brown oll was
chased with hexanes to remove HOAc, followed by drying in
vacuo. Purification in two batches on two S10, flash
columns (5cm x 22 cm) with 5% EtOAc/Hexanes afforded the
product as a yellow oll which crystallized upon sitting
(5.98 g, 0.0148 mol, 46% for two steps):

'H NMR (CDCl,) 8 0.959 (t, J=7 Hz, 3H), 1.164 and 1.359
(d's, J=7 Hz, 6H, 1:4 ratlo), 2.557 (t, J=6.2 Hz, 2H),
2.897 and 3.146 (m's, J=7 Hz, 1H, 1:4 ratio), 4.006 (q,
Ja7 Hz, 2H), 4.418 (t, J=6.2 Hz, 2H), 6.710-7.578 (m,
7H), 7.898 (d, J=7.5 Hz, 1E); M8 (ESI +Q) m/z 406 . (M+H)"*.
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Part C compound (5.78 g, 0.0143 mol, 1 equlv) was
dissolved in dry THF (70 mL) under argon and cooled to
0°C. A solution of LiAlH, in THF (1M, 28.5 mL, 0.0285
mol, 2 equiv) was added slowly. The reaction was stirred
at rt for 2 hrs, followed by 25 min at reflux. TLC (S8i0,,
5% EtOAc/CH,Cl,, Rf=0.24). The reaction was cooled to
0°C, then carefully quenched with H,0 (2.3 mL), 15% aq
NaOH (2.3 mL), and H,O (4.7 mL). The white mixture was
stirred at rt for 10 min, then vacuum filtered and the
80lid washed with EtOAc. The flltrate was concentrated
by rotary evaporation in wvacuo to a yellow oill.
Purification on a 810, flash column (5cm x 20 cm) with a
gradient of 4% to 8% EtOAc/CH,Cl, afforded the product as
a white solid (4.082 g, 0.0112 mol, 79%):

'H NMR (CDCl,) & 1.402 (d, J=6.6 Hz, 6H), 2.463 (t, J=6.2
Hz, 2H), 3.532 (m, J=6.6 Hz, 1H), 4.382 (t, J=6.2 Hz,
2H), 4.461 (4, d=5.3 Hz, 2H), 7.097 (d, J=7.9 Hz, 1H),
7.168 (t, J=8.8 Hz, 2H), 7.233-7.397 (m, 4H), 7.929 (d,
J=7.5 Hz, 1H); MS (ESI +Q)m/z 364 (M+H)".
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The Part D alcohol (3.066g, 8.437 mmol, 1 equiv),
dissolved in dry CH,Cl, (60 mL) under argon at 0°C, was
treated by dropwise addition of a 1M solution of PBr, in
CH,Cl, (16.9 mL, 16.9 mmol, 2 equiv). The reaction was
stirred at rt for 30 min, at which time the reaction was
recooled to 0°C and treated with satd ag NaHCO, (90 mL).
The mixture was diluted with CH,Cl, (50 mL), the layers
were separated, and the organic washed with H,0 (2x50 mL)
and satd ag NaCl (50 mL). The organic was dried over
anhydrous Na,S0,, filtered and concentrated ln wxacua. TLC
(810,, 5% EtOAc/ CH,Cl,, Rf=0.69). The residue was
purified by 8i0, flash chromatography (3.8cm x 15cm
column) with CH,Cl, to obtain product as white solid (2.97
g, 6.97 mmol, 83%):

'H NMR (CDCl,) 8 1.403 (d, J=6.6 Hz, 6H), 2.430 (t, J=6.2
Hz, 2H), 3.459 (m, J=6.6 Hz, 1H), 4.290 (s, 2H), 4.356
(t, J=6.2 Hz, 2H), 7.087 (4, J=7.9 Hz, 1H), 7.183 (t,
J=7.5 Hz, 2H), 7.263-7.397 (m, 4H}, 7.910 (4, J=7.5 Hz,
1H); M8 (ESI +Q) m/z 426/428 (M+H)".

- 73 -



10

15

20

25

HX0115 PCT

The Part B bromide (2.97 g, 6.967 mmol, 1 equiv)
and ethyl diphenylphosphinite (1.7 mL, 7.663 mmol, 1.1
equiv) were heated at reflux under argon for 1.5 hrs.
TLC (810,, 30% EtOAc/CH,Cl,, product Rf=0.47). The
reaction was cooled in an ice bath, then the solid
collected by vacuum filtration in Buchner funnel; the
solid was washed with small volumes of toluene, followed

by hexanes. This afforded product as white solid (3.48
g, 6.35 mmol, 91%):

H NMR (CDCl,) 8 1.256 (d, J=6.6 Hz, 6H), 2.334 (t, JIm=6
Hz, 2H), 3.33 (m, 1H), 3.716 (d, J=13.6 Hz, 2H), 4.252
(t, J=6 Hz, 2H), 6.767 (br t, J=5.3 Hz, 2H), 6€.895 (t,
J=8.5 Hz, 2H), 7.072 (d, J=7.9 Hz, 1H), 7.284 (t, Jm7.4
Hz, 1H), 7.320-7.420 (m, SH), 7.460-7.520 (m, 2H), 7.929
(d, J=7.4 Hz, 1H); MS (BSI +Q) m/z548 (M+H)".

G.

An oven-dried 50-mL flask charged with the Part F

diphenylphosphine oxide (1.00 g, 1.826 mmol, 1 equiv) was
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chased with anhydrous toluene (3x5 mL), dried n hi-
vacuum, and filled with arg n. The dry s 1id was
dissclved in dry THF (10 mL) and the resulting suspension
cooled to 0°C. nBuLi sclution (Aldrich, titrated with
diphenylacetic acid: 2.4 M in hexanes; 0.80 mL, 1.92
mmol, 1.05 equiv) was added slowly dropwise over 20 min.
The resulting dark amber-colored solution was allowed to
stir at 0°C for 1 hr. The Example 1 A(l) aldehyde (0.566
g, 2.192 mmol, 1.2 equiv) in an oven-dried 100-mL flask
(material previously chased with anhydrous toluene (3x5
mL) and dried in vacuo) under argon atmosphere was
diesolved in dry THF (5 mL) and cooled to -78°C. The
anion solution was added via cannula to the aldehyde
solution over a period of 25 min, then the dark green-
colored solution was stirred at -78°C for 1.5 hra. The
acetone/dry ice bath was then removed and the reaction
allowed to slowly warm to room temperature; the initially
green solution became an orange mixture. After 2 hre,
the reaction wae quenched with half-satd ag NaCl (60 mL),
extracted with Et,0 (100 mL), then washed the organic with
H,0 and satd ag NaCl. Purification by 8i0O, flash
chromatography (3.8cm x 15cm column) afforded the product
as a white foam (556 mg, 0.946 mmol, 52 ¥). Also
recovered unreacted diphenylphosphine oxide (445 mg,
0.8127 mmol):

'H NMR (CDCl,) & 0.890 (q, 1H), 1.323-1.462 (m, 21H),
1.595 (d, 1H), 2.249 (dd, J=15.4 Hz, 6.2 Hz, 1H), 2.403
(dd, J=15.4 Hz, 7.0 Hz, 1H), 2.516 (t, J=6.2 Hz, 2H),
3.406 (m, 1H), 4.197-4.295 (m, 2H), 4.407 (m, 2H), 5.288
{(dd, J=16.2 Hz, 5.7 Hz, 1H), 6.327 (dd, J=16.2 Hz, 1.3
Hz, 1H), 7.076-7.142 (m, 5H), 7.277-7.399 (m, 2H), 7.943
(d, J=7.5 Hz, 1H); M8 (BESI +Q) m/z 588 (M+H)".
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The Part G compound (0.230 g, 0.391 mmol) was
dissolved in dry CH,Cl, (5 mL) under an argon atmoaphere
and cooled to 0°C. Trifluoroacetic acid (0.5 mL) was
added and the mixture was stirred at rt for 6 hrs. TLC
(8i0,, 20% EtOAc/CH,Cl,, Rf=0.31). The reaction solution
was transferred to a separatory funnel and treated with
satd ag NaHCO, (25 mL), extracted with EtOAc (100 mL), and
the organic washed with satd ag NaHCO, and satd ag NaCl.
The organic was dried over anhydrous Na,80,, filtered and
concentrated by rotary evaporation in vacuno. The residue
was purified by 810, flash chromatography (1.9cm x 15cm
column) to afford the product as a white solid (160 mg,
0.338 mmol, B86%):

'R NMR (¢pcl,) 8 1.304 (d, J=6.6 Hz, 6H), 1.442-1.690 (m,
2H), 2.476-2.678 {(m, 4H), 3.339 (m, 1H), 4.157 (m, 1H),
4.389 (t, J=6.2 Hz, 2H), 5.076 {(m, 1H), 5.320 (dd, J=16.2
Hz, 10.1 Hz, 1H), 6.489 (d, J=16.2 Hz, 1H), 7.06-7.16 (m,
5H), 7.281 (t, 1H), 7.368 (t, 1H), 7.914 (d, J=7.5 Hz,
1H); M8 (BSI +Q) m/z 474 (M+H)°*.
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The Part H lactone (148 mg, 0.3125 mmol, 1 equiv)
was dissolved in THF (3 mL), treated with 1N ag NaOH
{(0.391 mL, 0.3907 mmol, 1.25 equiv), and stirred at rt.
TLC (8i0,, 0.5:0.5:9 HOAc/MeOH/CH,Cl,, Rf=0.25). After 30
min, the solvents were removed by rotary evaporation in
vacuo and the residue dried on hi-vacuum. A SP207 Na-
form resin column (1.9cm x 10cm bed) was prepared as
follows: the resin was poured into a glass chromatography
column equipped with fritted disc support, the resein was
washed with satd ag NaHCO, (15 mL), satd ag NaCl (15 mL),
and DI H,0 (100 mL, Milli-Q). The residue was taken up in
Milli-Q DI H,0 (5 mL), applied to column, and eluted with
Milli-Q DI H,0 (100 mL), 10% AcCN/H,0 (60 mL), and 25%
AcCN/H,0 {125 mL). Product-containing fractions were
combined and concentrated by rotary evaporation in vacua
to a small volume, then transferred to a 40-mL
lyophilization jar, using additional H,0 to rinse out
flask. The contents of the jar were frozen in an
acetone-dry ice bath and lyophilized to afford the
product as a white lyophilate (148 mg, 0.288 mmol, 92%):

'H NMR (DMSO-d,) & 0.90-1.00 (m, 1H), 1.20-1.35 (m, 7H),

1.727 (dd, J=14.9 Hz, 7.9 Hz, 1H), 1.955 (dd, J=14.9 Hz,
4 Hz, 1H), 2.399 (t, J=6.2 Hz, 2H), 3.424-3.490 (m, 2H),
4.00-4.10 (m, 1H), 4.386 (t, J=6.2 Hz, 2H), 4.954 (br s,
1H), 5.354 (dd, J=16.2 Hz, 5.3 Hz, 1H), 6.297 (d, J=16.2
Hz, 1H), 7.12 (4, J=7.9 Hz, 1H), 7.20-7.46 (m, 7R), 7.802
(dd, J=7.9 Hz, 1.8 Hz, 1H); MS (ESI +Q) m/z 492 (M+H)*;
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Anal. Calecd £ r C,H,FNO,Na'H,0:
C, 65.53; H, 5.88; N, 2.64.
Found: C, 65.46; H, 5.70; N, 2.52,

Example 3

The Example 2 Part G compound (200 mg, 0.3403 mmol,
1 equiv) was hydrogenated at 45 psi H, in anhydrous MeOH
(30 mL.) with 10% Pd-C (40 mg, 20 wt %) for 2 hre. The
catalyst was washed with small portions of MeOH and the
filtrate was concentrated by rotary evaporation in vacu .
The residue was purified by 810, flash chromatography
(2.5cm x 13 cm) with 3% EtOAc/CH,Cl, to afford the product
as a white foam (193 mg, 0.3273 mmol, 96%): HPLC
(Shimadzu YMC 8-5 Cl18 4.6x50 mm column, 4 min gradient @
4mL/min, UV detection 220 nM; start %B=60, final %B=100;
A=10:90 MeOH/H,0 + 0.2% H,PO,) R.T.=4.35 min (100%);

'H NMR (CDC1,) 80.902 (g, J=12.3 Hz, 1H), 1.27-1.60 (m, 24
H), 2.212 (dd, J=15.4 Hz, 6.2 Hz, 1 H), 2.25-2.42 (m, 4
H), 2.50-2.60 (m, 1 H), 3.336 (m, 1 H), 3,599 (m, 1 H),
4.10-4.20 (m, 1 H), 4.328 (t, J=6.2 Hz, 2 H), 7.067 (d,
J=7.9 Hz, 1 H), 7.1416 (d, J=6.6 Hz, 4 H), 7.265 (t,
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J=7.5 Hz, 1 H), 7.340 (t, IJ=7.5 Hz, 1 H), 7.901 (4, J=7.5
Hz, 1 H); M5 (ESI +Q) m/z 590 (M+H)"*.

Part A compound (258 mg, 0.4375 mmol) was dissolved
in dry CH,C1l, (5 mL} under argon, cooled to 0°C and
treated with trifluorocacetic acid (0.5 mL). Stirring was
continued at room temperature for 7 hrs, at which time
the reaction was complete by HPLC. Saturated agueous
NaHCO, (25 mL) was added to the reaction, the reaction was
diluted with EtOAc (100 mL), and the layers separated.
The organic was washed with saturated aqueous NaHCO, and
saturated aqueous NaCl, then dried over anhydrous Na,S80,,
filtered and concentrated in xacun. Purification by 8iO,
flash chromatography (1.9 cm x 15 cm) with 20%
EtOAc/CH,Cl, afforded a white foam (163 mg, 0.343 mmol,
78%): HPLC (Shimadzu, YMC 8-5 C18 4.6x50 mm column, 4
min gradient @ 4mL/min, UV detection 220 nM; start %B=0,
final $B=100; A=10:50 MeOH/H,0 + 0.2% H,PO,, B=90:10
MeOH/H,0 + 0.2% H,PO,) R.T.=3.81 min (94.6%);

H NMR (CDCl,) 61.37 (d, J=6.6 Hz, 6 K), 1.45-1.85 (m, 4
H), 2.40-2.75 (m, 6 H), 3.327 (m, 1 H), 4.285 (br s, 1
H), 4.350 (t, J=6.2 Hz, 2 H), 4.49 (m, 1 H), 7.093 (4,
J=7.9 Hz, 1 H), 7.181 (d, J=7.0 Hz, 4 H), 7.291 (t, Ju7.5
Hz, 1 H), 7.3697 (t, J=7.5 Hz, 1 H), 7.912 (d, J=7.5 Hz,
1 H); M8 (ESI +Q) m/2 476 (M+H)".
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Part B compound (149 mg, 0.3133 mmol, 1 equiv) was
dissolved in THF (3 mL) and 1N aqueous NaOH (0.392 mL,
0.3916 mmol, 1.25 equiv) and stirred at room temperature
for 30 min. The solvent was removed by rotary
evaporation in wacuo and the residue was dried under
high-vacuum. An 8P207 resin columm (1.9 cm x 10 cm ) was
prepared as follows: resin was poured into a glass
chromatography column equipped with fritted disc support
and the resin was washed sequentially with saturated
aqueous NaHCO, (15 mL), saturated aqueous NaCl (15 mL),
and Milli-Q H,0 (100 mL). The dried residue was taken up
in Milli-Q H,0 (8 mL) and carefully applied to top of the
column. The column was eluted with Milli-Q H,0 (100 mL),
10% AcCN/ H,O (60 mL), 20% AcCN/ H,0 (60 mL), and 25%
AcCN/ H,0 (100 mL). Product-containing fractions were
combined and concentrated by rotary evaporation to a
small volume, and transferred to a 40-mL lyophilization
jar. The contents were frozen in acetone-dry ice bath
and lyophilized. This afforded the product as a white
lyophilate (149 mg, 0.289 mmol, 92%): HPLC (Shimadzu,
YMC S-5 C18 4.6x50 mm column, 4 min gradient @ 4mL/min,
UV detection 220 nM: start %B=0, final %¥B=100; A=10:90
MeOH/H,0 + 0.2% H,PO,, B=10:90 MeOH/H,0 + 0.2% H,PO,)
R.T.=3.58 min (92.9%);

H NMR (DMSO-d,) & 1.048-1.105 (m, 1 H), 1.232-1.50 (m, 9
H), 1.750 {(dd, J=14.9 Hz, 8.3 Hz, 1 H), 1.966 (dd, J=14.9
Hz, 4.0 Hz, 1 H), 2.298-2.356 (m, 3 H), 3.335-3.424 (m, 2
H), 3.616-3.656 (m, 1 H), 4.3166 (t, J=6.2 Hz, 2 H),

224
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4.711 (br , 1 H), 7.098 (d, J=7.9 Hz, 1 H), 7.276-7.43
(m, 6 H), 7.773 (d, J=7.5 Hz, 1 H); MS (ESI +Q) m/z 494
(M+H)* for acid form.

5 The following Examples may be prepared employing
procedures set out herein and in the working Examples.

Examples 4 to 26
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Exsnple 27
Preparation f Pyridine Aldehyda (18) (Scheme 5)
F

Following the procedure outlined in reaction Scheme
5 and the description thereof, the Example 27 aldehyde is
obtained.

An example of a typical preparation of the aldehyde
is set out below.

To a 500 mL round bottom flask equipped with a
magnetic stirrer and a nitrogen inlet was charged
compound (17) (Scheme 5)

(17

(50 g, 128.4 mmol)

(prepared as described in Example 2 Parts A, B and C
except methyl isobutyryl acetate is substituted for ethyl
isobutyryl acetate) and toluene (170 mL). The mixture is
stirred at 20-25°C until a clear solution is obtained. A
solutin of 65% Red-Al in toluene (57.8 mL, 192.6 mmol) is
added and the reaction mixture is heated to B0°C until
complete as determined by HPLC. The reaction mixture is
cooled to ~20°C and quenched by pouring it into cold (0-
5°C) 20% HCl (495 mL). Phases are separated and the
spent toluene phase ls discarded. The pH of the aqueous
phase is adjusted from <0 to 4-5 with 10N NaOH. Ethyl
acetate (500 mL) is added and the pH adjustment continued
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to 7-8. The phases are separated. The aqueous phase is
extracted with additional ethyl acetate (2 x 500 mL).
The combined rich ethyl acetate solution is washed with
water (3 x 250 mL) and concentrated under reduced
pressure to ~465 mL. This solution i1s carried through to
the next oxidation step.

The rich ethyl acetate solution is charged from
above into a three neck 1-L flask equipped with
mechanical stirring, temperature controller, and addition
funnel and cooled to 0-5"C. To the slurry, potassium
bromide (1.53 g, 12.8 mmol) and TEMPO (2,2,6,6~
tetramethyl-l-piperidinyloxy) (0.20 g, 1.28 mmol) are
added. The pH of NaOCl (sodium hypochlorite) solution
(212.1 mL) is adjusted to ~9.1 and added to the slurry at
a rate such that the temperature remained at 0-5°C.
Stirring is continued at 0-5°C until the reaction is
complete as determined by HPLC. The aqueous phase is
extracted with EtOAc (2 x 200 mL). The combined rich
organic phase is washed with a 1:1 solution of sat. agq.
Naz8z03 (sodium thiosulfate) (75 mL) and water (75 mL)
followed by wash of the rich organic phase with 1N NaOH
(250 mL). The rich organic phase 1s washed with water
{250 mL) and concentrated to ~100 mlL under reduced
pressure. Isopropanol (IPA) (400 mL) is added and the
resulting mixture i1s heated to reflux (80-85°C). The
solution is distilled to a volume of ~250 mL. Water (50
mL) is added and the crystal slurry is stirred at 70-80°C
for 1 h then allowed to cool to 20-25°C over at least 1
h. The slurry is held at 20-25°C for at least 1 h before
collecting the solid by filtration on a Buchner funnel.
The cake is washed with cold (0°C) IPA/water (4:1) (2 x
50 mL) and dried to a constant welght under wvacuum at
40°C to afford title aldehyde.
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ﬁ OXO 0
N g\)\)\,u\ok (16) (Scheme 8)
u:hTo

A. Preparation of Sulfide (15) -

Q 8 °><° i o)< (16) (Scheme 8)

.

%N

To a 250 mL flask was charged Kaneka alcohol
(12) (Scheme 6) (10.0 g, 38.41 mmol), methylene chloride
(100 mL), and triethylamine (11.75 mL, 84.5]1 mmol) and
cooled to -30°C. Triflic anhydride (7.11 mL, 42.25 mmol)
was added via a syringe at a rate to maintain the
temperature at -35 to -25°C, ~15 min. The reaction
mixture was stirred at -30°C for ~30 min and checked for
disappearance of Kaneka alcohol by TIC. A slurry of 1-
phenyl-1H-tetrazole-5-thiol (7.19 g, 40.34 mmol) in
methylene chloride (50 mL) was added to the triflate
solution. After the reaction was complete, water (100 mL)
was added and the mixture was stirred for ~5 min. The
phases were separated and the aqueous phase was
discarded. The rich orgnaic phase was washed with water
(100 mL) for ~5 min and phases separated. The rich
organic phase was washed with saturated NaHCO; (100 mL)
for ~15 min and phases separated. The rich organic phase
was concentrated to ~50 mL. The solution was taken to
the next step for further transformation.
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B. Preparation of Sulfone (16) ,225

IPA (150 mlL) was added to the Part A sulfide

5 solution from the above step. The solution was cooled to
0-5°C. To the stirred solution of sulfide, a solution f
(NH,) MO,0,,24H,0 (ammonium heptamolybdate tetrahydrate)
(4.75 g, 3.84 mmol) in 30% H,0, (hydrogen peroxide) was
added dropwise during “15 min, wmaintaining the

10 temperature of the solutin at 0-5°C. The conversion of
sulfide to sulfone was monitored by HPIC ~24 h. After
completion of the reaction, methylene chloride was
distilled out. The pot temperature was maintained at not
more than 25°C. The crystal slurry was distilled to a

15 volume of ~230 mL with IPA and the resulting slurry was
stirred for at least 1 h at 20-22°C. The solid was
collected by vacuum filtration, the cake washed with
IPA/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.

Example 29
Preparation of Olefin (19)
F

25

Following the procedure set ocut in reaction Scheme
5 and the description thereof, the Example 27 pyridine
derivative and the Example 28 sulfone are employed to
prepare the title compound.
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An example of a typical preparation of the Example ‘ngjj
29 compound is set out below.

An N2 purged 250 mL 3-neck rb flask is charged.with
Example 27 pyridine derivative (18) (5 g, 13.9 mmol),
Example 28 gsulfone (16) (6.9 g, 15.3 mmol) and THF (75
mL). The stirred solution is cooled to -74 to -78°C .
Slowly a 1M solution of LiHMDS (lithium
bis(trimethylsilyl)amide) (15.3 mL, 15.3 mmol) in THF is
charged at a rate such that the temperture remained
between -70 and -78°C., After addition of the base is
complete, the reaciton mixture is warmed to ~-45°C over
~15 minutes. The stirred reactlion is quenched at -70°C
by slow addition of sat. agq. NHCl (7.5 mL) solution and
water (38 mL). The dry ice bath 1s removed and the
solution is warmed to 20-25°C from the reaction mixture.
Ethyl acetate (50 mL) is added, the mixture agitated, and
layers separated. The organic layer is washed with
saturated sodium bicarbonate solution (2 x 38 mL)
followed by brine (25 mL) and concentrated to a volume of
50 mL. Acetonitrile (50 mL) is added and the solution is
concentrated to a volume of 50 mL. This step is
repeated. Water (~5-6 mL) 1s slowly added to the hot
solution (60-70°C) until the cloud point is reached. The
thin slurry is held for 30 min at high temperature and
then slowly cooled over several hours with stirring. The
product is filtered, cake is washed with a 5:1 mixture of
acetonitrile and water, and dried to afford the title
compound.
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Example 30

Preparation of the final compound

5
Following the procedure of Example 3 Parts B and C,
the Example 29 compound is employed to prepare the title
compound in the form of the sodium salt.
10
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7

What is claimed is:
l. A compound having the structure

wherein X is 0, S or NR;

CH
E is e T Rg ;
N OH i

n is 0 or 1;

R; and R; are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heteroaryl or
cycloheteroalkyl:;

Ry is H or lower alkyl;

Ry is H, halogen, CFi, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino, or cyano:

Ry 18 H, alkyl, aryl, alkanoyl, aroyl or
alkoxycarbonyl;

Rg 1s H or lower alkyl:;

Ry and R;p are the same or different and are
independently selected from H or alkyl, or Rg and Ryp may
be taken together with the carbon or carbons to which
they are attached to form a 3 to 7 membered carbocyclic
ring;

and 9” represents a single bond or a double bond
(which may be cis or trans):;
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and including phérmaceutically acceptable salts YD r
thereof (where Ry is H), esters thereof, prodrug esters
thereof, and all stereolsomers thereof.

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

3. The compound as defined in Claim 1 wherein R;
is aryl,

R; is alkyl or cycloalkyl or aryl;

R is H;

n is o;

X is O; and

& is a trans double bond, in the form of a free
acid or an alkali or alkaline earth metal salt or an
amino acid salt.

4., The compound as defined in Claim 3 wherein R;
is 4-fluorophenyl, 4-fluoro-3-methylphenyl, or 3, 5-
dimethylphenyl; and

Rz is isopropyl, t-butyl or cyclopropyl.

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

or an alkali or alkaline earth metal salt thereof or an
amino acid salt or an acid addition salt via the pyridine
of the corresponding & lactone,
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M

wherein Ry and R¢ are the same or different and are
independently selected from H, halogen or alkyl and
Rz 1s alkyl or cycloalkyl.

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

or

10 wherein R; is H or an alkall or alkaline earth metal or
an amino acid salt or other pharmaceutically acceptable
salt, or the internal lactone thereof.

7. A compound of the structure
15

wherein Ry is H or an alkali or alkaline earth metal ion
or an amino acid, or the internal lactone thereof.
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8. A pharmaceutical composition comprising a
compound as defined in Claim 1 and a pharmaceutically
acceptable carrier therefor.

9. A pharmaceutical combination comprising the HMG
CoA reductase inhibitor compound as defined in Claim 1
and one or more hypolipidemic agents or lipid-lowering
agents, or lipid agents, or lipid modulating agents,
and/or one or more other types of therapeutic agents
including antidiabetic agents, anti-obesity agents,
antihypertensive agents, platelet aggregation inhibitors,
anti-dementia agents, anti-Alzheimer's agents, anti-
osteoporosis agents, and/or hormone replacement
therapeutic agents, and/or other cardiovascular agents
(including anti-anginal agents, anti-arrhythmic agents,
anti-atherosclerosis agents, anti-inflammatory agents,
antl-arthritis agents, anti-platelet agents, anti-heart
failure agenta), anti-cancer agents, anti-infective
agents, hormone replacement agents, growth hormone
secretagogues, selective androgen receptor modulators,
and/or immunomodulatory agents.

10. The combination as defined in Claim 9 wherein
the hypolipidemic agent or lipid-lowering agent or other
lipid agent or lipid modulating agent or anti-
atherosclerotic agent, which is employed comprises 1,2,3
or more MTP inhibitors, HMG CoA reductase inhibitors,
squalene synthetase inhibitors, fibric aclid derivatives,
PPAR a agonists, PPAR dual a/y agonists, PPAR 8§ agonists,
ACAT inhibitors, lipoxygenase inhibitors, cholesterol

absorption inhibitors, ileal Na‘*/bile acid cotransporter

inhibitors, upregulators of LDL receptor activity,
cholesteryl ester transfer protein inhibitors, bile acid
sequestrants, or nicotinic acid and derivatives thereof,
ATP citrate lyase inhibitors, phytoestrogen compounds, an
HDL upregulators, LDL catabolism promoters, antioxidants,
PLA-2 inhibitors, antihomocysteine agents, HMG-CoA
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synthase inhibit rs, lan sterol demethylase inhibit rs,
or sterol regulating element binding protein-I agents;

wherein the antidiabetic agent which may be
optionally employed is 1,2,3 or more antidiabetic agents
or antihyperglycemic agents including insulin
secretagogues or insulin sensitizers, which may include
biguanides, sulfonyl ureas, PTP-1B inhibitors, aldose
reductase inhibitors, glucosidase inhibitors, PPAR ¥
agonists, PPAR a agonists, PPAR § antagonists or
agoniste, aP2 inhibitors, PPAR a/y dual agonists,
dipeptidyl peptidase IV (DP4) inhibitors, SGLT2
inhibitors, glycogen phosphorylase inhibitors, and/or
meglitinides, insulin, and/or glucagon-like peptide-1
(GLP-1) or a mimetics thereof;

wherein the other type of therapeutic agent which
may be optionally employed is 1, 2, 3 or more of an anti-
ocbesity agent which is a beta 3 adrenergic agonist, a
lipase inhibitor, a serotonin (and. dopamine) reuptake
inhibitor, an aP2 inhibitor, a thyroid receptor beta
drug, an anorectic agent, a PTP-1B inhibitor, a CCKA
agonist, a neuropeptide Y antagonist, a melanocortin-4-
receptor agonist, a PPAR modulator which is a PPAR ¥y
antagonist, PPAR a agonist, and/or PPAR 8 antagonist, a
leptin inhibitor such as a leptin receptor activator, a
fatty acid oxidation upregulator or inducer;

wherein the lipid modulating agent is an MTP
inhibitor, an HMG CoA reductase inhibitor, a squalene
synthetasge inhibitoi, a fibric acid derivative, an
upregulator of LDL receptor activity, a lipoxygenase
inhibitor, or an ACAT inhibitor and the other lipid agent
is a cholesteryl ester transfer protein inhibitor;

wherein the antihypertensive agent employed is an
ACE inhibitor, angiotensin II receptor antagonist, NEP
inhibitor, a NEP/ACE inhibitor, a calcium channel
blocker, a T-channel calcium antagonist, a P-adrenergic
blocker, a diuretic, a a-adrenergic blocker, a dual
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action receptor 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, gliclagzide, acarbose, miglitol,
pioglitazone, troglitazone, rosiglitazone, insulin,
Gl-262570, isaglitazone, JTT-501, NN-2344, LB895645,
YM-440, R-119702, AJ9677, repaglinide, nateglinide,
KAD1129, AR-HO39242, GW-409544, KRP297, AC2993, LY315903,
P32/98 and/or NVP-DPP-728A;

wherein the anti-cbesity agent is orlistat, ATL-
962, AJ9677, L750355, CP331648, sibutramine, topiramate,
axokine, dexamphetamine, phentermine, )
phenylpropanolamine, and/or mazindol, P57 or CP-644673
(Pfizer);

wherein the lipid modulating agent is pravastatin,
lovastatin, simvastatin, atorvastatin, cerivastatin,
fluvastatin, pitavastatin, rosuvastatin, fenofibrate,
gemfibrozil, clofibrate, avasimibe, TS-962, MD-700,
cholestagel, niacin, and/or LY255427;

wherein the antihypertensive agent i1s an ACE
inhibitor which 1s captopril, fosinopril, enalapril,
lisinopril, quinapril; benazepril, fentiapril, ramipril
or moexipril;

an NEP/ACE inhibitor which is omapatrilat,
gemopatrilat, or CGS 30440;

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

amlodipine besylate, prazosin HCl, verapamil,
nifedipine, nadolol, propranolol, or clonidine HC1,
carvediol, atenolol, hydrochlorothiazide, torasemide,
furosemide, spironolactone or indapamide;

wherein the platelet aggregation inhibitor is
aspirin, cloplidogrel, ticlopidine, dipyridamole,
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ifetroban, abciximab, tirofiban, eptifibatide, or
anagrelide;

wherein the other therapeutic agent i1s an anti-
Alzheimer’s agent or anti-dementia agent, which is
tacrine HCl (Cognex®), donepezil {(Aricept®), a Y-
secretase inhibtor, a P-secretase inhibitor and/or
antihypertensive agent;

an antiosteoporosis agent, which is parathyroid
hormone, a blsphosphonate, alendronate, a Ca receptor
agonist or a progestin receptor agonist;

a hormone replacement therapeutlic agent, which is a
selective estrogen receptor modulator (SERM);

a tyrosine kinase inhibitor;

a selective androgen receptor modulator;

an antliarrhythmic agent, which is a P-blocker, or a
calcium channel blocker, or an a-adrenergic blocker:;

coenzyme Q sub. 10;

an agent that upregulates type III endothelial cell
nitric acid syntase;

a chondroprotective compound which is polysulfated
glycosaminoglycan (PSGAG), glucosamine, chondroitin
sulfate (CS), hyaluronic acid (HA), pentosan polysulfate
(PPS), doxycycline or minocycline;

a cyclooxygenase (COX)-2 inhibitor, which is
Celebrex® (Searle) or Vioxx® (Merck) or a glycoprotein
IIa/IIIb receptor antagonist;

a 5-HT reuptake inhibitor;

a growth hormone secretagogue;

an anti-atheroscleroais agent:;

an anti-infective agent, or an immunosuppressant
for use in transplantation, or an antineoplastic agent.

12. The combination as defined in Claim 10 wherein

the HMG CoA 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 ,L>\
the HMG CoA reductase inhibitor compound is in
combination with an ACE inhibitor which is rampipril;
wherein the HMG CoA 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 a platelet aggregation inhibitor.

14. The combination as defined in Claim 13 wherein
the platelet inhibitor 1s clopldogrel, or aspirin or a
combination of clopidogrel and aspirin.

15. A method of inhibiting cholesterol biosynthesis
or lowering blood serum cholestercl levels and/or
modulating blood serum cholesterol levels, lowering LDL
cholesterol and/or increasing HDL cholesterol, or
treating dyslipidemia, mixed dysiipidemia, LDL Pattern B,
LDL Pattern A, hyperlipidemia, hypercholesterolemia, hypo
a-lipoproteinemia, hyperlipoproteinemia or
hypertriglyceridemia, and other aberrations of
apolipoprotein B metabollsm, or reducing levels of Lp(a),
or treating or preventing other cholesterol-related
diseases, or treating or preventing or reversing
progression of atherosclerosis, or preventing or treating
Alzheimer’s disease, or preventing or treating
osteoporosis and/or osteopenia, or reducing inflammatory
markers, reducing C-reactive protein, or preventing or
treating low grade vascular inflammatlon, or preventing
or treating stroke, or preventing or treating dementia,
or preventing and treating coronary heart disease, and
primary and secondary prevention of myocardial
infarction, or preventing or treating stable and unstable
angina, or primary prevention of coronary events, or
secondary prevention of cardiovascular events, or
preventing or treating peripheral vascular disease,
preventing or treating peripheral arterial disease, or
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preventing or treating acute vascular syndromes, or
preventing or reducing the risk of undergoing myocardial
revascularization procedures, or preventing or treating
microvascular diseases such as nephropathy, neuropathy,
retinopathy and nephrotic syndrome, or.preventing or
treating hypertension, preventing or treating Type I
diabetes, Type 2 diabetes, and related diseases, insulin
resistance, hyperglycemia, hyperinsulinemia, elevated
blood levels of fatty acids or glycerol, obesity, LDL
Pattern B, LDL Pattern A, Syndrome X, dlabetic
complications, dysmetabolic syndrome, and related
diseases, and sexual dysfunction, preventing and treating

- malignant lesions, premalignant lesions, gastrointestinal

malignancies, liposarcomas and epithelial tumors, cancer-
induced asthenia (fatigue), irritable bowel syndrome,
Crohn’s disease, gastric ulceritls, and gallstones, and
HIV infection, drug-induced lipodystrophy, and
proliferative diseases, improving coagulation
homeostasis, reducing PAI-1 activity, reducing
fibrinogen, and/or reducing platelet aggregation, and/or
improving endothelial function, which comprises
administering to a mammalian species in need of treatment
a therapeutically effective amount of a compound as
defined in Claim 1.

16. A method for treating cholesterol related
diseases, diabetes and related diseases, cardiovascular
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 Claim 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 to a mammalian species in need of treatment
a therapeutically efective amount of such combinations.
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17. A compound having the structure

Ry =
|

.l""'-..

et N\

wherein X 1s 0, S or NRy where R; is H, alkyl, aryl,
alkanoyl, aroyl or alkoxycarbonyl; Ry and R; are the same
or different and are independently selected from alkyl,
arylalkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl,
hetercaryl or cycloheteroalkyl;

Ry and Rjp are the same or different and are
independently selected from H or alkyl, or Rg and Ryp may
be taken together with the carbon or carbons to which

they are attached to form a 3 to 7 membered carbocyclic
ring;

Halide
Q is }-—co,n (vhere R is alkyl), ;—m’m, ? .

/'—\<' (vhere W is aryl, alkyl, or alkexy),
o

-

or
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18. The compound as defined in Claim 17 having the
following structures:

N Re
Re |
Fqnf 01
X \
--...\R‘
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HMG-CoA REDUCTASE INHIBITORS AND METHOD

Abstract of the Disclosure
Compounds of the following structure are HMG CoA
§ reductase inhibitors and thus are active in inhibiting
cholesterol bilosynthesis, modulating blood serum lipids
such as lowering LDL cholesterol and/or increasing HDl
choleste;ol, and treating hyperlipidenia,

hypercholesterclemia, hypertriglyceridemia and
10 atherosclerosis

and pharmaceutically acceptable salts thereof,
wherein X 1s O or S;

CH
E is n°\1”ﬂ\\r”\\°ng oxr ;
wwe DR

15 AN
nis 0 or 1;

_ R; and R2 are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cyclcalkenyl, aryl, heteroaryl or

20 cycloheteroalkyl; and

Ry to Ry are as defined herein.
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INHIBIDORES DE HMG-CoA REDUCTASA Y METODO

La presente invencidn se relaciona con compuestos y composiciones
farmacéuticas Gtiles como agentes hipocolesterolémicos e hipolipidémicos.
Més particularmente, esta invencién tiene que ver con (1) ciertos
inhibidores de la enzima 3-hidroxi-3-metilglutaril-coenzima A reductasa
(HMG-CoA reductasa) que incluyen una piridina que contiene nacleo unido
por medio de un enlazador a una cadena lateral de dominio de enlace de
HMG, (2) composiciones farmacéuticas que contienen dichos compuestos y
(3) un método de disminuir los niveles de colesterol del suero sanguineo y
modular niveles de lipidos del suero sanguineo. empleando dichas
composiciones farmacéuticas.

La patente estadounidense No. 5,686,433 a Robl divulga la estructura

r
»
O
o '\(OI.
en donde:
Am es una cadena lateral de dominio de enlace;
X es un enlazante;

R' y R? son Ios mismos o diferentes y cada uno se selecciona
independientemente de

() hidrogeno,

(ii) alquilo,

(ii) arilo,

(iv) cicloalquilo,

(v) aralquilo,

(vi) aralcoxi,

(vii) alquenilo,

(viii) cicloalquenilo, y



‘X
WO 01/96347 PCT/US01/18884 'ﬂ/

(ix) heterocicl (por ejemplo, tienilo, benzodioxolilo);

R? se selecciona de

(@) hidrégeno,

(ii) alquilo inferior,

(iii) arilo,

(iv) cicloalquilo,

(v) alcoxi,

(vi) aralquilo,

(vii) aralcoxi,

(viii) alquenilo,

(ix) cicloalquenilo,

(x) alquilo halo-sustituido,
(xi) adamantilo, y

(xit) heterociclo (por ¢jemplo, tienilo,benzodioxolilo);

R* se selecciona de

(i) hidrdgeno,

(i) alquilo inferior,

(iii) arilo,

(iv) cicloalquilo,

(v) alcoxi,

(vi) aralquilo,

(vii) aralcoxi,

(viii) alquenilo,

(ix) cicloalquenilo,

(x) adamantilo,

(xi) halégeno,

(xii) alquilo halo-sustituido (por ejemplo, trifluorometilo), y

(xiii) heterociclo (por ejemplo, tienilo, benzodioxolilo); o R® y R*
tomados conjuntamente pueden ser
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-(CRy) s ~(CHY) .-u.- {CE=CH}, !
pero cuando Agp 'dﬂﬂ es
H-q—E-c.-m.-'

o una 5 lactona del mismo, R? y R* no pueden ser (CH=CH);;

R® es hidrégeno o alquilo inferior,

R® es hidrdgeno, alquilo inferior, metal alcalino, o metal
alcalinotérreo;

n e0461];

p es3,465;

q 0,1,2,63;y

r es0,1,2,63.

En incorporaciones preferidas (Am) es una cadena lateral de dominio
de enlace de HMG que tiene una funcion dihidroxi écido o écido fosfinico.

La cadena (A,) lateral de dominio de enlace de HMG de 4cido
fosfinico (o fosfénico cuando X es CH-O-) es

Ao

en donde R* y R’ se seleccionan independientemente de hidrégeno, alquilo
inferior, ién de metal alcalino y ién de metal alcalinotérreo; y R® es
hidrégeno o alquilo inferior.

La cadena (A;) lateral de dominio de enlace de dihidroxi dcido es

—rf
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en donde R® es hidrégeno o alquilo inferior, R® es hidrégen o alquilo
inferi r en forma de dcido libre 0 en la forma de un éster hidrolizable y
fisiolégicamente aceptable o 8 lactona del mismo (es decir, cuando Am es

).
Q
Ademés, R® puede ser un i6n de metal alcalino o i6n de metal
alcalinotérreo.

Un enlazante apropiado (X) es -(CH,),-~, -CH=CH-, -C=C-, -
CH,0-, en donde O esta enlazado al 4tomo de fésforo o el ancla aromética
cuando Am es A;, y en donde O esté enlazado al ancla aromética cuando
Ames A;, yendonde “a”es 1,2, 6 3.

De acuerdo con la presente invencion, se proveen ciertos compuestos
con contenidos de piridina que son potentes inhibidores de biosintesis de
colesterol en virtud de su capacidad de inhibir la enzima 3-metil-glutaril-
coenzima A reductasa (HMG-CoA reductasa).

En particular, en su aspecto mds amplio de compuesto quimico, la
presente invencién proporciona compuestos de la férmula

en donde X es O, S o NRy;
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nes0401;

R vy R; son los mismos o diferentes y se seleccionan
independientemente de alquilo, arilalquilo, cicloalquilo, alquenilo,
cicloalquenilo, arilo, heteroarilo o cicloheteroalquilo;

R; es H, o alquilo inferior;

Ry es H, halégeno, CF;, hydroxi, alquilo, alcoxi,alcanoilamin ,
aroilamino o ciano;

R; es H, alquilo, arilo, alcanoilo, aroilo, o alcoxicarbonilo;

Rg es H o alquilo inferior;

Ry y Ry son los mismos o diferentes y se seleccionan
independientemente de H o alquilo, o donde por lo menos uno de Ry y Ry
es alquilo, Ry y Ry pueden tomarse juntos con el carbono o carbonos a los
cuales se unen para formar un anillo carboxilico de 3 a 7 miembros, los que

pueden incluir un anillo espirociclico;

/

y '7 representa un enlace -Gnico o un doble enlace (que puede
ser cis o trans),

e incluyendo sus sales farmacéuticamente aceptables en donde R; es
H, sus ésteres, sus ésteres de profirmaco, y todos sus estereoisémeros.

Preferiblemente, el grupo Z serd en forma de un Acido libre, un éster
hidrolizable y fisiolégicamente aceptable o & lactona del mismo, o una sal
de metal alcalino, sal de metal alcalinotérreo o una sal de aminoécido.

Se prefieren los compuestos de férmula I de la invencién en donde

R, y R; se seleccionan independientemente de alquilo, cicloalquilo y
arilo;

R, es H, alquilo, o halégeno;

xes0;y

neso.
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Més preferidos son los compuestos de farmula I de la invencién en
donde R, es arilo (especialmente arilo sustituido como se define mds
adelante);

R; es alquilo o cicloalquilo;

R,es H;

Ry y Ryo son H;

XesO;

neso;y

rd
/
’/ es un enlace doble.

Atn mds preferidos son compuestos de férmula I de la invencién en
donde

R, es arilo sustituido, preferiblemente 4-fluorofenilo, 4-fluoro-3-
metilfenilo o 3,5-dimetilfenilo;

R; es alquilo o cicloalquilo, preferiblemente isopropilo, t-butilo
ciclopropilo;

Rses H;

XesO;

neso;

//
’/ es un enlace doble, preferiblemente "trans"; y

o una sal de metal alcalino del mismo, sal de metal alcalinotérreo o
una sal de aminoécido.

Los compuestos més preferidos de frmula I de la invencién tendrén
la estructura
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o una sal de metal alcalino o alcalinotérreo (tal como Na, K o Ca), o sal de
aminodcido (tal como arginina), en donde Rs y R son los mismos o
diferentes y seleccionados independientemente de H, halégeno y/o alquilo
(preferiblemente 4-fluoro, 4-fluoro-3-metil o 3,5-dimetil); y

R; es alquilo o cicloalquilo, preferiblemente isopropilo, t-butilo o
ciclopropilo.

En otro aspecto, la presente invencién provee composiciones
farmacéuticas, ttiles como agentes hipocolesterolémicos e hipolipidémicos,
o agentes hipotrigliceridémicos, o agentes anti-Alzheimer, o agentes anti-
osteoporosis asi como otros usos como se describe aqui, que comprenden
una cantidad hipolipidémica o hipocolesterolémica o hipotrigliceridémica o
enfermedad anti-Alzheimer o anti-osteoporosis, u otra cantidad
terapéuticamente efectiva (dependiendo del empleo) de un compuesto de
formula I de acuerdo con esta invencién, en combinacién con un portador
farmacéuticamente aceptable.

En otro aspecto, la presente invencion provee un método de inhibir
biosintesis R; y R, se de colesterol o de disminuir los niveles de colesterol
del suero sanguineo y/o modular niveles de colesterol del suero sanguineo
tal como reducir colesterol LDL y/o aumentar colesterol HDL, o tratando
dislipidemia, dislipidemia mixta, hiperlipidemia, hipercolesterolemia, hipo
a-lipoproteinemia, Patrén B LDL, Patrén A LDL, hiperlipoproteinemia o
hipertrigliceridemia, y otras aberraciones de metabolismo de
apolipoproteina B, o reducir los niveles de Lp(a), o tratar o prevenir otras
enfermedades relacionadas con el colesterol, o tratar o prevenir o reversar la
progresion de aterosclerosis, o prevenir o tratar la enfermedad de
Alzheimer, o prevenir o tratar osteoporosis y/o osteopenia, o reduciendo los
marcadores inflamatorios tales como proteina C-reactiva, o prevenir o tratar
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inflamacién vascular de grad baj , prevenir o tratar apoplejfa, o prevenir
o tratar demencia, 0 prevenir y tratar aterosclerosis de las arterias coronarias
(inclusive prevencién primaria y secundaria de infarto del miocardio), o
prevenir o tratar angina estable e inestable, o prevencion primaria de
eventos coronarios, o prevencién secundaria de eventos cardiovasculares, o
prevenir o tratar enfermedad vascular periférica, prevenir o tratar
enfermedad arterial periférica, o prevenir o tratar sindromes vasculares
agudos, o prevenir o reducir el riesgo de someterse a intervenciones de
revascularizacién del miocardio, o prevenir o tratar enfermedades
microvasculares tales como nefropatia, neuropatia, retinopatia y sfndrome
nefrético o prevenir o tratar hipertensién en un paciente necesitado de dicho
tratamiento administrando una composicién farmacéutica de acuerdo con la
presente invencién como se define mas arriba.

Adicionalmente, de acuerdo con la presente invencion, se provee un
método para prevenir o tratar diabetes, especialmente diabetes Tipo 2, y
enfermedades relacionadas tales como resistencia a la insulina,
hiperglicemia, hiperinsulinemia, niveles elevados en la sangre de 4cidos
grasos o glicerol, obesidad, Sindrome X, complicaciones diabéticas,
sindrome dismetabélico, y enfermedades relacionadas, y disfuncién sexual,
en donde una cantidad terapéuticamente efectiva de un compuesto de
estructura | se administra a un paciente necesitado de tratamiento.

Ademés, de acuerdo con la presente invencidn, se provee un método
para prevenir y tratar lesiones malignas (tales como carcinoma ductal in situ
de la mama y carcinoma lobular in situ de la mama), lesiones pre-malignas
(tales como fibroadenoma mamario y neoplasia intra-epitelial prostética
(PIN), malignidades gastrointestinales, liposarcomas y varios otros tumores
epiteliales (inclusive de mama, prdstata, colon, ovarios, gistrico y pulmén),
astenia inducida por cincer (fatiga), sindrome de intestino irritable,
enfermedad de Crohn, ulceritis géstrica, y célculos biliares, e infeccién
HIV, otras enfermedades infecciosas, lipodistrofia inducida por farmacos, y
enfermedades proliferativas tales como psoriasis, en donde una cantidad
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terapéuticamente efectiva de un compuesto de estructura I se administra a
un paciente humano necesitado de tratamiento.

Adicionalmente, de acuerdo con la presente invencién, se provee un
método para mejorar la homeostasis de coagulacién inclusive reducir la
actividad PAI-1, disminuir el fibringeno, y/o reducir la agregacién de
plaquetas, y/o mejorar la funcién endotelial, en donde una cantidad
terapéuticamente efectiva de un compuesto de estructura I se administra a
un paciente necesitado de tratamiento.

Ademds, de acuerdo con la presente invencién, se provee un método
para tratar enfermedades relacionadas con colesterol, diabetes y
enfermedades relacionadas, enfermedades cardiovasculares, enfermedades
cerebrovasculares como se definen méds arriba y més adelante y otras
enfermedades tal como se expuso anteriormente, en donde una cantidad
terapéuticamente efectiva de una combinacion de un compuesto de
estructura I y un agente hipolipidémico, y/o agente modulador de lipidos
y/o agente antidiabético y/o agente cardiovascular, agente cerebrovascular,
y/o otro tipo de agente terapéutico, se administra a un paciente necesitado
de tratamiento.

En los métodos anteriores de la invencién en donde se administra una
combinacion, el compuesto de estructura I se empleard en una proporcién
de peso al otro agente terapéutico (dependiendo de su modo de operacién)
en el rango desde alrededor de 0.01:1 hasta alrededor de 500:1,
preferiblemente desde alrededor de 0.5:1 hasta alrededor de 100:1.

De acuerdo con la presente invencion, se proveen compuestos (tiles
en inhibir la enzima HMG-CoA reductasa, inhibidores que son Gtiles como
agentes  hipocolesterolémicos, agentes  dislipidémicos, agentes
hipolipidémicos, agentes hipotrigliceridémicos, agentes de enfermedad de
anti-Alzheimer, y agentes antiosteoporosis asi como otros usos como se
describe aqui.
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El término "eventos coronarios” como se emplea aqui se refiere al
infarto del miocardio, procedimientos de revascularizacién del miocardio,
angina, muerte cardiovascular y sindrome coronario agudo.

El término “enfermedades o eventos cardiovasculares” como se
emplea aqui se refiere a aterosclerosis de las arterias coronarias, infarto del
miocardio, inclusive MI primario y MI secundario, infarto recurrente del
miocardio, angina pectoris (inclusive angina estable e inestable), falla
cardiaca congestiva, y muerte sibita cardiaca.

El término "enfermedades o eventos cerebrovasculares” como se
emplea aquf se refiere infarto cerebral o apoplejfa (causada por bloqueo de
los vasos o hemorragia), o ataque isquémico transitorio (TIA), sincopa,
aterosclerosis de las arterias intracraneales y/o extracraneales, y similares.

El término "enfermedades relacionadas con el colesterol" como se
emplea aqui se refiere a enfermedades que implican niveles elevados de
colesterol LDL, enfermedades que implican la regulacién de receptores
LDL, enfermedades que implican niveles reducidos de colesterol HDL,
dislipidemia, hiperlipidemia, Patrén B LDL elevado, Patrén A LDL
elevado, hipercolesterolemia, hipo a-lipoproteinemia (sindrome de
colesterol HDL bajo), hiperlipoproteinemia, niveles Lp(a) elevados,
hipertrigliceridemia, otras aberraciones de metabolismo de apolipoproteina
‘B, formas heterfcigas familiares, presumidas familiares combinadas y no
familiares (no FH) de hipercolesterolemia primaria (inclusive Tipos
Frederickson Ila y IIb), enfermedad de almacenamiento de éster de
colesterol, y enfermedades de proteina de transferencia de éster de
colesterol, y enfermedades relacionadas.

Los trastornos, enfermedades y dolencias, - referenciadas
colectivamente como "Sindrome X" o Sindrome Dismetabdlico (tal como se
detalla en Johanson, J. Clin. Endocrinol. Metab., 1997, 82, 727-734, y otras
publicaciones) incluyen hiperglicemia y/o sintoma pre-diabético de
resistencia a la insulina, y se caracteriza por un estado inicial resistente a la
insulina que genera hiperinsulinemia, dislipidemia, y tolerancia deteriorada

10
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a la glucosa, que puede desarrollarse en diabetes Tipo II, caracterizadA por
hiperglicemia, la cual puede desarrollarse a complicaciones diabéticas.

El término "diabetes y enfermedades relacionadas" se refiere a
diabetes Tipo II, diabetes Tipo I, tolerancia deteriorada a la glucosa,
obesidad, hiperglicemia, Sindrome X, sindrome dismetabélico,
complicaciones diabéticas e hiperinsulinemia.

Los trastornos, enfermedades y dolencias referenciadas
colectivamente como "complicaciones diabéticas" incluyen retinopatia,
neuropatia y nefropatia, y otras complicaciones conocidas de diabetes.

El término "otro tipo (s) de agentes terapéuticos" como se emplea
aqui se refiere a uno o mas agentes antidiabéticos (distintos de los
compuestos de formula I), uno o mas agentes anti-obesidad, y/o uno més
agentes reductores de lipido, uno mads agentes moduladores de lipido
(inclusive agentes anti-aterosclerosis), otros tipos de agentes anti-
aterosclerosis, y/o uno més agentes antiplaquetas, uno mds agentes para
tratar la hipertension, uno ma4s farmacos anti-cdncer, uno mas agentes para
tratar la artritis, uno mds agentes anti-osteoporosis, uno més agentes anti-
obesidad, uno més agentes para tratar enfermedades inmunomodulatorias y
uno mas agentes para tratar anorexia nervosa.

El término "agente modulador de lipido" tal como se emplea aqui se
refiere a agentes que disminuyen LDL y/o aumentan HDL y/o disminuyen
triglicéridos y/o reducen el colesterol total y/o otros mecanismos conocidos
parata tratar terapéuticamente difunciones de lipido.

El término "otros tipos de agentes anti-aterosclerosis" como se
emplea aqui se refiere agentes anti-aterosclerosis convencionales inclusive
inhibidores de lipoxigenasa, inhibidores ACAT, antioxidantes, § agonistas
PPAR, inhibidores de fosfolipasa (inclusive inhibidores PLA-2), y/o otros
agentes anti-teroscleréticos conocidos.

Los términos “sal” farmacéuticamente aceptable y “sales” se refieren
a sales bésicas formadas con bases orgdnicas e inorgdnicas. Dichas sales
incluyen sales de amonio; sales de metal alcalino, tales como sales de litio,

11
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sodio y potasio (que son preferidas); sales de metal alcalinotérreo, tales
como sales de calcio y magnesi ; sales con bases orgénicas, tales como
sales parecidas a amina (por ejemplo, sal de diciclohexilamina, benzatina,
N-metil-D-glucamina, y sales de hidrabamina); y sales con aminoécidos
tales como arginina, lisina y similares; y los dobles iones bipolo, las
denominadas “sales internas”.

Se prefieren sales sales farmacéuticamente aceptables, no toxicas,

[

aunque también son utiles otras sales, por ¢jemplo, en aislar o purificar el
producto.

El término “sal” farmacéuticamente aceptable y “sales” incluye
asimismo sales de adicién de 4cido. Estas se forman, por ejemplo, con
dcidos inorgénicos fuertes, tales como 4cidos minerales, por ejemplo, dcido
sulfiirico, dcido fosférico o un écido hidrohélico tal como HC] o HBr, con
dcidos carboxilicos orgdnicos fuertes, tales como dcidos alcancarboxilicos
de 1 a 4 4tomos de carbono los cuales son sustituidos o no sustituidos, por
ejemplo, por halégeno, por ejemplo écido acético, tales como 4cidos
dicarboxilicos saturados o insaturados, por ejemplo, &cido oxdlico,
malénico, succinico, maleico, fumdrico, ftélico o tereftdlico, tales como
acidos hidroxicarboxilicos, por ejemplo 4cido ascérbico, glicdlico, lictico,
malico, tartrico o citrico, tales como aminodcidos, (por ejemplo 4cido
aspértico o glutdmico o lisina o arginina), o dcido benzoico, o con dcidos
sulfénicos orgdnicos, tales como dcidos (C,.C,) alquilicos o arilsulfénicos
los cuales son sustituidos o no sustituidos, por ejemplo por halégeno, por
ejemplo, dcido metansulfénico o dcido p-toluensulfénico.

A menos que se indique lo contrario, el término "alquilo inferior",
"alquilo" o "alqu" como se emplea aqui solo o como parte de otro grupo
incluye hidrocaburos de cadena recta y ramificada, que conticnen 1 a 20
carbonos, preferiblemente 1 a 10 carbonos, méds preferiblemente 1 a 8
carbonos, en la cadena normal, tales como metilo, etilo, propilo, isopropilo,
butilo, t-butilo, isobutilo, pentilo, hexilo, isohexilo, heptilo, 4,4-
dimetilpentilo, octilo, 2,2,4-trimetil-pentilo, nonilo, decilo, undecilo,

12
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dodecilo, sus diferentes isémeros de cadena ramificada, y similares asf
como tales grupos que incluyen 1 a 4 sustituyentes tales como halo, por
ejemplo, F, Br, Cl o I o CF,, alquilo, alcoxi, arilo, ariloxi, aril(arilo) o
diarilo, arilalquilo, arilaiquiloxi, alquenilo, cicloalquilo, cicloalquilalquilo,
cicloalquilalquiloxi, amino, hidroxi, hidroxialquilo, acilo,
cicloheteroalquilo, heteroarilo, heteroariloxi, heteroarilalquilo,
heteroarilalcoxi, ariloxialquilo, alquiltio, arilalquiltio, ariloxiarilo,
alquilamido, alcanoilamino, arilcarbonilamino, nitro, ciano, tiol,
haloalquilo, trihaloalquilo y/o alquiltio.

A menos que se indique lo contrario, el término "cicloalquilo” como
se emplea aqui, solo o como parte de ofro grupo, incluye grupos
hidrocarburo ciclicos saturados o parcialmente insaturados (que contienen 1
6 2 enlaces dobles) que comprenden 1 a 3 anillos, inclusive alquilo
monociclico, alquilo biciclico (o bicicloalquilo) y alquilo triciclico, que
contienen un total de 3 a 20 carbonos que forman el anillo, preferiblemente
3 a 10 carbonos, que forman el anillo y que pueden fusionarse a 1 6 2
anillos aromdticos como se describe para arilo, el cual incluye ciclopropilo,
ciclobutilo, ciclopentilo, ciclohexilo, cicloheptilo, ciclooctilo, ciclodecilo y
ciclododecilo, ciclohexenilo,

A2 oo
QRGEES]

cualquiera de cuyos grupos puede sustituirse opcionalmente con 1 a 4
sustituyentes tales como halégeno, alquilo, alcoxi, hidroxi, arilo, ariloxi,
arilalquilo, cicloalquilo, alquilamido, alcanoilamino, oxo, acilo,
arilcarbonilamino, heteroarilo, cicloheteroalquilo, amino, alquilamino, nitro,
ciano, tiol y/o alquiltio y/o cualquiera de los sustituyentes de alquilo.

El término "cicloalquenilo" como se emplea aqui solo o como parte
de otro grupo se refiere a hidrocarburos ciclicos que comprenden 3 a 12
carbonos, preferiblemente 5 a 10 carbonos y 1 6 2 enlaces dobles. Grupos

13
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ejemplares cicloalquenilo incluyen ciclopentenilo, ciclohexenilo,
cicloheptenilo, ciclooctenilo, ciclohexadienilo, y cicloheptadienilo, lps
cuales pueden sustituirse opcionalmente como se definen para cicloalquilo.

El término "alcanoilo” tal como se emplea aqui solo 0 como parte de
otro grupo se refiere a alquilo enlazado a un grupo carbonilo.

A menos que se indique lo contrario, el término "alquenilo inferior" o
"alquenilo” tal como se emplea aqui, por s{ mismo o como parte de otro
grupo, se refiere a radicales de cadena recta o ramificada de 2 a 20
carbonos, preferiblemente 2 a 12 carbonos, y més preferiblemente 1 a 8
carbonos en la cadena normal, los cuales incluyen uno a seis enlaces dobles
en la cadena normal, tales como vinilo, 2-propenilo, 3-butenilo, 2-butenilo,
4-pentenilo, 3-pentenilo, 2-hexenilo, 3-hexenilo, 2-heptenilo, 3-heptenilo,
4-heptenilo, 3-octenilo, 3-nonenilo, 4-decenilo, 3-undecenilo, 4-dodecenilo,
4,8,12-tetradecatrienilo, y similares, y los cuales pueden sustituirse
opcionalmente con | a 4 sustituyentes, a saber, halégeno, haloalquilo,
alquilo, alcoxi, alquenilo, alquinilo, arilo, arilalquilo, cicloalquilo, amino,
hidroxi, heteroarilo, cicloheteroalquilo, alcanoilamino, alquilamido,
arilcarbonil-amino, nitro, ciano, tiol, -alquiltio y/o cualquiera de los
sustituyentes alquilo expuestos aqui.

A menos que se indique lo contrario, el término” alquinilo inferior" o
"alquinilo” tal como se emplea aqui, por si mismo o como parte de otro
grupo, se refiere a radicales de cadena recta o ramificada de 2 a 20
carbonos, preferiblemente 2 a 12 carbonos y més preferiblemente 2 a 8
carbonos en la cadena normal, los cuales incluyen un triple enlace en la
cadena normal, tal como 2-propinilo, 3-butinilo, 2-butinilo, 4-pentinilo, 3-
pentinilo, 2-hexinilo, 3-hexinilo, 2-heptinilo, 3-heptinilo, 4-heptinilo, 3-
octinilo, 3-noninilo, 4-decinilo, 3-undecinilo, 4-dodecinilo y similares, y los
cuales pueden sustituirse opcionalmente con 1 a 4 sustituyentes, a saber,
haiégeno, haloalquilo, alquilo, alcoxi, alquenilo, alquinilo, arilo, arilalquilo,
cicloalquilo, amino, heteroarilo, cicloheteroalquilo, hidroxi, alcanoilamino,

14
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alquilamido, arilcarbonilamino, nitro, ciano, tiol, y/o alquiltio, y/o
cualquiera de los sustituyentes alquilo expuestos aqui.

Los términos "arilalquenilo” y "arilalquinilo”, tal como se usan solos
o como parte de otro grupo, se refierén a grupos alquenilo y alquinilo tal
como se describen mds arriba teniendo un sustituyente arilo.

Donde grupos alquilo como los definidos anteriormente tienen
enlaces simples para union a otros grupos en dos dtomos diferentes de
carbono, se los designa grupos "alquileno" y pueden sustituirse
opcionalmente con 1 6 2 sustituyentes como se definieron m4s arriba para
“alquilo”, tales como, por ejemplo, alquilo, halo, hidroxi, alcoxi y/o
cicloalquilo.

Donde grupos alquenilo como los definidos anteriormente y grupos
alquinilo como los definidos mas arriba, respectivamente, tienen enlaces
simples para union a dés atomos de carbono diferentes, pueden designarse
"grupos alquenileno” y "grupos alquinileno", respectivamente, y pueden
sustituirse opcionalmente con 1 6 2 sustituyentes como los definidos arriba
para "alquenilo” y "alquinilo”.

El término"halégeno” o "halo" tal como se emplea aqui, solo o como
parte de otro grupo, se refiere a cloro, bromo, flior, y yodo as{ como CF;,
prefiriéndose cloro o fhior.

El término "ién metélico” se refiere a iones de metal alcalino tales
como sodio, potasio o litio y iones de metal alcalinotérreo tales como
magnesio y calcio, as{ como cinc y aluminio.

A menos que se indique lo contrario, el término "arilo" tal como se
emplea aqui, solo o como parte de otro grupo, se refiere a grupos
aromdticos monociclicos y biciclicos que contienen 6 a 10 carbonos en la
porcién del anillo (tal como fenilo o naftilo inclusive 1-naftilo y 2-naftilo) y
pueden incluir opcionalmente uno a tres anillos adicionales fusionados a un
anillo carbociclico o un anillo heterociclico (tales como anillos arilo,
cicloalquilo, heteroarilo o cicloheteroalquilo, por ejemplo

15
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y pueden sustituirse opcionalmente por dtomos de carbono disponibles con
1, 2, 6 3 grupos seleccionados de hidrégeno, halo, haloalquilo, alquilo,
haloalquilo, alcoxi, halofenilo, benzoiloxi, haloalcoxi, alquenil ,
trifluorometilo, trifluorometoxi, alquinilo, cicloalquilalquil ,
cicloheteroalquilo, cicloheteroalquilalquilo, arilo, heteroarilo, arilalquil ,
ariloxi, ariloxialquilo, arilalcoxi, ariltio, arilazo, heteroarilalquilo,
heteroarilalquenilo, heteroarilheteroarilo, heteroariloxi, hidroxi, nitro, ciano,
amino, amino sustituido en donde el amino incluye 1 6 2 sustituyentes (los
cuales son alquilo, alcanoilo, arilo o cualquiera de los demés compuestos
arilo mencionados en las definiciones), tiol, alquiltio, ariltio, heteroariltio,
ariltioalquilo, alcoxiariltio, alquilcarbonilo, arilcarbonilo,
alquilaminocarbonilo, arilaminocarbonilo, alcoxicarbonilo, aminocarbonilo,
alquilcarboniloxi, arilcarboniloxi, alquilcarbonilamino, arilcarbonilamino,
arilsulfinilo, arilsulfinilalquilo, arilsulfonilamino o
arilsulfonaminocarbonilo y/o cualquiera de los sustituyentes alquil
expuestos aqui.

A menos que se indique lo contrario, el término "alcoxi inferior",
"alcoxi”, "ariloxi" o "aralcoxi" como se emplea aqui, solo 0 como parte de
otro grupo, incluye cualquiera de los grupos alquilo, aralquilo o arilo, de
arriba, enlazados a un &tomo de oxigeno.

A menos que se indique lo contrario, el término "amino sustituido™ como se
emplea aqui, solo o como parte de otro grupo, se refiere a amino sustituido
con uno o dos sustituyentes, los cuales pueden ser los mismos diferentes,
tales como alquilo, arilo, arilalquiloheteroarilo, heteroarilalquilo,
cicloheteroalquilo, cicloheteroalquilalquilo, cicloalquilo, cicloalquilalquil ,
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haloalquil , hidroxialquilo, alcoxialquilo tioalquilo. Estos sustituyentes
pueden sustituirse ademds con un écido carboxilico y/o cualquiera de los
sustituyentes de alquilo como se expuso arriba. Adicionalmente, los
sustituyentes amino pueden tomarse juntos con el 4tomo de nitrégeno al
cual se unen para formar 1-pirrolidinilo, 1-piperidinilo, 1-azepinilo, 4-
morfolinilo, 4-tiamorfolinilo, 1-piperazinilo, -4-alquil-l-piperazinilo, 4-
arilalquil-1-piperazinilo, 4-diarilalquil-1-piperazinilo, 1-pirrolidinilo, 1-
piperidinilo, o 1-azepinilo, opcionalmente sustituidos con alquilo, alcoxi,
alquiltio, halo, trifluorometilo o hidroxi.

A menos que se indique lo contrario, el término"alquiltio inferior",
alquiltio”, "ariltio” o "aralquiltio” como se emplea aqui, solo o como parte
de otro grupo, incluye cualquiera de los grupos alquilo, aralquilo o arilo
enlzados a un dtomo de azufre.

A menos que se indique lo contrario, el término"alquilamino
inferior", "alquilamino”, "arilamino", or "arilalquilamino” como se emplea
aqui, solo o como parte de otro grupo, incluye cualquiera de los grupos
alquilo, arilo o arilalquilo, de arriba, enlazado a un 4tomo de nitrégeno.

A menos que se indique lo contrario, el término"acilo” como se
emplea aqui por si mismo o parte de otro grupo, segiin se define aqui, se

(f)
refiere a un radical orgdnico enlazado a un grupo carbonilo .
ejemplos de grupos acilo incluyen cualquiera de los grupos R' unidos a un
carbonilo, tal como alcanoilo, alquenoilo, arvilo, aralcanoilo, heteroaroilo,
cicloalcanoilo, cicloheteroalcanoilo y similares.

A menos que se indique lo contrario, el término "cicloheteroalquilo”
tal como se emplea aqui, solo o como parte de otro grupo, se refiere a un
anillo saturado o parcialmente insaturado de 5-, 6- 6 7 miembros el cual
incluye | a 2 heterodtomos tales como nitrégeno, oxigeno y/o azufre,
enlazado a través de un dtomo de carbono o un heterodtomo, donde posible,

pcionalmente mediante el enlazante (CHy), (donderes 1, 2 6 3), tal como
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y similares. Los grupos de arriba pueden incluir 1 a 4 sustituyentes tales
como as alquilo, halo, oxo y/o cualquiera de los sustituyentes alquilo
expuestos aqui. Ademds, cualquiera de los anillos cicloheteroalquilo puede
fusionarse a un anillo cicloalquilo, arilo, heteroarilo o cicloheteroalquilo.

A menos que se indique lo contrario, el término "heteroarilo" tal
como se emplea aqui, solo o como parte de otro grupo, se refiere a un anillo
aromédtico de 5 6 6 miembros el cual incluye 1, 2, 3 6 4 heterodtomos tales
como nitrégeno, oxigeno o azufre, y dichos anillos fusionados a un anillo
arilo, cicloalquilo, heteroarilo o cicloheteroalquilo (por ejemplo,
benzotiofenilo, indolilo), e incluye posibles N-6xidos. El grupo heteroarilo
puede incluir opcionalmente 1 a 4 sustituyentes tales como cualquiera de los
sustituyentes expuestos més arriba para alquilo. Ejemplos de grupos
heteroarilo incluyen los siguientes:

OO OB

seicivigedgXee?
0. O UGG

D3.3.83.0.%

El término "cicloheteroalquilalquilo” tal como se emplea aqui, solo o

y similares.
como parte de otro grupo, se refiere a grupos cicloheteroalquilo segin se

definieron mA4s arriba enlazados a través de un dtomo C o heterodtomo a una
cadena (CH,)..
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El término “heteroarilalquilo® o "heteroarilalquenilo” tal como se
emplea aqui, solo o como parte de otro grupo, se refiere a un grupo
heteroarilo, como se definié arriba, enlazado a través de un étomo C o
heterodtomo a una cadena — (CH2)r—, alquileno o alquenileno, como se
definié més arriba.

El término "polihaloalquilo” tal como se emplea aquf se refiere a un
grupo "alquilo", segin se define arriba, el cual incluye desde 2 a 9,
preferiblemente desde 2 a 5, sustituyentes halo, tal como F o Cl,
preferiblemente F, tal como CF;CH,, CF; o CF;CF,CH;. El términ
"polihaloalcoxi" tal como se emplea aqui refiere a un grupo "alcoxi” o
"alquiloxi" segin se defini6 mds arriba el cual incluye desde 2 a 9,
preferiblemente desde 2 a 5, sustituyentes halo, tal como F o Cl,
preferiblemente F, tal como CF3CH,0, CF;0 o CF;CF,CH;0.

Todos los estereoisémeros de los compuestos de la presente
invencion estin contemplados, bien en mezcla o bien en forma pura o
sustancialmente pura. Los compuestos de la presente invencién pueden
tener centros asimétricos en cualquiera de los &tomos de carbono, inclusive
uno cualquiera o los sustituyentes R. Por consiguiente, los compuestos de
férmula I pueden existir en formas enantioméricas o diastereoméricas o en
sus mezclas. Los procesos para preparacién pueden utilizar racematos,
enantiomeros o diasteredmeros como materiales iniciales. Cuando se
preparan productos diastereoméricos o enantioméricos, pueden separarse
mediante métodos convencionales, por ejemplo, cristalizacién
cromatogrifica o fraccionaria,

El término "esteres de profirmaco” como se emplea aqui incluye
ésteres y carbonatos formados haciendo reaccionar uno o més hidroxilos de
compuestos de férmula I con agentes acilantes alquilo, alcoxi, o arilo
sustituidlo que emplean procedimientos conocidos por aquellas personas
con habilidades en ¢l arte para generar acetatos, pivalatos, metilcarbonatos,
benzoatos y similares. Adema4s, ésteres de profirmaco que son conocidos
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en el arte para ésteres de dcido carboxilico y de fésforo tales como metilo,
etilo, bencilo y similares.

Ejemplos de dichos esters de proférmaco incluyen
CH,C0,CHy— , mz:— ,  ETCECOCL—

) )y 0
| 8
| GEOC0CH™ |

Otros ejemplos de ésteres de profarmaco apropiados incluyen

& &b A

en donde R* puede ser H, alquilo (tal como metilo o t-butilo), arilalquilo (tal
como bencilo) o arilo (tal como fenilo); R es H, alquilo, halégeno o alcoxi,
R°® es alquilo, arilo, arilalquilo alcoxilo, and n; es 0, 1 6 2.

Donde los compuestos de estructura I estdn en forma de 4cido, éstos
pueden formar una sal farmacéuticamente aceptable, tal como sales de
metal alcalino tales como litio, sodio o potasio; sales de metal alcalinotérreo
tales como caicio o magnesio, asi como zinc o aluminio y otros cationes
tales como amonio, colina, dietanolamina, lisina (D o L), etilendiamina, t-
butilamina, t-octilamina, tris-(thidroximetil)aminometano (TRIS), N-metil
glucosamina (NMG), trietanolamina y dehidroabietilamina.

Compuestos de la invencion pueden prepararse por el siguiente
método.

Refiriéndose al Esquema de Reaccion 1, la condensacién de
Knovenagel de beta-ceto éster 1 de ficil obtencién, donde R es alquilo
inferior, con aldehido 2 bajo condiciones estindar (por ejemplo HOAc,
piperidina, tolueno, reflujo) proporciona el correspondiente aducto 3. La
1,4-adicién inducida por base de cetona 4 (por ejemplo, LiIN(TMS), en THF
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o EtONa en EtOH) suministra el aducto 5, usualmente como una mezcla de
diasteredmeros.

La conversién de la 1,5-dicetona 5 en el ester de piridilo 6 puede
efectuarse mediante tratamiento con una fuente de amoniaco (tal como
NH4OAc) en la presencia de un oxidante (tal como Cu(OAc)2 u oxigeno)
en un solvente apropiado (tal como un haciendo refluir HOAc), o mediante
reaccién de 5 con hidrocloruro de hidroxilamina en HOAc con calor. La
funcionalidad éster de 6 puede reducirse por métodos estAndar (LiAlH,,
DIBAL, LiBH,) para producir alcohol 7 el cual, subsiguientemente, puede
convertirse en el haluro correspondiente 8 (por ejemplo, PBr; en CH,Cl,,
CBr/PPh; en CH,CN, o POCIl;).

La conversién de haluro 8 en el compuesto de fosforo 9 donde W es
Ph o alquilo se efectiia por tratamiento de 8 con W,POEt en tolueno. La
conversion de haluro 8 en el compuesto 9 donde W es OR (R es alquilo
inferior) puede efectuarse por la reaccién de 8 con HOP(OR)2/base/THF o
por reaccién de Arbuzov con P(OR);. La reaccion de Witting entre 9 y
aldechido 10 (aldehfido 10 se ha descrito previamente en la patente
estadounidense 5,686,433) puede efectuarse bajo condiciones estindar con
base (n-BuLi, LiN(TMS),, LDA) en un solvente apropiado (THF, Et,0,
tolueno, DMPU) para proporcionar el aducto 11.

El tratamiento de 11 bajo condiciones acidicas (por ejemplo, TFA, HC})
efectiia la conversién def 11 en lactona Ia.

La saponificacion de Ia en Ib (donde R; es metal alcalino, o metal
alcalinotérreo) puede efectuarse por tratamiento de Ia con base acuosa o
acidificarse subsiguientemente para producir Ib donde R; es H.
Adicionalmente, Ia puede tratarse con un alcohol del tipo R;OH bajo
condiciones bésicas para formar los ésteres correspondientes de Ib.

Tal como se observa en el Esquema de Reaccion 2, los derivados

saturados del compuesto I (donde 4 es CH;CH,) se obtienen por
hidrogenacién catalitica (Pd/C, Pt/C, Pd(OH),) de 11, Ia, o Ib para
proporcionar 12, Ic, o Id, respectivamente. El compuesto 12 puede
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convertirse en Ic y Id siguiendo los métodos anteriormente descritos para la

conversion del compuesto 11 en Iay Ib.

ESQUEMA 1
oo g '8 P Cﬁ:}-
ReCHO—
1 2 . ‘._
3 bane
Ny .
R R solvent " .
oxidant
— reduce
. —-—#'
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|
v X
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La sintesis de compuestos I en donde ’7 esCH=CHynes|l,se
describe en Esquema 3. Bis-sililacién de compuesto Ib' con un cloruro de
sililo voluminoso (por ejemplo, CISi(t-butil)Ph,, CISi(t-butil)Me,, CISiPh;)
en la presencia de una base apropiada (por ejemplo, TEA, imidazol,
piridina) y solvente (por ejemplo, CH;Cl,, THF) proporciona el compuesto
Ib%. El tratamiento de Ib? con oxidantes tales como m-CPBA o CF;CO;H
en un solvente apropiado tal como CH;Cl, o0 HOAc proporciona N-6xido
Ib’. Desililacién de Ib® (TBAF/HOAC/THF o HF/CH;CN) produce Ib* que
puede saponificarse en Ib’ usando soluciones acuosas de un metal hidréxido
en un solvente apropiado (por ejemplo, MeOH, dioxano).
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Adicionalmente, el compuesto Id' puede oxidarse y saponificarse,
como se define més arriba, para proporcionar compuestos I, en donde
’/ es CH;CH, y n es 1 (por ejemplo, compuestos 14> e ID*) como se

muestra en Esquema 4.
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Se apreciard que en los Esquemas 1 a 4, con respecto a los
compuestos 4, 5, 6, 7, 8,9, 11, Ia, Ib, 12, Ic, Id, Ib, Ib?, Ib’, Ib*, Ib°, Id’, 14
e Id’, aunque los sustituyentes Ry y R;o, como se definieron més arriba, no
se incluyen en estos compuestos, los Esquemas 1 a 4 pueden llevarse a cabo
donde dichos compuestos incluyen los sustituyentes Ry y R,,.

Esquema 5 representa un método preferido para preparar el inhibidor
de HMG CoA reductasa de férmula I de la invencién utilizando la reaccién
de olefinacién Julia-Kocienski que emplea 4-piridil carboxilaldehido (18) y
sulfona quiral (16). El intermedio frans deseado (19) se afsla en alto
rendimiento y pureza dptica, el cual se convierte en el producto final de la
invencién. Como se apreciard, la sulfona quiral (16) un intermedio clave en
el paso Julia-Kocienski, se prepara en tres pasos a partir del alcohol Kaneka
(12), disponible en el comercio, mediante triflato (13) e intermedio sulfuro
(15).

Refiriéndose al esquema 5, el tratamiento de alcohol quiral disponible
en el comercio (12) con anhidrido triflico y trietilamina en diclorometano a
baja temperatura (por ejemplo, 0 a —30°C) produce triflato (13). Pueden
emplearse otras bases de amina o piridina. Triflato (13) (sin estar aislado)
se lleva al siguiente paso sin m4s purificacion. Una solucién de cloruro de
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metileno de triflato (13) se trata con 1-fenil-1H-tetrazol-5-tiol (14) para
proporcionar el sulfuro quiral (15), el cual se oxida con perdxido de
hidrégeno en la presencia de tetrahidrato heptamolibdato de amoni
catalitico para producir sulfona cristalina (16). Puede emplearse otro
oxidante, tal como écido m-cloro-p-benzoico (nCPBA).

La adicién de LIHMDS o NaHMDS a una mezcla de sulfona (16) y
carboxilaldehido de piridina (18) en THF a baja temperatura (—78 a —35°C)
proporciona olefina trans (19) en alta diastereoselectividad (>99%).

El aldehido de piridina (18) se obtiene como una forma de sélido
cristalino del éster correspondiente (17). La reduccion del éster (17) con
Red-Al seguida por oxidacibn con tempo (2,2,6,6-tetrametil-1-
piperidiniloxi) proporciona el aldehido (18) en alto rendimiento. El
compuesto final Ie de la invencién se prepara en un procedimiento en
marmita partiendo de (19) sin aislar intermedios de ninguna clase. El retiro
de acetonido bajo condicion dcida proporciona diol Ie de la invencién el
cual, luego de tratamiento adicional con hidréxido de sodio, produce la sal
de sodio del 4cido If de la invencién, El tratamiento subsiguiente de If con
dcido, seguido por la adicién de arginina, produce sal de arginina cristalina
de la invencion Ig.
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Ademis, de acuerdo con la presente invencién, los intermedios 6, 7,
8,9, 11 y 12 son compuestos novedosos y forman parte de la presente
invencion. Estos compuestos tienen la estructura general
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II

en donde X es O, S 0 NR», Ry, Ry, Ry, Ry, Ry y Ryp s0n como se definieron
més arriba, Q es

’—n,n (vhare B is alkyl), ;—“, ’/—-:.u- ,
/'—\<°' (‘.-ntl.lql-ﬂum. alkyl, ox alkamy) .,
¥

Por lo tanto, los intermedios de la invencién pueden tener las siguientes
estructuras:

Compuestos 6, 7, 8, 9, 11 y/o 12 pueden incluir sustituyentes Ry y
Rjo.
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C mpuestos que contienen cadenas laterales de dominio de enlace
HMG-CoA de dihidroxi écido pueden prepararse en forma homoquiral, la
cual se prefiere, o pueden prepararse como mezclas racémicas (38*, SR*) y
pueden resolverse posteriormente para obtener el isémero 38, SR.

Por lo tanto, los intermedios de la invencién pueden tener las siguientes

EEER

eyl or alimay)

£ E

Compuestos que contienen cadenas laterales de dominio de enlace
HMG-CoA de dihidroxi écido pueden prepararse en forma homoquiral, la
cual se prefiere, o pueden prepararse como mezclas racémicas (38*, SR*) y
pueden resolverse posteriormente para obtener el isémero 38, 5R.

Los compuestos de la invencién son inhibidores de 3- hidroxi-3-
metil-glutaril coenzima A (HMG-CoA) reductasa y, en consecuencia, son
Gtiles en inhibir la biosintesis de colesterol y/o en reducir triglicéridos, en
una manera similar a atorvastatina, pravastatina, simvastatina, lovastatina,
cerivastatina, visastatina (o rosuvastatina) (Astra Zeneca ZD4522),
fluvastatina, itavastatina (o pitavastatina) y similares.

Un aspecto mds de la presente invencion una composicion
farmacéutica que contiene por lo menos uno de los compuestos de formula I
de la presente invencidn en asociacion con un vehiculo farmacéutico o
diluyente. La composicién farmacéutica puede formularse empleando
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vehiculos sélidos convencionales de diluyentes y aditivos farmacéuticos de
un tipo apropiado al modo de administracién deseada. Los compuestos
pueden administrarse por una via oral, por ejemplo, en la forma de tabletas,
cépsulas, grénulos o polvos, o pueden administrarse por una via parenteral
en la forma de preparaciones inyectables. Dichas formas de dosificacién
contienen desde 0.1 a 1500 mg de compuesto activo por dosificacién, para
uso en el tratamiento. La dosis a administrarse depende de la dosis unitaria,
los sintomas, y la edad y el peso corporal del paciente.

Los compuestos de la presente invencién pueden administrarse en
una manera similar como compuestos conocidos sugeridos para uso en
inhibir la biosintesis de colesterol, tales como pravastatina, lovastatina,
simvastatina, visastatina (o rosuvastatina), atorvastatina, cerivastatinaa,
fluvastatina, itavastatina (o pitavastatina), y similares, en especies
mamiferas tales como humanos, perros, gatos y similares. En consecuencia,
los compuestos de la invencién pueden administrarse en una cantided desde
alrededor de 0.1 to 500 mg en una dosis Gnica o en la forma de dosis
individuales desde 1 a 4 veces al dia, preferiblemente 0.2 a 100 mg
diariamente o en forma de liberacién sostenida.

Los inhibidores de HMG CoA reductasa de férmula 1 pueden
emplearse en combinacion con todos los agentes terapéuticos que son iitiles
en combinacién con inhibidores de HMG CoA reductasa.

Por lo tanto, donde se desee, los compuestos de estructura I pueden
emplearse en combinacion con uno o méds agentes hipolipidémicos o
agentes reductores de lipido, o agentes de lipidos, o agentes moduladores de
lipido, y/o uno o mas otros tipos de agentes terapéuticos inclusive agentes
antidiabéticos, agentes anti-obesidad, agentes antihipertensivos, inhibidores
de agregacién de plaquetas, agentes anti-Alzheimer, agentes anti-demencia,
agentes anti-osteoporosis, y/o agentes terapéuticos de reemplazo de
hormonas, y/o otros agentes terapéuticos, y/o otros agentes cardiovasculares
(inclusive agentes anti-anginales, agentes anti-arritmicos, agentes anti-
aterosclerosis, agentes anti-inflamatorios, agentes anti-plaquetas, agentes
anti-falla cardiaca), agentes anti-céncer, agentes anti-infecciosos, agentes
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de reemplazo de hormonas, secretagogos hormonales de crecimiento,
moduladores selectivos de receptor andrégeno, y/o otros agentes
terapéuticos que pueden administrarse oralmente en la misma forma de
dosificacién o en una forma separada de dosificacién oral, o por inyeccién.

El agente hipolipidémico o agente reductor de lipido u otro agente de
lipidos o agente modulador de lipido que pueden emplearse opcionalmente
en combinacién con los compuestos de férmula I de la invencién pueden
incluir 1, 2, 3 o més inhibidores MTP, inhibidores de HMG CoA reductasa,
inhibidores de escualeno sintetasa, @ agonistas PPAR, a/y agonistas duales
PPAR, agonistas 8 PPAR, derivados de dcido fibrico, inhibidores ACAT,
inhibidores de lipoxigenasa, inhibidores de absorcién de colesterol,
inhibidores de co-transportador de 4cido biliar/Na® ileal, reguladores
ascendentes de actividad de receptor LDL, inhibidores de proteina de
transferencia de éster colesterllico, secuestrantes de édcido biliar, y/o dcido
nicotinico y sus derivados.

Los inhibidores MTP empleados aqui incluyen los inhibidores MTP
divulgados en la Patente estadounidense No. 5,595,872, Patente
estadounidense No. 5,739,135, Patente estadounidense No. 5,712,279,
Patente estadounidense No. 5,760,246, Patente estadounidense No.
5,827,875, Patente estadounidense No. 5,885,983 y Solicitud
estadounidense Serial No. 09/175,180 radicada el 20 de octubre de 1998,
ahora Patente estadounidense No. 5,962,440. Se prefieren cada uno de los
inhibidores MTP divulgados en cada una de las patentes y solicitudes
mencionadas arriba.

Todas las patentes y solicitudes estadounidenses anteriores se
incorporan aqui por referencia.

Los inhibidores MTP més preferidos a emplearse de acuerdo con la
presente invencion incluyen de inhibidores MTP preferidos como los que se
exponen en las Patentes estadounidenses Nos. 5,739,135 y 5,712,279, y
Patente estadounidense No. 5,760,246,
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El inhibidor MTP méds preferido es 9-[4-[4-[[242,2,2-
triflu roetoxi)benzoil]lamino)-1-piperidinil]butil]-N<(2,2,2-trifluoroetil)-9H-
fluoren-9-carboxamida.

El agente hipolipidémico puede ser un inhibidor de HMG CoA
reductasa que incluye, pero no se limita a, mevastatina y compuestos
relacionados como se divulgan en la Patente estadounidense No. 3,983,140,
lovastatina (mevinolina) y compuestos relacionados como se divulgan en la
Patente estadounidense No. 4,231,938, pravastatina y compuestos
relacionados como se divulgan en la Patente estadounidense No. 4,346,227,
simvastatina y compuestos relacionados como se divulgan en las Patentes
estadounidenses Nos. 4,448,784 y 4,450,171. Otros inhibidores de HMG
CoA reductasa que pueden emplearse aqui incluyen, pero no se limitan a,
fluvastatina, divulgada en la Patente estadounidense No. 5,354,772,
cerivastatina divulgada en las Patentes estadounidenses Nos. 5,006,530 y
5,177,080, atorvastatina divulgada en las Patentes estadounidenses Nos.
4,681,893, 5,273,995, 5,385,929 y 5,686,104, pitavastatina (nisvastatina de
Nissan/Sankyo (NK-104) o itavastatina), divulgado en la Patente
estadounidense No. 5,011,930, Shionogi-Astra/Zeneca rosuvastatin
(visastatin (ZD-4522)) divulgado en la Patente estadounidense No.
5,260,440, y compuestos relacionados de estatina divulgados en la Patente
estadounidense No. 5,753,675, andlogos de pirazol de derivados de
mevalonolactona como se divulgan en la Patente estadounidenseNo.
4,613,610, andlogos de indeno de derivados de mevalonolactona como se
divulgan en la solicitud PCT WO 86/03488, 6-[2-(sustituido-pirrol-1-il)-
alquil)piran-2-onas y sus derivativados como se divulga en la Patente
estadounidense N . 4,647,576, SC-45355 de Searle (un derivado de dcido
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pentandidico 3-sustituido) dicloroacetato, andlogos de imidazol de
mevalonolactona como se divulgan en la solicitud PCT WO 86/07054,
derivados de dcido 3-carboxi-2-hidroxi-propan-fosfonico como se divulgan
en la Patente francesa No. 2,596,393, pirrol 2,3-disustituido, derivados de
furano y tiofeno como se divulgan en la solicitud de Patente europea No.
0221025, andlogos de naftilo de mevalonolactona como se divulgan en la
Patente estadounidense No. 4,686,237, octahidronaftalenos tales como los
divulgados en la Patente estadounidense No. 4,499,289, ceto anidlogos de
mevinolina (lovastatina) como se divulgan en la solicitud de Patente
europea No. 0,142,146 A2, y derivados de quinolina y piridina divulgados
en las Patentes estadounidenses Nos. 5,506,219 y 5,691,322,

Ademais, en GB 2205837 se divulgan compuestos de dcido fosfinico
utiles en inhibir HMG CoA reductasa apropiados para uso aqui.

Los inhibidores de escualeno sintetase adecuados para uso aqui
incluyen, pero no se limitan a, a-fosfono-sulfonatos divulgados en la
Patente estadounidense No. 5,712,396, los divulgados por Biller y
colaboradores, J. Med. Chem., 1988, vol. 31, No. 10, p4ginas 1869-1871,
inclusive (fosfinil-metil)fosfonatos isoprenoides asi como otros inhibidores
conocidos de escualeno sintetasa, por ejemplo, como se divulgan en la
Patente estadounidense No. 4,871,721 y 4,924,024 y en Biller, S.A.,
Neuenschwander, K., Ponpipom, M.M., y Poulter, C.D., Current
Pharmaceutical Design, 2, 1-40 (1996).

Adicionalemente, otros inhibidores de escualeno sintetasa apropiados
para uso aquf incluyen los pirofosfatos terpenoides divulgados por P. Ortiz
de Montellano y colaboradores, J. Med. Chem., 1977, 20, 243-249, el
andlogo A de farnesil difosfato y andlogos de prescualeno pirofosfato (PSQ-
PP) como se divulgan por Carey y Volante, J. Am. Chem. Soc., 1976, 98,
1291-1293, fosfinil fosfonatos reportados por McClard, RW. y
colaboradores, J.A.C.S., 1987, 109 5544 y ciclopropanos reportados por
Capson, T.L., PhD dissertation, junio, 1987, Dept. Med. Chem. U de Utah,
Extracto, Tabla de Contenido, pégina 16, 17, 40-43, 48-51, Sumario.
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Otros agentes hipolipidémicos adecuados para uso aqui incluyen,
pero no se limitan a, derivados de 4cido fibrico, tales como fenofibrato,
gemfibrozil, clofibrato, bezafibrato, ciprofibrato, clinofibrato y similares,
probucol, y compuestos relacionados como se divulgan en la Patente
estadounidense No. 3,674,836, prefiriéndose probucol y gemfibrozil,
secuestrantes de dcido biliar tales como colestiramina, colestipol y DEAE-
Sephadex (Secholex®, Policexide®) y cholestagel (Sankyo/Geltex), asf
como lipostabil (Rhone-Poulenc), Eisai E-5050 (un derivado de
etanolamina N-sustituido), imanixil (HOE-402), tetrahidrolipstatina (THL),
istigmastanilfosforilcolina (SPC, Roche), aminociclodextrina (Tanabe
Seiyoku), Ajinomoto AJ-814 (derivado de azuleno), melinamida
(Sumitomo), Sandoz 58-035, American Cyanamid CL-277,082 y CL-
283,546 (derivados de urea disustituidos), acidos nicotinicos (niacina),
acipimox, acifran, neomicina, écido p-aminosalicflico, aspirina, derivados
de poli(dialilmetilamina) tales como se divuigan en la Patente
estadounidense No. 4,759,923, cloruro de poli(dialildimetilamonio) de
amina cuaternaria y ionenos tal como se divulgan en la Patente
estadounidense No. 4,027,009, y otros agentes reductores conocidos de
colesterol del suero.

El otro agente hipolipidémico puede ser un inhibidor ACAT (que
tiene también actividad anti-aterosclerosis) tal como se divulga en Drugs of
the Future 24, 9-15 (1999), (Avasimibe); "The ACAT inhibitor, Cl-1011 is
effective in the prevention and regression of aortic fatty streak area in
hamsters ", Nicolosi y colaboradores, Atherosclerosis Shannon, Irel).
(1998), 137(1), 77-85; "The pharmacological profile of FCE 27677: a novel
ACAT inhibitor with potent hypolipidemic activity mediated by selective
suppression of the hepatic secretion of ApoB100-containing lipoprotein”,
Ghiselli, Giancarlo, Cardiovasc. Drug Rev. (1998), 16 (1), 16-30; "RP
73163: a bioavailable alkylsulfinyl-diphenylimidazole ACAT inhibitor”,
Smith, C., y colaboradores, Bioorg. Med. Chem. Lett. (1996), 6 (1), 47-50;
" ACAT inhibitors: physiologic mechanisms for hypolipidemic and anti-
atherosclerotic activities in experimental animals”, Krause y colaboradores,
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Editor(s): Ruffolo, Robert R., Jr.; Hollinger, Mannfred A., Inflammation:
Mediators Pathways (1995), 173-98, Publisher: CRC, Boca Raton, Fla.;
"ACAT inhibitors: potential anti-atherosclerotic agents", Sliskovic y
colaboradores, Curr. Med. Chem. (1994), 1(3), 204-25; "Inhibitors of acyl-
CoA: cholesterol acyltransferase (ACAT) as hypocholesterolemic agents”.
6. El primer inhibidor ACAT soluble en agua con actividad reguladora de
lipido. Inhibidores de acil-CoA: colesterol aciltransferasa (ACAT). 7.
“Development of a series of substituted N-phenyl-N’-[(1-
phenylcyclopentyl)methyl]lureas with enhanced hypocholesterolemic
activity”, Stout y colaboradores, Chemtracts: Org. Chem. (1995), 8(6), 359-
62, o TS-962 (Taisho Pharmaceutical Co. Ltd), asi como F-1394, CS-505,
F-12511, HL-004, K-10085 y YIC-C8-434.

El agente hipolipidémico puede ser un regulador ascendente de
actividad de receptor LDL tal como MD-700 (Taisho Pharmaceutical Co.
Ltd) y LY295427 (Eli Lilly).

El agente hipolipidémico puede ser un inhibidor de absorcién de
colesterol preferiblemente SCH48461 de Schering-Plough (ezetimibe) asf
como los divulgados en Atherosclerosis 115, 45-63 (1995) y J. Med. Chem.
41, 973 (1998).

El otro agente de lipido o agente modulador de lipido puede ser un
inhibidor de proteina de transferencia de colesterilo (CETP) tal como CP-
529,414 de Pfizer as{ como los divulgados en WO/0038722 y en EP 818448
(Bayer) y EP 992496, y SC-744 y SC-795 de Pharmacia, asi como CETi-1
y JTT-705.

El agente hipolipidémico puede ser un inhibidor de cotransportador
de 4cido biliar/ Na* ileal tal como el divulgado en Drugs of the Future, 24,
425-430 (1999).

El inhibidor de liasa de citrato ATP que puede emplearse en la
combinacién de la invencién puede incluir, por ejemplo, los divulgados en
la Patente estadounidense No. 5,447,954.
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El otro agente de lipido comprende ademds un compuesto de
fitoestrégeno como se divulga en WO 00/30665, inclusive protefna aislada
de soya, concentrado de proteina de soya o harina de soya, asi como un
isoflavone tal como genisteina, daidzeina, gliciteina o equol, o fitosteroles,
fitostanol o tocotrienol como se divulgan en WO 2000/015201;

un inhibidor de absorcion de beta-lactama colestero tal como se
divulga en EP 675714;

un regulador ascendente HDL tal como un agonista LXR, un a-
agonista PPAR y/o un agonista FXR;

un inhibidor de a-glucosidasa, un inhibidor de aldosa reductasa y/o
un promotor de catabolismo LDL tal como se divulga en EP 1022272;

un inhibidor de intercambio de protén de sodio tal como se divulga
en DE 19622222;

un inductor de receptor LDL o un glicésido esteroide tal como el
divulgado en la Patente estadounidense No. 5,698,527 y GB 2304106;

un anti-oxidante tal como beta-caroteno, dcido ascérbico, a-tocoferol
o retinol como se divulga en WO 94/15592 as{ como vitamina C y un
agente antihomocisteina tal como dcido félico, un folato, vitamina B6,
vitamina B12 y vitamina E;

isoniacida como se divulga en WO 97/35576;

un inhibidor de absorcién de colesterol, un inhibidor de HMG-CoA
sintasa, 0 un inhibidor de lanosterol demetilasa como se divulga en WO
97/48701;

un § agonista PPAR para tratar dislipidemia;

o una proteina-I SREBP-1) de enlace de elemento regulador de
esterol como se revela en WO 2000/050574, por ejemplo, un esfingolipido,
tal como ceramida, o esfingomielenasa neutral (N-SMasa) o su fragmento.

Agentes hipolipidémicos preferidos son pravastatina, lovastatina,
simvastatina, atorvastatina, fluvastatina, cerivastatina, pitavastatina y

rosuvastatina, asi como niacina y/o cholestagel.
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La patentes estadounidenses menci nadas mds arriba se incorporan
aqui por referencia. Las cantidades y dosificaciones empleadas serén como
se indican la Physician's Desk Reference y/o en las patentes expuestas mas
arriba o, de lo contrario, como se conozca en el arte.

Los compuestos de formula I de la invencion se empleardn en una
proporcién de peso al agente hipolipidémico (donde presente),en el rango
desde alrededor de 500:1 hasta alrededor de 1:500, preferiblemente desde
alrededor de 100:1 hasta alrededor de 1:100.

La dosis administrada tiene que adjustarse cuidadosamente de
acuerdo con la edad, peso y trastorno del paciente, asi como la via de
administracion, forma de dosificacion y régimen y el resultado deseado.

Las dosificaciones y formulaciones para el agente hipolipidémico u
otro agente de lipido o agente modulador de lipido serédn como se divulgan
en las diferentes patentes y solicitudes comentadas més arriba.

Las dosificaciones y formulaciones para el otro agente
hipolipidémico u otro agente de lipido o agente modulador de lipido a
emplearse, donde sea pertinente, serén como se expone en la (iltima edicién
de la Physicians' Desk Reference.

Para administracién oral, un resultado satisfactorio puede obtenerse
empleando un inhibidor MTP en una cantidad en el rango de desde
alrededor de 0.01 mg hasta alrededor de S00 mg y preferiblemente desde
alrededor de 0.1 mg hasta alrededor de 100 mg, una o dos veces diarias.

Una forma de dosis oral preferida, tal como tabletas o cépsulas,
contendrd el inhibidor MTP en una cantidad de desde alrededor de 1 hasta
alrededor de 500 mg, preferiblemente desde alrededor de 2 a 400 mg, y més
preferiblemente desde alrededor de 5 hasta alrededor de 250 mg, una o dos
veces diarias.

Para administracién oral, un resultado satisfactorio puede obtenerse
empleando un inhibidor de HMG CoA reductasa, por ejemplo, pravastatina,
lovastatina, simvastatina, atorvastatina, fluvastatina o cerivastatina en
dosificaciones empleadas como se indica en la Physician's Desk Reference,
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tal como en una cantidad en el rango de desde alrededor de 1 a 2000 mg, y
preferiblemente desde alrededor de 4 hasta alrededor de 200 mg.

El inhibidor de escualeno sintetasa puede emplearse en dosificaciones
en una cantidad en el rango de desde alrededor de 10 mg hasta alrededor de
2000 mg y preferiblemente desde alrededor de 25 mg hasta alrededor de
200 mg.

Una forma de dosificacién oral preferida, tal como tabletas o
cdpsulas, contendré el inhibidor d¢ HMG CoA reductasa en una cantidad
desde alrededor de 0.1 hasta alrededor de 100 mg, preferiblemente desde
alrededor de 0.5 hasta alrededor de 80 mg, y més preferiblemente desde
alrededor de 1 hasta alrededor de 40 mg.

Una formas de dosificacion oral preferida, tal como tabletas o
cipsulas, contendré el inhibidor de escualeno sintetasa en una cantidad de
desde alrededor de 10 hasta alrededor de 500 mg, preferiblemente desde
alrededor de 25 hasta alrededor de 200 mg.

El agente anti-aterosclerético incluye un inhibidor de lipoxigenasa
que comprende un inhibidor de lipoxigenasa inclusive un inhibidor de
lipoxigenasa 15 (15- LO), tal como derivados de benzimidazol como se
divulgan en WO 97/12615, inhibidores de 15-LO como se divulgan en WO
97/12613, isotiazolonas como se divulgan en WO 96/38144, e inhibidores
de 15-LO como se divulgan por Sendobry y colaboradores "Attenuation of
diet-induced atherosclerosis in rabbits with a highly selective, 15-
lipoxygenase inhibitor lacking significant antioxidant properties” Brit. J.
Pharmacology (1997) 120, 1199-1206, y Cormnicelli y colaboradores, "15-
Lipoxygenase and its Inhibition: A Novel Therapeutic Target for Vascular
Disease", Current Pharmaceutical Design, 1999, 5, 11-20.

Los compuestos de férmula I y el agente hipolipidémico pueden
emplearse juntos en la misma forma de dosificacién oral o en formas de
dosificacién oral separadas tomadas al mismo tiempo.

Las composiciones descritas arriba pueden administrarse las
formas de dosificacién, ya descritas, en dosis Gnicas o divididas de unz a
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cuatro veces diarias. Puede ser aconsejable iniciar a un paciente sobre la ’l’%
base de una combinaciébn de dosis bajas y subir gradualmente a una
combinacién de dosis altas.

El agente antidiabético que puede emplearse opcionalmente en
combinacién con el inhibidor d¢ HMG-CoA reductasa de formula I puede
ser 1, 2, 3 6 mas agentes antidiabéticos o agentes antihiperglicémicos
inclusive secretagogos de insulina o sensibilizadores de insulina, los cuales
pueden incluir biguanidas, sulfonilureas, inhibidores de glucosidasa,
inhibidores de aldosa reductasa, y agonistas PPAR tales como
tiazolidindionas, a agonistas PPAR (tales como derivados de dcido fibrico),
& antagonistas o agonistas PPAR, inhibidores aP2, a/ agonistas duales
PPAR, inhibidores de dipeptidil peptidasa IV (DP4), inhibidores SGLT2,
inhibidores de glicogeno fosforilasa, y/o meglitinidas, asi como insulina,
y/o inhibidor de péptido-1 (GLP-1) similar del glucagén, y/o un inhibidor
PTP-1B (inhibidor de proteina tirosina fosfatasa-1B) .

El agente antidiabético puede ser un agente antihiperglicémico oral
preferiblemente una biguanida tal como metformina o fenformina o sus
sales, preferiblemente metformina HCL.

Donde el agente antidiabético es una biguanida, los compuestos de
estructura I se empleardn en un proporcioén de peso a biguanida en el rango
desde alrededor de 0.001:1 hasta alrededor de 10:1, preferiblemente desde
alrededor de 0.01:1 hasta alrededor de 5:1.

Igualmente, el agente antidiabético puede ser preferiblemente una
sulfonilurea tal como glyburida (también conocida como glibenclamida),
glimepirida (divulgada en la Patente estadounidense No. 4,379,785),
glipizida, gliclazida o clorpropamida, otras sulfonilureas conocidas u otros
agentes antihiperglicémicos que actiian en ¢l canal ATP-dependiente de las
células B, prefiriéndose gliburida y glipizida, que pueden administrarse en
las mismas formas o en formas de dosificacién oral separadas.
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Los compuestos de la estructura I se emplearén en una proporcién de
peso a la sulfonilurea en el rango desde alrededor de 0.01:1 hasta alrededor
de 100:1, preferiblemente desde alrededor de 0.02:1 hasta alrededor de 5:1.

El agente antidiabético oral puede ser igualmente un inhibidor de
glucosidasa tal como acarbosa (divulgado en la Patente estadounidense No.
4,904,769) o miglitol (divulgado en la Patente estadounidense N .
4,639,436), que puede administrarse en las mismas formas o en formas de

dosificacién oral separadas.
) Los compuestos de estructura I se emplearin en una proporcién de
peso al inhibidor de glucosidasa en el rango desde alrededor de 0.01:1 hasta
alrededor de 100:1, preferiblemente desde alrededor de 0.05:1 hasta
alrededor de 10:1.

Los compuestos de estructura I pueden emplearse en combinacién
con un y agonista PPAR tal como un agente anti-diabético oral de
tiazolidindiona u otros sensibilizadores de insulina (que tiene un efecto de
sensibilidad a la insulina en pacientes NIDDM) tal como troglitazona
(Wamer- Lambert's Rezulin®, divulgado en la Patente estadounidense No.
4,572,912), rosiglitazona (SKB), pioglitazona (Takeda), Mitsubishi's MCC-
555 (divulgado en la Patente estadounidense No. 5,594,016), Glaxo-
Welcome's GL-262570, englitazona (CP-68722, Pfizer) o darglitazona (CP-
86325, Pfizer, isaglitazona (MIT/J&J), JTT-501 (JPNT/P&U), L-895645
(Merck), R-119702 (Sankyo/WL), NN-2344 (Dr. Reddy/NN), o YM-440
(Yamanouchi), preferiblemente rosiglitazona y pioglitazona.

Los compuestos de estructura I se emplerdn en una proporcién de
peso a la tiazolidindiona en una cantidad en el rango desde alrededor de
0.01:1 hasta alrededor de 100:1, preferiblemente desde alrededor de 0.05:1
hasta alrededor de 10:1.

La sulfonilurea y los y agonistas en cantidades de menos de alrededor
de 150 mg de agente antidiabético oral pueden incorporarse en una tableta
Unica con los compuestos de estructura I.
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Los compuestos de la estructura I pueden emplearse asimismo en
combinacién con un agente antihiperglicémico tal como insulina o con el
péptido-1 (GLP-I) similar del glucagén o mimético tal como GLP-I(1-36)
amida, GLP-1(7-36) amida, GLP-1(7-37) (como se divulgan en la Patente
estadounidense No. 5,614,492 a Habener, cuya divulgacién se incorpora
aqui por referencia), asf como AC2993 (Amileno) y LY-315902 (Lilly), que
pueden administrarse mediante inyeccién, intranasal, inhalacién o mediante
dispositivos transcutdneos o bucales.

Donde presentes, metformina, las sulfonilureas, tales como glyburida,
glimepirida, glipirida, glipizida, clorpropamida y gliclezida y los
inhibidores de glucosidasa acarbosa o miglitol o insulina (inyectable,
pulmonar, bucal, u oral) pueden emplearse en formulaciones como las
descritas arriba y en cantidades y dosificacién como se indica en la
Physician's Desk Reference (PDR).

Donde presentes, metformina o su sal puede emplearse en cantidades
en el rango desde alrededor de 500 hasta alrededor de 2000 mg/dia los
cuales pueden administrarse en dosis Gnicas o dividas una a cuatro veces
diarias.

Donde presentes, el agente anti-diabético PPAR puede emplearse en
cantidades en el rango desde alrededor de 0.01 hasta alrededor de 2000
mg/dia los cuales pueden administrarse en dosis tnicas o dividas una a
cuatro veces diarias.

Donde presentes, la insulina y otros agentes anti-diabéticos, tal como
se exponen arriba, pueden emplearse en formulaciones, cantidades y
dosificacién como se indica por la Physician's Desk Reference.

Donde presentes, los péptidos GLP-l o miméticos pueden
administrarse en formulaciones buco-orales, por administracién nasal o
parenteralmente como se describe en las Patentes estadounidenses Nos.
5,346,701 (TheraTech), 5,614,492 y 5,631,224 que se incorporan aquf por
referencia.
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El agente anti-diabético u otro agente lipidico puede ser igualmente 2\ *
un modulador PPAR tal como a/y agonista dual PPAR como AR-H039242
(Astra/Zeneca), GW-409544 (Glaxo- Wellcome), KRP297 (Kyorin Merck)
asi como los divulgados por Murakami y colaboradores, "A Novel Insulin
Sensitizer Acts As a Coligand for peroxisome Proliferation - Activated
Receptor Alpha (PPAR alpha) and PPAR gamma. Effect on PPAR alpha
Activation on Abnormal Lipid Metabolism in Liver of Zucker Fatty Rats",
Diabetes 47, 1841-1847 (1998), y en la Solicitud estadounidense Serial No.
09/664,598, radicada el 18 de september de 2000, (archivo de apoderado
LA29) cuya divulgacién se incorpora aqui por referencia, empleando
dosificaciones como las expuestas alli, los cuales compuestos designados
como preferidos se prefieren para uso aqui.

El agente anti-diabético puede ser un inhibidor SGLT2 tal como se
divulga en la Solicitud estadounidense Serial No. 09/679,027, radicada el 4
de octubre de 2000 (archivo de apoderado LA49), que emplea
dosificaciones como las expuestas alli. Se prefieren los compuestos
designados como preferidos en la solicitud en mencidn.

El agente anti-diabético puede ser un inhibidor aP2 como se divulga
en la Solicitud estadounidense Serial No. 09/391,053, radicada el 7 de
septiembre de 1999, y en la Solicitud estadounidense Serial No. 09/519,079,
radicada el 6 de marzo de 2000 (archivo de apoderado LA27), emplenado
dosificaciones como se expone aqui. Se prefieren los compuestos
designados como preferidos en la solicitud en mencidn.

El agente anti-diabético puede ser un inhibidor DP4 tal como se
divulga en la Solicitud Serial No. 09/788,173, radicada el 16 de febrero de
2001 (archivo de apoderado LAS0), WO99/38501, WO099/46272,
W099/67279 (PROBIOFARMACO), WO099/67278
(PROBIOFARMACO), WO099/61431 (PROBIOFARMACO), NVP-
DPP728A  (1-[[[2-[(5-cianopiridin-2-i])amino]etil]Jamino]acetil]-2-ciano-
(S)-pirrolidina) (Novartis) (preferida) como se divulga por Hughes y
colaboradores, Biochemistry, 38(36), 11597- 11603, 1999, TSL-225 &cido
(triptofil-1,2,3,4-tetrahidro-isoquinolin-3-carboxflico ~ (divulgado  por
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Yamada y colaboradores, Bioorg. & Med. Chem. Lett. 8 (1998) 1537-1540,
2-cianopirrolididas y 4-cianopirrolididas como se divulgan por Ashworth y
colaboradores, Bioorg. & Med. Chem. Lett.,, Vol. 6, No. 22, pdginas 1163-
1166 y 2745-2748 (1996) empleando dosificaciones como las expuestas en
las referencias de arriba.

La meglitinida que puede emplearse opcionalmente en combinacién
con el compuesto de formula I de la invencién puede ser repaglinida
Starlix® (Novartis), nateglinida (Novartis) o KADI1229 (PF/Kissei),
prefiriéndose la repaglinida.

gEl compuesto antidiabético puede ser un agonista de receptor de
melanocortina tal como una espiropiperidina como se divulga en WO
99/64002,

El inhibidor de HMG CoA reductasa de férmula I se empleard en una
proporcién de peso a la meglitinida, modulador PPAR tal como y agonista
PPAR, a agonista PPAR, § agonista PPAR o antagonista, a/y agonista dual
PPAR, inhibidor aP2, inhibidor DP4 o inhibidor SGLT2 u otro agente
antidiabético en el rango desde alrededor de 0.01:1 hasta alrededor de
100:1, preferiblemente desde alrededor de 0.05:1 hasta alrededor de 10:1.

El otro tipo of agente terapéutico que puede emplearse opcionalmente
con el inhibidor de HMG CoA reductasa de férmula I puede ser 1, 2, 3 o
mis de un agente anti-obesidad inclusive un agonista beta 3 adrenérgico, un
inhibidor de lipasa, un inhibidor de reabsorcién de serotonina (y dopamina)
un inhibidor aP2, un firmaco beta receptor tiroideo, un inhibidor PTP-1B,
un agente anoréxico, un modulador PPAR inclusive y antagonistas PPAR,
a agonistas PPAR, 8 antagonistas PPAR, un agonista CCKA, un inhibidor
de leptina tal como un activador de receptor de leptina, un Y antagonista de
neuropéptido, un agonista de melanocortin4-receptor (MC4R), un
regulador ascendente de oxidacién de 4cido graso o inductor (tal como
Famoxin® Genset).

El agonista beta-3-adrenérgico que puede emplearse opcionalmente
en combinacién con compuesto de férmula I puede ser AJ9677
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(Takeda/Dainippon), L750355 (Merck), o CP331648 (Pfizer) u otros
agonistas beta-3 conocidos como se divulgan en las Patentes
estadounidenses Nos. 5,541,204, 5,770,615, 5,491,134, 5,776,983 y
5,488,064, siendo preferidas AJ9677, L750,355 y CP331648.

Los antagonistas de neuropéptido Y que pueden emplearse
opcionalmente en combinacién con un compuesto de férmule I incluyen los
descritos WO 0113917 (BMS) o en la Patente estadounidense No.
6,218,408 (Synaptic) y en WO 0114376 (Banyu).

El inhibidor de lipasa que puede emplearse opcionalmente en
combinacién con un compuesto de férmula I puede ser orlistat o0 ATL-962
(Alizyme), prefiriéndose orlistat.

El inhibidor de reabsorcién de serotonina (y dopoamina) que puede
emplearse opcionalmente en combinacién con un compuesto de férmula I
puede ser sibutramina, topiramato (Johnson & Johnson) o axokine
(Regeneron), prefiriéndose sibutramina y topiramato.

El compuesto beta receptor tiroideo que puede emplearse
opcionalmente en combinacién con un compuesto de férmula I puede ser un
ligando de receptor tiroideo como se divulga en W097/21993 (U. Cal SF),
W099/00353 (KaroBio), GB98/284425 (KaroBio), y la Solicitud
Provisional estadounidense 60/183,223 radicada el 17 de febrero de 2000,
prefiriéndose los compuestos de las solicitudes de KaroBio y la solicitud
provisional estadounidense ya mencionada.

El agente anoréxico que puede emplearse opcionalmente en
combinacién con un compuesto de férmula I puede ser dexamfetamina,
fentermina, fenilpropanolamina o mazindol, prefiriéndose dexamfetamina.

Los agonistas CCKA que pueden emplearse aqui incluyen GI-
181,771 de Glaxo-SmithKline y SR146,131 de Sanofi.

El inhibidor PTP-1B que puede ser un agente anti-obesidad y/o
antidiabético incluye los divulgados en WO 99/585,521, WO 99/58518,
WO 99/58522 y WO 99/61435,
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El agente anti-obesidad empleado puede ser aigualmente P57 o CP- zqé
644,673 de Pfizer (licenciado de Phytopharm).

Los diferentes agentes anti-obesidad descritos mds arriba pueden
emplearse en la misma forma de dosificacion con el compuesto de férmula I
o en diistintas formas de dosificacién, en dosificaciones y regimenes como
se conocen generalmente en el arte o en la PDR.

Los agentes antihipertensivos que pueden emplearse en combinacién
con los inhibidores de HMG CoA reductasa de la invencién incluyen
inhibidores ACE, antagonistas de receptor de angiotensina II, inhibidores
NEP tales como candoxatril, inhibidores NEP/ACE, asf como bloqueadores
de canal del calcio (tales como verapamil y amlodipina besilato),
antagonistas de calcio de canal T (tales como mibefradil), bloqueadores B-
adrenérgicos, diuréticos, bloqueadores a-adrenérgicos (tales como
doxazosina mesilato y terazosina HCl), antagonistas de receptor de accién
dual (DARA), firmacos para falla cardiaca tales como digoxina, y otros
tipos de agentes antihipertensivos.

El inhibidor de la enzima de conversién de la angiotensina que puede
emplearse aquf incluye aquellos que comprenden una mitad mercapto (-S-)
tales como derivados de prolina sustituidos, tales como cualquiera de los
divulgados en la Patente estadounidense No. 4,046,889 a Ondetti y
colaboradores mencionada més arriba, prefiriéndose captopril, es decir, 1-
[(2S)-3-mercapto-2-metilpropionil]-L-prolina, y prefiriéndose derivados de
mercaptoacilo de prolinas sustituidas tales como cualquiera de las
divulgadas en la Patente estadounidense No. 4,316,906, prefiriéndose
zofenopril.

Otros ejemplos de inhibidores de ACE que contienen mercapto que
pueden emplearse aqui incluyen rentiapril (fentiapril, Santen) divulgados en
Clin. Exp. Pharmacol. Physiol. 10:131 (1983); asi como pivopril y YS980.

Otros ejemplos de inhibidores de enzima de conversibn de
angiotensina que pueden emplearse aqui incluyen cualquiera de los
divulgados en la Patente estadounidense No. 4,374,829 mencionados més
arriba, prefiriéndose N-(1-etoxicarbonil-3-fenilpropil)-1-alanil-L-prolina,
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es decir, enalapril, cualquiera de amino- o iminodcidos fosfonato sustituidos
o sales divulgadas en la Patente estadounidense No. 4,452,790,
prefiriéndose (S)-1-[6-amino-2-[[hidroxi-(4-fenilbutil)fosfinilJoxi]-1-
oxohexil)-L-prolina o (ceronapril), fosfinilalcanoil prolinas divulgadas en la
Patente estadounidense No. 4,168,267 mencionados més arriba,
prefiriéndose fosinopril, cualquiera de las prolinas fosfinilalcanoil
sustituidas divulgadas en la Patente estadounidense No. 4,337,201, y los
fosfonamidatos divulgados en la Patente estadounidense No. 4,432,971
comentadas m4 arriba.

Otros ejemplos de inhibidores ACE que pueden emplearse aqui
incluyen BRL 36,378 de Beecham como se divulga en las Solicitudes de
Patente Europeas Nos. 80822 y 60668; MC-838 de Chugai divulgado en
C.A. 102:72588v y Jap. J. Pharmacol. 40:373 (1986); CGS 14824 HCI de
dcido (3-([1-etoxicarbonil-3-fenil<(1S)-propil]amino)-2,3,4,5-tetrahidro-2-

x0-1-(3S8)-benzazepin-1-acético) de Ciba-Geigy divulgado en la Patente
del Reino Unido No. 2103614 y CGS 16,617 &cido (3(S)-[[(1S)-5-amino-1-
carboxipentiljamino}-2,3,4,5-tetrahidro-2-oxo-1H-1-benzazepin-1-etandico)
divulgado en la Patente estadounidense No. 4,473,575; cetapril (alacepril,
Dainippon) divulgado en Eur. Therap. Res. 39:671 (1986); 40:543 (1986);
ramipril (Hoechst) divulgado en la Patente Europea No. 79-022 y Curr.
Ther. Res. 40:74 (1986); Ru 44570 (Hoechst) divulgado en
Arzneimittelforschung 34:1254 (1985), cilazapril (Hoffrnan-LaRoche)
divulgado en J. Cardiovasc. Pharmacol. 9: 39 (1987); R 31-2201
(Hoffman-LaRoche) divulgado en FEBS Lett. 165: 201 (1984); lisinopril
(Merck), indalapril (delapril) divulgado en la Patente estadounidense No.
4,385,051; indolapril (Schering) divulgado en J. Cardiovasc. Pharmacol.
5:643, 655 (1983), spirapril (Schering) divulgado en Acta. Pharmacol.
Toxicol. 59 (Supp. 5): 173 (1986); perindopril (Servier) divulgado en Eur.
J. clin. Pharmacol. 31:519 (1987); quinapril (Warner-Lambert) divulgado en
la Patente estadounidense No. 4,344,949 y CI925 (Warner-Lambert) HCI de
acido (BS-[2[R(*)R(™]I3R(*)]-2-[2-[[1{(etoxi-carbonil)-3-fenilpropil]
amino}-1-oxopropil]-1,2,3,4-tetrahidro-6, 7-dimetoxi-3-
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isoquinolincarboxilico) divulgado en Pharmacologist 26:243, 266 (1984),
WY- 44221 (Wyeth) divulgado en J. Med. Chem. 26:394 (1983).

Inhibidores ACE preferidos son captopril, fosinopril, enalapril,
lisinopril, quinapril, benazepril, fentiapril, ramipril y moexipril.

Inhibidores NEP/ACE pueden emplearse también aquf porque poseen
actividad inhibitoria de endopeptidasa neutral (NEP) y actividad inhibitoria
de la enzima de conversién de la angiotensina (ACE). Ejemplos inhibidores
NEP/ACE adecuados para uso aqui incluyen los divulgados en las Patentes
estadounidenses Nos. 5,362,727, 5,366,973, 5,225,401, 4,722,810,
5,223,516, 4,749,688, Patente estadounidense No. 5,552,397, U.S. Pat. No.
5,504,080, Patente estadounidense No. 5,612,359, Patente estadounidense
No. 5,525,723, Solicitudes de Patente Europeas 0599,444, 0481,522,
0599,444, 0595,610, Solicitud de Patente Europea 0534363A2, 534,396 y
534,492, y Solicitud de Patente Europea 0629627A2.

Se prefieren aquellos inhibidores NEP/ACE y sus dosificaciones que
se designan como preferidos en las patentes/solicitudes de arriba, patentes
estadounidenses que se incorporan aqui por referencia; los més preferidos
son omapatrilat, pgemopatrilat édcido ([S[(R*,R*)}-hexahidro-6-[(2-
mercapto-1-oxo-3-fenilpropil) amino]-2,2-dimetil-7-oxo-1H-azepin-1-
acético) y CGS 30440,

El antagonista de receptor de angiotensina II (también referido aqui
como antagonista de angijotensina Il o antagonista All) apropiado para uso
aquf incluye, pero no se limita a, irbesartan, losartan, valsartan, candesartan,
tasosartan o eprosartan, prefiriéndose irbesartan, losartan o valsartan.

Una forma de dosificacién oral preferida, tal como tabletas o
cdpsulas, contendré el inhibidor ACE o antagonista All en una cantidad en
el rango desde alrededor 0.1 hasta alrededor de 500 mg, preferiblemente
desde alrededor de 5 hasta alrededor de 200 mg y més preferiblemente
desde alrededor del0 hasta alrededor de 150 mg.

Para administracién parenteral, el inhibidor ACE, antagonista de
angiotensina Il o inhibidor NEP/ACE se empleard en una cantidad en el
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rango desde alrededor de 0.005 mg/kg hasta slrededor de 10 mgkg y 2D
preferiblemente desde alrededor de 0.01 mg/kg hasta alrededor de 1 mg/kg.

Donde un firmaco tiene que administrarse por via intravenosa, se
formulard en vehiculos convencionales, tales como agua destilada, salina,
solucién de Ringer u otros portadores convencionales.

Podra apreciarse que dosificaciones preferidas de inhibidor ACE y
antagonista AIl serdn como se exponen en la Gltima edicién de la
Physician's Desk Reference (PDR).

Antagonistas de receptor de accién dual (DARA) apropiados para uso
aqui incluyen los divulgados en las Solicitudes estadounidenses Serial No.
09/513,779, radicada el 25 de febrero de 2000, y Serial No. 09/604,322,
radicada el 26 de junio de 2000.

Otros ejemplos de agentes antihipertensivos apropiados para uso aquf
incluyen omapatrilat (Vanlev®), gemopatrilat, amlodipina besilato
(Norvasc®), HCl de prazosina HCl (Minipress®), verapamil, nifedipina,
diltiazem, felodipina, nisoldipina, isradipina, nicardipina, beta bloqueadores
tales como nadolol, atenolol (Tenormin®), sotalol, terazosina, doxazosina,
carvedilol, y propranolol, y HCl de clonidina (Catapres®). ~

Diuréticos que pueden emplearse en combinacién con compuestos de
formula I incluyen hidroclorotiazida, torasemida, furosemida,
espironolactona, e indapamida.

Agentes antiplaquetas que pueden emplearse en combinacién con
compuestos de férmula I de la invencién incluyen aspirina, clopidogrel,
ticlopidina, dipiridamol, abciximab, tirofiban, eptifibatide, anagrelide, e
ifetroban, prefiriéndose clopidogrel y aspirina.

Los agentes antihipertensivos, diuréticos y firmacos antiplaquetas
pueden emplarse en cantidades como se indica en la PDR. Ifetroban puede
emplearse en cantidadades como las expuestas en la Patente estadounidense
No. 5,100,889.

Agentes anti-Alzheimer o agentes anti-demencia apropiados para uso
aqui con los inhibidores de la HMG CoA reductasa de la invencion incluyen
HCI de tacrina (Coguei'@{y donepezil (Aricept®), as{ como inhibidores de
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s-secretasa, inhibidores de P-secretasa y/ agentes antihipertensivos. Las 271
dosificaciones empeladas serén como se expone en la PDR.

Agentes antiosteoporosis aapropiados para uso aqui en combinacién
con los Mibiaoms de la HMG CoA reductasa de la invencién incluyen
hormona paratiroide o bisfosfonatos, tales como MK-217 (alendronato)
(Fosamax®) asf como agonistas de receptor de Ca y agonistas de receptor
de progestina. Las dosificaciones empleadas serdn como se expone en la
PDR.

Los agentes terapéuticos de reemplazo de hormonas, donde presentes,
se emplearin en dosis como las expuestas en la tltima edicién de la PDR.
Ejemplos de dichos agentes incluyen moduladores selectivos del receptor
del estrégeno (SERMs) tales como raloxifen, tamoxifen o lasoxifen.

El compuesto de HMG CoA reductasa de la invencién puede
emplearse asimismo en combinacién con un inhibidor de tirosina cinasa tal
como se divulga en WO 2000/053605;

El modulador selectivo de receptor de andrégeno apropiado para uso
aqui puede ser LGD-2226 (ligando);

Los agentes antiarritmicos apropiados para uso aqui incluyen @-
bloqueadores como se expone aqui inclusive sotalol y amioderome,
bloqueadores de canal de calcio como se exponen aqui inclusive verapamil,
nifedipina, amlodipina-besilato, y diltiazem, los cuales pueden usarse
igualmente en combinacién con un dispositivo desfibrilador, tal como un
marcapasos;

coenzima Q sub. 10 tal como se divulga en las Patentes
estadounidenses Nos. 5,316,765, 4,933,165, 4,929,437,

un agente que regula en forma ascendente la sintasa de 4cido nitrico
de célula endotelial tipo III tal como se divulga en WO 2000/003746;

un compuesto condroprotector tal como un glicosaminoglicano
polisulfatado (PSGAG), glucosamina, sulfato de condroitina (CS), 4cido
hialurénico (HA), polisulfato de pentosana (PPS), doxiciclina o
minociclina, tal como se divulga en EP 970694;
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un inhibidor de ciclooxigenasa (COX)-2, tal como celecoxib
(Celebrex® (Searle)) o rofecoxib (Vioxx® (Merck)) o un antagonista de
receptor de glicoproteina ITa/IIIb tal como se divulga en WO 99/45913 y
tirofiban o abciximab;

un inhibidor de reabsorcion de 5-HT tal como se divulga en WO
99/44609;

agentes anti-anginales tales como vasodilatadores, por ejemplo,
dinitrato de isosorbide, o nitroglicerina;

un secretagogo de la hormona del crecimiento tal como se divulga en
las Solicitudes estadounidenses Serial No. 09/662,448, radicada el 14 de
septiembre de 2000, y la Solicitud provisional estadounidense 60/203,335,
radicada el 11 de mayo de 2000, y MK-677 (Merck), CP- 424391 de Pfizer
y LY 444,711 de Lilly;

agentes anti-aterosclerosis tales como inhibidores ACAT e
inhibidores de lipoxigenasa como se describen aqui e inhibidores de
fosfolipasa A-2 tales como S-3013 y SB-435,495 (los cuales son también
agentes anti-inflamatorios);

agentes anti-infecciosos tales como quinolonas, por ejemplo,
ciprofloxacina, ofloxacina, y Tequin® (Bristol- Myers Squibb), macr6lidos
tales como eritromicina y claritromicina (Biaxin® (Abbott)), y azitromicina
(Zithromax (Pfizer)); o

un inmunosupresor (para uso en transplantes) tales como
ciclosporina, micofenolato mofetil, azatioprina y similares.

Tal como se emplea aqui, la expresién "agente antineopléstico " se
refiere a compuestos que impiden la multiplicacién de las células
cancerigenas. En general, los agentes antineoplésticos usados aquf impiden
la multiplicacion de las células cancerigenas: (1) interfiriendo la capacidad
de la célula de replicar el ADN, o (2) induciendo apoptosis (muerte celular
programada) en las células cancerosas.

Ejemplos de agentes antineoplasticos que son apropiados para uso en
combinaciones de esta invencién incluyen, pero no se limitan a, agentes
estabilizadores de microtiibulos tales como los taxanos, por ejemplo,
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paclitaxel (también conocido com Taxol®), docetaxel (también conocido
como Taxotere®), 7-O-metiltio- metilpaclitaxel (divulgado en la Patente
estadounidense No. 5,646,176), 3'-tert-butil-3'-N-tert-butiloxicarbonil-4-
deacetil-3'-defenil-3'-N-debenzoil-4-O-methoxicarboni 1-paclitaxel
(divulgado en USSN 60/179,965 radicada el 3 de febrero de 2000, y
ejemplo 17 aqui), C4 metil carbonato paclitaxel (divulgado en WO
94/14787), la epotilona, tal como epotilona A, epotilona B, epotilona C,
epotilona D, desoxiepotilona A, desoxiepotilona B, [IS- [IR*, 3R*(E), 7R*,
10S*, IIR*, 12R*, 16S*]]-7,11-dihidroxi-8,8,10,12,16-pentametil-3-[1-
metil-2-(2-metil-4-tiazolil)etenil]-4-aza-17-oxabiciclo[ 14.1.0]hepta-decan-
5,9-diona (divulgada en WO 99/02514), [1S- [IR*, 3R* (E) , 7R*, 10S*,
11R* ,12R*, 16S*] ] -3-[2-[2-aminometil)-4-tiazolil]-1-metiletenil]-7,11-di-
hidroxi-8, 8, 10, 12, 16-pentametil-4,17-dioxabiciclo[14.1.0}-heptadecan-
5,9-diona (divulgada en USSN 09/506,481 radicada el 17 de febrero de
2000, y ejemplos 7 y 8 aqui), y sus derivados; agentes de disruptor de
microtiibulos; agentes alquilantes; anti-metabolitos; epidofilotoxina; una
enzima antineopldstica;, un inhibidor de topoisomerosa; procarbazina;
mitoxantrona; complejos de coordinacién de platino; modificadores de
respuesta biologica; inhibidores de crecimiento; agentes terapéuticos
hormonales/antihormonales; y factores de crecimiento hematopoiético.
Otras clases de agentes antineopldsticos apropiados para uso en el
método de la presente invencidén incluyen, pero no se limitan a, la familia
antraciclina de férmacos, los firmacos vinca, las mitomicinas, las
bleomicinas, los nucledsidos citotéxicos, discodermolida, la familia
pteridina de farmacos, diinenos, inhibidores de aromatasa, y las
podofilotoxinas. Miembros particularmente utiles de aquellas clases no
mencionadas previamente incluyen, por ejemplo, doxorubicina,
carminomicina, daunorubicina, aminopterina, metotrexato, metopterina,
dicloro-metotrexato, mitomicina C, porfiromicina, 5-fluorouracil, 6-
mercaptopurina, gemcitabina, citosina arabinosida, podofilotoxina o
derivados de podofilotoxina tales como etoposida, fosfato de etoposida o
teniposida, melphalan, vinblastina, vincristina, leurosidina, vindesina,
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leurosina, y similares. Otros agentes antineopldsticos utiles incluyen
estramustina, cisplatino, carboplatino, ciclofosfamida, bleomicina,
tamoxifén, ifosfamida, melphalan, hexametil melamina, tiotepa, citarabina,
idatrexato, trimetrexato, dacarbazina, L-asparaginasa, camptotecina, CPT-
11, topotecan, ara-C, bicalutamida, flutamida, leuprolide, derivados de
piridobenzoindol, interferones, ¢ interleucinas.

Se apreciard que, a menos que se especifique lo contrario, el régimen
de dosificacién para agentes terapéuticos usados en combinacién con los
compuestos de la invencién serd como se especifican en la PDR.

En la realizacin del método de la invencién para ftratar
hipercolesterolemia, hiperlipidemia, hiperlipoproteinemia,
hipertrigliceridemia, o aterosclerosis, y enfermedadas relacionadas, o
enfermedad de Alzheimer u osteoporosis, u otras divulgaciones como se
expuso anteriormente, se empleard una composicién farmacéutica que
contiene los compuestos de la estructura I, con o sin otros agentes
reductores de colesterol, agentes osteoporosis, agentes de Alzheimer,
agente(s) antidiabéticos y/o agente(s) antihiperlipidémicos y/o otros agentes
terapéuticos en asociacién con un vehiculo farmacéutico o diluyente. La
composicion farmacéutica puede formularse empleando vehiculos o
diluyentes sélidos o liquidos y aditivos farmacéuticos de un tipo apropiado
al modo de administracion deseada, tal como portadores farmacéuticamente
aceptables, excipientes, aglutinantes y similares. Los compuestos pueden
administrarse a especies mamiferas inclusive humanos, monos, perros, etc.,
por una via oral, por ejemplo, en la forma de tabletas, cdpsulas, perlas,
grénulos o polvos, o pueden administrarse por via parenteral en la forma de
preparaciones inyectables, o pueden administrarse intranasalmente o en
parches transcutineos. Formulaciones sdlidas tipicas contendrén desde
alrededor de 0.1 a alrededor de 500 mg de un compuesto de férmulal. La
dosis para adultos es preferiblemente entre 0.5 y 1.000 mg al dia, los cuales
pueden administrarse en una dosis tinica o en la forma de dosis individuales

desde 1-4 veces al dia e incluso dosis tinica una vez a la semana (5 a 1.000

mg).
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Una preparacién inyectable tipica se produce poniendo asépticamente
250 mg de compuestos de la estructura I en un frasco, secando
asépticamente por congelamiento y sellando. Para empleo, los contenidos
de la ampolleta se mezclan con 2 mL de salina fisiologica, para producir
una preparacion inyectable.

Las siguientes abreviaturas se emplean en los Ejemplos y en otras
partes aqui:

Ph = fenilo

Bn = bencilo

i-Bu = iso-butilo

Me = metilo

Et = etilo

TMS = trimetilsililo

FMOC = fluorenilmetoxicarbonilo
Boc = tert-butoxicarbonilo

Cbz = carbobenciloxi o carbobenzoxi o benciloxicarbonilo
DIPEA = diisopropil etilamina
PTSH = N-feniitiotetrazol

PPh; = trifenilfosfina

NMO = metilmorfolina N-Oxido
TPAP = tetrapropilamonio perrutenato
DEAD = dietil azodicarboxilato
HOAc o AcOH = écido acético
TFA = écido trifluoroacético
Et;NH = dietilamina

NMM = N-metil morfolina
n-BuLi = n-butil-litio

Pd/C = paladio sobre carbono
PtO;, = 6xido de platino

MTBE = metil t-butil éter
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DI agua = agua deionizada

TEA = trietilamina _

EDAC = 3-etil-3'-(dimetilamin)propil-carbodiimida
hidrocloruro (6 1-  [(3-(dimetil)amino)propil])-3-etilcarbodiimida
hidrocloruro)

HOBT o HOBT. H,0O = 1-hidroxibenzotriazol hidrato
HOAT = 1-hidroxi-7-azabenzotriazol

Reactivo PyBOP =  benzotriazol-1-iloxi-tripirrolidino  fosfonio
hexafluorofosfato

LiN(TMS), = bis(trimetilsilil)amida de litio

DIBAL = hidruro de diisobutilaluminio

LDA = diisopropilamida de litio

DMPU = 1, 3-dimetil-3,4,5,6-tetrahidro-2(1 H)-pirimidinona
AcCN = acetonitrilo

LiHMDS = bis (trimetilsilil)Jamida de litio

NaHMDS = bis (trimetilsilil)amida de sodio

Red-AL = bis (2-metoxietoxi)aluminio hidruro de sodio
mCPBA = dcido m-cloro-p-benzoico

min = minuto(s)

" h 6 hr = hora(s)

L =litro

mL = mililitro

pL = microlitro

g = gramo(s)

mg = miligramo (s)

mol = moles

mmol = milimol (es)

meq = miliequivalente

RT, rt = temperatura ambiente

sat o sat' d = saturado

ag. = acuoso

TLC = cromatografia de capa delgada
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HPLC = cromatografia liquida de alto rendimiento

LC/MS = cromatografia liquida de alto rendimiento /espectrometria de
masa

MS o Mass Spec = espectrometria de masa

NMR = resonancia magnética nuclear

mp = punto de fusién

Bp = punto de ebullicién

Los siguientes ejemplos representan incorporaciones preferidas de la
invencién. A menos que se indique lo contrario, todas las temperaturas son
en grados centigrados.

Ejemplo 1

&

Una mezcla de écido polifosforico (82.9 g) y o-xileno seco (30 ml) se
calentd a 105-110°C en un bafio de aceite, se tratd con una solucién de
dcido 4-fenoxibutirico (25 g, 0.137 moles) en o-oxileno seco (110 ml) y se
agit6 a 105-110°C durante 2 horas. La mezcla de la reaccién se enftié a
temperatura ambiente durante un perfodo de 2 horas, se vertid en agua
helada (180 ml), luego se extrajo con éter (3 x 150 ml). Los extractos

rginicos combinados (color 6xido) se lavaron con agua (2 x 80 ml) y
salmuera (80 ml), se sec6 (Na;SO, anhidro), se filtré, se evapord a sequedad
y se evaporO una vez a partir de hexanos (500 ml). El residuo se secé in
vacuo durante 48 horss para producir un jarabe rojizo-marrén (27.19 g) que
se dividié en dos fracciones, cromatografiando cada porcién en un columna
de gel de silice, (EM, 2-1/4" x 10") para producir un jarabe color ambarino
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claro (10.792 g). La trituracién de una fraccién impure con éter (3 x 25 ml)
produjo 1.98 g adicionales de producto. Rendimiento: 12.77 g, jarabe
ambarino; 58 %. Rf 0.38 (gel de silice; EtOAc: Hexano 1 : 4; UV).

Un matraz de 1-L, de 3 cuellos, secado al homo, equipado con una
sonda de sensor de temperatura, embudo de adicién de 125 mL & presién
constante y tabique, se cargd con CH,Cl, seco (300 mL) y DMSO seco
(20.9 mL, 0.2944 mol, 2.5 equiv) bajo atmdsfera de argén, se enftrié a 75°C.
Se agreg6 cloruro de oxalilo (13.6 mL, 0.156 mol, 1.32 equiv) puro

A(D).

mediante una jeringa gota a gota durente 15 minutos (la temperatura subi6 a
—66°C), y luego se dejé agitar durante 15 minutos mds, Se afiadi6é gota a
gota una solucién del alcohol &cido 2-[(4R, 6S)-6-(hidroximetil)-2,2-
dimetil-1,3- dioxan-4-ilJacético t-butil éster (30.66 g, 0.1178 mol, 1 equiv)
en CH2Cl; seco (80 mL) desde el embudo de adicién durante 30 minutos (la
temperatura aument6 a —68°C). La mezcla blanca resultante se agitd
"durante 70 minutos a -76°C, luego se agreg6 gota a gota trietilamina (82
mL, 0.5889 mol, 5 equiv) desde el embudo de adicién durante 35 minutos
(la temperatura aumentd a —65°C), seguidamente la mezcla amarillo claro
se agitd vigorosamente a -76°C. TLC (SiO,, 20% EtOAc/CH,Cl,,
Rf<0.52). Luego de 30 minutos, el bafio de enfriamiento se retiré y la
mezcla de la reaccién se extingui6 agregando lentamente KH,PO, acuoso al
20% frio (35 mL), seguido por H;O fria (300 m; y luego se dejé agitar 15
minutos (la temperatura aumenté a —7°C). La mezcla de la reaccién se
vertié en un embudo separador de 2L y se extrajo con hexanos (500 mL), El
extracto orgfnico se lavé con KH,PO, acuoso al 10% frio (3x300 mL) y
NaCl acuoso saturado (300 mL). Se secé el orgdnico sobre Na,SO,
anhidro, se filtr6 y concentrd in vacuo para producir un aceite amarillo. La
purificacion mediante cromatografia de destello SiO; (columna 10cm x 20
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cm) con 35:65 EtOAc/Hexanos produjo el compuesto del titulo com un
sdlido blanco (22.2 g, 0.0859 mol, 73%):
'H NMR (CDClL): 8 1.267-1.465 (m, 16H), 1.802 (dd, J=12.7 Hz, 2.2 Hz,
1H), 2.290-2.464 (m, 2H), 4.314 (d, J=18.4 Hz, 2H), 9.555 (d, J=1.3 Hz,
1H).

A(2).

A una lechada de NaH (19.20 g, 480 mmol) y dietil carbonato (80
mL) en un matraz de base redonda de 1L con tres cuellos a temperatura
ambiente se agregé una solucién de ciclopropil metilcetona (23.5 mL, 238
mmol) en Et;0 (30 mL). Se afiadié aproximadamente 10% de la solucién, y
luego 0.25 mL de EtOH se adicionaron a la lechada de reaccién. Continud
la adicién de la cetona restante con leve evolucién de gas liviano. Luego de
la adicién de toda la solucién de cetona, la reaccién se torné completamente
exotérmica con una vigorosa evolucién de H,. La mezcla de la reaccion se
enfrié periédicamente con un bafio de hielo para mantener la temperatura
alrededor de 35°C a 50°C. Después de una hora, la evolucidn de gas habia
cesado y la mezcla de la reaccion se agitd a temperatura ambiente durante 2
horas. La mezcla de la reaccién se secéd en un baflo de hielo, se diluyé Et,0
(200 mL), y se traté con 1 N HCI con algo de hielo para ajustar a alrededor
de pH 3. Se extrajo la mezcla de la reaccién con Et;O (3 x 150 mL). Los
extractos de Et;O se combinaron, se lavaron con NaHCO3 (200 mL) acuoso
saturado, H,0 (200 mL) y sailmuera (200 mL), y se secé (Na;SOy,), se filtré
y concentré bajo presion reducida para producir un aceite amarillo. El
aceite se destilé bajo vacio para producir el compuesto del titulo como un
aceite incoloro, 28.5 g, 77%. B.p. = 94-96°C/8 mmHg.

AQ3)
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A una solucién agitada del compuesto Parte A (2) (28.24 g, 181
mmol) en benceno (128 mL) se agregé 4-fluorobencen-aldehido (19.4 mL,
181 mmol), HOAc (0.31 mL, 5.4 mmol) y piperidina (1.8 mL, 18.2 mL).
La mezcla de la reaccién se calenté a reflujo y se recogié azeotropo con una
trampa Dean-Stark. Luego de 16 horas, la mezcla de la reaccién se enfti6 a
temperatura ambiente, se diluyé con Et;O (250 mL), se lavé con 0.5 N HC1
acuoso, NaHCO; acuoso saturado, H;O y salmuera, y después se secd
(Na;SO;), se filtrd y concentrd bajo presién reducida. La purificacién por
cromatografia de destello (1:10 Et;OAc/hexano) produjo el compuesto del
titulo como un aceite amarillo, rendimiento 29 g, 61%.

B.

Una solucién de compuesto de Parte A (7.21 g, 40.9 mmol) en THF
seco (5.0 ml) se afladié a una solucidn de bis (trimetilsilil)Jamida de litio a —
78°C (1.0 M en THF; 49 ml, 49 mmol) en THF seco (25 ml) y se agit6 a —
78°C bajo argén durante 1 hora. Se trat6é la mezcla de la reaccién con una
solucién del compuesto Parte A(3) del Ejemplo 1 (7.15 g, 27.3 mmoles), en
THF seco, se agité a —78°C durante 30 minutos, luego a2 0°C durante 30
minutos. La mezcla de la reaccién de extinguié a 0°C mediante adicién
gota a gota de dcido acético glacial (5 ml) y la lechada resultante se agit6 a
temperatura ambiente durante otros 5 minutos, luego se vertié6 lentamente
en una solucién de cloruro de amonio (25%, 140 ml). La solucién amarillo
brillante se extrajo con éter (2 x 100 ml) y los extractos orgénicos
combinados se lavaron con agua (2 x 25 ml) y salmuera (25 ml), se secaron
(Na;SO, anhidro), se filtraron y se evaporaron a sequedad in vacuo para
producir una mezcla de producto crudo como un aceite amarillo (17.16 g).
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Una mezcla de compuesto crudo Parte B (17.0 g, 27.3 mmol), acetato
de amonio (9.34 g, 120 mmol) y monohidrato de acetato de cobre (20.54 g,
101 mmol) en écido acético glacial (100 ml) se hizo refluir bajo argdén
durante 19 horas. La mezcla se vertié en una solucién helada de hidréxido
de amonio concentrado (85 ml) en agua (170 ml) y se extrajo la solucién
azul brillante con éter (3 X 200 ml). Los extractos organicos combinados se
lavaron con agua (2 x 80 ml) y salmuera (80 ml), se secaron (Na;SO,
anhidro), se filtraron, se evaporaron a sequedad y se secaron in vacuo. El
producto crudo (14 g, jarabe marrén) se cromatografié en dos lotes, cada
uno en una columna de gel de silice (EM, 2-1/4" x 10") para producir el
producto deseado como un sdlido blancuzco (4.161 g). Se obtuvieron 931
mg adicionales de producto de Ia cromatografia de las fracciones mixtas.
Rendimiento: 5.092 g, 46 % de compuesto A).
Rf 0.53 (gel de silice; EtOAc:Hexano-1:4; UV)

D.

Una solucién compuesto Parte C
(2.515 g, 6.23 mmol) en THF seco (30 ml) se enfrié a 0°C (bafio de agua
helada), se trat6 gota a gota con hidruro de aluminio de litio (1.0 M en THF;
12.5 ml, 12.5 mmol), se agité a 0°C durante 30 minutos, seguidamente a
temperatura ambiente durante 3 horas. La mezcla de la reaccidn se enfrid a
0°C, se tratd sucesivamente con agua (0.5 ml), 15% NaOH (0.5 ml) y agua
(1.5 ml), se agit6 a temperatura ambiente durante 5 minutos, luego se diluy6
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con acetato de etilo (50 ml). La lechada se filr6 a través de una
almohadilla de Celite®, lavando la almohadilla con acetato de etilo (3 x 25
ml). El filtrado claro se evapordé a sequedad y se secé in vacuo para
producir el producto del titulo. Rendimiento: 2.386 g, espuma blanca (100
%). Rf 0.15 (gel de silice; EtOAc:Hexano-1:4; UV).

E.

Una solucién de compuesto Parte D (2.27 g, 6.23 mmol) en
diclorometano seco (45 ml) se enfrié a 0°C (bafio de agua helada) y se tratd
gota a gota con tribromuro de fésforo (1.0 M en diclorometano; 12.5 ml,
12.5 mmol). Se retird el bafio helado y la mezcla de la reaccién se agit6 a
temperatura ambiente durante 30 minutos luego de lo cual se volvié a
enfriar a O°C y se tratd gota a gota con bicarbonato de sodio saturado (70
ml). La mezcla se calentd luego a temperatura ambiente y se extrajo con
acetato de etilo (2 x 100 ml). Los extractos orgdnicos combinados se
lavaron con agua (2 x 50 ml) y salmuera (50 ml), re-extrayendo cada lavado
acuoso con diclorometano (100 ml). Los extractos orgénicos se secaron
(sulfato de sodio anhidro), se filtraron, evaporaron a sequedad y se secaron
in vacuo para producir el producto del titulo como un sélido blanco.
Rendimiento: 2.503 g, (94 %). m.p. = 169-171°C. Rf 0.58 (gel de silice;
EtOAc:Hexano - 1:4; UV).
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Una solucién de dietil fosfito (0.88 ml, 6.83 mmoles) en THF seco
(10 ml) se enfrié a -10°C (acetonitrilo — bafio de hielo seco), se traté con
(bistrimetilsilil)amida de sodio (1.0 M en THF; 6.7 ml, 6.7 mmol) y se agitd
a -10°C durante 30 minutos. La solucién enfriada se tratdé con una solucién
de compuesto Parte E (2.41 g, 5.68 mmol) en THF seco (20 ml), se agitd a -
10°C durante 1.0 hora y luego se extinguié a -10°C con agua (14 ml). La
solucién se extrajo con acetato de etilo (2 x 75 ml) y los extractos orgénicos
combinados se lavaron con 1.0 M de écido clorhidrico (8.0 ml) y salmuera
(10 ml), se secaron (sulfato de sodio anhidro), filtraron, evaporaron a
sequedad y se secaron in vacuo. El producto crudo (3.12 g, jarabe) se
cromatografié en una columna de gel de silice (EM, 5.5 cm x 12.5 ¢m) para
producir el compuesto del titulo como un jarabe. Rendimiento: 2.34 g
(85.5%). Rf 0.33 (gel de silice; EtOAc — Hexano - 1:1; UV),

G.

Una solucién compuesto Parte F (2.29 g, 4.756 mmol) en THF seco
(20 ml) se enfri6 a -78°C, se tratd conh 2.37 M de n-butil litio (2.41 ml,
5.71 mmol) y se agitd at -78°C durante 40 minutos. La solucién se tratd
gota a gota mediante una cénula con una solucién de compuesto Parte A(l)
a —78°C (2.36 g, 9.15 mmol) en THF seco (10 ml), manteniendo ambas
soluciones a —78°C todas las veces. La mezcla de la reaccién se agité a —
78°C durante 1.0 hora, —10°C durante 1.0 hora y a temperatura ambiente
durante 5 horas, se extingui6 con 25% de solucién de cloruro de amonio (12
ml), luego se extrajo con acetato de etilo (2 x 1.00 ml). Los extractos
organicos combinados se lavaron con 25% de solucién de cloruro de
amonio (12 ml) y saimuera (12 ml), se secaron (sulfato de sodio anhidro),
se filtraron, evaporaron a sequedad y se secaron in vacuo. EIl jarabe
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amarillo de producto crudo se cromatografié en una columna de gel de
silice (EM, 2- 1/4" x 10™) para producir el compuesto del titulo como un
jarabe. Rendimiento: 878 mg (32 %). Rf 0.37 (gel de silice;
EtOAc:Hexano - 1: 4; UV).

H.

Una solucion de compuesto Parte G (850 mg, 1.45 mmol) en
diclorometano seco (20 ml) se enfri6 a 0°C, se tratdé con A4cido
trifluoroacético (1.85 ml, 24 mmol), se agitd at 0°C durante 5 minutos,
luego a temperatura ambiente durante 4.5 horas. La mezcla de la reaccién
se vertié lentamente en un matraz de 1 L que contenia acetato de etilo (300
ml) y bicarbonato de sodio saturado (40 ml), enjuagando ¢! matraz con
acetato de etilo (50 ml). La mezcla se agitdbien y se separaron las fases,
lavando la fase orgdnica con bicarbonato de sodio saturado (25 ml) y
salmuera (25 ml). La fase orgdnica se secé sobre sulfato de sodio anhidro,
se filtr6, evapord a sequedad y se seco in vacuo. La mezcla de producto
crudo se cromatografié en en una columna de gel de silice (EM, 1.51" x
12") para producir el compuesto como un jarabe. Rendimiento: 570 mg (83
%). Rf0.23 (gel de silice; EtOAc:Hexano - 1:1; UV)

Una solucién de compuesto Parte H (550 mg, 1.17 mmol) en THF
seco (10 ml) se traté con 1.0 N NaOH (1.46 ml; 1.46 mmol) y se agit6 a
temperatura ambiente durante 10 minutos. La mezcla de la reaccién se
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evapord a sequedad y el sélido residual se disolvié en una mezcla de agua
(8.7 ml) y 1.0 N de hidréxido de sodio (70 ul). La solucién se eluyé en una
columna SP207 (Na+ form; 1.5" x 4"), eluyendo la columna con agua (200
ml), 10% CH;CN/HO (200 ml), 20% CH;CN/H,O (100 ml) y 50%
CH;CN/H;O (200 ml). Las fracciones deseadas se combinaron y
evaporaron a sequedad. El semi-sélido obtenido se disolvié en agua (300
ml) y se liofiliz6 para producir los compuestos del titulo como un sélido
blanco.  Rendimiento: 583 mg (95%) Rf 0.48 (gel de silice;
CH,Cl,:MeOH:HOAc-18:1:1; UV).

Analisis para CxHsFNONa « 0.8 H;O (MW = 525.94):

Calcuilado: C, 68.23; H, 5.29; N, 2.68; F, 3.61
Hallado: C, 66.37; H, 5.30; N, 2.62; F, 3.91

imiento Alterno Compuesto Parte G Ejemplo 1

o

El bromuro Parte E Ejemplo 1 (13.03 g, 0.027 mol, lequiv) y
Ph,POEt (6.5 mL, 0.0297 mol, 1.1 equiv) se calentaron a reflujo en tolueno
anhidro (200 ml) bajo una atmésfera de argén. La reaccion se volvié una
mezcla blanca espesa pero agitable después de cerca de 10 minutos. La
reaccién se completé luego de de | hora por TLC (SiO;, 30%
EtOAc¢/CH,Cl,, producto Rf=0.34). La mezcla se enfri6 a 0° y el
precipitado blanco se recolectd mediante filtracién por vacio, se lavé con
hexanos (2x50 ml), y se secé in vacuo (14.8 g, 0.027 mol, 100%): HPLC
(columna Shimadzu, YMC S-5 CI18 4.6x50 mm, gradiente 4min. @

G(l).

63



WO 01/96347 PCT/US01/18884 /b\\K

4mL/min., deteccién UV 220 nM; inicial %B=50, final %B=100% A=10:90
MeOH/H,O + 0.2% H,PO,, B=90:10 MeOH/HO + 0.2% H;PO,)
R.T.=3.70 min. (100%);

'H NMR (CDCly) 6 0.712-0.760 (m, 2 H), 1.10-1.14 (m, 2 H), 2.163-2.228
(m, 1 H), 2.3211 (t, J=6.2 Hz, 2 H), 3.850 (d, J=14 Hz, 2 H), 4.2568 (t, ]=6.2
Hz, 2 H), 6.779 (dd, J=8.3 Hz, 5.3 Hz, 2 H), 6.9542 (t, J=8.3 Hz, 2 H),
7.070 (d, J=7.9 Hz, 1 H), 7.257 (t, }=7.5 Hz, 1 H), 7.334-7.42] (m, 9 H),
7.469-7.521 (m, 2 H), 7.822 (d, J=7.5 Hz, 1 H); MS m/z 546 (M+H)".

G(2).

Un matraz de 250-mL secado a la llama se cargd con compuesto
Parte G(I) (14.82 g, 27.2 mmol, 1 equiv); se combiné con tolueno anhidro
(2x50 mL), se secd sobre alto vacio y se llené con argén. Se agregé THF
(150 ml) y la lechada parcial se enfrié a 0°C. Se afiadié una solucién 2.5 M
de n-BuLi en hexanos (11.4 mL, 0.0285 mal, 1.05 equiv) gota a gota a la
mezcla vigorosamente agitada durante un periodo de 40 minutos. La
solucién resultante de color verde se agité entonces durantel hora a 0°C. El
compuesto aldehido Ejemplo A(1) (8.42 g, 0.0326 mal, 1.2 equiv) en un
matraz secado a la llama de 500-mL (material previamente combinado con
tolueno anhidro, 3x20 ml) bajo una atmésfera de argén se disolvié en THF
seco (75 ml) y se enfrié a ~78°C. La solucién de anién de fosfina se afiadié
gota a gota al aldehido mediante la cnula durante un periodo de 45 min,
luego se agito la solucion color azul oscuro a —78°C durante 1.5 horas. La
mezcla se dejé entonces calentar a temperatura ambiente durante un periodo
de 2 horas; la solucién inicialmente azul se volvié de color rojo ladrillo y,
finalmente, de color anaranjado claro. TLC (SiO., 5% EtOAc/CH,Cl,,
producto Rf=0.37). La reaccién se extinguié con NaCl acuoso semi-
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saturado (200 ml) y se extrajo con Et;O (300 ml); la orgénica se lav6 con
H;0 (2x100 ml) y NaCl (100 mL) acuoso saturado. La capa organica se
secd sobre Na;SO, anhidro, se filtré y concentrd in vacuo. Purificacién por
cromatografia de destello Si0; (10 cm x 25 cm) con 2% EtOAc/ CH,Cl; (2
L), 3% EtOAc/ CH,CL (2 L), 5% EtOAc/ CH,Cl (1 L), 7% EtOAc/
CH.Cl: (1 L), y 10% EtOAc/ CH;Cl; (1 L) produjo el compuesto del titulo
Parte G(2) compuesto (el mismo compuesto que Parte G Ejemplo 1) como
un solido blanco (11.13 g, 0.019 mol, 70%): HPLC (columna Shimadzu,
YMC S-5 C18 4.6x50 mm, 4 min. gradiente @ 4 mL/min., deteccién UV
220 nM; inicial %B=70, final %B=100; A=10:90 MecOH/H,O + 0.2%
H3PO,, B=90:10 MeOH/H;0 + 0.2% H,PO,) R.T.=4.36 min (100%);

'"H NMR (CDCL) 8 0.928-1.039 (m, 3 H), 1.J.91-1.368 (m, 6 H), 1.4384 (s,
3 H), 1.4483 (s, 9 H), 2.225-2.431 (m, 3 H), 2.4782 (t, J=6.2 Hz, 2 H),
4.188-4.334 (m, 2 H), 10 4.3667 (t, 2 H), 5.5846 (dd, J=16.2 Hz, 5.7 Hz, 1
H), 6.342 (d, J=16.2 Hz, 1 H), 7.0663-7.1356 (m, 5 H), 7.257 (t, J=7.5 Hz, 1
H), 7.3538 (t, J=7.5 Hz, 1 H), 7.828 (d, J=7.5 Hz, 1 H); MS (FAB) m/z 586
(M+H)".

Ejemplo 2

[

2\
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Una mezcla de p-fluorobenzaldehido (4.939 g, 0.039 mol, 1 equiv),
etil isobutirilacetato (6.495 g, 0.039 mol, 1 equiv), piperidina (0.395 mL,
3.91 mmol, 0.1 equiv), y 4cido acético glacial (0.070 mL, 1.22 mmol, 0.03
equiv) en benceno anhidro (30 mL) se calentd a reflujo con una trampa
Dean-Stark para recoger H;O. Luego de 20 horas, la reaccién se enfrié a
temperatura ambiente. La mezcla amarilla de la reaccién se diluyé con
Et,O (50mL) y se lavé 0.5N HCI acuoso, NaHCO, acuoso saturado, H,O, y
NaCl acuoso saturado. El extracto orginico se sec6 sobre Na;SO4 anhidro,
se filtrd al vacio y el filtrado se concentrd por evaporacién rotatoria in
vacuo a un aceite amarillo. La destilacién al vacio gener§ el producto
deseado como un aceite amarillo claro (8.575 g, 0.0324 mol, 83%): bp 107-
115°C (0.225 mm Hg);

'H NMR (CDCly) 5 1.047 y 1.160 (d's, J=6.6 Hz, 6H, proporcién 1.4:1),
1.260 y 1.296 (t's, J=7.1 Hz, 3H, proporci6n 1:1.4), 2.674 y 3.140 (m's, J=7
Hz, 1H, proporcién 1.4:1) , 4.245-4.324 (m, 2H), 7.010-7.074 (m, 2H),
7.346-7.448 (m, 2H), 7.701 (s, 1H). MS (FAB) m/z 265 (M+H)"' , 287
(M+Na)".

B.

Un matraz de 3 cuellos, de 250 ml, secado al horno, purgado con
argén se cargd con THF anhidro (30 ml) y bis(trimetilsilil)amida de litio
(1M en THF, 57.9 ml, 0.058 mol, 1.8 equiv), luego se enfrié a —78°C en un
baiflo hielo seco - acetona. Una solucién del compuesto Parte A de Ejemplo
1 (7.824 g, 0.0482 mol, 1.5 equiv) en THF seco (6 ml) se agregd mediante
la cdnula y el enolato se dejé generar durante 1 hora a —78°C. Luego se
afiadié una solucion de compuesto Parte A (8.50 g, 0.0322 mol, 1 equiv) en
THF seco (6 ml) mediante la cénula y la solucién dmbar resultante se agitd
a —78°C durante 30 minutos, luego a 0°C durante 30 minutos. La reaccién
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se extinguié con édcido acético glacial (6 ml), luego se verti6 en NH,Cl
acuoso saturado. La mezcla se extrajo con E;O (100 ml) y el extracto
etéreo se lavé con HO (2x30 mL) y NaCl acuoso saturado. La orgénica se
secd sobre Na,;SO, anhidro, se filtrd al vacio y se concentré por evaporacién
rotatoria in vacuo a un aceite amarillo (17.19 g): MS (FAB) m/z 427
(M+H)".

C.

El compuesto crudo Parte B (17.19 g), NH;OAc (11.0 g, 0.142 mol,
4.4 equiv), y monohidrato CU(OAc), (24.2 g, 0.119 mol, 3.7 equiv) se
disolvieron en HOAc glacial (120 ml) bajo argén y se calentaron a reflujo
suave durante 20 horas. La reaccion se enfrio a temperatura ambiente, luego
se vertid en una soluciéon congelada de NH;OH concentrado (100 mL) en
H;O (200 ml). La mezcla se extrajo con Et;0 (200 mL+2x100 ml), luego
los extractos etéreos combinados se lavaron con HO (2x100 mL) y NaCl
acuoso saturado. El extracto se secéd sobre Na;SO, anhidro, se filtré con
vacfo y se concentrd por evaporacion rotatoria in vacuo. El aceite marrén
resultante se combiné con hexanos para retirar HOAc, seguido por
secamiento in vacuo. La purificacién en dos lotes de dos columnas de
destello SiO, (5cm x 22 cm) con 5% EtOAc/Hexanos generd el
productocomo un aceite amarillo que cristalizé luego de reposar (5.98 g,
0.0148 mol, 46% para dos pasos):

'H NMR (CDCl,) 5 0.959 (t, J=7 Hz, 3H), 1.164 y 1.359 (d's, J=7 Hz, 6H,
proporcién 1:4), 2.557 (t, J=6.2 Hz, 2H), 2.897 y 3.146 (m's, J=7 Hz, 1H,
proporcién 1:4), 4.006 (q, J=7 Hz, 2H), 4.418 (t, J=6.2 Hz, 2H), 6.710-
7.578 (m, 7TH), 7.898 (d, J=7.5 Hz, 1H); MS (ESI +Q) m/z 406 (M+H)".
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D.

Compuesto Parte C (5.78 g, 0.0143 mol, 1 equiv) se disolvié en THF
seco (70 ml) bajo argén y se enfrié a 0°C. Una solucién LiAlH; en THF
(1M, 28.5 mL, 0.0285 mol, 2 equiv) se agreg6 lentamente. La reaccién se
agité a temperatura ambiente durante 2 horas, seguida por 25 minutos a
reflujo. TLC (8i0,, 5% EtOAc/CH,Cl,, Rf=0.24). L reaccién se enfri6 a
0°C, luego se extinguié cuidadosamente con H,O (2.3 mL), 15% NaOH
acuoso (2.3 mL), H,O (4.7 mL). La mezcla blanca se agité a temperatura
ambiente durante 10 minutos, luego se filtré con vacfo y el sdlido se lav’
EtOAc. El filtrado se concentré por evaporacion rotatoria in vacuo en un
aceite amarillo. La purificacién en una columna de destello SiO; (5¢cm x 20
cm) con un gradiente de 4% a 8% EtOAc/ CH,Cl; generd el productocom
un sélido blanco (4.082 g, 0.0112 mol, 79%):

'H NMR (CDCl;) & 1.402 (d, J=6.6 Hz, 6H), 2.463 (t, =62 20 Hz, 2H),
3.532 (m, J=6.6 Hz, 1H), 4.382 (t, J=6.2 Hz, 2H), 4.461 (d, J=5.3 Hz, 2H),
7.097 (d, J=7.9 Hz, 1H), 7.168 (t, J=8.8 Hz, 2H), 7.233-7.397 (m, 4H),
7.929 (d, J=7.5 Hz, 1H); MS (ESI +Q)m/z 364 (M+H)".

E.

El alcohol Parte D (3.066 g, 8.437 mmol, 1 equiv), disuelto en
CH,CI; seco (60 mL) bajo argén a 0°C, se mediante adicién gota a gota de
IM solucién de PBr; en CH;Cl; (169 mL, 16.9 mmol, 2 equiv). La
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reaccién se agité a temperatura ambiente durante 30 minutos, tiempo en el
cual la reaccién se volvi6 a enfriar 0°C y se traté6 NaHCO, acuoso saturado
(90 mL). La mezcla se diluyé con CH,Cl, (50 mL), se separaron las capas,
y la organica se lavé con H;0 (2x50 mL) y NaCl acuoso saturado (50 mL).
La capa orgénica se secé sobre Na,SO, anhidro, se filtré y se concentré in
vacuo. TLC (Si0,, 5% EtOAc/ CH,Cly, Rf=0.69). El residuo se purificé
por cromatografia de destello SiO; (columna 3.8cm x 15cm) con CH;Cl;
para obtener el producto como un sélido blanco (2.97 g, 6.97 mmol, 83%):

'H NMR (CDCls) 5 1.403 (d, J=6.6 Hz, 6H), 2.430 (t, J=6.2 Hz, 2H), 3.459
(m, J=6.6 Hz, 1H), 4.290 (s, 2H), 4.356 (t, J=6.2 Hz, 2H), 7.087 (d, J=7.9
Hz, 1H), 7.183 (t, J=7.5 Hz, 2H), 7.263-7.397 (m, 4H), 7.910 (d, J=7.5 Hz,
1H); MS (ESI +Q) m/z 426/428 (M+H)".

Yo

El bromuro Parte E (297 g, 6967 mmol, 1 equiv) y etil
difenilfosfinita (1.7 mL, 7.663 mmol, 1.1 equiv) se calentaron a reflujo bajo
argén durante 1.5 horas. TLC (SiO;, 30% EtOAc/CH;Cl, , producto
Rf=0.47). La reaccion se enfrié en un bafio de hielo, luego se recogié el
sélido por fitracién con vacio en un embudo de Buchner; el sélido se lav’

con pequefios volimenes de tolueno, seguido por hexanos. Esto generd el
producto como un sélido blanco (3.48 g, 6. 3 5 mmol 1, 91 %):

'H NMR (CDC);) 5 1.256 (d, J=6.6 Hz, 6H), 2.334 (t, J=6 15 Hz, 2H), 3.33
(m, 1H), 3.716 (d, J=13.6 Hz, 2H), 4.252 (t, J=6 Hz, 2H), 6.767 (br t, J=5.3
Hz, 2H), 6.895 (t, J=8.5 Hz, 2H), 7.072 (d, ]=7.9 Hz, 1H), 7.284 (t, J=7.4
Hz, 1H), 7.320-7.420 (m, 9H), 7.460-7.520 (m, 2H), 7.929 (d, J=7.4 Hz,
1H) ; MS (ESI +Q) m/z548 (M+H)".
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Un matraz de 50-mL, secado al horno, cargado con el éxido de
difenilfosfina Parte F (1.00 g, 1.826 mmol, 1 equiv) se combiné con tolueno
anhidro (3x5 mL), se secd a alto vacio, y se llené con argén. El sdlido seco
se disolvi6 en THF seco (10 mL) y la suspensién resultante se enfrié a 0°C.
Lentamente se agregd un solucion de nBuLi (Aldrich, titulada con édcido
difenilacético: 2.4 M en hexanos; 0.80 ml, 1.92 mmol, 1.05 equiv) gota a
gota durante 20 minutos. La solucién color émbar oscuro resultante se dejé
agitando a 0°C durante 1 hora. El aldehido A(1) (0.566 g, 2.192 mmol, 1.2
equiv) en un matraz de 100 mL secado al homno (material previamente
combinado con tolueno anhidro (3x5 ml) y secado in vacuo) bajo atmésfera
de argon se disolvié en THF seco (5 mL) y se enfrié a —78°C. La solucion
aniénica se agregd mediante cdnula a la solucién de aldehido durante un
periodo de 25 minutos, seguidamente la solucién color verde oscuro se
agitd a —78°C durante 1.5 horas. El bafio acetona/hielo seco se retird
entonces y la reaccidn se dejé calentar lentamente a temperatura ambiente;
la solucién inicialmente verde se volvié una mezcla anaranjada. Después
de 2 horas, la reaccion se extinguié con NaCl acuoso semi-saturado (60
mL), se extrajo con Et,O (100 mL), se lavé a continuacién la orgénica con
H?0 y NaCl acuoso saturado. La purificacién por cromatografia de destello
Si0; (columna 3.8 cm x 15cm) proporciond el producto como una espuma
blanca (556 mg, 0.946 mmol, 52 %). También se recuperdé 6xido de
difenilfosfina sin reaccionar (445 mg, 0.8127 mmol):

'H NMR (CDCl,) & 0.890 (q, 1H), 1.323-1.462 (m, 21H), 1.595 (d, 1H),
2.249 (dd, J=15.4 Hz, 6.2 Hz, 1H), 2.403 (dd, J=15.4 Hz, 7.0 Hz, 1H),
2.516 (t, J=6.2 Hz, 2H), 3.406 (m, 1H), 4.197-4.295 (m, 2H), 4.407 (m,
2H), 5.288 (dd, J=16.2 Hz, 5.7 Hz, 1H), 6.327 (dd, J=16.2 Hz, 1.3 Hz, 1H),
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7.076-7.142 (m, SH), 7.277-7.399 (m, 2H), 7.943 (d, J=7. 5 Hz, 1H); MS
(ESI +Q) m/z 588 (M+H)".

H.

El compuesto Parte G (0.230 g, 0.391,mmol) se disolvié en CH,Cl,
seco (5 mL.) bajo un atmdsfera de argdn y se enfrio a 0°C. Se agregé dcido
trifluoroacético (0.5 mL) y la mezcla se agité a temperatura ambiente
durante 6 horas. TLC (8iO,, 20% EtOAc/CH,Cl,, Rf=0.31). La solucién
de la reaccién se transfirié a un embudo separador y se tratd con NaHCO;
acuoso saturado (25 mL), se extrajo con EtOAc (100 mL), y la orgdnica se
lavé con NaHCQO; acuoso saturado y NaCl acuoso saturado. La orgénica se
seco sobre Na;SO, anhidro, se filtrd y concentrd por evaporacién rotatoria
in vacuo. El residuo se purific6 por cromatografia de destello SiO,
(columna 1.9cm x 15cm) para suministrar el producto como un sélido
blanco (160 mg, 0.338 mmol, 86%):

'H NMR (CDCL) 5 1.304 (d, J=6.6 Hz, 6H), 1.442-1.690 (m, 2H), 2.476-
2.678 (m, 4H), 3.339 (m, 1H), 4.157 (m, 1H), 4.389 (¢, J=6.2 Hz, 2H), 5.076
(m, 1H), 5.320 (dd, J=16.2 Hz, 10.1 Hz, 1H), 6.489 (d, J=16.2 Hz, 1H),
7.06-7.16 (m, SH), 7.281 (t, 1H), 7.368 (t, IH), 7.914 (d, J=7.5 Hz, 1H); MS
(ESI +Q) m/z 474 (M+H)".
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La lactona Parte H (148 mg, 0.3125 mmol, 1 equiv) se disolvi6é en
THF (3 mL), se traté con IN NaOH acuoso (0.391 mL, 0.3907 mmol, 1.25
equiv), Yy se agito a temperatura ambiente. TLC (SiO,;, 0.5:0.5:9
HOAc/MeOH/CH;,Cl,, Rf=0.25). Después de 30 minutos, se retiraron los
solventes por evaporacién rotatoria in vacuo y el residuo se sec6 en alto
vacio. Se prepard una columna de resina SP207 Na-form (lecho 1.9cm x
10cm) en la siuiente forma: la resina se vertié en un una columna de
cromatografia de vidrio equipada con soporte de disco de frita, se lavé la
resina con NaHCO; acuoso saturado (15 mL), NaCl acuoso saturado (15
mL), y H,O deionizada (100 mL, Milli-Q). El residuo se absorbi6 en Milli-
Q DI H;O (5 mL), se aplicé a la columna, y se eluyé con Milli-Q DI H,O
(100 mL), 10% AcCN/ H;O (60 mL), y 25% AcCN/H;O (125 mL). Las
fracciones que contenian el producto se combinaron y concentraron por
evaporacién rotatoria in vacuo en un pequefio volumen, luego se
transfrieron a una jarra de liofilizacién de 40-mL, empleando H,O adicional
para enjuagar el matraz. El contenido de la jarra se congeld en un bafio
acetona/hielo seco y se liofilizé6 para proporcionar el producto como un
liofilizado blanco (148 mg, 0,288 rnmol, 92%):

'H NMR (DMSO-dg) 8 0.90-1.00 (m, 1H), 1.20-1.35 (m, 7H), 1.727 (dd,
J=14.9 Hz, 7.9 Hz, 1H), 1.955 (dd, J=14.9 Hz, 4 Hz, 1H), 2.399 (t, J=6.2
Hz, 2H), 3.424-3.490 (m, 2H), 4.00-4.10 (m, 1H), 4.386 (t, J=6.2 Hz, 2H),
4.954 (br s, 1H), 5.354 (dd, J=16.2 Hz, 5.3 Hz, IH), 6.297 (d, J=16.2 Hz,
1H), 7.12 (d, J=7.9 Hz, 1H), 7.20-7.46 (m, TH), 7.802 (dd, J=7.9 Hz, 1.8
Hz, 1H); MS (ESI +Q) m/z 492 (M+H)";

Anilisis. Calculado para C29H29FNOsNa « H,O:

C, 65.53; H, 5.88; N, 2.64.
Hallado: C, 65. 4 6; H, 5. 7 O; N, 2. 52.
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El compuesto Parte G Ejemplo 2 (200 mg, 0.3403 mmol, 1 equiv) se
hiydrogené a 45 psi H, en MeOH anhidro (30 ml) con 10% Pd-C (40 mg,
20 % en peso) durante 2 horas. El catalizador se lavé con pequeilas
porciones de MeOH y el filtrado se concentrd por evaporacion rotatoria in
vacuo. El residuo se purificé por cromatografia de destello SiO; (2.5¢cm x
13 cm) con 3% EtOAc/CH;Cl; para suministrar el producto como una
espuma blanca (193 mg, 0.3273 mmol, 96%): HPLC (columna Shimadzu
YMC S-5 C18 4.6x50 mm, gradiente 4 minutos @ 4mL/min, deteccién UV
220 nM; inicial %B=60, final %B=100; A=10:90 MeOH/H,0 + 0.2%
H3PO,) R.T.=4.35 min (100%);

'H NMR (CDCL) 8 0.902 (q, J=12.3 Hz, 1H), 1.27-1.60 (m, 24 H), 2.212
(dd, J=15.4 Hz, 6.2 Hz, 1 H), 2.25-2.42 (m, 4 H), 2.50-2.60 (m, 1 H), 3.336
(m, 1 H), 3.599 (m, 1 H), 4.104.20 (m, 1 H), 4.328 (t, J=6.2 Hz, 2 H),
7.067 (d, J=7.9 Hz, 1 H), 7.1416 (d, J=6.6 Hz, 4 H), 7.265 (t, J=7.5 Hz, 1
H), 7.340 (t, J=7.5 Hz, 1 H), 7.901 (d, J=7.5 Hz, 1 H); MS (ESI +Q) m/z
590 (M-+H)".
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Compuesto Parte A (258 mg, 0.4375 mmol) se disolvié en CH,Cl;
seco (5 mL) bajo argén, se enfrié a 0°C y se traté con 4cido trifluoroacético
(0.5 mL). Se continué agitando a temperatura ambiente durante 7 horas,
tiempo en el cual la reaccién se concluyé por HPLC. Se afiadié6 NaHCO;
acuoso saturado (25 mL)a la reaccion, la reaccién se diluyé con EtOAc (100
mL), y las capas se separaron. La orgénica se lavé con NaHCO; acuoso
saturado y NaCl acuoso saturado, luego se secé sobre Na,SO, anhidro, se
filtr6 y concentrd in vacuo. La purificacion por cromatografia de destello
Si0, (1.9 cm x 15 cm) con 20% EtOAc/ CH,Cl; proporcion6 una espuma
blanca (163 mg, 0.343 mmol, 78%): HPLC (columna Shimadzu, YMC S-5
C18 4.6x50 mm, gradiente 4 minutos @ 4mL/minuto, deteccién UV 220
nM; inicial %B=0, final %B=100; A=10:90 MeOH/H,0 + 0.2% H;PO,,
B=90:10 MeOH/H;0 + 0.2% H;PO,) R.T.=3.81 minutos (94.6%);

'H NMR (CDCl;) 5 1.37 (d, J=6.6 Hz, 6 H), 1.45-1.85 (m, 4 25 H) I 2.40-
2.75 (m, 6 H), 3.327 (m, 1 H), 4.285 (br s, 1 H), 4.350 (t, J=6.2 Hz, 2 H),
4.49 (m, 1 H), 7.093 (d, J=7.9 Hz, 1 H), 7.181 (d, J=7.0 Hz, 4 H), 7.291 (t,
J=7.5 Hz, 1 H), 7.3697 (t, J=7.5 Hz, 1 H), 7.912 (d, J=7.5 Hz, 1 H); MS
(ESI +Q) m/z 476 (M+H)'".

C.
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Compuesto Parte B (149 mg, 0.3133 mm ], 1 equiv) se disolvié en
THF (3 mL) y IN NaOH 1N acuoso (0.392 mL, 0.3916 mmol, 1.25 equiv)
y se agito a temperatura ambiente durante 30 minutos. El solvente se retird
por evaporacién rotatoria in vacuo y el residuo se secé bajo alto vacio. Se
prepar6 una columna de resina SP207 (1.9 cm x 10 cm ) en la siguiente
forma: se vertié resina en una columna de cromatografia de vidrio equipada

con un soporte de disco de frita y la resina se lavé secuencialmente con
NaHCO; acuoso saturado (15 mL), NaCl acuoso saturado (15 mL), y Milli-
Q H;0 (100 mL). EI residuo seco se absorbi6 en Milli-Q HO (8 mL) y se
aplicé cuidadosamente a la parte superior de la columna. La columna se
eluyé con Milli-Q H,O (100 mL), 10% AcCN/H;O (60 mL), 20% AcCN/
H;0 (60 mL), y 25% AcCN/H,0O (100 mL). Se combinaron y concentraron
las fracciones que contenian el producto por evaporacién rotatoria en un
pequefio volumen, y se transfirieron a una jarra de liofilizacién de 40-mL.
El contenido se congelé en un bafio de acetona/hielo seco y se liofilizd.
Esto proporcioné el producto como un liofilizado blanco (149 mg, 0.289
mmol, 92%): HPLC (columna Shimadzu, YMC S-5 C18 4.6x50 mm,
gradiente 4 minutos @ 4mL/minuto, deteccién UV detection 220 nM:
inicial %B=0, final %B=100; A=10:90 MeOH/H,0 + 0.2% H;PO,,
B=10:90 MeOH/H,0 + 0.2% H;PO,) R. T. =3.58 min (92.9%);

'H NMR (DMSO-dg) 4 min 1.048-1.105 (m, 1 H), 1.232-1.50 (m, 9 H),
1.750 (dd, J=14.9 Hz, 8.3 Hz, 1 H), 1.966 (dd, J=14.9 30 Hz, 4.0 Hz, 1 H),
2.298-2.356 (m, 3 H), 3.335-3.424 (m, 2 H), 3.616-3.656 (m, 1 H), 4.3166
(t, J=6.2 Hz, 2 H), 4.711 (br s, 1 H), 7.098 (d, J=7.9 Hz, 1 H), 7.276-7.43
(m, 6 H), 7.773 (d, J=7. 5 Hz, 1 H); MS (ESI +Q) m/z 494 (M+H)" para
formar 4cido.

Los siguiente Ejemplos pueden prepararse empleando procedimientos
expuestos aqui y en los Ejemplos de trabajo.
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Ejemplo 4 a 26

donde Y es como se expone a continuacién

Ejemplo 4 Ejemplo § Ejemplo 6
Ejemplo 7 Ejemplo 8 Ejemplo 9
Ejemplo 10 Ejemplo 11 Ejemplo 12
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Ejemplo 13 Ejemplo 14 Ejemplo 15
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Ejemplo 16 Ejemplo 17 Ejemplo 18
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Ejemplo 19 Ejemplo 20 Ejemplo 21
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|
Ejemplo 22 Ejemplo 23 Ejemplo 24
VA
< L d
[,



WO 01/96347 PCT/US01/18884
Ejemplo 25 Ejemplo 26
A (%
Ejemplo 27
Preparacién de Aldehido de Piridina (1 uema
ue

Siguiendo el procedimiento descrito en la reaccion Esquema 5 y su
descripcion, se obtiene el aldehido Ejemplo 27.

Un ejemplo de una preparacién tipica del aldehido se expone a
continuacién.

En un matraz de base redonda de 500 mL equipado con un agitador
magnético y una boca de entrada de nitrégeno se cargd el compuesto (17)
(Esquema 5)

(50 g, 128.4 mmol)

(preparado como se describe en Ejemplo 2 Partes A, B y C salvo que metil
isobutiril acetato se sustituye por etil isobutiril acetato) y tolueno (170 mL).
La mezcla se agité a 20-25°C hasta obtener una solucién transparente. Se
agreg6 una solucién de 65% Red-Al en tolueno (57.8 ml, 192.6 mmol) yla
mezcla de la reaccion se calenté a 80°C hasta que se concluyd segin |
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determinado por HPLC. La mezcla de la reaccidn se enfrié a ~20°C y se
extinguié vertiéndola en 20% HCI (495 mL) frio (0 — 5°C). Se separaron
las fases y se descart6 la fase de tolueno gastado. Se ajusté el pH de la fase
acuosa de <0 a 4-5 con 10N NaOH. Se afiadi6 acetato de etilo (500 mL) y
se continud el ajuste del pH a 7-8. Se separaron las fases. La fase acusa se
extrajo con acetato de etilo adicional (2 x 500 mL).

La rica solucién de acetato de etilo combinado se lavo con agua (3 x 250
mL) y se concentré bajo presién reducida a ~465 mL. Esta solucién se
llevé al siguiente paso de oxidacién.

La rica solucidn de acetato de etilo se carg6 de arriba en un matraz de 1 L,
de tres cuellos, equipado con agitacién mecédnica, controlador de
temperatura y embudo de adicién y se enfrié a 0-5°C. A la lechada se
efiadieron bromuro de potasio (1.53 g, 12.8 mmol) y TEMPO (2,2,6,6-
tetrametil-1-piperidiniloxi) (0.20 g, 1.28 mmol). El pH de la solucién de
NaOCl (hipoclorito de sodio) (212.1 mL) se ajusté a ~9.1 y se agregé a la
lechada a una velocidad tal que la temperatura permaneciera a 0-5°C. Se
continué agitando & 0-5°C hasta que la reaccién se concluy6 segiin se
determiné por HPLC. La fase acuosa se extrajo con EtOAc (2 x 200 mL).
La fase orgénica rica combinada se lavé con una solucién 1:1 de Na;S,0;
acuoso saturado (tiosulfato de sodio) (75 mL) y agua (75 mL) seguida por
lavado de la fase orgdnica rica con IN NaOH (250 mL). La fase orgénica
rica se lavd con agua (250 mL) y se concentrd a ~100 ml bajo presi6n
reducida. Se agregé isopropanol (IPA) (400 mL) y la mezcla resultante se
calentd a reflujo (80-85°C). La solucién se destilé a un volumen de ~ 250
ml. Se afladié agua (50 mL) y la lechada cristalina se agité a 70-80°C
durante 1 hora, luego se dejé enfriar a 20-25°C durante por lo menos 1 hora.
La lechada se mantuvo a 20-25°C durante al menos 1 hora antes de recoger
el sélido por filtracién en un embudo de Buchner.

La torta se lavd con [PA/agua fria (0°C) (4:1) (2 x 50 mL) y se sect a un
peso constante bajo vacio a 40°C para producir el aldehido del titulo.
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1611 A, Preparacién de Sulfuro (15) Sulfuro 15

Tl {18} {Scheme 8)

En un matraz de 250 mL se cargé alcohol Kaneka (12) (Esquema 6)
(10.0 g, 38.41 mmol), cloruro de metileno (100 mL), y trietilamina (11.75
mL, 84.51 mmol) y se enfrié a —30°C. Se afiadié anhidrido triflico (7.11
mL, 42.25 mmol) a través de una jeringa a una velocidad para mantener la
temperatura entre —35 a —25°C, ~15 minutos. La mezcla de la reaccién se

agitd a —30°C durante ~30 minutos y se comprobdé la desaparicién de
alcohol Kaneka mediante TLC. A la solucién de triflato se agregé una
lechada 1-fenil-1H-tetrazol-5-tiol (7.19 g, 40.34 mmol) en cloruro de
metileno (50 mL). Una vez convluida la reaccién, se agregd agua (100 mL)
y la mezcla se agit6 durante ~5 minutos. Se separaron las fases y se
descarg6 la fase acuosa. La fase organica rica se lavé con agua (100 mL)
durante ~5 minutos y las fases se separaron. La fase orgdnica rica se lavd
con NaHCO; saturado (100 mL) durante ~15 minutos y las fases se
separaron. La rica fase orgénica se concentrd a ~50 mL. La solucién se
tomd en el siguiente paso para su posterior transformacién

B. Preparacién de Sulfona (16)
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IPA (150 mL) se agregd a la solucién de sulfuro Parte A del paso de
arriba. La solucién se enfri6é a 0-5°C. A la solucién agitada de sulfuro se
afiadi6 una solucién de (NH,) sMO;054°4H;0 (tetrahidrato heptamolibdato
de amonio) (4.75 g, 3.84 mmol) en 30% H,0, (perdxido de hidrégeno) gota
a gota durante ~15 minutos manteniendo la temperatura de la solucién a 0-
5°C. La conversién de sulfuro a sulfona se monitoreé por HPLC ~24 horas.
Una vez concluida la reaccidn, se extrajo mediante destilacién cloruro de
metileno. La temperatura de marmita se mantuvo a no més de 25°C. La
lechada cristalina se destilé a un volumen de ~230 mL con IPA y la lechada
resuitante se agito durante al menost 1 hora a 20-22°C. Se recogi6 el sélido
por filtracién de vacio, la torta se lavé con [PA/agua (4:1, 25 ml) seguida
por secamiento bajo vacio a 40°C a peso constante proporcionandol2.8 g
(74%) de la sulfona del titulo como un sélido blanco cristalino.

Ejemplo 29
I_’repmcién de Olefina (19)

Siguiendo el procedimiento expuesto en el Esquema de reaccién 5 y
su descripcién, el derivado de piridina Ejemplo 27 y la sulfona Ejemplo 28
se emplean para preparar el compuesto del titulo.

Un ejemplo de una preparacién tipica del compuesto Ejemplo 29 se expone
a continuacién.

Un matraz de base redonda, de 3 cuellos, 250 mL, purgado con N, se
carg6 con el derivado de piridina de Ejemplo 27 (18) (5 g, 13.9 mmol),
sulfona Ejemplo 28 (16) (6.9 g, 15.3 mmol) y THF (75 mL). La solucién
agitada se enfri6 -74 a -78°C. Lentamente 1M de solucién de LiHMDS
(bis(trirnetilsilil)amida de litio) (15.3 ml, 15.3 mmoi) en THF se cargé a
una velocidad tal que la tempertura permaneciera entre -70 y -78°C. Una
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vez concluida la adicién de la base, la mezcla de la reaccion se calent6 a -
45°C durante ~15 minutos. La reaccion agitada se extinguié a -70°C
Mediante lenta adicién de solucién de NH,C] acuoso saturado (7.5 mL) y
agua (38 mL). El bafio helado se retiré y la solucion se calentd a 20-25°C a
partir de la mezcla de la reaccién. Se afiadi6 acetato de etilo (50 mL), la
mezcla se agitd, y las capas se separaron. La capa orgénica se lavé con
solucién de bicarbonato de sodio saturado (2 x 38 mL) seguida por
salmuera (25 mL) y se concentrd en un volumen de 50 mL. Se agregé
acetonitrilo (50 mL) y la solucién se concentrd en un volumen de 50 mL.
Este paso se repitid. Se afladidé agua (~5-6 mL) lentamente a la solucién
caliente (60-70°C) hasta que se obtuvo el punto de separacién de fases. La
lechada delgada se mantuvo durante 30 minutos a alta temperatura y luego
se enfrid varias hora agitando. El producto se filtrd, la torta se lavé con una
mezcla 5:1 de acetonitrilo y agua, y se secd para producir el compuesto del
titulo.

Example 30
Preparacion del compuesto final

Siguiendo el proce;limiento de Ejemplo 3 Partes B y C, el compuesto
Ejemplo 29 se empleo para preparar el compuesto del titulo en la forma de
sal de sodio.
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Lo que se reivindica es:

1.  Un compuesto que tiene la estructura

n
n [
W
en donde X es O, S o NR;
OR
-\I/\E\w’ '
WY .
~ zes 6 ™
nes0o61;

R, vy R, son los mismos o diferentes y se seleccionan
independientemente de alquilo, arilalquilo, cicloalquilo, alquenilo,
cicloalquenilo, arilo, heteroarilo o cicloheteroalquilo;

R; es H o alquilo inferior;

Ry es H, halégeno, CF;, hidroxi, alquilo, alcoxi, alcanoilamino,
aroilamino, o ciano;

R7 es H, alquilo, arilo, alcanoilo, aroilo o alcoxicarbonilo;

R; es H o alquilo inferior;

Ry v Ry son los mismos o diferentes y se seleccionan
independientemente de H o alquilo, 0 Ry R, pueden tomarse juntos con el
carbono o carbonos a los cuales se unen para formar un anillo carbociclico

de 3 a 7 miembros,

/
y '/ representa un enlace simple o un enlace doble (que puede ser
cis o trans);
e inclusive sus sales farmacéuticamente aceptables (donde R; es H),
sus ésteres, sus ésteres de profarmaco, y todos sus estereoisémeros.
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2.  El compuesto como se define en la reivindicacién 1 en donde
7/

/
’/ es un doble enlace que es trans.

3.  El compuesto como se define en la reivindicacién 1 en donde
R, es arilo,

R; es alquilo o cicloalquilo o arilo;

RsesH;

n es o;

XesO;y

’
Vs
es ’/ un enlace doble trans, en la forma de un dcido libre o sal de
metal alcalino o alcalinotérreo o una sal de aminoécido.

4. El compuesto como se define en la reivindicacién 3 en donde
R; es 4-fluorofenilo, 4-fluoro-3-metilfenilo, 6 3,5-dimetilfenilo; y
R; es isopropilo, t-butilo o ciclopropilo.

5. El compuesto como se define en la reivindicacién 1 que tiene
la estructura

F -

o su sal de un metal alcalino o alcalinotérreo o una sal de aminoécido o una
sal de adicién de dcido mediante la piridina de la & lactona correspondiente,
donde Rs y Rs son los mismos o diferentes y se seleccionan
independientemente de H, halégeno o alquilo y
R; es alquilo o cicloalquilo.
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6. El compuesto como se define en la reivindicacién 1 que tiene
la estructura

en donde R; es H o una sal de metal alcalino o alcalinotérreo o de
aminoécido u otra sal farmacéuticamente aceptable , o su latona interna.

7.  Un compuesto de la estructura

en donde R; es H o un i6n de metal alcalino o alcalinotérreo o un
aminoécido, o su lactona interna.

8. Una composicién farmacéutica que comprende un compuesto
como se define en la reivindicacién 1 y un portador farmacéuticamente
aceptable para el mismo.

9. Una combinacién farmacéutica que comprende el compuesto
inhibidor de la HMG CoA reductasa como se define en la reivindicacién 1 y
uno o mds agentes hipolipidémicos agentes reductores de lipido, o agentes
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de lipido, o agentes moduladores de lipido, y/o uno o mas otros tipos de
agentes terapéuticos inclusive agentes antidiabéticos, agentes anti-obesidad,
agentes antihipertensivos, inhibidores de agregacién de plaquetas, agentes
anti-demencia, agentes anti-Alzheimer, agentes anti-osteoporosis, y/

agentes terapéuticos de reemplazo de hormonas, y/o otros agentes
cardiovasculares (inclusive agentes anti-anginales, agentes anti-arritmicos,
agentes anti-aterosclerosis, agentes anti-inflamatorios, agentes anti-artritis,
agentes anti-plaquetas, agentes anti-falla cardiaca), agentes anti-cdncer,
agentes anti-infecciosos, agentes de reemplazo de hormonas, secretagogos
hormonales de crecimiento, moduladores de receptor andrégeno selectivo,

y/o agentes inmunomoduladores.

10. La combinaciébn como se define en la reivindicacién 9 en
donde el agente hipolipidémico o agente reductor de lipido u otro agente de
lipido o agente modulador de lipido o agente anti-aterosclerético, que se
emplea comprende 1, 2, 3 o més inhibidores MTP, inhibidores de HMG
CoA reductasa, inhibidores de escualeno sintetasa, derivados de 4cido
fibrico, a agonistas PPAR, afy agonistas duales PPAR, & agonistas PPAR,
inhibidores ACAT, inhibidores de lipoxigenasa, inhibidores de absorcién de
colesterol, inhibidores de co-transportador de dcido biliar/Na* ileal,
reguladores ascendentes de actividad de receptor LDL, inhibidores de
proteina de transferencia de éster colesterilico, secuestrantes de écido biliar,
o dcido nicotinico y sus derivados, inhibidores de citrato liasa ATP,
compuestos de fitoestrégeno, reguladores ascendentes HDL, promotores de
catabolismo LDL, antioxidantes, inhibidores de PLA-2, agentes
antihomocisteina, inhibidores de HMG-CoA sintasa, inhibidores de
lanosterol demetilasa, o agentes proteina-I de enlace de elemento regulador
de esterol,;

en donde el agente antidiabético que puede emplearse opcionalmente
es 1,23 6 més agentes antidiabéticos o agentes antihiperglicémicos
inclusive secretagogos de insulina o sensibilizadores de insulina, los cuales
pueden incluir biguanidas, sulfonilureas, inhibidores PTP-1B, inhibidores



WO 01/06347 PCT/AUS01/18884

de aldosa reductasa, inhibidores de glucosidasa, ¥ agonistas PPAR, a
agonistas PPAR, & antagonistas PPAR o agonistas, inhibidores aP2, a4y
agonistas duales PPAR, inhibidores de dipeptidil peptidasa IV (DP4),
inhibidores SGLT2, inhibidores de glicégeno fosforilasa, y/o meglitinidas,
insulina, y/o péptido-1 (GLP-1) similar del glucagén, o sus miméticos;
en donde el otro tipo de agente terapéutico que puede emplearse
opcionalmente es 1, 2, 3 o mis de un agente anti-obesidad que es un
agonista beta 3 adrenérgico, un inhibidor de lipasa, un inhibidor de
reabsorcién de serotonina (y dopamina), un inhibidor aP2, un firmaco beta
receptor tiroideo, un agente anoréxico, un inhibidor PTP-1B, un agonista
CCKA, un antagonista de neuropéptido Y, un agonista de receptor
melanocortina-4, un modulador PPAR que es un y antagonista PPAR, a
agonistas PPAR, y/o 8 antagonistas PPAR, un inhibidor de leptina tal com
un activador de receptor de leptina, un regulador ascendente de oxidacién
de écido graso o inductor;

en donde el agente modulador de lipido es un inhibidor de MTP, un
inhibidor de HMG CoA reductasa, un inhibidor de escualeno sintetasa, un
derivado de 4cido fibrico, un regulador ascendente de actividad de receptor
LDL, un inhibidor de lipoxigenasa, o un inhibidor de ACAT vy el otro
agente de lipido es un inhibidor de proteina de transferencia de éster
colesterilico;

en donde el agente antihipertensivo empleado es un inhibidor ACE,
antagonista de receptor de angiotensina II, inhibidor NEP, un inhibidor
NEP/ACE, un bloqueador de canal del calcio, un antagonista de calcio de
canal T, un bloqueador P-adrenérgico, un diurético, un bloqueador a-
adrenérgico, un antagonista de receptor de accién dual (DARA), o un
férmaco para falla cardiaca .

11. La combinacién como se define en la reivindicacién 10 en
donde el agente antidiabético es 1, 2, 3 6 més de metformina, glyburida,
glimepirida, glipirida, glipizida, clorpropamida, gliclazida, acarbosa,
miglitol, pioglitazona, troglitazona, rosiglitazona, insulina, GI-262570,
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isaglitazona, JTT-501, NN-2344, 1895645, YM-440, R-119702, AJ9677,
repaglinida, nateglinida, KAD1129, AR-HO39242, GW-409544, KRP297,
AC2993, LY315902, P32/98 y/o NvP-DPP-728A;

en donde el agente anti-obesidad es orlistat, ATL-962, AJ9677,
L750355, CP331648, sibutramina, topiramato, axokine, dexamfetamina,
fentermina,
fenilpropanolamina, y/o mazindol, P57 o CP-644673 (Pfizer);

en donde el agente modulador de lipido es pravastatina, lovastatina,
simvastatina, atorvastatina, cerivastatina, fluvastatina, pitavastatina,
rosuvastatina, fenofibrato, gemfibrozil, clofibrato, avasimibe, TS-962, MD-
700, cholestagel, niacina, y/o LY295427;

en donde el agente antihipertensivo es un inhibidor ACE el cual es
captopril, fosinopril, enalapril, lisinopril, quinapril, benazepril, fentiapril,
ramipril o moexipril;

un inhibidor de NEP/ACE el cual es omapatrilat, gemopatrilat, o
CGS 30440;

un antagonista de receptor de angiotensina II el cual es irbesartan,
losartan o valsartan;

amlodipina besilato, prazosina HCI, verapamil, nifedipina, nadolol,
propranolol, o clonidina HCI, carvediol, atenolol, hidroclorotiazida,
torasemida, furosemida, espironolactona o indapamida;

en donde el inhibidor de agregacién de plaquetas es aspirina,
clopidogrel, ticlopidina, dipiridamol, ifetroban, abciximab, tirofiban,
eptifibatide, o anagrelide;

en donde el otro agente terapéutico es un agente Alzheimer's o agente
anti-demencia, el cual es tacrina HCI (Cognex®), donepezil (Aricept®), un
inhibidor de TI-secretasa, un inhibidor de p-secretasa y/o agente
antihipertensivo;

un agente antiosteoporosis, el cual es una hormona paratiroide, un
bisfosfonato, alendronato, un agonista de receptor Ca o un agonista de
receptor de progestina;
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un agente terapéutico de reemplazo hormonal, el cual es un ,;}‘\
modulador de receptor de estrégeno selectivo (SERM);

un inhibidor de tirosina cinasa;

un modulador de receptor de andrégeno selectivo;
un agente antiarritmico, el cual es un bloqueador B, o un bloqueador de
canal de calcio, o un bloqueador a-adrenérgico;

coenzima Q sub. 10;

un agente que regula ascendentemente la sintasa de é4cido nitrico de
célula endotelial tipo II;

un compuesto condroprotector que es glicosaminoglicana
polisulfatada (PSGAG), glucosamina, condroitina sulfato (CS), é4cido
hialurénico (HA), polisulfato de pentosana (PPS), doxiciclina
minociclina;
un inhibidor de ciclooxigenasa (COX)-2, el cual es Celebrex® (Searle) o
Vioxx® (Merck) o un antagonista de receptor de glicoprotefna I1a/I1Ib;

un inhibidor de reabsorcién de 5-HT;

un secretagogo hormonal de crecimiento; un agente anti-
aterosclerosis;
un agente anti-infeccioso, 0 un inmunosupresor para uso en transplante, o

un agente antineopldstico.

12. La combinacién como se define en la reivindicacién 10 en
donde el compuesto inhibidor de HMG CoA reductasa estd en combinacién
con un inhibidor de ACE o un inhibidor de NEP/ACE.

13. La combinacién como se define en la reivindicacién 12 en
donde el compuesto inhibidor de HMG CoA reductasa estd en combinacién
con un inhibidor de ACE el cual es rampipril;

en donde el inhibidor de HMG CoA reductasa estd en combinacién
con un inhibidor de NEP/ACE el cual es omapatrilat o gemopatrilat;

en donde el inhibidor de HMG CoA reductasa estd en combinacién
con un inhibidor de agregacién de plaquetas.



WO 01/86347 PCT/AUS01/18864 3@

14. La combinacién como se define en la reivindicacién 13 en
donde el inhibidor de plaquetas es clopidogrel, o aspirina o una
combinacién de clopidogrel y aspirina.

15. Un método de inhibir biosintesis de colesterol o de disminuir
los niveles de colesterol del suero sanguineo y/o modular niveles de
colesterol del suero sanguineo reducir colesterol LDL y/o aumentar
colesterol HDL, o tratar dislipidemia, dislipidemia mixta, Patrén B LDL,
Patron A LDL, hiperlipidemia, hipercolesterolemia, hipo a-lipoproteinemia,
hiperlipoproteinemia o hipertrigliceridemia, y otras aberraciones de
metabolismo de apolipoproteina B, o reducir niveles de Lp(a), o tratar
prevenir otras enfermedades relacionadas con el colesterol, o tratar o
prevenir o reversar la progresién de aterosclerosis, o prevenir o tratar la
enfermedad de Alzheimer, 0 prevenir o tratar osteoporosis y/o osteopenia,
reducir marcadores inflamatorios, reducir proteina C-reactiva, o prevenir o
tratar inflamacién vascular de grado bajo, o prevenir o tratar apoplejia, o
prevenir o tratar demencia, o prevenir y tratar enfermedad cardiaca
coronaria, y prevencion primaria y secundaria de infarto del miocardio,
prevenir o tratar angina estable e inestable, o prevenciéon primaria de
eventos coronarios, o prevencion secundaria de eventos cardiovasculares, o
prevenir o tratar enfermedad vascular periférica, prevenir o tratar
enfermedad arterial periférica, o prevenir o tratar sindromes vasculares
agudos, o prevenir o reducir el riesgo de someterse a intervenciones de
revascularizacién del miocardio, o prevenir o tratar enfermedades
microvasculares tales como nefropatia, neuropatia, retinopatia y sindrome
nefrético o prevenir o tratar hipertension, prevenir o tratar diabetes Tipo 1,
diabetes Tipo 2, y enfermedades relacionadas, resistencia a la insulina,
hiperglicemia, hiperinsulinemia, niveles elevados en la sangre de dcidos
grasos o glicerol, obesidad, Patrén B LDL, Patrén A LDL, Sindrome X,
complicaciones diabéticas, sindrome dismetabdlico, y enfermedades
relacionadas, y disfuncién sexual, prevenir y tratar lesiones malignas,
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lesiones pre-malignas, malignidades gastrointestinales, liposarcomas y
tumores epiteliales, astenia inducida por céncer (fatiga), sindrome de
intestino irritable, enfermedad de Crohn, ulceritis géstrica, y célculos
biliares, e infeccibn HIV, lipodistrofia inducida por férmacos, y
enfermedades proliferativas, mejorar la homeostasis de coagulacién,
reducir la actividad PAI-1, disminuir el fibrindgeno, y/o reducir la
agregacién de plaquetas, y/o mejorar la funcién endotelial, que comprende
administrar a una especie mamifera necesitada de tratamiento una cantidad
terapéuticamente efectiva de un compuesto como se define en la

reivindicacién 1,

16. Un método para tratar enfermedades relacionadas con
colesterol, diabetes y enfermedades relacionadas, enfermedades
cardiovasculares, enfermedades cerebrovasculares que comprende
administrar a una especie mamifera necesitada de tratamiento una cantidad
terapéuticamente efectiva de una combinacién de un compuesto como se
define en la reivindicaciéon 1 y un agente hipolipidémico, y/o agente
modulador de lipido y/o agente antidiabético y/o agente cardiovascular,
agente cerebrovascular, y/o otro tipo de agente terapéutico, que comprende
administrar a una especie mamifera necesitada de tratamiento una cantidad
terapéuticamente efectiva de dichas combinaciones.

17.  Un compuesto que tiene la estructura

en donde X es O, S o NR; en donde R; es H, alquilo, arilo, alcanoilo, aroilo
o alcoxicarbonilo; R; y R; son los mismos o diferentes y se seleccionan
independientemente de alquilo, arilalquilo, cicloalquilo, alquenilo,
cicloalquenilo, arilo, heteroaril o cicloheteroalquilo;

91



WO 01/98347 PCT/US01/18864

Ry vy R son los mismos o diferentes y se seleccionan
independientemente de H o alquilo, o Rs y R;p pueden tomarse juntos con el
carbono o carbonos a los cuales se unen para formar un anillo carbociclico
de 3 a 7 miembros;

Q1 §—cO fshere n te st)),  $—cngu, f/—m

/l\(' (eheze W i3 axyl, alkyl, o= alkexy),
(]

18. El compuesto como se define en la reivindicacién 17 que tiene
las siguientes estructuras:

T

(W=arilo, alquilo o alcoxi)

fate
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