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TITLE OF THE INVENTION
DIPHENYLMETHANE DERIVATIVES AS INHIBITORS OF LEUKOTRIENE BIOSYNTHESIS

- FIELD OF THE INVENTION

The 1nstant invention involves compounds that inhibit 5-lipoxygenase activating protein -
(FLAP), compositions containing such compounds and methods of treatment using such compounds for

the treatment and prevention of atherosclerosis and related diseases and conditions.

BACKGROUND OF THE INVENTION

Inhibition of leukotriene biosynthesis has been an active area of pharmaceutical research
for many vears. Leukotrienes are potent contractile and inflammatory mediators derived through the
oxygenation of arachidonic acid by 5-lipoxygenase.

One class of leukotriene biosynthesis inhibitors are those known to act through inhibition.
of 5-lipoxygenase (5-LO). In general, 5-LO inhibitors have been sought for the treatment of allergic
rhinitis, asthma and inflamsnmatory conditions including arthritis. One example of a 5-LO inhibitor is the
marketed drug zileuton, which is indicated for the treatment of asthma. More recently, it has been
reported that 5-LO may be an important contributor to the atherogenic process; see Mehrabian, M. et al.,
Circulation Research, 2002 Jul 26, 91(2):120-126.

A new class of leukotriene biosynthesis inhibitors (now known as FLAP inhibitors)
distinct from 5-LO mhibitors is described in Miller, D.K. et al., Nature, vol. 343, No. 6255, pp. 278-281,
18 Jan 1990. These compounds inhibit the formation of cellular leukotrienes but have no direct effect on
soluble 5-LO activity. These compounds were used to identify and isolate the inner nuclear membrane
18,000 dalton protein S-lipoxygenase-activating protein (FLAP). In cells, arachidonic acid is released
from membrane phospholipids by the action of cytosolic phospholipase 2. This arachidonic acid is
transferred to nuclear membrane bound 5-lipoxygenase by FLAP. The presence of FLAP in cells is
essential for the synthesis of leukotrienes. Additionally, based on studies described in Helgadottir, A., et
al., Nature Genetics, vol 36, no. 3 (March 2004) 233-239, it is believed that the gene encoding 5-
lipoxygenase activating protein confers risk for myocardial infarction and stroke in humans.

Despite significant therapeutic advances in the treatment and prevention of
atherosclerosis and ensuing atherosclerotic disease events, such as the improvements that have been
achieved with HMG-CoA reductase inhibitors, further treatment options are clearly needed. The instant
invention addresses that need by providing compounds, compositions and methods for the treatment or

prevention of atherosclerosis as well as related conditions.
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SUMMARY OF THE INVENTION

The instant invention relates to compounds of Formula I which are FLAP inhibitors,
methods for their preparation, and methods and pharmaceutical formulations for using these compounds

in mammals, especially humans. This invention provides compounds of structural Formula I:

X-CR?R°>-Y

and pharmaceutically acceptable salts and solvates thereof. This mvention also involves the use of
compounds described herein to slow or halt atherogenesis. Therefore, one object of the instant invention
is to provide a method for treating atherosclerosis, which includes halting or slowing the progression of
atherosclerotic disease once it has become clinically evident, comprising administering a therapeutically

10  effective amount of a compound of Formula I to a patient in need of such treatment. Another object 1s to
provide methods for preventing or reducing the risk of developing atherosclerosis and atherosclerotic
disease events, comprising administering a prophylactically effective amount of a compound of Formula
I to a patient who is at risk of developing atherosclerosis or having an atherosclerotic disease event.

| The compounds of Formula I are also useful as anti-asthmatic, anti-allergic, anti-

15 inflammatory and cytoprotective agents. They are also useful in treating angina, cerebral spasm,
glomerular nephritis, hepatitis, endotoxemia, uveitis, and allograﬂ‘ rejection. The instant invention
provides methods of treatment comprising administering a therapeutically effective amountofa
compound of Formula I to a patient in need of the above-described treatments.

A further object is to provide the use of FLAP inhibitors of Formula I in combination

20  with other therapeutically effective agents, including other anti-atherosclerotic drugs. These and other
objects will be evident from the description contained herein.

DETAILED DESCRIPTION OF THE INVENTION

The instant invention provides compounds represented by structural Formula I:
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X-CR2R3.Y

and pharmaceutically acceptable salts and solvates thereof wherein:

each R1a is independently selected from the group consisting of -H, -F, -

Cl, -Br, -C1-galkyl, -CN, -OH, C1.62lkyl-OH, -OC1.¢ alkyl, -fluoroCi.g alkyl, -fluoroCj.g alkoxy, -
NH2,

-NHC1 _galkyl, -N(Ct.galkyl)2, -C1-6alkyl-NH?2, -C1.6alkyl-NHC1.galkyl, -C1.galkyl-N(C1.-
6alkyl)2, -NHC(O)C1.galkyl, -CO2Cj-galkyl, -C(O)NHC1.galkyl, and -C(O)N(Ci.galkyl)?2;

R1 is selected from the group consisting of:

a) Z1,

b) -CO.R’, -C(O)NR'R®, -N(R"),, -NR°’SOpR?, -NR’C(O)R?, -

NR’C(O)NR’R®, -NR"CO,R?, -OC(O)NR’R®, -OH and -CN,

c) -Ci-6alkyl, -C2.6 alkenyl, -C2_6alkynyl, -0C1.-6alkyl, -OC2.galkenyl and
—QC2-galkynyl, said groups being optionally substituted with R6 and optionally substituted with R7,
wherein R9 is selected from the group consisting of ~-CO,R?, -C(O)YNR’R®, -N(R?),, -

NR"SOpR?, -NR"C(O)R”, -

NR’C(O)NR'R’, -NR°CO,R", -OC(O)NR'R", -C(0)SOpNR’R’, -C(O)NR’NR’R”, -S(O)pNRR®, -SOp,NR
°C(O)R?, -S(O)pR®?, —F , -CF3, phenyl, Hetcy, and Z1; and R/ is selected from the group consisting of -F
and —OH, and

d) phenyl, optionally substituted with 1-2 members selected from the group consisting
of: -F, -Cl, -Ci-galkyl, -CN, -OH, -OC1 .6 alkyl, -fluoroC1.galkyl, -fluoroC1.galkoxy, -NH,, -NHC1.
ealkyl, -N(C1-galkyl)2, -C1-galkyl-NH,;, -C1_galkyl-NHC] _galkyl, -C1 -galkyl-N(C1.galkyl),, -C1-
6alkyl-CN, -NHC(O)C1.galkyl, -C(O)NHC1-6alkyl, and -C(O)N(C1-galkyl).;

R2 is selected from the group consisting of —H and -C1.galkyl optionally substituted
with a group selected from —OH and -F; |

R3 is selected from the group consisting of -H and -C1_galkyl;

R4 is selected from the group consisting of hydrogen, fluorine, hydroxy, C1.3 alkyl
optionally substituted with one to five fluorines;

R> is selected from the group consisting of (a) C1.6 alkyl optionally substituted with one
to five fluorines, (b) C3_g cycloalkyl, and (c)
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CH3 '

o

n 1s an integer selected from 0:, 1,2, and 3;

each “p” independently represents an integer selected from 0, 1 and 2;

each R2 1s independently selected from the group consisting of

a) —H,

b) -C14alkyl, -C2.4alkenyl, and —C9o_g4alkynyl, wherein each is optionally substituted
with 1-2 members selected from the group consisting of: -OH, -OC,_salkyl, -CN, -NH?2, -NHC1 4alkyl,
and -N(C1-4alkyl)2, -F, and —CF3,

: ¢) phenyl and phenyl-C]_galkyl-, the phenyl moieties being optionally substituted with 1-
2 members selected from the group consisting of -F, -Cl, -C1-4 alkyl, -CN, -OH, -OC1-4 alkyl, -fluoroC1_
4alkyl, -fluoroC1i_galkoxy, -NH2, -NHC14alkyl, -N(C14alkyl)2, -C14alkyl-NH2, -C14alkyl-NHC1.
4alkyl, -Ci_galkyl-N(C1-g4alkyl)2, -C1-4alkyl-CN, -NHC(O)C1-4alkyl, -C(O)NHC1.-4alkyl,
and -C(O)N(C1-4alkyl)s, :

and the alkyl portion of phenyl-C1.4alkyl- being optionally substituted with a member
selected from the group consisting of -OH, -CN, -OC1.4alkyl, -NH2, -NHC 1-4alkyl, -N(Ci.4alkyl)2, and
1-3 of fluoro,

d) Hetcy and Hetcy-C1-4alkyl-, the Hetcy moieties being optionally substituted on
carbon with 1-2 members selected from the group consisting of -F, -OH, -CO,H, -C14alkyl, -CO,C,.
salkyl, -OC,;.4alkyl, -NH2, -NHC1-4alkyl, -N(C14alkyl)2, -NHC(O)C,salkyl, oxo, -C(O)NHC, 4alkyl and
-C(O)N(C,4alkyl)2; and optionally substituted on nitrogen when present with a group selected from .
-C1-4 alkyl, and -C1_4 acyl,

and the alkyl portion of Hetcy-C1._4alkyl- being optionally substituted with a member
selected from the group consisting of —OH, -CN, -0OC1_galkyl, -NHj, -NHC1_4alkyl, -N(C1-4alkyl)? and
1-3 of fluoro,

€) Z2 and Z2-C1.4alkyl- and the alkyl portion of Z2-C]_galkyl- being optionally
substituted with a member selected from the group consisting of “OH, -CN, -OC1.4alkyl, -NH2, -NHC1.
4alkyl, -N(C1-4alkyl)? and 1-3 of fluoro; -

each Rb is independently selected from the group consisting of -H and -C1.4 alkyl
optionally substituted with 1-2 members selected from the group consisting of NH9, -OH, -F, -CN,
and -CF3; |

X is selected from the group consisting of -O-, $(O)p, NRb, and -CHRS-, wherein R8 is
selected from the group consisting of -H, -OH and -C1.¢ alkyl optionally substituted with a group
selected from -OH and -F;

Y is selected from the group consisting of:
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a) a 9-membered unsaturated ortho-fused bicyclic ring system containing 2-3
heteroatoms selected from the group consisting of -N=, -NH—, —N(Me)—, -5— and —~O—, and wherein the
ring system 1s optionally substituted with 1-3 of fluoro,

b) a 10-membered aromatic ortho-fused bicyclic ring system containing 1-3 of -N=,

wherein the ring system is optionally substituted with 1-3 of fluoro, and |
c) pyridinyl substituted with a group selected from -Cj -4alkyl, -F, -CF2H, and CF3, and

optionally having a second substituent which is -Cj_galkyl;

Hetcy is selected from the group consisting of azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, tetraydrofuranyl, B~lactamyl, 8-lactamyl and vlactamyl;
Z1 is selected from the group consisting of:

a) a 5S-membered unsaturated heterocyclic ring containing 2-4 nitrogen atoms, wherein
one nitrogen in the ring is optionally substituted with a group selected from -C1.4alkyl and -Cj_4alkyl

substituted with a group selected from -NH>, -OH, ~CN, and 1-3 of fluoro, and one carbon in the ring 1s
optionally substituted with a group selected from -OH, -SH, -SMe, -NH2, -CF3, -Cl, -C1-4 alkyl
and -Cy4alkyl substituted with a group selected from -NH>, -OH, -0C1-4alkyl, -CN, and 1-3 of fluoro,

b) a 5-membered unsaturated heterocyclic ring containing 2-3 heteroatoms selected from
one oxygen or one sulfur and 1-2 of nitrogen, wherein one nitrogen in the ring is optionally substituted :
with a group selected from Cj._4alkyl and C1.4alkyl substituted with a group selected from —NH?, -

OH, -CN, and 1-3 of fluoro, and one carbon in the ring is optionally substituted with a group selected

from
-OH, -SH, =0, =8, -SMe, -NH2, -CF3, -Cl, -C1.4alkyl, and C14alkyl substituted with a group selected
from -NHz, ~OH, -OC1_4alkyl, -CN, and 1-3 of fluoro,

c) a 6-membered unsaturated heterocyclic ring containing 1-2 nitrogen atoms, wherein
one nitrogen in the ring is optionally substituted with a group selected from ~C1-4alkyl and -Cj _4alkyl
substituted with a group selected from -NH>, -OH, -CN, and 1-3 of fluoro, and one carbon atom in the
ring is optionally substituted with a group selected from -OH, -SH, -SMe, -NH2, -CF3, -Cl, -C1.4alkyl
and -C1_4alkyl substituted with a group selected from -NH>, -OH, -0C1-qalkyl, -CN, and 1-3 of fluoro,

d) an 8-membered unsaturated ortho-fused bicyclic ring system containing 3-5

heteroatoms selected from one sulfur and 24 of nitrogen atoms wherein one carbon in the ring is
optionally substituted with a group selected from -OH, -SH, -SMe, -NH>, -CF3, -Cl, -C14alkyl and Cj.

4alkyl substituted with a group selected from -NH2, -OH, -OCj ~4alkyl, -CN, and 1-3 of fluoro, and

e) a 9-membered unsaturated ortho-fused bicyclic ring system containing 3-4 nitrogen

atoms, wherein one carbon in the ring is optionally substituted with a group selected from -OH, -SH,
-SMe, -NH2, -CF3, -Cl, -C1-4alkyl, and C1.-4alkyl substituted with a group selected from -NH», -
OH, -OC1-4alkyl, -CN, and 1-3 of fluoro; and

Z2 is is selected from the group consisting of:
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a) a 5S-membered unsaturated heterocyclic ring containing 2-4 nitrogen atoms, wherein
one nitrogen in the ring is optionally substituted with a group selected from -Cy_qalkyl and -C1-4alkyl

substituted with a group selected from -NH>, -OH, -CN and 1-3 of fluoro, and one carbon in the ring is
optionally substituted with a group selected from -OH, -SH, =0, =8§, -SMe, -NH>, -CF3, -Cl, -C1-galkyl,
and -C}-4alkyl substituted with a group selected from -NH?2, -OH, -OC1._4alkyl, -CN, and 1-3 of fluoro,

b) a 5-membered unsaturated heterocyclic ring containing 2-3 heteroatoms selected from

one oxygen or one sulfur and 1-2 of nitrogen atoms, wherein one nitrogen in the ring is optionally
substituted with a group selected from Cj -4alkyl and Ci.galkyl substituted with a group selected from

-NH2, ~OH, -CN, and 1-3 of fluoro, and one carbon in the ring is optionally substituted with a group
selected from -OH, -SH, -SMe, -NH?2, -CF3, -Cl. and C1-4alkyl optionally substituted with a group
selected from -NH?2, -OH, -OC1.4alkyl, -CN, and 1-3 of fluoro, and

: c) a 6-membered unsaturated heterocyelic ring containing 1-2 nitrogen atoms, wherein
one nitrogen in the ring is optionally substituted with a group selected from -C1.g4alkyl and -C1.-4alkyl
substituted with a group selected from —NH2, -OH, -CN, and 1-3 of fluoro, and one carbon atom in the
ring is optionally substituted with a group selected from -OH, -SH, -SMe, -NH>, -CF3, -Cl, -Cj_4galkyl
and -C1-4alkyl substituted with a group selected from -NH32, -OH, -OC1.4alkyl, -CN, and 1-3 of fluoro.

The invention is described herein in detail using the terms defined below unless

otherwise specified. "Alkyl", as well as other groups having the prefix "alk”, such as alkoxy, alkanoyl
and the like, means carbon chains which may be linear, branched or cyclic, or combinations thereof,
containing the indicated number of carbon atoms. “Non-cyclic alkyl”is a subset of alkyl and means
Inear and branched alkyl, and does not include cycloalkyl. If no number is specified, 1-10 carbon atoms
are intended for linear or branched alkyl groups. Cycloalkyl, which must have a minimum of 3 carbons
to form a carbocyclic ring, is a subset of alkyl and is also intended to be included within the meaning of
“alkyl” when the specified number of carbon atoms for an alkyl group encompasses three or more carbon
atoms, or when no number of carbon atoms is specified. As a result, each occurrence of the term “alkyl”
independently represents the group consisting of (a) non-cyclic alkyl, (b) cycloalkyl and (¢) a
combination of non-cyclic alkyl with cycloalkyl. Therefore, it is understood that when “C1-3alkyl” is
recited, this encompasses linear and branched 1-3 carbon chains and cyclopropyl. Similarly, when
*C1-4alkyl” is recited, this encompasses linear and branched 1-4 carbon chains as well as
cyclopropyl, -CH2-cyclopropyl, -Cyclopropyl-CH3 and cyclobutyl. Similarly, when “C 1-6 alkyl” is
recited, this encompasses linear and branched 1-6 carbon chains and C3.6 cycloalkyl, as well as

combinations of non-cyclic alkyl with C3_5 cycloalkyl which contain a total up to of six carbon atoms.

Examples of alkyl groups include but are not limited to methyl, ethyl, propyl, isopropyl, butyl, sec- and
tert-butyl, 1,1-dimethylbutyl, pentyl, 1sopentyl, hexyl, heptyl, octyl, nonyl and the like, as well as the
cycloalkyl groups cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. Cyclopropyl and cyclobutyl are
preferred cycloalkyl groups. |
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"Alkenyl" means carbon chains which contain at least one carbon-carbon double bond, -
and which may be linear or branched or combinations thereof, containing the indicated number of carbon
atoms, and more particularly 3-6 carbons. Examples of alkenyl include vinyl, allyl, isopropenyl,
pentenyl, hexenyl, heptenyl, 1-propenyl, 2-butenyl, 2-methyl-2-butenyl, and the like.

"Alkynyl" means carbon chains which contain at least one carbon-carbon triple bond,
and which may be linear or branched or combinations thereof, containing the indicated number of carbon
atoms, and more particularly 3-6 carbons. Examples of alkynyl include ethynyl, propargyl, 3-methyl-1-

pentynyl, 2-heptynyl and the like. .
“Acyl” refers to an alkyl group as defined above linked through a carbonyl group. A
preferred example is acetyl, CH;C(O)-. :
"Aryl" (Ar) means mono- and bicyclic aromatic rings containin g 6-12 carbon atoms.

Examples of aryl include phenyl, naphthyl, indenyl and the like.

"Halogen" (Halo) includes fluoro, chloro, bromo and iodo, preferably -F and -Cl, more
preferably -F.

The phrase “8-membered unsaturated ortho-fused bicyclic ring system” as used herein
means a 5 membered ring fused to a 5-membered ring wherein the rings have two, and only two, adjacent
atoms in common, i.e., they are ortho-fused. The phrase “9-membered unsaturated ortho-fused bicyclic
ring system” as used herein means a 6 membered ring and a 5-membered ring ortho-fused together. The
phrase “10-membered aromatic ortho-fused bicyclic ring system” as used herein means two 6-membered
rings ortho-fused together. Said bicyclic ring systems are comprised of carbon atoms and the indicated
number and kind of heterotaoms, and may be substituted as defined herein. The term”unsaturated”
encompasses both aromatic rings as well as non-aromatic unsaturated rings.

“Hetcy” can be linked to a compound of structural Formula I via carbon or nitrogen in
the Hetcy ring. Each of “Z1” and “Z2” can be linked to a compound of structural Formula I via carbon or
nitrogen in the Z1 or Z2 ring or ring system, and is preferably linked via carbon. “Y” can be linked to a
compound of structural Formula I via carbon or nitrogen in the Y ring or ring system, and is preferably
Immked via carbon.

The term “optionally substituted” means “unsubstituted or substituted,” and therefore,

the genus described herein encompasses compounds containing the specified optional substituent as well
as compounds that do not contain the optional substituent. For example, the phrase “-Cj_3alkyl

optionally substituted with a group selected from ~OH and -F” encompasses unsubstituted -C1_3alkyl,
fluoro susbtituted -C1.3alkyl and hydroxy substituted -Cj.3alkyl.

Reference to the compounds of this invention as those of “Formula L,” “Formula Ia,”
“Formula Ib,” or any other generic structural formulas depicted herein, is intended to encompass
compounds falling within the scope of each of these structural formulas mcluding pharmaceutically
acceptable salts, esters and solvates thereof where such salts, esters and solvates are possible. The term

"pharmaceutically acceptable salts” refers to salts prepared from pharmaceutically acceptable non-toxic
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bases or acids including inorganic or organic bases and inorganic or organic acids. Salts derived from
inorganic bases include aluminum, ammonium, calcium, copper, ferric, ferrous, lithium, magnesium,
manganic salts, manganous, potassium, sodium, zinc, and the like. Particularly preferred are the
ammonium, calcium, lithium, magnesium, potassium, and sodium salts. Salts derived from
pharmaceutically acceptable organic non-toxic bases include salts of primary, secondary, and tertiary
amines, substituted amines including naturally occurring substituted amines, cyclic amines, and basic ion
exchange resins, such as arginine, betaine, caffeine, choline, N,N'-dibenzylethylenediamine,
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethyl-
morpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamine, lysine,
methylglucamine, morpholine, piperazine, piperidine, polyamine resins, procaine, purines, theobromine,
triethylamine, trimethylamine, tripropylamine, tromethamine, and the like. When the compound of the
present invention is basic, salts may be prepared from pharmaceutically acceptable non-toxic acids,
including morganic and organic acids. Such acids include acetic, benzenesulfonic, benzoic,
camphorsulfonic, citric, etha%esulfonic, formic, fumaric, gluconic, ghutamic, hydrobromic, hydrochloric,
isethionic, lactic, maleic, malic, mandelic, methanesulfonic, malonic, mucic, nitric, pamoic, pantothenic,
phosphoric, propionic, succinic, sulfuric, tartaric, p-toluenesulfonic acid, trifluoroacetic acid, and the
like, and particularly citric, fumaric, hydrobromic, hydrochloric, maleic, phosphoric, sulfuric, and tartaric
acids. : |

Also, in the case of a carboxylic acid (-COOH) or alcohol group being present in the
compounds of the present invention, pharmaceutically acceptable esters of carboxylic acid derivatives,
such as methyl, ethyl, or pivaloyloxymethyl, or acyl derivatives of alcohols, such as O-acetyl, O-pivaloyl,
O-benzoyl, and O-aminoacyl can be employed. Included are those esters and acyl groups known in the
art for modifying the solubility or hydrolysis characteristics for use as sustained-release or prodrug

formulations.

The compounds of Formula I may contain one or more asymmetric centers, and can thus

occur as racemates, racemic mixtures, single enantiomers, diastereoisomeric mixtures and individual
diastereoisomers. The present invention 1n all its embodiments includes all such isomers, as well as salts,
esters and solvates of such racemates, mixtures, enantiomers and diastereoisomers. Furthermore, some
of the crystalline forms of compounds of the present invention may exist as polymorphs and as such are
intended to be included in the present invention. In addition, some of the compounds of the instant
mvention may form solvates with water or common organic solvents. Such solvates and hydrates are
likewise encompassed within the scope of this invention. Some of the compounds described herein
contain olefinic double bonds. The invention includes both E and Z geometric isomers. Some of the
compounds decribed herein may exist as tautomers, e.g., keto-enol tautomers. Individual tautomers as
well as mixtures thereof are included in the present invention.

Compounds of structural Formula I may be separated into their individual

diastereoisomers by, e.g., fractional crystallization from suitable solvents, e.g., methylene
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chloride/hexanes or ethyl acetate/hexanes, or via chiral chromatography using an optically active
stationary phase. Absolute stereochemistry may be determined by X-ray crystallography of crytalline
products or crystalline intermediates which are derivatized, if necessary, with a reagent containing a
stereogenic center of known configuration. Alternatively, any stereoisomer of a compound of the general

5  Formula I may be obtained by stereospecific synthesis using optically pure starting materials or reagents
of known absolute configuration.

In an embodiment of this invention are compounds within the scope of Formula I having
structural Formula Ia;

Ia

10 and pl(aarmaceutically acceptable salts and solvates thereof wherein R 1 ,R4 RS, Rla and Y are as
defined in Formula L

In another embodiment of this invention are compounds within the scope of Formula I
and Formula Ia, having structural. Formula Ib:

15  and the pharmaceutically acceptable salts and solvates thereof wherein R1, R4, RJ, and R12 are ag
defined in Formula I and Y is selected from group consisting of:

~$ _N ~¢ _N
A \;—T‘ N\ js N
w | @F and \“/\g;j\,:
F F
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In another embodiment of this invention are compounds of Formula I, Ia and Ib, wherein

R1la is as defined above in Formula L Ina class of this embodiment, each R12 is independently selected
from —H and —F. In a subclass of this class, R12 is —H.

In another embodiment of this invention are compounds of Formula I, Ia and Ib, wherein
5 Rlisas defined in Formula I. In a class of this embodiment, R1 is selected from ~-COOH, -COORA2,
~C(0O)-NRaRb, -OC(O)-NR2aRbD, -CH2C(O)-NR2aRY, and Z1. In a subclass of this class, R1 is selected
from -C(Q)-NRaRb, -OC(O)-NR2aRD, particularly ~-0C(O)-N(H)-pyridin-3-yl and Z1. In a further
subclass, R1 is selected from

. l i A s
A Py Y —N
NCON ﬁN NZN N/S o N Re
N—N_ N—N b—( " )\—0 )"f\i and \ N/
R R R* R o R

>

10 wherein R is selected from —H and -C1-4alkyl optionally substituted with a group selected from —
NH3, -OH, -CN, and 1-3 of fluoro, and particularly R is selected from —H, methyl, ethyl, and -
fluoroethyl; and R¢ is selected from -H, -OH, -SH, -SMe, -NH>, -CF3, -Cl, and -C1.4alkyl optionally
substituted with a group selected from -NH32, -OH, -OC1.4alkyl, -CN, and 1-3 of fluoro, and particularly

RC is selected from —H, methyl, -NH>, OH, -hydroxymethyl, fluoroethyl, and 1-methyl-1-hydroxyethyl.
A oS

—N —N
Wah o <\ )—Me
15  Particularly, R1 is N and more particularly it is N .

In another embodiment of this invention, R2 is as defined above in qumula I. Inaclass
of this embodiment, R2 is —H.

In another embodiment of this invention, R3 is as defined above in Formula I. In a class
of this embodiment, R3 is —H.

20 In another embodiment of this invention are compounds of Formula I, Ia and Ib wherein
R4 is hydrogen.

In another embodiment of this invention are compounds of Formula I, Ia and Ib wherein
R is C1.-¢ alkyl. In a class of this embodiment, R? is t-butyl. In a subclass of this class, R4 is hydrogen.

In another embodiment of this invention are compounds of Formula I, Ia and Ib, wherein

25 RO is as defined above in Formula L. In a class of this embodiment, RO is selected from —H, -
CONR3RD, -OCONRaRb, ~CO9R2_ and Z1.

In another embodiment of this invention are compounds of Formula I, Ia and Ib, wherein
R7 is as defined above in Formula 1.

In another embodiment of this invention are compounds of Formula I, Ia and Ib, wherein
30 “p”is an integer selected from 0, 1 and 2, and particularly p is 2.

10
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In another embodiment of this invention are compounds of Formula I, Ia and Ib, wherein
Ra is as defined above in Formula I. In a class of this embodiment, Ra is selected from—H and Z2. In a
subclass of this class, R& 1s selected from pyridinyl, particularly pyridin-3-yl, pyrimidinyl, pyrazinyl,
thiazolyl, thiadiazolyl, triazolyl and pyrazolyl. In a further subclass of this class, R2 1s selected from

SN s N 5 TR WS
) g ] D) I

N

?fYN’R f\II/N\ N N 4 W=,
b2 N-N N LN"‘R
N R Z

>

wherein R is as defined above.

In another embodiment of this invention are compounds of Formula §, Ia and Ib, wherein
RD is as defined above in Formula I. In a class of this embodiment, RD is selected from —H, methyl,

ethyl, propyl, and isopropyl. In a subclass of this class, RP is —H or methyl.

In another embodiment of this mvention, X 1s as defined above in Formula I. In a class

| of this embodiment, X is —O-.

In another embodiment of this invention are compounds of Formula I and Ia wherein Y is

as defined in Formula I. In a class of this embodiment, Y 1s selected from:

11
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wherein R4 is selected from -C1-4alkyl, -F, -CF2H, and -CF3; R€ is —H or —C1-4 alkyl; and n is an

integer selected from zero, 1, 2 and 3. In a subclass of this class, Y is selected from:

-

RSN N ~.
Salta X eeRreisy
— O N

_\(F n

~ N
,sss | T TR - n is an integer selected

J from 1
ZNF , particularly ,2and 3

K N\ }‘s N\ }{s N\
COl, T,
F and -

In yet a further subclass of this class, Y is

‘:sf‘lN\
=

F.

In another embodiment of this invention are compounds of Formula I, Ia and Ib, wherein.
Hetcy is as defined in Formula I. In a class of this embodiment, Hetcy is selected from pyrrolidinyl and
piperidinyl, each member being optionally substituted as defined in Formula L

In another embodiment of this invention are compounds of Formula I, Ia and Ib, wherein
Z! is as defined in Formula 1. Tna class of this embodiment, Z1 is selected from:

|
Y Py Py A A
o\ o Nn o\ N A
N e = e e
6 R S H,N MeS
.- l l | l
/K VAN T, V. V.V WAV WA UV’VD
S)_\N NN SN o SN oYy NN
—n — l\‘l' . f\i \ \/
N N
HaN HoN RC _<R° O R O_<R°
R R nln , ) '
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wherein R is selected from —H and -Cj -4alkyl optionally substituted with a group selected from —

NH3?, -OH, -CN, and 1-3 of fluoro, and particularly R is selected from —H, methyl, ethyl, and -
fluoroethyl; and RC is selected from —H, -OH, -SH, -SMe, -NH>, -CF3, -Cl, and -C1-4alkyl optionally
substituted with a group selected from -NH», -OH, -OC1-galkyl, -CN, and 1-3 of fluoro, and particularly
RC is selected from —H, methyl, -NH», -OH, -hydroxymethyl, fluoroethyl, and I-methyl-1-hydroxyethyl.

In a clalzss of this embodim?nt, Z1 is selected from
|

O/\\!\l o& O/\k‘N
S O i
O R 0 R H,N
. - A AR
N/S SN NN-R N
\ \\ 7
20 N-N, N=N N—N
RC R R
A o ARR AN
@N’R N%\N,R R\.NA\N —
—n N/ \={ <\
Ci Cl

In a subclass of this class, Z! is selected from:

13
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Particularly, Z1 is and more particularly it is

In another embodiment of this invention are compounds of Formula I, Ia and Ib, wherein

Z2 is as defined in Formula I. In a class of this embodiment, Z2 is selected from pyridinyl, pyrimidinyl,

pyrazinyl, thiazolyl, thiadiazolyl, triazolyl and pyrazolyl, each member being optionally substituted as
defined in Formula 1. In a subclass of this class, Z2 is selected from

N
| I _i\. "r‘f S W S
oS ) D

}; N . N\ “ , .
5‘5" N\ SSS) /"'N\
\'|\|T"'N/> \'\!> E{/N ane LN-R
| R

wherein R is as defined above.

In a particular embodiment of this invention are compounds of Formula I wherein
Y 1s selected from the group consisting of

14
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wherein Rd is selected from —Cj1-4 alkyl, -F, -CF7H, and ~CF3; R€ is —H or —(C1-4 alkyl; and n is an
integer selected from zero, 1, 2, and 3:

in a class thereof, R! is selected from —COOH, -COOR3, -C(O)-NRaRb, -OC(O)-

NRaRb, -CH2C(0)-NRaRb and Z1: in a subclass thereof, X is —O-; in a further subclass thereof , Z! is
selected from the group consisting of:

A A = ! | |
A Py Y Y
Q" SN 0/\'\!\1 OAN SAN S)\\N

N, NH )=N Y= \—;
O R S HoN MeS
/I\W'W i ey o ~hn |
SN NSNSy oSy Yy

)=N =N =N N=— a
HN H2N>_N R°>—N " RS O%N‘R ° RC
e i~ A o e o
S/% S& 0/% o)ﬁ o Sy N/%
): N —N )zN )—':N ):/ )\——o

H2N RC H 2N RC RC RC
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in a yet further subclass thereof, Ra is selected from —H and Z2, and RY is selected from ~H, methyl

ethyl, propyl and isopropyl; in yet a further subclass thereof, Z2 is selected from pynidinyl, pyrimidinyl

pyrazinyl, thiazolyl, thiadiazolyl, triazolyl and pyrazolyl; in a yet further subclass thereof, R6 is selected
from ~H, -CONRaRb, -OCONRAaRDb, ~CO2R2 and Z1; in a yet further subclass thereof, each Rla is
independently selected from —H and —F: in a yet further subclass thereof, R2 is ~H and R3 is ~H; and in a
final subclass thereof, Hetcy is selected from pyrrolidinyl and piperidinyl.

: In a more particular embodiment are compounds of Formula Ia and Formula Ib wherein
R1a is selected from —H and ~F. In a class of this embodiment R1 is selected from -OC(O)NR2aRD and
Z1, wherein Z1 is selected from:
(a) a 5-membered unsaturated heterocyclic ring containing 2-4 nitrogen atoms, wherein one nitrogen in
the ring is optionally substituted with a group selected from -C16_4a1k_y1 and ;Cl.4a1ky1 substituted with a
group selected from —-NH9, -OH, -CN and 1-3 of fluoro, and one carbon in the ring is optionally
substituted with a group selected from -OH, -SH, =0, =S, -SMe, -NH>, -CF3, -Cl, -C14alkyl
and -C1 4alkyl substituted with a group selected from ~-NH», -OH, -0C1-4alkyl, -CN and 1-3 of fluoro,

(b) a 5-membered unsaturated heterocyclic rng containing 2-3 heteroatoms selected from one oxygen or
one sulfur and 1-2 of nitrogen, wherein one nitrogen in the ring is optionally substituted with a group
selected from Cj._4alkyl and C1-galkyl substituted with a group selected from —~NH32, -OH, -CN and 1-3

of fluoro, and one carbon in the ring 1s optionally substituted with a group selected from -OH, -SH, -
SMe, -NH3, -CF3, -Cl, and Cj-4alkyl optionally substituted with a group selected from -NH>, -OH, -
OCj-4alkyl, -CN and 1-3 of fluoro, and

16
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(c) a 6-membered unsaturated heterocyclic ring containing 1-2 nitrogen atoms, wherein one mitrogen in
the ring 1s optionally substituted with a group selected from -Cj 4alkyl and -C1_galkyl substituted with a

group selected from —-NH>, -OH, -CN and 1-3 of fluoro, and one carbon atom in the ring 1s optionally
substituted with a group selected from -OH, -SH, -SMe, -NH», -CF3, -Cl, ~C1-4alkyl and -C1-galkyl
substituted with a group selected from -NH>, -OH, -OC1.4alkyl, -CN and 1-3 of fluoro.

In a subclass of this embodiment, R1 is selected from:

! |
AN f | ) |

/\ CATA AT AN UL AN NV ¥, P
N\ \!\‘ \ \!\' N’//KN N/S O/L\N { = RC
— \
N N\R N—N, O—/< )‘*O N and \ N/
R RC R® O R
In a separate embodiment of compounds of the present invention are those of structural
formula Id:
oY

wherein Y is selected from the group consisting of:

= ED\ and =
, F F
- | F

and R1 is selected from the group consisting of:

N 2N =N
I\{';'*N,N (&'N NT N N OAN § R
. N—N_ O—< )—O O)—N\Rand \ N

R R¢ RC

>

wherein R is selected from —H and -Cj 4alkyl optionally substituted with a group selected from —
NH>, -OH, -CN, and 1-3 of fluoro; and R€ is selected from —H, methyl, -NH2, OH, -hydroxymethyl
fluoroethyl, and I-methyl-1-hydroxyethy].

17
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[TIlustrative, but nonlimiting, examples of compounds of the present invention that are

useful as inhibitors of leukotriene biosynthesis are the following:

18
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and the pharmaceutically acceptable salts and solvates thereof

Further illustrative of the compounds of the present invention are those selected from the
- group consisting of:

and
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and the pharmaceutically acceptable salts and solvates thereof.

Examples of compounds that fall within the present invention include those shown 1n the
examples contained herein, as well as salis and solvates thereof. When racemic mixtures are shown, the
specific enantiomers are also included, as are the salts and solvates of the specific enantiomers.

The compounds of Formula I can be used for the treatment of atherosclerosis comprising
administering a therapeutically effective amount of a compound of Formula I to a patient in need of such
treatment. A further aspect of this invention involves a method for preventing or reducing the risk of
developing atherosclerosis, comprising administering a prophylactically effective amount of a compound
of Formula I to a patient in need of such treatment. Atherosclerosis is characterized by the deposition of
atheromatous plaques containing cholesterol and lipids on the innermost layer of the walls of large and
medium-sized arteries. Atherosclerosis encompasses vascular diseases and conditions that are recognized
and understood by physicians practicing in the relevant fields of medicine. Atherosclerotic
cardiovascular disease including restenosis following revascularization procedures, coronary heart
disease (also known as coronary artery disease or ischemic heart disease), cerebrovascular disease
including multi-infarct dementia, and peripheral vessel disease including erectile dysfunction, are all
clinical mamfestations of atherosclerosis and are therefore encompassed by the terms "atherosclerosis"
and "atherosclerotic disease.”

A FLAP inhibitor may be administered to prevent or reduce the risk of occurrence, or
recurrence where the potential exists, of a coronary heart disease event, a cerebrovascular event, and/or
intermittent claudication. Coronary heart disease events are intended to include CHD death, myocardial
infarction (i.e., a heart attack), and coronary revascularization procedures. Cerebrovascular events are
intended to include ischemic or hemorrhagic stroke (also known as cerebrovascular accidents) and
transient ischemic attacks. Intermittent claudication is a clinical manifestation of peripheral vessel
disease. The term "atherosclerotic disease event" as used herein is intended to encompass coronary heart
disease evenifs, cerebrovascular events, and intermittent claudication. It is intended that persons who
have previously experienced one or more non-fatal atherosclerotic disease events are those for whom the
potential for recurrence of such an event exists.

Accordingly, the instant invention also provides a method for preventing or reducing the
risk of a first or subsequent occurrence of an atherosclerotic disease event comprising the administration
of a pmphylactically effective amount of a FL AP inhibitor to a patient at rnisk for such an event. The
patient may already have atherosclerotic disease at the time of administration, or may be at risk for
developing it. |

The method of this invention particularly serves to prevent or slow new atherosclerotic
lesion or plaque formation, and to prevent or slow progression of existing lesions or plaques, as well as
to cause regression of existing lesions or plaques. Accordingly, one aspect of this invention involves a
method for halting or slowing the progression of atherosclerosis, including halting or slowing

atherosclerotic plaque progression, comprising administering a therapeutically effective amount of a

20



10

15

20

25

30

39

CA 02628120 2008-05-01
WO 2007/056210 PCT/US2006/043082

FLAP inhibitor to a patient in need of such treatment. This method also includes halting or slowing
progression of atherosclerotic plaques existing at the time the instant treatment is begun (1.e., “existing
atherosclerotic plaques™), as well as halting or slowing formation of new atherosclerotic plaques in
patients with atherosclerosis.

Another aspect of this invention involves a method for regression of atherosclerosis,
including regression of atherosclerotic plaques existing at the time the instant treatment is begun,
comprising administering a therapeutically effective amount of a FLAP inhibitor to a patient in need of
such treatment. Another aspect of this invention involves a method for preventing or reducing the risk of

atherosclerotic plaque rupture comprising administering a prophylactically effective amount of a FLAP

inhibitor to a patient in need of such treatment.
The ability of the compounds of Formula 1 to inhibit biosynthesis of the leukotrienes
makes them useful for preventing or reversing the symptoms induced by the leukotrienes in a human

subject. This inhibition of the mammalian biosynthesis of leukotrienes indicates that the compounds and

pharmaceutical compositions thereof are useful to treat, prevent, or ameliorate in mammals and
especially in humans: 1) pulmonary disorders including diseases such as asthina, chronic bronchitis, and
related obstructive airway diseases, 2) allergies and allergic reactions such as allergic rhinitis, contact
dermatitis, allergic conjunctivitis, and the like, 3) inflammation such as arthritis or inflammatory bowel
disease, 4) pain, 5) skin disorders such as atopic eczema, and the like, 6) cardiovascular disorders such as
angina, formation of atherosclerotic plaques, myocardial ischemia, hypertension, platelet aggregation and
the like, 7) renal insufficiency arising from ischaemia induced by immunological or chemical
(cyclosporin) etiology and 8) migraine or cluster headache, 9) ocular conditions such as uveitis, 10)
hepatitis resulting from chemical, immunological or infectious stimuli, 11) trauma or shock states such as
burn injunes, endotoxemia and the like, 12) allograft rejection, 13) prevention of side effects associated
with therapeutic administration of cytokines such as Interleukin II and tumor necrosis factor, 14) chronic
lung diseases such as cystic fibrosis, bronchitis and other small- and large-airway diseases, 15)
cholecystitis, 16) multiple sclerosis, and 17) proliferation of myoblastic leukemia cells.

Thus, the compounds of the present invention may also be used to treat or prevent
mammalian (especially, human) disease states such as erosive gastritis; erosive esophagitis; diarrhea;
cerebral spasm; premature labor; spontaneous abortion; dysmenorrhea; ischemia; noxious agent-induced
damage or necrosis of hepatic, pancreatic, renal, or myocardial tissue; liver parenchymal damage caused
by hepatoxic agents such as CCl4 and D-galactosamine; ischemic renal failure; disease-induced hepatic
damage; bile salt induced pancreatic or gastric damage; trauma- or stress-induced cell damage; and
glycerol-induced renal failure. The compounds also act as inhibitors of tumor metastasis and exhibit
cytoprotective action.

The FLAP inhibitors of this invention can also be administered for prevention,
amelioration and treatment of glomerulonephritis (see Guasch A., Zayas C.F., Badr KF. (1999), “MK-

591 acutely restores glomerular size selectivity and reduces proteinuria in human glomerulonephritis,”
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Kidney Int., 56:261-267); and also for and prevention, amelioration and treatment of kidney damage

resulting from diabetes complications (see Valdivielso JM, Montero A., Badr KF., Munger KA. (2003),
“Inlubition of FLLAP decreases proteinuria in diabetic rats,” J. Nephrol., 16(1):85-940.)
In addition, the compounds of this invention can also be used for the treatment of chronic

obstructive pulmonary disease (COPD). As described in S. Kilfeather, Chest, 2002, vol 121, 197, airway

neutrophilia in COPD patients is believed to be a contributing source of inflammation and is associated
with airway remodeling. The presence of neutrophils is mediated in part by LTB4, and treatment with the

instant compounds could be used to reduce neutrophilic inflammation in patients with COPD.

The cytoprotective activity of a compound may be observed in both animals and man by
noting the increased resistance of the gastrointestinal mucosa to the noxious effects of strong urritants, for
example, the ulcerdgenic effects of aspirin or indomethacin. In addition to lessening the effect of non-
steroidal anti-intlammatory drugs on the gastrointestinal fract, animal studies show that cytoprotective
compounds will prevent gastric lesions induced by oral administration of strong acids, strong bases,
ethanol, hypertonic saline solutions, and the like. Two assays can be used to measure cytoprotective
ability. These assays are: (A) an ethanol-induced lesion assay and (B) an indomethacin-induced ulcer
assay and are described in EP 140,684.

In particular, the compounds of the invention would be useful to reduce the gastric
erosion caused by co-administration of a cyclooxygenase-2 selective inhibitor and low-dose aSpiﬁn.
Cyclooxygenase-2 selective inhibitors are widely used as effective anti-inflammatory drugs with less
potential for gastrointestinal complications as compared to traditional, non-selective non-steroidal anti-

inflammatory drugs. However, the combined use of a cyclooxygenase-2 selective inhibitor with low-

- dose aspirin for cardio protection may compromise the gastrointestinal safety of this class of compounds.

By virtue of 1ts activity as a S-lipoxygenase inhibitor, the compounds of the invention would be expected

to be gastric protective in this regard. See Fioruccy, et al. FASEB J. 17:1171-1173, 2003.
Cyclooxygenase-2 selective inhibitors for use with the invention include but are not limited to etoricoxib
(ARCOXIA™), celecoxib (CELEBREX®) and valdecoxib (BEXTRA™), A compound of this invention
i combination with a cyclooxygenase-2 selective inhibitor could be administered in unit dosage form or

separately to a patient on low-dose aspirin therapy. Alternatively, the cyclooxygenase-2 inhibitor could

be administered in unit dosage form with low-dose aspirin, in which case a compound of this invention
would be administered separately. All three active ingredients in unit dosage form is also encompassed.
Conventional dosage amounts of the cyclooxygenase-2 selective inhibitor and aspirin (for cardio
protection) may be utilized. For example, aspirin could be administered at 81 mg once daily.

In general, FLAP inhibitors can be identified as those compounds which have an ICsg in

the “FLAP Binding Assay” that is less than or equal to 1 M, and preferably 500 nM or less.

The term “patient” includes mammals, especially humans, who use the instant active
agents for the prevention or treatment of a medical condition. Administering of the drug to the patient

mcludes both self-administration and administration to the patient by another person. The patient may be

22



10

| &

20

25

30

35

CA 02628120 2008-05-01
WO 2007/056210 PCT/US2006/043082

in need of treatment for an existing disease or medical condition, or may desire prophylactic treatment to
prevent or reduce the risk of onset of atherosclerosis.

The term "therapeutically effective amount” i1s intended to mean that amount of a drug or
pharmaceutical agent that will elicit the biological or medical response of a tissue, a system, animal or
human that is being sought by a researcher, veterinarian, medical doctor or other clinician. The term
"prophylactically effective amount” 1s imntended to mean that amount of a pharmaceutical drug that will
prevent or reduce the risk of occurrence of the biological or medical event that is sought to be prevented
in a tissue, a system, animal or human by a researcher, veterinanan, medical doctor or other clinician.

An effective amount of a FLAP inhibitor 1n the method of this invention is in the range
of about 0.001 mg/kg to about 100 mg/kg of body weight per day, preferably 0.01 mg to about 10 mg per
kg, and most preferably 0.1 to 1 mg per kg, in single or divided doses. A single daily dose is preferred but

not necessary. On the other hand, it may be necessary to use dosages outside these limits in some cases.

As examples, the daily dosage amount may be selected from, but not limited to 25 mg, 50 mg, 75 mg, 100
mg, 125 mg, 150 mg, 200 mg and 250 mg. It will be understood, however, that the specific dose level
for any particular patient will depend upon a variety of factors including the age, body weight, general
health, sex, diet, time of administration, route of administration, rate of excretion, drug combination and
the severity of the patient’s condition. A consideration of these factors is well within the purview of the
ordimarily skilled clinician for the purpose of determining the therapeutically effective or
prophylactically effective dosage amount needed to prevent, counter, or arrest the progress of the
conditioﬁ. It is expected that the FLAP inhibitor will adminisiered chronically on a daily basis for a
length of time appropriate to treat or prevent the medical condition relevant to the patient, including a
course of therapy lasting months, years or the life of the patient.

In a broad embodiment, any suitable additional active agent or agents, including but not
limited to anti-atherosclerotic agents, may be used in combination with the compound of Formulalina
single dosage formulation, or may be administered to the patient in a separate dosage formulation, which
allows for concurrent or sequential administration of the active agents. One or more additional active
agents may be administered with a compound of Formula I. The additional active agent or agents can be
lipid modifymg compounds or agents having other pharmaceutical activities, or agents that have both
lipid-modifying effects and other pharmaceutical activities. Examples of additional active agents which
may be employed include but are not limited to HMG-CoA reductase inhibitors, which include statins in
their lactonized or dihydroxy open acid forms and pharmaceutically acceptable salts and esters thereof,
including but not limited to lovastatin {(see US Patent No. 4,342,767), simvastatin (see US Patent No.
4,444,784), dihydroxy open-acid simvastatin, particularly the ammonium or calcium salts thereof,
pravastatin, particularly the sodium salt thereof (see US Patent No. 4,346,227), fluvastatin particularly
the sodium salt thereof (see US Patent No. 5,354,772), atorvastatin, particularly the calcium salt thereof
(see US Patent No. 5,273,995), pitavastatin also referred to as NK-104 (see PCT international publication
number WO 97/23200) and rosuvastatin, also known as ZD-4522, (CRESTOR®; see US Patent No.
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5,260,440, and Drugs of the Future, 1999, 24(5), pp. 511-513); S-lipoxygenase inhbitors; cholesterol
ester transfer protein (CETP) inhibitors, for example JTT-705 and torcetrapib, alsoknown as CP529,414;
HMG-CoA synthase inhibitors; squalene epoxidase inhibitors; squalene synthetase inhibitors (also
known as squalene synthase inhibitors), acyl-coenzyme A: cholesterol acyltransferase (ACAT) inhibitors
including selective inhibitors of ACAT-1 or ACAT-2 as well as dual inhibitors of ACAT-1 and -2;
microsomal triglyceride transfer protein (MTP) inhibitors; niacin; bile acid sequestrants; LDL (low
density lipoprotein) receptor inducers; platelet aggregation inhibitors, for example glycoprotein Hb/IIla
hibrinogen receptor antagonists and aspirin; human peroxisome proliferator activated receptor gamma
(PPARY) agonists including the compounds commonly referred to as glitazones for example pioglitazone
and rosiglitazone and, including those compounds included within the structural class known as
thiazolidinediones as well as those PPARYy agonists outside the thiazolidine dione structural class;

PPARa agonists such as clofibrate, fenofibrate including micronized fenofibrate, and gemtfibrozil; PPAR
dual oy agonists; vitamin Bg (also known as pyridoxine) and the pharmaceutically acceptable salts

thereof such as the HCI salt; vitamin B12 (also known as cyanocobalamin); folic acid or a

pharmaceutically acceptable salt or ester thereof such as the sodium salt and the methylglucamine salt;
anti-oxidant vitamins such as vitamin C and E and beta carotene; beta-blockers; angiotensin Il
antagonists such as losartan; angiotensin converting enzyme inhibitors such as enalapril and captopril;
calcium channel blockers such as nifedipine and diltiazam; endothelian antagonists; agents that enhance
ABCAL1 gene expression; FXR and LXR ligands including both inhibitors and agonists; bisphosphonate
compounds such as alendronate sodium; and cyclooxygenase-2 inhibitors such as celecoxib.

Still another type of agent that can be used in combination with the compounds of this
invention are cholesterol absorption inhibitors. Cholesterol absorption inhibitors block the movement of
cholesterol from the intestinal lumen into enterocytes of the small intestinal wall. This blockade is their
primary mode of action in reducing serum cholesterol levels. These compounds are distinct from
compounds which reduce serum cholesterol levels primarily by mechanisms of action such as acyl
coenzyme A - cholesterol acyl transferase (ACAT) inhibition, inhibition of triglyceride syrﬁhesis, MTP
inhibition, bile acid sequestration, and transcription modulation such as agonists or antagonists of nuclear
hormones. Cholesterol absorption inhibitors are described in U.S. Patent 5,846,966, U.S. Patent
5,631,365, U.S. Patent 5,767,115, U.S. Patent 6,133,001, U.S. Patent 5,886,171, U.S. Patent 5,856,473,
U.S. Patent 5,756,470, U.S. Patent 5,739,321, U.S. Patent 5,919,672, WO 00/63703, WO /0060107, WO
00/38725, WO 00/34240, WO 00/20623, WO 97/45406, WQ 97/16424, WO 97/16455, and WO
95/08532<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>