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LIVER X RECEPTOR AGONISTS 

RELATED APPLICATION 

This application claims priority of U.S. Provisional Appli- 5 

cation No. 61/229,386, filed on Jul. 29, 2009. The prior appli­
cation is incorporated by reference in its entirety. 

2 
together are =0; each of Rs, R9 , R10, R13 , and R14, indepen­
dently, is hydrogen, halo, alkyl, hydroxyalkyl, alkoxy, 
hydroxyl, or amino; each of A and D, independently, is 
deleted or alkylene; X and Y, independently, is alkyl; and Z is 
hydroxyl or alkoxy. 

Referring to formula (I), one subset of the compounds has 
one or more of the following features: each of X and Y is 
haloalkyl ( e.g., CF 3 ); Z is hydroxyl, each ofR3 and R6 is OH, 

BACKGROUND OF THE INVENTION 

Liver X receptors (LXRs ), members of the nuclear receptor 
super-family, regulate expression of genes relating to choles­
terol metabolism and homeostasis. Two LXR isoforms, i.e., 
LXRa and LXR~, have been identified. While LXRa expres­
sion is restricted to liver, kidney, intestine, fat tissue, mac­
rophages, lung, and spleen, LXR~ is expressed in almost all 
tissues and organs. 

10 and each ofR3 , and R6 , is H; eachofRi, R2 , R4 , Rs, R7 , Rs, R9 , 

Ru, R12, R14, R1s, R16, and R17, independently, is hydrogen, 
halo, alkyl, hydroxyl, or amino (e.g., each of them is hydro­
gen); each ofR10 and R13, independently, is hydrogen or alkyl 
(e.g., each of them is methyl); and both A and Dare deleted, 

15 A is CH2 and Dis deleted, or A is deleted and D is CH2 . 

LXRs modulate lipid metabolism and ApoE gene expres­
sion. Accumulation oflipids in arteries causes atherosclerosis 
and accumulation of lipids in the cornea results in corneal 20 

arcus. See, e.g., Zech et al., Lipids in Health and Disease 
2008, 7:7. Deficiency of ApoE gene expression attributes to 
diseases such as Alzheimer's disease. See, e.g., Artiga et al., 
Human Molecular Genetics 1998, 7: 1887. Thus, LXR ago­
nists can be used to treat atherosclerosis, corneal arcus, and 25 

Alzheimer's disease. 
LXRs also stimulate insulin secretion and inhibit inflam­

mation and autoimmune reactions. See Jamroz-Wisniewska 
et al., Postepy Hig Med. Dosw. 2007, 61:760. Thus, LXR 
agonists can be used to treat diabetes ( e.g., Type 1 diabetes) 30 

and inflammatory/autoimmune disorders. 
Further, it has been found that activation of LXRs leads to 

inhibition of the hedgehog signaling pathway, which plays a 
key role in developing cancer in various organs ( e.g., brain, 
lung, blood, prostate, breast, and skin) See, e.g., Watkin et al., 35 

Nature, 2003, 442: 313-317. Thus, LXR agonists can also be 
used to treat cancer. See, e.g., Chu et al., Journal ofbiomedi-
cal science, 2007, 14(5): 543-553. 

Referring to formula (I), another subset of the compounds 
has one or more of the following features: each ofX and Y is 
haloalkyl (e.g., CF3 ); Z is hydroxyl; R3 and R3 , together are 
=0, R6 is OH, and R6 , is H; each of Ru R2 , R4 , Rs, R7 , Rs, R9 , 

Ru, R12, R14, R1s, R16, and R17, independently, is hydrogen, 
halo, alkyl, hydroxyl, or amino (e.g., each of them is hydro­
gen); eachofR10 andR13, independently, is hydrogen or alkyl 
(e.g., each of them is methyl); and both A and Dare deleted, 
A is CH2 and Dis deleted, or A is deleted and D is CH2 . 

Referring to formula (I), a further subset of the compounds 
has one or more of the following features: each ofX and Y is 
haloalkyl (e.g., CF3 ); Z is hydroxyl; R6 and R6 , together are 
=0, R3 is OH, and R3 , is H; each of Ru R2 , R4 , Rs, R7 , Rs, R9 , 

Ru, R12, R14, R1s, R16, and R17, independently, is hydrogen, 
halo, alkyl, hydroxyl, or amino (e.g., each of them is hydro-
gen); eachofR10 andR13, independently, is hydrogen or alkyl 
(e.g., each of them is methyl); and both A and Dare deleted, 
A is CH2 and Dis deleted, or A is deleted and D is CH2 . 

The term "alkyl," the prefix "alk" (e.g., as in alkoxy), and 
the suffix "-alkyl" (e.g., as in hydroxyalkyl and haloalkyl) 
mentioned above all refer to mono-valent C1 _1s linear or 
branched hydrocarbon, which is optionally substituted with 

SUMMARY OF THE INVENTION 40 halo, hydroxyl, or carboxyl, and optionally inserted with 
-NH-, -N(alkyl)-, -0-, -S-, -SO-, -SO2-, 

The present invention is based on the discovery of very 
effective LXR agonists. 

One aspect of this invention relates to compounds of for­
mula (I): 

(I) 

X 

45 

+ 50 

A-CH=CH-D Z, 

y 

55 

Ri 
60 

in which each ofR1 , R2 , R4 , Rs, R7 , Ru, R12, R1s, R16, and 
R1 7 , independently, is hydrogen, halo, alkyl, hydroxyl, 
amino, carboxyl, or sulfonic acid; each ofR3 , R3 ,, R6 , and R6 ,, 65 

independently, is hydrogen, halo, alkyl, hydroxyl, amino, 
carboxyl, or sulfonic acid, or R3 and R3 , together or R6 and R6 , 

---O-SO2-, -SO2---0-, -SO3---0-, -CO-, 
----CO-O-, ---0----CO-, ----CO-NR'-, or -NR'-
CO-. 

The term "alkylene" refers to bi-valent C1 _1 s linear or 
branched hydrocarbon ( e.g., ----CH2-). 

Examples of the cholesterol compounds of this invention 
are shown below: 

Compound 1 

OH 

H -OH 



3 
-continued 

OH 

F3C 

0 
H -OH 

OH 

~ 
F3C 

US 8,829,213 B2 

Compound 2 

5 
CF3 

10 

Compound 3 15 

CF3 

20 

4 
objects, and advantages of this invention will be apparent 
from the description and from the claims. 

DETAILED DESCRIPTION OF THE INVENTION 

Compounds of this invention can be prepared using a suit­
able known steroid compound as a starting material. 
Examples of known steroid compounds include cholic acid, 
dehydrocholic acid, deoxycholic acid, lithocholic acid, 
ursodeoxycholic acid, hyocholic acid, hyodeoxycholic acid, 
and cholanoic acid. They are either commercially available or 
can be synthesized by methods described in the literature, 
e.g., Roda eta!., F.LipidRes., 1994, 35: 2268-2279; and Roda 
et al., Dig. Dis. Sci., 1987, 34: 24S-35S. These steroid com­
pounds can be converted to the compounds of this invention 
via well known methods. For example, certain compounds of 
this invention can be prepared from commercially available 
hyodeoxycholic acid (3a, 6a-dihydroxy-5 ~ -cholan-24-oic 
acid, Sigma, St. Louis, Mo.). As shown in Scheme 1 below, 
protected hyodeoxycholic acid is subjected to a-selenylation. 
The obtained selenyl product is oxidized to form a,~-unsat-
urated ester, which is then reduced by di(iso-butryl)alumina 
hydride to form an aldehyde compound. The aldehyde is 
converted to an alcohol compound by reacting with trimethyl 
(trifluoromethyl)silane. See, e.g., U.S. Pat. No. 7,012,069. 

Compound4 

OH 

25 The alcohol then undergoes the Dess-Martin reaction to form 
ketone compound. See Dess et al., J. Org. Chem., 1983, 38: 
4155. The ketone is treated with trimethyl(trifluoromethyl) 
silane again to afford an alcohol, a-substituted with two tri­
fluoromethyl groups. 

30 

35 

H -OH 
40 

The compounds described above also include their salts 
and prodrugs, if applicable. Such salts, for example, can be 
formed between a positively charged substituent in a com­
pound of this invention ( e.g., amino) and an anion. Suitable 

45 anions include, but are not limited to, chloride, bromide, 
iodide, sulfate, nitrate, phosphate, citrate, methanesulfonate, 
trifluoroacetate, and acetate. Likewise, a negatively charged 
substituent in a compound of this invention ( e.g., carboxylate) 
can form a salt with a cation. Suitable cations include, but are 
not limited to, sodium ion, potassium ion, magnesium ion, 50 

calcium ion, and an ammonium cation such as teteramethy­
lammonium ion. Examples of prodrugs include esters and 
other pharmaceutically acceptable derivatives, which, upon 
administration to a subject, are capable of providing steroid 
compounds described above. 55 

Another aspect of this invention relates to a pharmaceutical 
composition including an effective amount of a compound of 
this invention and a pharmaceutically acceptable carrier. Also 
within the scope of this invention are methods of using such a 
compound to lower the cholesterol level in blood and treat an 60 

LXR-mediated disease such as atherosclerosis, diabetes, 
Alzheimer's disease, corneal arcus, an inflammatory disor­
der, and cancer, and use of such a compound to manufacture 
a medicament used in lowering the cholesterol level and 
treating one of these diseases. 65 

Details of several compounds of this invention are set forth 
in the accompanying description below. Other features, 

H 

H 

Scheme 1 

0 

OMe 

l)NaH 
2) PhSeBr 

3) H2O2 

OR' 

0 

OMe 

OR' 
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-continued 

H 

H 
OR' 

0 

1) Dess-Martin 

2) Me3SiCF3 

H -
OR' 

OH 

H 
OR' 

The a,~-unsaturated ester prepared in the above synthetic 
route can also be used to synthesize other compounds ofthis 
invention. See Scheme 2 below: 

Scheme 2 

0 

OMe 

[OJ --
H 

OR' 

OMe 

H 
OR' 

10 

15 

20 

25 

30 

35 

6 
-continued 

H 

H 
OR' 

----
H 

OR' 

OR' 

As shown above, the a,~-unsaturated ester is oxidized to 
afford an a,~-epoxide ester, which is decarboxylated under 

40 an acid condition and converted to aldehyde. The aldehyde is 
subjected to the Wittig reaction to provide a,~-unsaturated 
ester, which additionally contains a methylene moiety com­
pared to the starting material. This a,~-unsaturated ester is 
converted to a compound of this invention (shown above) by 

45 the method similar to that used in Scheme 1. 

50 

55 

60 

65 

Scheme 3 below illustrates another synthetic route to com­
pounds of this invention. Briefly, hyodeoxycholic acid is con­
verted via cleavage oxidation to an alkene compound, which 
is reacted with another alkene compound via olefin metathe-
sis reaction in the presence ofGrubb's catalyst. 

Scheme 3 

0 

OH 

Pb(OAc)4 

H 
OAc 
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OAc 

H 
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-continued 

OAc 

~OH 

CF3 

n ~ 0, 1, 2, 3 ... 

Grubb's catalyst 

The methods described above may be modified to prepare 
other cholesterol compounds of this invention. For instance, 
the 3- or 6-hydroxyl group of Compound 1 is partially oxi­
dized to afford Compounds 2 and 3, which respectively have 
an oxo group at the 3- or 6-position. The methods may also 
include steps to add or remove suitable protecting groups in 
order to ultimately allow synthesis of the cholesterol com­
pounds of this invention. In addition, synthetic steps may be 
performed in an alternative sequence or order to give the 
desired compounds. Synthetic chemistry transformations and 
protecting group methodologies (protection and deprotec­
tion) useful in synthesizing applicable cholesterol com­
pounds are known in the art and include, for example, those 
described in R. Larock, Comprehensive Organic Transforma­
tions, VCH Publishers (1989); T. W. Greene andP.G.M. Wuts, 
Protective Groups in Organic Synthesis, 2nd Ed., John Wiley 
and Sons (1991); L. Fieser and M. Fieser, FieserandFieser's 
Reagents for Organic Synthesis, John Wiley and Sons (1994); 
and L. Paquette, ed., Encyclopedia of Reagents for Organic 
Synthesis, John Wiley and Sons (1995) and subsequent edi­
tions thereof. 

The compounds of this invention are LXR agonists and can 
be used to treat LXR-mediated diseases, such as atheroscle­
rosis, diabetes (e.g., Type 1 diabetes), Alzheimer's disease, 
corneal arcus, inflammatory/autoimmune disorders, and can­
cer. Thus, this invention relates to a method of treating a 
LXR-mediated disease by administering to a subject an effec­
tive amount of one of the cholesterol compounds described 
above. The term "treating" or "treatment" refers to adminis­
tering an active compound to a subject, who has a LXR­
mediated disease, a symptom of such a disease, or a predis­
position toward such a disease, with the purpose of conferring 
a therapeutic effect, e.g., to cure, relieve, alter, affect, ame­
liorate, or prevent the above-described disease, the symptom 

8 
The term "cancer" refers to diseases in which certain cells 

display uncontrolled growth, invasion, and/or metastasis. 
Examples of cancer include, but are not limited to prostate 
cancer, breast cancer, skin cancer, brain cancer, lung cancer, 

5 and leukemia. 
Inflammatory diseases that can be treated by the method of 

this invention include, but are not limited to, asthma, athero­
sclerosis, rheumatoid arthritis, inflammatory bowel diseases, 
Crohn's disease, ulcerative colitis, ischemic heart disease, 

10 cardiomyopathy, glomerulonephritis, nephritic syndrome, 
hepatitis C infection, and respiratory syncytial virus infection 
(pulmonary). 

Autoimmune diseases that can be treated by the method of 

15 
this invention include, but are not limited to, allergic encepha­
lopathy, chronic obstructive pulmonary disease, psoriasis, 
psoriatic arthritis, systemic lupus erythematosus, and mul­
tiple sclerosis. 

To practice the method of the present invention, a compo-
20 sition having one or more cholesterol compounds can be 

administered parenterally, orally, nasally, rectally, topically, 
or buccally. The term "parenteral" as used herein refers to 
subcutaneous, intracutaneous, intravenous, intramuscular, 
intraarticular, intraarterial, intrasynovial, intrastemal, 

25 intrathecal, intralesional, or intracranial injection, as well as 
any suitable infusion technique. 

A sterile injectable composition can be a solution or sus­
pension in a non-toxic parenterally acceptable diluent or sol­
vent, such as a solution in 1,3-butanediol. Among the accept-

30 able vehicles and solvents that can be employed are mannitol, 
water, Ringer's solution, and isotonic sodium chloride solu­
tion. In addition, fixed oils are conventionally employed as a 
solvent or suspending medium ( e.g., synthetic mono- or dig­
lycerides ). Fatty acid, such as oleic acid and its glyceride 

35 derivatives are useful in the preparation of injectables, as are 
natural pharmaceutically acceptable oils, such as olive oil or 
castor oil, especially in their polyoxyethylated versions. 
These oil solutions or suspensions can also contain a long 
chain alcohol diluent or dispersant, carboxymethyl cellulose, 

40 or similar dispersing agents. Other commonly used surfac­
tants such as Tweens or Spans or other similar emulsifying 
agents or bioavailability enhancers which are commonly used 
in the manufacture of pharmaceutically acceptable solid, liq­
uid, or other dosage forms can also be used for the purpose of 

45 formulation. 
A composition for oral administration can be any orally 

acceptable dosage form including capsules, tablets, emul­
sions and aqueous suspensions, dispersions, and solutions. In 
the case of tablets, commonly used carriers include lactose 

50 and corn starch. Lubricating agents, such as magnesium 
stearate, are also typically added. For oral administration in a 
capsule form, useful diluents include lactose and dried com 
starch. When aqueous suspensions or emulsions are admin­
istered orally, the active ingredient can be suspended or dis-

55 solved in an oily phase combined with emulsifying or sus­
pending agents. If desired, certain sweetening, flavoring, or 
coloring agents can be added. 

A nasal aerosol or inhalation composition can be prepared 
according to techniques well known in the art of pharmaceu-

60 tical formulation. For example, such a composition can be 
prepared as a solution in saline, employing benzyl alcohol or 
other suitable preservatives, absorption promoters to enhance 
bioavailability, fluorocarbons, and/or other solubilizing or 

of it, or the predisposition toward it. "An effective amount" 
refers to the amount of the compound which is required to 
confer therapeutic effect on the treated subject. The interre­
lationship of dosages for animals and humans (based on mil­
ligrams per square meter of body surface) is described by 
Freireich et al., Cancer Chemother. Rep. 1966, 50,219. Effec­
tive doses will vary, as recognized by those skilled in the art, 65 

depending on the route of administration, the excipient usage, 
and the optional co-usage with other therapeutic treatments. 

dispersing agents known in the art. 
A composition having one or more active cholesterol com­

pounds can also be administered in the form of suppositories 
for rectal administration. 
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The carrier in the pharmaceutical composition must be 
"acceptable" in the sense that it is compatible with the active 
ingredient of the composition (and preferably, capable of 
stabilizing the active ingredient) and not deleterious to the 
subject to be treated. One or more solubilizing agents can be 5 

utilized as pharmaceutical excipients for delivery of an active 
compound. Examples of other carriers include colloidal sili­
con oxide, magnesium stearate, cellulose, sodium lauryl sul­
fate, and D&C Yellow #10. 

The cholesterol compounds described above can be pre- 10 

liminarily screened for their efficacy in acting as LXR ago­
nists by an in vitro assay (see Example 2 below) and then 
confirmed by an in vivo assay using an animal model, e.g., 
mice having a LXR-mediated disease (see Examples 3 and 4 
below). Other methods will also be apparent to those of ordi- 15 

nary skill in the art. The dosage useful for treating the LXR­
mediated disease can be determined based on the result of the 
in vivo assay. 

The specific examples below are to be construed as merely 
illustrative, and not !imitative of the remainder of the disclo- 20 

sure in any way whatsoever. Without further elaboration, it is 
believed that one skilled in the art can, based on the descrip­
tion herein, utilize the present invention to its fullest extent. 
All publications cited herein are hereby incorporated by ref-
erence in their entirety. 25 

Example 1 

Chemical Synthesis 

(A) Preparation ofMethylation ofHyodeoxycholic Acid 

0 

OH 

MeOH/W 

H 

30 

35 

40 

10 
ethyl acetate, washed with water and brine, and dried over 
Na2 SO4 . The solvent was concentrated to afford 168 g 
(100%) of crude methyl ester, which was directly used for the 
next step. 
(B) Protection of the Hydroxyl Group with Tert-Butyldim­
ethylsilyl Chloride 

H -
OH 

MW: 406.60 

H 

OMe 

TBDMS-Cl/TEA-DMAP 

inDMF 

OMe 

OTBDMS 

To a solution of crude methyl ester from the above reaction 
(165 g, 0.40 mole) in 1.0 L of DMF was added triethylamine 
(170mL, 1.2 mole), DMAP (4.95 g, 3%w/w), and TBDMS­
Cl (121 g, 0.80 mole). The reaction mixture was stirred at 40° 
C. overnight. TLC indicated completeness of the reaction. 

OH 

MW: 392.57 

OMe 

45 After most of the DMF was removed by evaporation, the 
residue was dissolved in 2.0 L of ethyl acetate and then 
washed with water three times (1.5 L, 1.0 L, 500 ml). The 
aqueous layers were combined and extracted with 1.0 L of 
ethyl acetate. The extraction layer was washed with water 

H -
OH 

MW:406.60 

50 twice (300 ml, 100 ml). The organic layers were combined 
and dried over Na2 SO4 . Evaporation of the solvent afforded 
253 g of the crude product, which was purified by flash 
column chromatography to give 221 g (87%) of pure TBDMS 
protected product. 

55 (C) Preparation of a-Selenide 

0 

OMe 
60 

1. LDA-HMPA in THF 

2. PhSeCl in THF 

MW: 635.12 

To a solution of starting material (162 g, 0.41 mole) in 1.0 
L of methanol was added 10ml of cone. H2 SO4 . The mixture 
was stirred at room temperature for 4 hours. TLC indicated 
completeness of the reaction. The reaction solution was then 65 TBDMSO'''. 

neutralized with saturated NaHCO3 and evaporated to H OTBDMS 

remove the solvent. The remaining residue was diluted with 
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-continued 
0 

12 
organic phase was washed with water (200 mlx2), dried over 
Na2 SO4 , and then concentrated. The residue was purified by 
silica gel colunm chromatography ( ethyl acetate/hexane, 

OMe from 1: 100 to 1:30). The product was obtained as a light 
5 yellow solid (88 g, yield 93%). 

10 

H 
OTBDMS 

The above TBDMS protected compound (172 g, 0.27 
15 

mole) was dissolved in 870 mL of anhydrous THF. 48 mL of 
HMPA (0.27 mole) was added. The reaction mixture was 
cooled to - 72° C. in an acetone/dry ice bath. LDA (1.5 Min 
hexane, 365 mL, 0.55 mole) was added dropwise to the solu-

20 
tion. The mixture was further stirred for 1 h at - 72° C., 
followed by addition of PhSeCl (78 g, 0.4 mole) in THF 
(anhydrous, 230 mL) over 1 h. The reaction mixture was 
warmed up to room temperature and allowed to stand over­
night. After the reaction was completed, it was quenched with 

25 
saturated NH4 Cl solution (200 ml). The organic phase was 
removed and washed with water 100 mlx3. The aqueous 
phase was extracted with ethyl acetate (200 ml). The com­
bined organic layer was dried over Na2 SO4 and then concen­
trated in vacuo to give oily residue, which was purified by 

30 
silica gel colurmi chromatography ( ethyl acetate/hexane, 
from 1:100 to 1:30). The product was obtained as a yellow 
solid (130.5 g, yield: 61 %). 
(D) Selenoxide Oxidation 

(E) DIBAL Reduction of Methyl Ester 

0 

OMe 

DIBAL/THF 

0 

OH 

H 
OTBDMS 

70 g of methyl ester (0.11 mole) were dissolved in 150 mL 
of anhydrous THF. After the mixture was cooled down to 
- 78° C. in an acetone/dry ice bath, 293 mL of 1.5 M DIBAL/ 

0 

OMe 

H2O2 

35 toluene solutions were added dropwise. The resulting mixture 
was stirred 1 h at - 78° C. and then, warmed up to room 
temperature for another 2 hours. 500 mL of 5M animonium 
chloride solution were slowly added to quench the reaction. 
The organic layer was separated, washed with water twice, 

pyridine-DCM 

40 dried over Na2 SO4 , and concentrated to give 54 g (81 %) of the 
crude alcohol product, which was directly used for the next 

TBDMSO'''. 
MW: 790.18 

H OTBDMS 
45 

OMe 

50 

55 
H -

OTBDMS 

The a-phenylselenyl compound (120 g, 0.15 mole) was 
dissolved in dichloromethane (800 mL ). After 24 mL of pyri- 60 

dine (0.30 mole) was added, hydrogen peroxide (35 w/w % 
solution in water, 36 g, 0.37 mole) in 120 mL water was 
slowly added to the solution at room temperature. The result­
ing mixture was stirred for 1 hat 30-35° C. After reaction was 
completed, the reaction solution was quenched by saturated 65 

NaHCO3 (140 mL). The aqueous phase was extracted with 
dichloromethane twice (200 ml, 100 ml). The combined 

step reaction. 
(F) Oxidation of Alcohol to Aldehyde 

OH 

TBDMSO'''. 

H OTBDMS 

H 
OTBDMS 

DMSO./(COCl)i 

Et3N/DCM 

0 

H 
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54 g of alcohol were added to 1 L of dry CH2Cl2 under a 
nitrogen atmosphere. After the mixture was cooled to -50° 
C., DMSO (52 ml) was added dropwise. Then oxalyl chloride 
(31 mL) was added. The reaction mixture was stirred at -50° 
C. for 0.5 h, then triethylamine (127 mL) was added and the 5 

resulting mixture was stirred at 0-25° C. for 1 h. A saturated 
NH4 Cl solution (2 L) was added to quench the reaction. After 
stirring for another 15 min., more CH2 Cl2 was added to 
extract the product. The organic phase was washed with sat. 
NaHCO3 and then brine, dried over Na2 SO4 , and concen- 10 

trated. The resulting residue was then subjected to colunm 
chromatography purification, giving the aldehyde product 39 
g (72%). 

(G) Reaction of Aldehyde with Trifluoromethyltrimethylsi- 15 

lane 

-continued 
0 

H 
OTBDMS 

Under nitrogen atmosphere, 16.67 g (39.3 mmole) ofDess­
Martin reagent were added to a solution of trifluoromethyl 
compound 24 g (35.7 mmole) in 300 mL of anhydrous 
CH2Cl2 . The reaction mixture was stirred at room tempera-

0 

H 

20 ture overnight. 500 mL of ethyl ether were added and a lot of 
solid was precipitated. The solid was filtered and washed with 
ethyl ether. The combined organic phase was washed with 
saturated NaHCO3 and then brine, dried over Na2 SO4 , and 
concentrated in vacuo to give a residue, which was purified by 

H -
OTBDMS 

OH 

H 
OTBDMS 

25 colurmi chromatography to give 21.1 g (80%) oftrifluorom­
ethyl-ketone product. 

30 

35 

40 

(I) Reaction of Trifluoromethyl-Ketone with Trifluorometh­
y ltrimethy lsilane 

0 

H OTBDMS 

Under nitrogen atmosphere, 33.2 g (55 mmole) of alde­
hyde were dissolved in 390 mL ofTHF. After 200 mg ofCsF 
were added and stirred for 10 minutes, 9.39 g (66 mmole) of 

45 

CF3 Si(CH3 ) 3 were added dropwise. After the resulting mix­
ture was stirred overnight, the solvent was removed under 
reduced pressure. The residue was dissolved in ethyl acetate 
(300 mL), washed with 5% NaHCO3 and brine, dried over 50 
Na2 SO4 , and concentrated. The residue was purified by short 
colunm chromatography to give 26 g (70%) of the trifluorom­
ethyl product. 

OH 

(H) Oxidation ofTrifluoromethyl-alcohol to Trifluoro-ketone 

OH 

H -
OTBDMS 

Dess-Martin 
Reagent 

DCM 

55 H 
OTBDMS 

Under nitrogen atmosphere, 20 g (29.8 mmole) oftrifluoro 
ketoneweredissolvedin250mLofTHF.After 150mgofCsF 

60 were added and stirred for 10 minutes, 5.09 g (35.Smmole) of 
CF3 Si(CH3 ) 3 were added dropwise. The resulting mixture 
was stirred overnight, and the solvent was removed under 
reduced pressure. The residue was dissolved in ethyl acetate 
(200 mL), washed with 5% NaHCO3 and brine, dried over 

65 Na2 SO4 , concentrated under reduced pressure. The residue 
was partially purified by short column chromatography to 
give 15.9 g (72%) of di-trifluoromethyl product. 
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(J) Removal of the TBDMS Protecting Group to Compound 1 

H -
OTBDMS 

H -
OH 

OH 

cone. HCl 

EtOH 

OH 

15 .9 g (21.5 mmole) of di-trifluoromethyl compound were 
dissolved in 100 mL of ethanol. 1 mL cone. HCl was added. 
The mixture was stirred at room temperature for 2 h. 1 mL of 
12 N NaOH was added and the mixture was concentrated to 
remove most of the ethanol. 100 mL ethyl acetate and 30 mL 
water were added. The organic layer was separated, washed 
with water, dried over Na2 SO4 , and concentrated to give a 
residue, which was then purified by column chromatography. 
The product was further crystallized from ether. 9. 7 g (88%) 
of pure Compound 1 was obtained and the structure of the 
product was confirmed by NMR analysis. 
(K) Oxidative Cleavage of Carboxylic Acid 

H -
OAc 

H 

0 

OH 

-
OAc 

Pb(OAc)4 

in dry Benzene 

To a solution of starting material (500 g) in 2.5 L of dry 
benzene were added 30 g of cuprous acetate and 32 mL of dry 
pyridine. The reaction mixture was warmed up to 7 5° C. 920 
g oflead(VI) acetate were added slowly. The resulting mix-

16 
ture was refluxed overnight. After filtration and washing the 
solids with benzene, most benzene was evaporated under 
reduced pressure. The residue was purified by colunm chro­
matography twice to give 35.4 g of the pure product. 

Example 2 

Reporter Gene Assay 

10 The ability of Compound 1 to act as an LXR agonist was 
tested using a luciferase-based reporter gene assay according 
to the method described in Graham et al., Virology, 1973, 
52:456. The assay is described below: 

Wells of a 48-well plate were seeded with 50,000 human 
15 embryonic kidney (HEK293) cells in 0.25 mL ofDulbecco's 

modified Eagle's media containing 10% charcoal-stripped 
fetal bovine serum (DMEM+10% CS-FBS). HEK293 cells 
were co-transfected with various plasmid DNAs using a cal­
cium phosphate co-precipitation method (Graham et al., 

20 Virology, 1973, 52:456). To each well was added 0.25 mL of 
a transfection mix (1.36 mL transfection components and 
11.5 mL DMEM+10% CS-FBS) containing 60ng ofa firefly 
luciferase-based reporter plasmid, 60 ng of pSG5 containing 
human LXRa or LXR~ cDNA, 0.6 ng of the sea pansy 

25 luciferase normalization plasmid phRL-TK (Promega ), and 
220 ng of pBS/SK+II. The firefly luciferase-based reporter 
plasmid consisted of four copies of an LXR DR-4 response 
element, each copy containing the sequence AGGTCACAG­
GAGGTCA upstream of the c-fos minimal promoter (-56 to 

30 +109) inserted into the Sma I site of the plasmid pGL3-Basic 
containing the firefly luciferase gene (Promega, Madison, 
Wis.). After 5 hours, the transfection mix was removed and 
replaced with DMEM+10% CS-FBS containing a test com­
pound at various concentrations. After 48 hours, the media 

35 was removed and the cells were lysed using 0.1 mL of passive 
lysis buffer (Promega). Firefly and sea pansy luciferase 
activities in the lysate were measured using a dual luciferase 
assay (Promega) and a Monolight luminometer. Firely 
luciferase activity was normalized to sea pansy luciferase 

40 activity in each sample. Fold activation of the firefly 
luciferase reporter plasmid was calculated from normalized 
relative light units in the presence and absence of the test 
compound. 

The results show that Compound 1 was a very effective 
45 LXR agonist. 

Example 3 

Reduction of Cholesterol Level 
50 

Eight-week old male LDLR-/- mice on a C57BL/6 back­
ground (obtained from Jackson Laboratory) were fed an 
atherogenic diet (TD94059, Harlan TEKLAD, Madison, 
Wis.) for 8 weeks. During the same period, the mice received 

55 Compound 1 daily by gavage at a dose of 3 or 5 mg/kg in a 
microemulsion prepared by the method described in Gao et 
al., Int J Pharm 1998, 161:75-86). The control group (ve­
hicle) received a microemulsion without Compound 1. After 
8 weeks, the mice were fasted for 4 hours and anesthetized 

60 with ketamine (100 mg/kg) and xylazine (10 mg/kg). A blood 
sample was collected from the retro-orbital plexus of each 
mouse. 200 µl of plasma was fractionated on tandem Super­
ose 6 fast protein liquid chromatography colunms (Reardon 
et al., 2001). Cholesterol and triglyceride in the even-num-

65 bered fast protein liquid chromatography fractions and in 
plasma samples were measured using commercial kits (Stan­
bio Laboratory, Boerne, Tex.). 
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respectively treated with 10 and 20 mg/kg/day of Compound 
1 for 8 weeks. The third group is treated with 10 mg/kg/day of 
3a,6a,24-trihydroxy-24,24-di(trifluoromethyl)-5,3-cholane 
also for 8 weeks. The plasma glucose levels are observed 

Analysis of the samples revealed a marked decrease the 
cholesterol and triglyceride levels in the blood in Compound 
I-treated mice. It also shows that, at the dose of 3 mg/kg, 
Compound 1 reduced VLDL cholesterol and triglyceride lev­
els, but not the HDL cholesterol level and at the dose of 5 
mg/kg, it reduced the VLDL and LDL cholesterol and trig­
lyceride levels, but not the HDL cholesterol level. 

5 weekly from week 12 to week 34. 

The mice were then perfused transcardially with PBS and 
then paraformaldehyde. The hearts and upper vasculatures 
were removed and prepared for histology as described in 10 

Reardon et al.,Arterioscler Thromb Vase Biol 2001, 21 :1011-
1016. 

Other Embodiments 

All of the features disclosed in this specification may be 
combined in any combination. Each feature disclosed in this 
specification may be replaced by an alternative feature serv­
ing the same, equivalent, or similar purpose. Thus, unless 
expressly stated otherwise, each feature disclosed is only an 
example of a generic series of equivalent or similar features. 

From the above description, one skilled in the art can easily 
Lesions in the innominate artery were quantified using 4 

digitally captured oil red O-stained 10 µm sections, separated 
by 100 µm and located 150-450 µm distal to the branch point 
of the innominate artery from the aortic arch. Lesions in the 
ascending thoracic aorta were assessed from three sections 
separated by 100 µm and located 100-300 µm below the apex 
of the lesser curvature of the aortic arch. Aortic sinus lesions 
were evaluated from 3 sections, separated by 100 µm and 
beginning at the site of appearance of the coronary artery. 
OpenLab software version 3.1.5 was used in the quantifica­
tion. 

15 ascertain the essential characteristics of the present invention, 
and without departing from the spirit and scope thereof, can 
make various changes and modifications of the invention to 
adapt it to various usages and conditions. For example, con­
jugates structurally analogous to above-described conjugates 

20 also can be made, screened for the above-described activities 
and used to practice this invention. Thus, other embodiments 
are also within the claims. 

In the innominate artery and ascending aorta arch, the 
atherosclerotic plaque sizes were significantly reduced in the 25 

mice treated with 5 mg/kg/day of Compound 1. In the aortic 
root, the mean atherosclerotic lesion area was significantly 
reduced in both mice treated with 3 mg/kg/ day of Compound 
1 and mice treated with 5 mg/kg/day of Compound 1. 

30 

Example 4 

Prevention and Treatment of Type 1 Diabetes 

This experiment is conducted to compare efficacy of Com- 35 

pound 1 and another steroid compound, i.e., 3a,6a,24-trihy­
droxy-24,24-di(trifluoromethyl)-5,3-cholane, m treating 
Type 1 diabetes. 

Six-week old female non-obese diabetic mice are divided 
into 3 groups (10-12 mice each group). Two groups are 

What is claimed is: 
1. A compound, wherein the compound is: 

OH 

H 
OH 

* * * * * 


