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A series of phenyl sulfone substituted quinoxaline were prepared and the lead compound 13 (WYE-672) was
shown tobe a tissue selectiveLXRAgonist.Compound 13demonstratedpartial agonism forLXRβ in kidney
HEK-293 cells butdidnotactivateGal4LXRβ fusionproteins inhuh-7 liver cells.Although13 showedpotent
binding affinity toLXRβ (IC50=53nM), it had little binding affinity forLXRR (IC50>1.0μM) anddidnot
recruit any coactivator/corepressor peptides in the LXRRmultiplex assay. However, compound 13 showed
good agonism in THP-1 cells with respect to increasing ABCA1 gene expression and good potency on
cholesterol efflux in THP-1 foam cells. In an eight-week lesion study in LDLR -/- mice, compound 13
showedreductionofaortic arch lesionprogressionandnoplasmaorhepatic triglyceride increase.These results
suggest quinoxaline 13may have an improved biological profile for potential use as a therapeutic agent.

Introduction

Liver X receptors, LXRRa (expressed in adipose, intestine,
liver, kidney, and macrophages) and LXRβ (expressed ubi-
quitously), are members of the nuclear hormone receptor super
family and are involved in the regulation of cholesterol and lipid
metabolism.1-4 They are ligand-activated transcription factors
and bind to DNA as obligate heterodimers with retinoid X
receptors (RXR). Activation of LXRs (1) promotes transacti-
vation of ATP-binding cassettes (ABCA1, ABCAG1) and
apoE in macrophages, (2) prevents cholesterol accumulation
as intracellular lipid droplets, (3) promotes cholesterol efflux
frommacrophages-derived foam cells of established lesions, (4)
enhances reverse cholesterol transport (RCT) process, (5)
reduces inflammation in lesion sites, and (6) reduces cholesterol
absorption in the gut. For instance, treatmentwith knownLXR
modulators such as 1a (TO901317),5 1b (GW3965),6,7 and 2

(WAY-254011)8,9 (Figure 1) retard the advancement of athero-
sclerotic processes inmousemodels of atherosclerosis. Thus, an
LXR agonist may offer potential benefits on lipid metabolism,
glucose metabolism, and vascular inflammation, thereby redu-
cing the risk of cardiovascular disease.However, these synthetic

LXR agonists also induce hypertriglyceridemia in the liver,
mainly through the upregulation of genes in fatty acid bio-
synthesis, including sterol regulatory binding element protein 1c
(SREBP-1c) and fatty acid synthase (FAS). Several strategies2,3

have been proposed for improving the therapeutic index of
LXR agonists including partial agonists, LXRβ subtype selec-
tive agonists, and gene or tissue specific agonists. The first
hypothesis is based on the premise that the partial agonists bind
to and activate the LXR receptors but elicit a smaller triglycer-
ide (TG) response than a full LXR agonist. WAY-252623 (3),
the first LXR agonist clinical candidate, possessed potent LXR
binding affinity but was a weak partial agonist in Gal4 trans-
activation assays, particularly on LXRR relative to pan agonist
1a.10Compound3demonstrated efficacy for reductionof aortic
arch lesion progression in a LDLR -/- atherosclerosis mice
model. In addition, this compound upregulated LXR target
gene expression (ABCA1 and ABCG1) in the duodenum of
hamsters10 and in whole blood of cynomolgus monkeys and
humans.11 Compound 3 did not have significant effect on
plasma or hepatic lipids in LDLR -/- mice11b or hamsters.10

In cynomolgus monkeys, the compound had no effect on
plasma lipids but did increase hepatic lipids dramatically at
the highest dose tested.11b Although this hepatic TG increase
may not be due directly to LXR induced lipogenic gene regu-
lation,11b we felt it was necessary to further improve our
compound profile with respect to these lipid effects and there-
fore strove to achieve greater selectivity over LXRR. Efforts to
minimize side effects through selective targeting of the LXR
β-isoform are based on the premise that LXRR is the predomi-
nant subtype expressed in the liver and that activation of LXRR
may be responsible for the observed increase in hepatic lipogen-
esis. Recent studies provide confirmation that selective LXRβ
activation reversed atherosclerosis and cellular cholesterol over-
load in mice lacking LXRR and ApoE.12 Unfortunately, there
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are only minor structural differences in the ligand binding
domains (LBD) of LXRR and LXRβ that can be exploited to
obtain LXRβ-selective ligands. The two LXR isoforms R/β
share a high sequence identity (78%) and residue differences
are located far away from the ligand binding pocket.13 This
high similarity in the binding pocket of the two LXR isoforms
constitutes a serious obstacle to the development of highly β-
selective ligands. Nevertheless, a modest level of LXRβ
selectivity in a small molecule has been achieved.N-Acylthia-
diazoline 4with preferential affinity for LXRβ in scintillation
proximity assays (SPA) has been reported.14 However, 4 was
found to be highly protein-bound and no in vivo efficacy
(ABCA1 or SREBP1C induction) was observed inmice.N,N-
Dimethyl-3β-hydroxycholenamide (5), a synthetic oxysterol,
is a gene-selective LXR modulator that mediates potent
transcriptional activation of ABCA1 gene expression while
exhibiting minimal effects on SREBP-1c both in vitro and in
vivo in mice (dosed by IP injection only).15 Compound 5

stimulated cholesterol transport through the upregulation of
LXR target genes in liver, small intestine, and peritoneal
macrophages. However, 5 exhibited only limited activity for
increasing hepatic SREBP-1c mRNA without altering the
plasma TG. Unfortunately, 5 had poor pharmacokinetic
properties, whichmay limit 5 for potential use as a therapeutic

agent. In this report,wedescribe the identification andSARof
a novel series of phenyl sulfone substituted quinoxalines
leading up to the discovery of 13 (WYE-672) as an orally
active and tissue selective LXRagonist which reduced athero-
sclerotic lesion size in LDLR -/- mice without increasing
plasma or hepatic TG levels.

Chemistry

It has been demonstrated by Wyeth that heterocycle scaf-
folds such as quinoline,8 indazole,10 cinnoline,16 benzimida-
zole,17 and quinazoline18 can be utilized to afford potent LXR
agonists. In an attempt to enlarge the chemical diversity of
LXR ligands, we prepared a series of quinoxalines derivatives
as shown in Scheme 1. Condensation of 1,2-diaminobenzenes
6 with 1,2-dioxoalkane 7 gave a mixture of position isomers
which were separated into 8 and 9. The regiochemistry of 8
and 9 was assigned by 1H-15N-gHMBC NMR experiments.
Reaction of 8 (X = Cl) with phenylboronic acids under
Suzuki conditions provided 12. Alternatively, deprotection
of the methoxy group of 8 (X=OMe) by treatment with HBr
or BBr3 led to phenol 10. Phenol 10 was converted to triflate
11 by usingN-phenylbis(trifluoromethanesulfonamide) in the
presence of triethylamine. The resulting triflate 11 was
coupled to aryl boronic acids to give the biaryl derivatives 12.

Figure 1. Known LXR agonists.

Scheme 1a

aReaction conditions: (a) EtOH or MeOH, RT; (b) Pd(OAc)2, 2-dicyclohexylphosphino-2
0,60-dimethoxybiphenyl, n-BuOH; (c) HBr or BBr3; (d)

N-phenylbis(trifluoromethanesulfonamide), KOtBu, THF, 0�C to RT; (e) ArB(OH)2, Pd(PPh3)4, K3PO4, dioxane, reflux.
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Results and Discussion

The LXR binding affinities of newly synthesized compounds
were evaluated (Table 1) using recombinant human LXRR or
LXRβ ligand binding domains (LBDs) with [3H]1a as a tracer.
Our first attempt with the quinoxaline scaffold (compound 13)
showed good LXRβ binding affinity (IC50 value of 53 nM) but
poorpotency (IC50valueof>1μM) forLXRR. SARstudieson
this scaffold revealed that themeta orientation (positionm0) for
the methyl sulfone group (13) is preferred. The corresponding
para (14, position p0) or ortho (15, position o0) analogues were
considerably less potent. The projection of the phenyl 1 group is
also critical for the activity as is evident by 16 and 17, the meta-
substituted (positionm) isomers,whichhadLXRβbinding IC50

values of greater than 1 μM. Compared to 13, the ethyl sulfone
18 (LXRβ IC50=132 nM) and methyl sulfonamide 19 (LXRβ
IC50=81 nM) were slightly weaker binders. Amides were pre-
viously demonstrated by Wyeth as good replacements for the
methyl sulfone group.19 However, a few amides were prepared
in the series andnoneof them showedappreciableLXRbinding
affinity, as exemplified by 20. The group on quinoxaline C-2
also had big impact on the LXR binding affinity: the 2-ethyl
analogue 21 is a potent LXRβ binder (IC50=18 nM), while the
2-H analogue 22 had poor binding affinity (LXRβ binding
IC50>1μM).Several small replacements9 (compounds23-25)
for the C-8 trifluoromethyl substituent were evaluated, and the
chlorine once again proved tobe a good replacement for theC-8
trifluoromethyl group because the 8-chloro quinoxaline 23was
a slightly more potent (IC50=34 nM) LXRβ binder than 13.

Tounderstand the observedSAR for the quinoxaline series,
we docked20 13 into a previously solved in-house X-ray
structure of hLXRβ complexed with compound 2. Figure 2
shows the docked structure of 13 overlaid with the X-ray
bound pose of compound 2. Ligand recognition is achieved by
8-CF3 group making hydrogen bond interaction with His435

residue,while at the distal end the sulfoneoxygenmade critical
interactionwith the backboneNHgroupofLeu330.There are
interesting differences between the two structures with regard
to the position of the core quinoline/quinoxaline rings and in
the ability of these ligands to orient the critical acid/methyl
sulfone groups toward the solvent exposed pocket. The N-1
atom of 13 is shifted further away from the His435 residue as
the ligand tries to orient the 2-methyl group in the hydro-
phobic pocket occupied by the N-3 benzyl group of 2 and the
C3 phenyl group of 13 has a different projection than that
observed for the C4 phenyl group in the X-ray bound
orientation of compound 2. In spite of the differences in the
trajectory of these phenyl groups, the terminal acid group of 2
and the methyl sulfone group of 13 are in similar position to
make the critical interaction with the Leu330 NH backbone.
This is a direct result of the phenyl group being able to twist
out of the plane and thereby allowing the longer but flexible
benzyloxy linker to orient the phenyl acetic acid group of 2
and place it in a similar position as the phenyl methyl sulfone.
The small, i.e., 3-fold increase in LXRβ binding potency for
compound 21 when compared to 13 is a result of the 2-ethyl
group being oriented toward a hydrophobic pocket sur-
rounded by the Phe340 and Phe349 residues and in a region
where the larger 3-benzyl group of compound 2was observed
in the X-ray structure. Although the immediate residues
surrounding this pocket are not different between LXRR
and LXRβ, the small drop in LXRβ selectivity observed for
compound 21, i.e., ∼9-fold may due to the result of residue
differences within the second shell of this region.21

The potent LXRβ binders from Table 1 (Compound 13, 19,
21, and 23) were further profiled in the Gal4 transactivation
assays in huh-7 liver cells and cellular assays (ABCA1 expres-
sion in THP-1 cells, lipid accumulation in HepG2 liver cells,
Table 2).8 Literature compound 1a is a potent full agonist for
LXRR and LXRβ in the transactivation assays and showed
little differentiation between ABCA1 gene activation versus
cellular TG synthesis. In contrast, 13 showed a very favorable
profile as an LXR modulator: it increased ABCA1 gene
expression in THP-1 cells with a nearly full efficacy (79%)
and it had very low efficacy (7%) for lipid accumulation.
Compound 13 was tested in the Gal4 transactivation assays
andwas inactive (efficacy 1%) against LXRR. Surprisingly, the
compound also showed basically no transactivation activity

Table 1. LXR Binding Affinities of Quinoxalinesa

compd R1 R2 position R3 LXRβ LXRR

1a 0.009 0.013

13 8-CF3 Me p, m0 SO2Me 0.053 >1

14 8-CF3 Me p, p0 SO2Me >1 >1

15 8-CF3 Me p, o0 SO2Me >1 >1

16 8-CF3 Me m, m0 SO2Me >1 >1

17 8-CF3 Me m, p0 SO2Me >1 >1

18 8-CF3 Me p, m0 SO2Et 0.132 >1

19 8-CF3 Me p, m0 SO2NHMe 0.081 >1

20 8-CF3 Me p, m0 CONHMe >1 >1

21 8-CF3 Et p, m0 SO2Me 0.018 0.165

22 8-CF3 H p, m0 SO2Me >1 >1

23 8-Cl Me p, m0 SO2Me 0.034 0.734

24 8-CN Me p, m0 SO2Me 0.299 >1

25 8-OMe Me p, m0 SO2Me 0.395 >1

26 0.061 1.77
a IC50 in μM.The highest concentration testedwas 10 μM.Results are

given as themean of at least two independent experiments. The standard
deviations for these assays were typically (30% of the mean or less.

Figure 2. Docked structure of compound 13 (magenta) overlaid
with the hLXRβ/2 (cyan) X-ray complex structure Only important
residues and helices are shown from the binding site.
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(efficacy 3.1%) against LXRβ (vide infra). As expected, more
potent LXRβ binders 21 and 23 showed amore potent cellular
activity (Gal4, ABCA1, and lipid accumulation) over 13 while
the weaker binder (19) showed weaker cellular activity.

We next focused on a preliminary investigation of a possible
explanation why 13 had good activity in the THP-1 cells but
poor activity in the huh-7 liver cells. Thus we compared 26

21 to
13because it hada similarbindingprofile (LXRβ IC50=61nM,
LXRR IC50 = 1.77 μM) and showed similar activity in the
THP-1 cells (ABCA1 EC50 1.89 μM, 87% efficacy). However,
26wasquite efficacious in thehuh-7 transactivation assay (Gal4
LXRβ EC50 1.7 μM, 84% efficacy). We initially suspected that
the activity discrepancy between 13 and 26might be due to the
difference between the compound’s stability, solubility, and/or
cell permeability.However, no apparent difference in solubility,
stability (mouse liver microsomes), and cell uptake in the huh-7
cells was observed22 for the two compounds. When compound
13 was incubated with mouse and human liver microsomes (2
mg/mL) fortified with cytosol (2mg/mL), NADPH (regenerat-
ing system),GSH(2mM), andUDPGA(4mM) at 37 �Cfor 60
min and 100%of parent compound remained, which suggested
that the unique profile of 13was not due to itsmetabolism. Inte-
restingly, when compound 13 was tested against a 293 kidney-
derived cell line (HEK-293)23 based Gal4β transactivation
assay, it showed reasonable activity (EC50 0.58 μM, 45% effi-
cacy, Table 3). As may be anticipated based on its poor LXRR
binding potency, 13 did not activate the Gal4 LXRR fusion
protein (7% efficacy) in the HEK-293 cells. In contrast, 26 and
1a showed similar transactivation potencies and efficacies bet-
ween the huh-7 liver cell line and the HEK-293 kidney cell line.
Thus, 13 appears to be a tissue selective (kidney and macro-
phage versus liver cell) LXR ligand that dissociates the desired
ABCA1gene activation from the unwanted lipid accumulation.

Recent evidence supports the hypothesis that the lipogenic
effects of LXR ligands are primarily LXRR mediated.2,3,12

Compound 13 had little binding affinity against LXRR recep-
tor, which may confer the observed low lipogenic effects asso-
ciated with 13. However, LXR functional activity is the result
of a complex interaction between recruitment of coactivators

and release of corepressors, the character of whichmay not be
expected simply by the in vitro binding to theLBD.To further
confirm the selectivity of 13 against the LXRR isoform, a
ligand induced coactivator recruitment assay11b for probing
conformational subtleties was conducted (Figure 3). In the
multiplex recruitment assay, compound 13 showed very little
if any interactionwith the 43 cofactor peptides (Figure 3A) for
the LXRR subtype, while 26 and 3 had a comparable recruit-
ment profile to that of 1a, albeit reduced in magnitude.
However, 13’s LXRβ peptide recruitment profile with the
same set of coactivator/repressor peptides was basically the
same as 1a, 3, and 26 (Figure 3B). These resultsmay indicate a
unique conformation associated with 13 which are consistent
with the distinct pharmacology of 13 versus 26, 3, and 1a.

Compound 13 when tested for its ability to stimulate [H3]
cholesterol efflux in THP-1 foam cells induced cholesterol
efflux in a concentration-dependent manner, consistent with
its ability to induce ABCA1 gene expression. Notably, in this
assay, compound 13 had good potency (EC50 value of 72 nM
for 13 versus 4 nM for 1a) and efficacy (60% relative to 1a).

Compound 13 was screened against a panel of 23 nuclear
receptors, and it did not display agonist or antagonist activity
against closed related receptors such asPPARs (R,γ,δ), FXR,
PXR, RXR, GR, MR, AR, PR, ER, and TR (data not
shown).

After being administered at a 10 mg/kg PO dose in 2%
Tween 80/0.5% methylcellulose to fasted male C57 mice,
compound 13 showed reasonable oral PK parameters: it
had a long half-life (t1/2 >20 h) and the Cmax, AUC0-¥, and
Tmax were 229 ng/mL, 2439 h 3ng/mL, and 4 h, respectively.
An accelerated atherosclerotic lesion study was conducted in
high fat/high cholesterol (1.25%)-fed LDLR-/- mice (n =
12 per group) for 8 weeks. Either 0.6 mg/kg/day or 3 mg/kg/
day of 13 admixed in the feed resulted in a significant reduc-
tion in lesionburdenby20%(p<0.05), and51%(p<0.001),
respectively, compared to the control group. In the same
experiment, the literature standard 1b (dosed at 10 mg/kg)
also significantly reduced the lesion burden by 41% (n= 12,
p<0.001). The average plasma concentrations of 13 were
1019 ng/mL and 10782 ng/mL for the 0.6 mg/kg and 3 mg/kg
dose, respectively (at 3 h following 8 week of daily dosing in
feed). The average plasma concentration of 1b was 175 ng/
mL. Neither 13 nor 1b had a significant effect on total plasma
cholesterol levels or on plasmaorhepatic triglyceride levels. In
addition, the effects of compound 13 on LXR responsive
genes were monitored in several tissues. In the duodenum, 13
at both doses and 1b significantly induced ABCA1, ABCG5,
and ABCG8 gene expression (Figure 4). Similarly, 13 at both
doses and 1b induced ABCA1 and ABCG1 expression in
mononuclear peritoneal macrophages (Figure A in the Sup-
porting Information section). In contrast, as shown in Fig-
ure 4, in the duodenum 13 exhibited much weaker activity for
SREBP1c gene expression compared to 1b. In liver, neither
compound (13 or 1b) induced hepatic SREBP-1c gene expres-
sion and both showed little regulation of LXR target genes.
(Figure B in the Supporting Information).

Conclusion

In summary, we have described the identification of phenyl
sulfone substituted quinoxaline 13 as a tissue selective LXR
agonist. The tissue selectivity was observed in Gal4 transacti-
vation assays in liver huh-7 cells versus kidneyHEK-293 cells.
It showed partial agonism for LXRβ inHEK-293 cells but did
not activate Gal4 LXRR fusion proteins in either HEK-293

Table 2. Cellular Activity of Selected Compoundsa

compd Gal4 LXRβb Gal4 LXRRb ABCA1c lipid accumd

1a 0.17 (100%) 0.14 (100%) 0.044 (100%) 0.14 (100%)

13 >1 (3.1%) >1 (1%) 1.09 (79%) (7%)

19 (2%) (1%) 1.47 (55%) (6%)

21 2.02 (70%) 3.59 (13) 0.90 (65%) 0.35 (32%)

23 0.86 (5%) (1%) 0.29 (50%) 0.38 (18%)

26 1.70 (84%) 5.10 (36%) 1.89 (87%) 3.18 (74%)
aEC50 in μM (%eff). The highest concentration tested was 10 μM.

Results are given as the mean of at least two independent experiments.
The standard deviations for these assays were typically (50% of the
mean or less. bThe%of efficacy is relative to 1a in huh7-cell. cThe% of
efficacy is relative to 1a in differentiated THP-1 cells. dThe%of efficacy
is relative to 1a in HepG2 cells.

Table 3. Functional Activity in huh-7 and HEK-293 Cellsa

huh-7 HEK-293

compd LXRβ LXRR LXRβ LXRR

1a 0.17 (100%) 0.14 (100%) 0.019 (100%) 0.053 (100%)

13 >1 (3.1%) >1 (1%) 0.58 (45%) 1.7 (7%)

26 1.70 (84%) 5.10 (36%) 0.46 (48%) 10.9 (80%)
aEC50 in μM (%eff). The highest concentration tested was 10 μM.

Results are given as the mean of at least two independent experiments.
The standard deviations for these assays were typically (50% of the
mean or less. The % of efficacy is relative to 1a.
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cell line or huh-7 cell line. Quinoxaline 13 showed poor bind-
ing affinity to LXRR in the binding assay and did not recruit
coactivator/corepressor peptides in a LXRRmultiplex assay.
Compound 13 showed good agonism in THP-1 cells (79%
relative to 1a) with respect to increasing ABCA1 gene expres-
sion and good potency (EC50= 72 nM) on cholesterol efflux
inTHP-1 foamcells. In an eight-week lesion study, compound
13 showed reduction of aortic arch lesion progression and
stimulation of LXR genes in the duodenumwithout inducing
the plasma or hepatic TG levels. Therefore, 13 may be a
promising agent for the treatment of atheroslerosis.

Experimental Section

General Methods. All experiments were conducted in well-
ventilated fume hoods. Anhydrous solvents were purchased from
Aldrich Chemical Co. (Milwaukee, WI) and used directly. Bulk
solvents and chemicals were purchased from EMD and used

directly. 1H NMR were recorded on Varian INOVA 400 MHz,
Bruker AVANCE II 400 MHz, and Bruker AVANCE II 300
MHz instruments in the indicated solvent at 20 �C.Chemical shifts
(δ) are expressed in ppm downfield from tetramethylsilane
(TMS). High resolutionmass spectrawere recorded on anAgilent
6210 TOF instrument. Positive and negative electrospray mass
spectra were recorded on Waters ZQ or ZMD instruments.

The following HPLCmethods were used to determine purity of
intermediates and final products. All final products tested in biol-
ogical assays were g95% pure. Method A: column, Xterra MS
C18, 5 μ, 50 mm� 2.1 mm. Mobile phase: A, 10 mM ammonium
formate in water (pH 3.5); B, 50:50 ACN:MeOH, for 2 min, hold
1.5min. Sample concentration: 2.000 g/L.Temperature: room tem-
perature. Flow rate: 0.8mL/min.Detection: 210-370 nm.Method
B: Column Xterra reverse phase C18, 3.5 μ, 150 mm � 2.1 mm.
Mobile phase: A, 85/15-5/95 (ammonium formate in water, pH
3.5; B:ACN þ MeOH, for 10 min, hold 4 min. Temperature:
40 �C. Flow rate: 0.8 mL/min. Detection: 210-370 nm.

Figure 3. Effect of 13, 1a, 3, and 26 on recruitment of cofactor peptides on human LXRR and LXRβLBD proteins. The LXRmultiplex assay
was performed with 10 μM concentration. (a) (top) represents LXRR and (b) (bottom) for LXRβ. The mean fluorescence intensity for
treatments was plotted on the Y axis.
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3-Methyl-2-[30-(methylsulfonyl)biphenyl-4-yl]-5-(trifluoromethyl)-
quinoxaline (13). Step 1: A mixture of 2-nitro-3-(trifluoro-
methyl)aniline (2.6 g, 12.6 mmol), ethanol (20 mL), and 10%
Pd/C (1.0 g) was pressurized with 25 psi H2 for 1.5 h. The cata-
lyst was removed by filtering through a short pad of celite. The
filtrate (3-trifluoro-benzene-1,2-diamine solution) was mixed
with 1-(4-methoxyphenyl)propane-1,2-dione (2.5 g, 14.0mmol).
The mixture was stirred at room temperature for 1 h, and the
solvent was removed. The residue was purified by flash chro-
matography eluted with EtOAc/hexane to give 2-(4-methoxy-
phenyl)-3-methyl-5-(trifluoromethyl)quinoxaline (8a) as a pale-
yellow solid (1.4 g, 35% for two steps). 1H NMR (DMSO-d6): δ
8.34 (d, J= 7.5 Hz, 1H), 8.21 (d, J= 7.1 Hz, 1H), 7.91 (t, J=
7.7 Hz, 1H), 7.77 (d, J= 8.7 Hz, 2H), 7.12 (d, J= 8.7 Hz, 2H),
3.86 (s, 3H), 2.79 (s, 3H). MS (ES) m/z 319.1.

The regio-isomer 3-(4-methoxyphenyl)-2-methyl-5-(trifluoro-
methyl)quinoxaline (9a) was also isolated in 50% yield (2 g)
from the reaction mixture. 1HNMR (DMSO-d6): δ 8.31 (d, J=
7.9, 1H), 8.19 (d, J=7.3 Hz, 1H), 7.81 (t, J=8.0 Hz, 1H), 7.80
(d, J= 6.8 Hz, 2H), 7.14 (d, J= 6.8 Hz, 2H), 3.86 (s, 3H), 2.82
(s, 3H). MS (ES) m/z 319.1.

The regio-chemistry for 9a was assigned based on 1H-15N-
gHMBC NMR experiment, and the details are included in the
Supporting Information.

Step 2: A mixture of 8a (1.4 g, 4.39 mmol) and HBr (48% in
water, 20 mL) in 20 mL of acetic acid was heated to 90 �C
overnight. SevenmLofHBr (45%) in acetic acidwas added, and
the reaction mixture was heated to reflux for 5 h. The reaction
mixture was poured into ice, extracted with EtOAc. The organic
was concentrated and purified by flash chromatography eluted
with EtOAc/hexane to give 4-[3-methyl-5-(trifluoromethyl)-
quinoxalin-2-yl]phenol (10a) (1.20 g, 90%) as a gummy solid.
1H NMR (DMSO-d6): δ 9.86 (s, 1H), 8.28 (d, J = 7.5 Hz, 1H),
8.14 (d, J= 7.3 Hz, 1H), 7.85 (t, J= 7.7 Hz, 1H), 7.62 (d, J=
8.7Hz, 2H), 6.88 (d, J=8.7Hz, 2H), 2.74 (s, 3H).MS (ESI)m/z
305.1. HRMS: calcd for C16H11F3N2OþHþ, 305.08962; found
(ESI, [M þ H]þ), 305.0894.

Step 3: Amixture of 10a (1.20 g, 3.93mmol), anhydrous THF
(40 mL), and N-phenylbis(trifluoromethanesulfonamide) (2.11
g, 5.93 mmol) was cooled to 0 �C upon which potassium tert-
butoxide (0.62, 5.53 mmol) was added. The resulting mixture
was stirred at 0 �C for 1 h. Another portion of N-phenylbis-
(trifluoromethanesulfonamide) (2.11 g, 5.93 mmol) and potas-
sium tert-butoxide (0.62, 5.53mmol) was added. After onemore
hour, the reaction was quenched with water, partitioned be-
tweenwater andEtOAc, and the organicwas dried overMgSO4.
The residue was subjected to flash silica gel chromatography
(hexane:EtOAc) to afford 4-[3-methyl-5-(trifluoromethyl)quin-
oxalin-2-yl]phenyl trifluoromethanesulfonate (11a) (1.2 g, 65%)
as a colored solid. 1HNMR (CDCl3): δ 8.29 (d, J=8.3Hz, 1H),

8.11 (d, J= 7.0 Hz, 1H), 7.80 (d, J= 8.2 Hz, 2H), 7.48 (d, J=
8.2 Hz, 2H), 7.26 (s, 1H), 2.85 (s, 3H). MS (ES) m/z 436.9.

Step 4: A mixture of 11a (1.2 g, 2.75 mmol), 3-methylsulfo-
nylphenyl boronic acid (2.4 g, 12 mmol), K3PO4 (5.0 g, 23.6
mmol), and Pd(PPh3)4 (0.5 g, 0.43 mmol) in 40 mL of dioxane
was heated to 80 �C for 1 h. The reaction mixture was poured
into water and extracted with EtOAc. The organic was concen-
trated and purified by flash chromatography eluted with
EtOAc/hexane to give 13 (0.59 g, 48%) as a white solid. 1H
NMR (DMSO-d6): δ 8.40 (d, J = 8.9 Hz, 1H), 8.29-8.26 (m,
2H), 8.19 (d, J=7.8Hz, 1H), 8.00-7.93 (m, 6H), 7.81 (t, J=7.8
Hz, 1H), 3.34 (s, 3H), 2.83 (s, 3H). MS (ES) m/z 443.0. HRMS:
calcd for C23H17F3N2O2S þ Hþ, 443.10356; found (ESI, [M þ
H]þ), 443.1040.

3-Methyl-2-[40-(methylsulfonyl)biphenyl-4-yl]-5-(trifluoromethyl)-
quinoxaline (14). Prepared according to the procedure of com-
pound 13 (step 4) from 11a and 4-methylsulfonylphenylboronic
acid in 39% yield; pale-yellow solid. 1H NMR (CDCl3): δ 8.31
(d, J=8.3Hz, 1H), 8.10-8.06 (m, 3H), 7.76-7.87 (m, 7H), 3.13
(s, 3H), 2.90 (s, 3H). MS (ES) m/z 443.0. HRMS: calcd for
C23H17F3N2O2S þ Hþ, 443.10356; found (ESI, [M þ H]þ),
443.1039.

3-Methyl-2-[20-(methylsulfonyl)biphenyl-4-yl]-5-(trifluoromethyl)-
quinoxaline (15). Prepared according to the procedure of com-
pound 13 (step 4) from 11a and 2-methylsulfonylphenylboronic
acid in 63% yield; white solid. 1H NMR (DMSO-d6): δ 8.41 (d,
J= 7.8 Hz, 1H), 8.26 (d, J= 7.2 Hz, 1H), 8.14 (d, J= 8.0 Hz,
1H), 7.96 (t, J= 8.0 Hz, 1H), 7.89 (d, J= 8.3 Hz, 2H), 7.82 (t,
J = 7.4 Hz, 1H), 7.74 (t, J = 7.4 Hz, 1H), 7.61 (d, J = 8.3 Hz,
2H), 7.51 (d, J=7.8Hz, 1H), 3.31 (s, 3H), 2.94 (s, 3H). HRMS:
calcd for C23H17F3N2O2S þ Hþ, 443.10356; found (ESI, [M þ
H]þ), 443.1043. HRMS: calcd for C23H17F3N2O2S þ Naþ,
465.08550; found (ESI, [M þ Na]þ), 465.0855.

3-Methyl-2-[30-(methylsulfonyl)biphenyl-3-yl]-5-(trifluorome-

thyl)quinoxaline (16). Step 1: 2-(3-methoxyphenyl)-3-methyl-
5-(trifluoromethyl)quinoxaline (8b) was prepared according to
the procedure of 13 (step 1) from3-trifluoromethyl-benzene-1,2-
diamine and 1-(3-methoxyphenyl)propane-1,2-dione in 38%;
red powder. 1H NMR (DMSO-d6): δ 9.86 (s, 1H), 8.28 (d, J =
7.5 Hz, 1H), 8.14 (d, J= 7.3 Hz, 1H), 7.85 (t, J= 7.7 Hz, 1H),
7.62 (d, J= 8.7 Hz, 2H), 6.88 (d, J= 8.7 Hz, 2H), 2.74 (s, 3H).
MS (ES) m/z 319.1.

The regio-isomer 3-(3-methoxyphenyl)-2-methyl-5-(trifluo-
romethyl)quinoxaline (9b) was also isolated in 24% yield; red
powder. 1H NMR (DMSO-d6): δ 8.29 (d, J=8.4, 1H), 8.17 (d,
J = 7.2 Hz, 1H), 7.90 (t, J = 8.0 Hz, 1H), 7.45 (t, J = 8.0 Hz,
1H), 7.31-7.28 (m, 2H), 7.11-7.08 (m, 1H), 3.79 (s, 3H), 2.73 (s,
3H). MS (ES) m/z 319.1.

The regio-chemistry for 8b and 9b was confirmed based on
10b and 27 as shown in the Supporting Information.

Figure 4. Effects of 13 and 1bon target gene relative expression in duodenum.MaleLDLR-/-mice (n=5or 6)were fed aWestern diet (black
bars) or diet supplemented to deliver 10mg/kg of 1b (gray bars), 0.6mg/kg of compound 13 (orange bars), and 3mg/kg compound 13 (red bars)
for eight weeks. ** p < 0.01; *** p < 0.001.
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Step 2: 3-[3-methyl-5-(trifluoromethyl)quinoxalin-2-yl]phe-
nol (10b) was prepared from 8b followed the procedure of 13
(step 2). 1H NMR (DMSO-d6): δ 9.70 (s, 1H), 8.36 (d, J= 7.7,
1H), 8.24 (d, J= 7.1 Hz, 1H), 7.92 (t, J= 7.9 Hz, 1H), 7.35 (t,
J=7.9Hz, 1H), 7.20-7.12 (m, 2H), 6.95-6.92 (m, 1H), 2.75 (s,
3H).MS (ES)m/z 304.7. HRMS: calcd for C16H11F3N2OþHþ,
305.08962; found (ESI, [M þ H]þ), 305.0899.

Step 3: 16 was prepared from 10b and 3-methylsulfonylphe-
nylboronic acid following the procedure of 13 (step 3 and step 4)
in 70% yield; white solid. 1H NMR (DMSO-d6): δ 8.33 (d, J=
8.5 Hz, 1H), 8.29-8.28 (m, 1H), 8.18 (d, J = 7.3 Hz, 1H),
8.11-7.70 (m, 8H), 3.20 (s, 3H), 2.85 (s, 3H).MS (ES)m/z 443.0.
HRMS: calcd for C23H17F3N2O2S þ Hþ, 443.10356; found
(ESI, [M þ Hþ]), 443.1037.

3-Methyl-2-[40-(methylsulfonyl)biphenyl-3-yl]-5-(trifluoro-
methyl)quinoxaline (17). Prepared according to the procedure of
compound 13 (step3 and step 4) from 10b and 4-methylsulfonyl-
phenylboronic acid in 35%yield; white solid. 1HNMR (MeOH-
d4): δ 8.27 (d, J = 7.8 Hz, 1H), 8.12 (d, J = 6.9 Hz, 1H),
8.03-7.76 (m, 8H), 7.68 (t, J=7.7Hz, 1H), 3.12 (s, 3H), 2.81 (s,
3H).HRMS: calcd forC23H17F3N2O2SþHþ, 443.10356; found
(ESI, [M þ H]þ), 443.1038.

2-[30-(Ethylsulfonyl)biphenyl-4-yl]-3-methyl-5-(trifluoromethyl)-
quinoxaline (18). Prepared according to the procedure of com-
pound 13 (step 4) from 11a and 3-ethylsulfonylphenylboronic
acid in 75% yield; white solid. 1H NMR (DMSO-d6): δ 8.40 (d,
J = 8.0 Hz, 1H), 8.26 (d, J = 7.5 Hz, 1H), 8.23 (br s, 1H),
8.02-7.93 (m, 6H), 7.82 (d, J=7.8 Hz, 1H), 4.43 (q, J=7.3 Hz,
2H), 2.82 (s, 3H), 1.18 (t, J=7.3 Hz, 3H). MS (ESI) m/z 457.2.
HRMS: calcd for C24H19F3N2O2S þ Hþ, 457.11921; found
(ESI, [M þ H]þ), 457.1199. HRMS: calcd for C24H19F3N2O2S
þ Naþ, 479.10115; found (ESI, [M þ Na]þ), 479.1012.

N-Methyl-40-[3-methyl-5-(trifluoromethyl)quinoxalin-2-yl]bi-
phenyl-3-sulfonamide (19). Step 1, 2-(4-chlorophenyl)-3-methyl-
5-(trifluoromethyl)quinoxaline (8c) and 3-(4-chlorophenyl)-2-
methyl-5-(trifluoromethyl)quinoxaline (9c): 8c was prepared
from 1-(4-chlorophenyl)propane-1,2-dione and 3-(trifluorome-
thyl)benzene-1,2-diamine according to the procedure of 13 (step
1) in 36% yield; white solid. 1H NMR (CDCl3): δ 8.28 (d, J =
8.3 Hz, 1H), 8.10 (d, J= 7.3 Hz, 1H), 7.77 (d, J= 7.8 Hz, 1H),
7.63 (d, J= 8.3 Hz, 2H), 7.54 (d, J= 8.3 Hz, 2H), 2.84 (s, 3H).
HRMS: calcd for C16H10ClF3N2 þHþ, 323.05573; found (ESI,
[M þ H] þ), 323.0557.

The regio-isomer (9c) was also isolated in 32% yield; white
solid. 1HNMR (CDCl3): δ 8.23 (d, J=8.3Hz, 1H), 8.07 (d, J=
7.3 Hz, 1H), 7.77 (d, J= 7.8 Hz, 1H), 7.75 (d, J= 8.3 Hz, 2H),
7.52 (d, J=8.3Hz, 2H), 2.86 (s, 3H). HRMS: calcd for C16H10-
ClF3N2 þ Hþ, 323.05573; found (ESI, [M þ H]þ), 323.0557.

The regio-chemistry of 8c and 9cwas assigned as shown in the
Supporting Information.

Step 2: A mixture of 8c (0.06 g, 0.26 mmol), 3-(N-methylsul-
famoyl)phenylboronic acid (0.15 g, 0.70 mmol), K3PO4 (0.3 g,
1.4 mmol), dicyclohexyl(20,60-dimethoxybiphenyl-2-yl)pho-
sphine (0.04 g, 0.1 mmol), and Pd(OAc)2 (0.02 g, 0.09 mmol)
in 5 mL of 1-butanol was heated to 80 �C for 1 h. The reaction
mixture was concentrated and purified by flash chromato-
graphy eluted with EtOAc/hexane to give 19 (0.036 g, 42%) as
a white solid. 1H NMR (DMSO-d6): δ 8.40 (d, J=8.3 Hz, 1H),
8.26 (d, J=7.4 Hz, 1H), 8.14 (br s, 1H), 8.12 (d, J=7.7 Hz,
1H),8.08-7.92 (m, 5H), 7.82 (d, J=6.5 Hz, 1H), 7.78 (t, J=7.7
Hz, 1H), 7.54 (s, 1H), 3.31 (s, 3H), 2.83 (s, 3H). MS (ESI) m/z
458.1;. HRMS: calcd for C23H18F3N3O2S þ Hþ, 458.11446;
found (ESI, [M þ H]þ), 458.1145. HRMS: calcd for C23H18F3-
N3O2S þ Naþ, 480.09640; found (ESI, [M þ Na]þ), 480.0965.

N-Methyl-40-[3-methyl-5-(trifluoromethyl)quinoxalin-2-yl]bi-
phenyl-3-carboxamide (20).Prepared according to the procedure
of compound 19 (step 2) from 8c and 3-(methylcarbamoyl)phe-
nylboronic acid in 48%yield; white solid. 1HNMR(DMSO-d6):
δ 8.62-8.58 (m, 1H), 8.40 (d, J = 7.5 Hz, 1H), 8.27-8.23 (m,
2H), 7.97-7.89 (m, 7H), 7.61 (t, J = 7.7 Hz, 1H), 3.23 (s, 3H),

2.84 (s, 3H). MS (ESI) m/z 422.2. HRMS: calcd for C24H18-
F3N3O þ Hþ, 422.14747; found (ESI, [M þ H]þ), 422.1475.
HRMS: calcd for C24H18F3N3OþNaþ, 444.12941; found (ESI,
[M þ Na] þ), 444.1294.

3-Ethyl-2-[30-(methylsulfonyl)biphenyl-4-yl]-5-(trifluoromethyl)-
quinoxaline (21). Step 1: 4-[3-ethyl-8-(trifluoromethyl)quin-
oxalin-2-yl]phenol (10d) was prepared according to the proce-
dure of 13 (step 1 and 2) from 2-nitro-3-(trifluoromethyl)-
aniline and 1-(4-methoxyphenyl)butane-1,2-dione in 7% yield
for the two steps; crystal solid. 1HNMR (CDCl3): δ 8.28 (d, J=
8.7 Hz, 1H), 8.05 (d, J= 6.8 Hz, 1H), 7.76 (d, J= 8.3 Hz, 1H),
7.68 (d, J= 8.3 Hz, 2H), 7.00 (d, J= 8.3 Hz, 2H), 3.21 (q, J=
7.3 Hz, 2H), 1.37 (t, J=7.3 Hz, 3H). HRMS: calcd for C17H13-
F3N2O þ Hþ, 319.10527; found (ESI, [M þ H]þ), 319.1053.

The regio-isomer of 10d (compound 28) was also isolated in
14% yield; pale-yellow solid. 1H NMR (CDCl3): δ 8.31 (d, J=
8.3 Hz, 1H), 8.06 (d, J= 7.2 Hz, 1H), 7.75 (d, J= 7.7 Hz, 1H),
7.53 (d, J= 8.3 Hz, 2H), 6.93 (d, J= 8.3 Hz, 2H), 3.12 (q, J=
7.3 Hz, 2H), 1.38 (t, J=7.3 Hz, 3H); HRMS: calcd for C17H13-
F3N2O þ Hþ, 319.10527; found (ESI, [M þ H]þ), 319.1053.

The regio-chemistry for 10d and 28 was assigned as shown in
the Supporting Information.

Step 2: 21was prepared according to the procedure of 13 (step
3 and step 4) from 10d and 3-methylsulfonylphenyl boronic acid
in 33% yield; off-white solid. 1H NMR (DMSO-d6): δ 8.40 (d,
J = 8.3 Hz, 1H), 8.28-8.26 (m, 2H), 8.17 (d, J = 8.0 Hz, 1H),
8.02-7.85 (m, 6H), 7.81 (t, J=7.8Hz, 1H), 3.39 (s, 3H), 3.12 (q,
J= 7.8 Hz, 2H), 1.31 (t, J= 7.8 Hz, 3H). MS (ESI) m/z 457.1.
HRMS: calcd for C24H19F3N2O2S þ Hþ, 457.11921; found
(ESI, [M þ H]þ), 457.1191.

2-[30-(Methylsulfonyl)biphenyl-4-yl]-5-(trifluoromethyl)quino-
xaline (22). Step 1: 2-(4-methoxyphenyl)-5-(trifluoromethyl)-
quinoxaline (8e) was prepared according to the procedure of
13 (step 1) from 2-nitro-3-(trifluoromethyl)aniline and 2-(4-me-
thoxyphenyl)-2-oxoacetaldehyde as a solid in 6% yield. 1H
NMR (DMSO-d6): δ 9.72 (s, 1H), 8.40-8.35 (m, 3H), 8.21 (d,
J=7.1 Hz, 1H), 7.98 (t, J=7.3 Hz, 1H), 7.18 (d, J=8.8 Hz, 2H),
3.88 (s, 3H). MS (ES) m/z 304.9. The regio-isomer 2-(4-meth-
oxyphenyl)-8-(trifluoromethyl)quinoxaline (9e) was also iso-
lated as a pale-yellow solid in 59% yield. 1H NMR (DMSO-
d6): δ 9.72 (s, 1H), 8.41-8.36 (m, 3H), 8.26 (d, J= 7.2 Hz, 1H),
7.92 (t, J= 7.9 Hz, 1H), 7.20 (d, J= 7.9 Hz, 2H), 3.88 (s, 3H).
MS (ES) m/z 304.9;

The regio-chemistry for 8e and 9e was assigned as shown in
the Supporting Information.

Step 2: 22was prepared according to the procedure of 13 (step
2, step 3, and step 4) from 8e and 3-methylsulfonylphenyl
boronic acid in 9% yield; off-white solid. 1H NMR (CDCl3): δ
9.54 (s, 1H), 8.39-8.35 (m, 3H), 8.26 (s, 1H), 8.12 (d, J=7.0Hz,
1H), 8.00-7.96 (m, 2H), 7.89-7.85 (m, 3H), 7.72 (t, J=7.8Hz,
1H), 3.14 (s, 3H). HRMS: calcd for C22H15F3N2O2S þ Hþ,
429.08791; found (ESI, [M þH]þ), 429.0883. HRMS: calcd for
C22H15F3N2O2S þ Naþ, 451.06985; found (ESI, [MþNa]þ),
451.0698.

5-Chloro-3-methyl-2-[30-(methylsulfonyl)biphenyl-4-yl]quino-
xaline (23). A mixture of 1-(4-chlorophenyl)propane-1,2-dione
(3.0 g, 16.5 mmol), 3-methylsulfonylphenyl boronic acid (6.6 g,
33 mmol), KF (2.87 g, 49.5 mmol), dicyclohexyl(biphenyl-2-
yl)phosphine (1.16 g, 3.3 mmol), and Pd(OAc)2 (0.37 g, 1.65
mmol) in 100 mL of THF was stirred at room temperature for a
day. The reaction mixture was concentrated and purified by
flash chromatography eluted with EtOAc/hexane to give
1-(30-(methylsulfonyl)biphenyl-4-yl)propane-1,2-dione as a yel-
low solid (0.3 g,∼90%pure). The yellow solid (0.15 g, 0.5mmol)
was dissolved in ethanol (5 mL), and 3-chloro-benzene-1,2-
diamine (0.07 g, 0.5 mmol) was added. After being stirred at
room temperature overnight, the reaction mixture was concen-
trated and purified by flash chromatography eluted with
EtOAc/hexane to give 23 (0.025 g, 12%) as a slight-colored
solid. 1H NMR (DMSO-d6): δ 8.28 (s, 1H), 8.17 (d, J=7.9 Hz,
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1H), 8.10 (d, J= 8.3 Hz, 1H), 8.04-7.90 (m, 6H), 7.82 (d, J =
7.0 Hz, 1H), 7.80 (d, J= 7.7 Hz, 1H), 3.34 (s, 3H), 2.83 (s, 3H).
MS (ESI) m/z 409.1. HRMS: calcd for C22H17ClN2O2S þ Hþ,
409.07720; found (ESI, [M þH]þ), 409.0772. HRMS: calcd for
C22H17ClN2O2S þ Naþ, 431.05914; found (ESI, [M þ Na]þ),
431.0591.

The regio-isomer 5-chloro-2-methyl-3-[30-(methylsulfonyl)-
biphenyl-4-yl]quinoxaline (29) was also isolated as a slight-
colored solid (30 mg, 14% yield). 1H NMR (DMSO-d6): δ
8.29-8.28 (m, 1H), 8.16 (d, J = 6.8 Hz, 1H), 8.07 (d, J = 8.4
Hz, 1H), 8.05-7.70 (m, 8H), 3.34 (s, 3H), 2.82 (s, 3H).MS (ESI)
m/z 409.1. MS (ESI) m/z 447.1. HRMS: calcd for C22H17-
ClN2O2S þ Hþ, 409.07720; found (ESI, [M þ H]þ), 409.0775.
HRMS: calcd for C22H17ClN2O2S þ Naþ, 431.05914; found
(ESI, [M þ Na]þ), 431.0587.

3-Methyl-2-[30-(methylsulfonyl)biphenyl-4-yl]quinoxaline-5-
carbonitrile (24). Step 1: 2-(4-chlorophenyl)-3-methylquinox-
aline-5-carbonitrile (8f) was prepared according to the proce-
dure of 18 (step 1) from 1-(4-chlorophenyl)propane-1,2-dione
and 3-cyano-benzene-1,2-diamine in 20% yield; white solid. 1H
NMR (CDCl3): δ 8.33 (d, J=8.4 Hz, 1H), 8.15 (d, J=7.2 Hz,
1H), 7.78 (d, J=8.4 Hz, 1H), 7.65 (d, J=8.6 Hz, 2H), 7.54 (d,
J= 8.6 Hz, 2H), 2.88 (s, 3H). HRMS: calcd for C16H10ClN3 þ
Hþ, 280.06360; found (ESI, [M þ H]þ) 280.0636.

The regio-isomer 3-(4-chlorophenyl)-2-methylquinoxaline-5-
carbonitrile (9f) was also isolated in 20% yield; white solid. 1H
NMR (CDCl3): δ 8.28 (d, J=8.4 Hz, 1H), 8.13 (d, J=7.5 Hz,
1H), 7.80 (d, J=7.3 Hz, 1H), 7.77 (d, J=8.7 Hz, 2H), 7.55 (d,
J= 8.7 Hz, 2H), 2.87 (s, 3H). HRMS: calcd for C16H10ClN3 þ
Hþ, 280.06360; found (ESI, [M þ H]þ), 280.0636.

The regio-chemistry for 8f and 9fwas assigned as shown in the
Supporting Information.

Step 2: 24was prepared according to the procedure of 18 (step
2) from 8f and 3-methylsulfonylphenyl boronic acid in 29%
yield; white solid. 1H NMR (DMSO-d6): δ 8.46-8.44 (m, 2H),
8.29 (br s, 1H), 8.17 (d, J=7.8Hz, 1H), 8.01-7.94 (m, 6H), 7.81
(t, J = 7.8 Hz, 1H), 3.34 (s, 3H), 2.86 (s, 3H). HRMS: calcd
for C23H17N3O2S þ Hþ, 400.11142; found (ESI, [M þH]þ,
400.1115.

5-Methoxy-3-methyl-2-[30-(methylsulfonyl)biphenyl-4-yl]quino-
xaline (25). Step 1: 2-(4-chlorophenyl)-5-methoxy-3-methylqui-
noxaline (8g) was prepared according to the procedure of 18
(step 1) from 1-(4-chlorophenyl)propane-1,2-dione and 3-meth-
oxy-benzene-1,2-diamine in 21% yield; white solid. 1H NMR
(DMSO-d6): δ 7.79 (d, J=8.1Hz, 2H), 7.71 (t, J=8.3Hz, 1H),
7.64-7.60 (m, 3H), 7.27 (d, J=7.8Hz, 1H), 4.02 (s, 3H), 2.70 (s,
3H). MS (ESI) m/z 285.1. HRMS: calcd for C16H13ClN2O þ
Hþ, 285.07892; found (ESI, [MþH]þ), 285.0794. HRMS: calcd
for C16H13ClN2O þ Naþ, 307.06086; found (ESI, [M þ Na]þ),
307.0609.

The regio-isomer 3-(4-chlorophenyl)-5-methoxy-2-methyl-
quinoxaline (9g) was also isolated in 19% yield; white solid.
1HNMR(DMSO-d6):δ 7.77 (d, J=8.2Hz, 2H), 7.75 (t, J=8.2
Hz, 1H), 7.63 (d, J=7.8Hz, 2H), 7.60 (d, J=8.5Hz, 1H), 7.25
(d, J = 7.9 Hz, 1H), 4.00 (s, 3H), 2.80 (s, 3H). MS (ESI) m/z
285.1. HRMS: calcd for C16H13ClN2OþHþ, 285.07892; found
(ESI, [M þH] þ), 285.0789. HRMS: calcd for C16H13ClN2O þ
Naþ, 307.06086; found (ESI, [M þ Na] þ), 307.0609.

The regio-chemistry for 8g and 9g was assigned as shown in
the Supporting Information.

Step 2: 25 was prepared according to the procedure of 18
(step 2) from 8g and 3-methylsulfonylphenyl boronic acid in
88% yield; white solid. 1H NMR (DMSO-d6): δ 8.28 (s,
1H), 8.16 (d, J = 7.8 Hz, 1H), 8.00-7.90 (m, 5H), 7.81 (t, J=
7.8 Hz, 1H), 7.72 (t, J= 8.0 Hz, 1H), 7.63 (d, J= 8.4 Hz, 1H),
7.28 (d, J=7.9 Hz, 1H), 4.02 (s, 3H), 3.33 (s, 3H), 2.77 (s, 3H).
MS (ESI) m/z 405.2. HRMS: calcd for C23H20N2O3S þ Hþ,
405.12674; found (ESI, [M þ H]þ), 405.1267. HRMS: calcd
for C23H20N2O3S þ Naþ, 427.10868; found (ESI, [M þ Na]þ),
427.1087.

In Vitro Assays. LXRR and LXRβ binding assays (Table 1),
Gal4 transactivation assays in huh-7 liver cells (Table 2 and 3),
ABCA1 gene regulation in THP-1 cells (Table 2), C-efflux, and
NHR cross reactivity screens were performed as described
previously.8 Gal4 transactivation assays in kidney HEK-293
(Table 3) were performed as described in ref 23.

TG Accumulation in HepG2 Cells. Results for compounds in
Table 2 were obtained using methods previously described.24

Peptide Recruitment Assay. Results for compounds in
Figure 3 were obtained using methods previously described.11b

LDLR -/- Mouse Inhibition of Lesion Progression Model.

Eight-week old male LDLR-/-mice were fed atherogenic diet
or diet supplemented to deliver compounds 1b or 13 for 8 weeks.
Aortas were obtained and analyzed using methods previously
described.8
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