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The synthesis and SAR of a new series of LXR agonist is reported. The N-Aryl-3,3,3-trifluoro-2-hydroxy-2-
methyl-propionamide hits were found in a limited screen of the AstraZeneca compound collection. The
effort to optimize these hits into LXRb selectivity is described. Compound 20 displayed desirable pharma-
cokinetic profile and up regulation of ABCA1 and ABCG1 mRNA in the brain were achieved when evalu-
ated in vivo in mice.

� 2009 Elsevier Ltd. All rights reserved.
The liver X receptors, LXRa and LXRb are members of the nucle-
ar hormone receptor super family and are involved in the regula-
tion of cholesterol and lipid metabolism.1 Disordered cholesterol
balance in the brain is a hallmark of several neurological disorders
including Alzheimer’s disease.

The LXRs induce the expression of several genes involved in re-
verse cholesterol transport and lipid metabolism including ATP
binding cassette transporter ABCA1, ABCG1 and apolipoprotein E
(ApoE).2 The potential to prevent or reverse the atherosclerotic
process by increasing the expression of these genes makes LXR
an attractive target for treatment of atherosclerosis, dyslipidemia
as well as for Alzheimer’s disease.2,3

LXRa is expressed at high level in liver, adipose tissue and mac-
rophages, whereas LXRb is expressed ubiquitously and in the brain.
Several LXR agonists have been reported the natural ligand 24(S)-
25-epoxycholesterol 1 (Fig. 1) and synthetic agonists such as
T0901317 2 and GW3965 3.4 These ligands increase the expression
of ABCA1, ABCG1 and ApoE, but they also induce triglyceride syn-
thesis in the liver via up regulation of sterol regulatory element
binding protein 1c (SREBP-1c) and fatty acid synthase (FAS).5 The
liver contains predominantly LXRa and it is considered that LXRb
or tissue selective agonists would have less impact on TG synthe-
ll rights reserved.
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sis. Even though several synthetic LXR agonists have been re-
ported1 only two publications of LXRb selective compounds have
been disclosed.6

A FRET-based co-activator (SRC-1) recruitment assay measur-
ing agonist activity7 was used in a limited screen of the AstraZen-
eca compound collection. N-Aryl-3,3,3-trifluoro-2-hydroxy-2-
methylpropionamides, a series of compounds 4, 5 and 6 (Fig. 2)
previously investigated at AstraZeneca for inhibition of pyruvate
dehydrogenase kinase8 and as KATP channel openers, were found
to be active as LXRb agonists. These known secondary interac-
tions can be diminished since the LXRb activity was preferably
retained in the S-enantiomers, which have poor PDHK9 activity,
and in the 2-chloroaryl amides, which are devoid of affinity for
KATP channels.10

Compounds 4, 5 and 6 were also profiled for LXRa agonist activ-
ity in the FRET-based co-activator recruitment assay,7 where a
minor beta selectivity could be seen, as shown in Table 1. These
compounds also displayed selectivity in the cell-based reporter
gene assay, GAL-hLXRb/hLXRa LBD construct in SHSY5Y cells,11

shown in Table 1. More interestingly compound 5 was inactive in
the reporter gene assay in U2OS cells indicating that different
activity can be achieved in different cell types thus enabling the
possibility to find tissue selective agonists.

The ligand binding domains of LXRb/a share a high sequence
identity (78%) and residue differences are located far away from
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Figure 1. Reported LXR agonists.
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Figure 2. Hits from limited screen of AstraZeneca compound collection.

Table 1
FRET and reporter EC50 (lM)a for compounds 2–6

Compound FRET LXRb LXRa Reporter LXRb LXRa

1 0.286 0.280 0.470 n.d.
2 0.008 0.010 0.075 0.085
3 0.078 0.280 0.130 0.310
4 1.90 3.30 0.959 5.00
5 0.626 n.d. 0.813 1.82
6 1.50 1.97 1.59 5.00

a Values are means of n P 2 determinations, standard deviation 6 ±10%.
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the ligand binding pocket.12 Even though all residues in close con-
tact with known ligands (i.e., 5 Å) are identical secondary interac-
tions and induced fit binding can constitute an opportunity for
increased selectivity. It has been shown in X-ray crystal structures
of compound 1, 2 and 3 that the ligand binding domain of LXRb is
highly flexible and the side chains of compound 2 and 3 are bind-
ing into different pockets not utilized by the natural ligand 1.13

Compound 5 was docked14 into the active site of the ligand-bind-
ing domain of LXRb as shown in Figure 3. Comparison with
T0901317 2 reveals that the trifluoro-2-hydroxy-2-methyl-propi-
onamide motif can bind in a similar fashion as for the di-trifluoro-
methyl-hydroxy group in compound 2. We decided to explore if
the LXRb activity and selectivity of compound 5 could be increased
by the introduction of larger substituents on the sulfonamide
nitrogen. We anticipated that these substituents could bind into
either the C2 cavity occupied by the trifluoroethyl group of com-
pound 2 or the C4 cavity occupied by the di-phenyl group of 3 as
described by Färnegårdh et al.13

The new analogues were synthesized as described in Scheme 1.
Commercially available acid 8 was treated with thionylchloride
and the resulting acid chloride was added to the amine 7 to yield
amide 9.8,9 The nitro group of 9 was reduced to the amine 10
and subsequently reacted with sulfonyl chloride 11 to give sulfon-
amide 12. Sulfonamide 12 was alkylated with alkyl halides to yield
15–17.

Derivative 14 was synthesized via reductive amination of 10
with acetaldehyde to yield the ethylaniline 13, which was subse-
quently reacted with sulfonyl chloride 11 to yield 14.

As can be seen in Table 2 larger substituents such as benzyl in
15 increased LXRb selectivity as measured in the FRET assay.
Unfortunately this was not picked up in the reporter gene assay
where the compound was inactive. Only the ethyl derivative 14
displayed activity in the SHSY5Y cell assay.

The importance of the trifluoromethyl-methyl-hydroxy group
was also investigated. When this moiety was changed into a di-
methyl-hydroxy or a di-trifluoromethyl-hydroxy group the agonist
activity was lost. Thus it can be concluded that the pKa of the 3,3,3-
trifluoro-2-hydroxy-2-methyl-propionamide group is crucial for
agonist activity.

Different substituents on the aryl-sulfonamide part of the mol-
ecule were also explored. It was anticipated that by expanding the
compounds with para substituents it could be possible to extend
the compounds into the direction of Arg319, a region of the LXRb



Figure 3. An overlay of compounds 2 and 5 docked into the active site of ligand-
binding domain of LXRb based on X-ray co crystal structure of T0901317.15

Table 2
FRET and reporter EC50 (lM)a for compounds 14–17

Compound FRET LXRb LXRa Reporter LXRb LXRa

14 0.79 1.00 7.5 8.5
15 0.88 >100 >30 >30
16 0.94 1.08 >30 >30
17 0.58 0.47 >30 >30

a Values are means of n P 2 determinations, standard deviation 6 ±10%.
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ligand binding domain reached by compound 3 (not shown in
Fig. 3).13 These compounds were synthesized as described in
Scheme 2. The aniline 10 was reacted with sulfonyl chlorides 18
to yield 19. Alkylation with methyl iodide produced derivative
20. The methyl esters 21 and 23 were hydrolyzed to the corre-
sponding acids 22 and 24 with LiOH.

The compounds were evaluated for LXRb agonist activity, Table
3, and the most potent compounds were the shorter derivatives 20
and 21. The acids 22 and 24 were inactive and this probably
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Scheme 1. Reagents and conditions: (a) SOCl2, toluene, reflux 16 h; (b) 5% Pt/C, TEA, 50 �C
for 15.
reflects the fact that the bioactive conformation of sulfonamide 5
is the one predicted in Figure 3. The carboxylic acid group in com-
pound 24 can thus not reach and bind to Arg319. In this small set of
compounds the potency was not increased compared to 5 but the
selectivity for LXRb in the reporter gene assay in SHSY5Y cells was
still �2 for compound 20. Interestingly compound 20 was also
inactive for both LXRa and b in the reporter gene assay conducted
in U2OS cells.

Compound 20 displayed a reasonable solubility of 61 lM16 and
good permeability in both Caco-2, 28 � 10�6 cm/s, and a blood-
brain barrier model, 33 � 10�3 cm/min. Therefore it was further
evaluated in vivo in rat. The clearance was 24.6 mL/min/kg, volume
of distribution 4.1 L/kg, half-life 4.4 h (po), and the bioavailability
39%.

Since the compound 20 had a moderate effect in SHSY5Y cells,
representative for neurons in the brain, but not in U20S cells we
decided to evaluate if it was possible to get up regulation of ABCA1
and ABCG1 mRNA levels in the brain with this compound without
increasing TG synthesis measured as up regulation of SREBP-1c
mRNA in the liver. The compound was dosed once daily with
30 lmol/kg po to mice and after 3 days the up regulation of mRNA
levels of ABCA1 and ABCG1 in brain homogenate was determined
to 1.25- and 1.30-fold, respectively.17 For compound 2 (10 lmol/
kg po) the corresponding values for ABCA1 and ABCG1 mRNA up
regulation were 1.5 and 1.0, respectively. The up regulation of
SREBP-1c mRNA in the liver for compound 20 (30 lmol/kg po)
was only 1.3 compared to 3.6 for the low dose of compound 2
(1.0 lmol/kg po).
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, HCOOH, 1 h , 48% a + b; (c) pyridine/CH2Cl2, rt, 89%; (d) RX, K2CO3, acetone, rt, 78%
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Scheme 2. Reagents and conditions: (a) pyridine/CH2Cl2, rt, 45% for 20; (b) MeI,
K2CO3, acetone, rt, 82% for 20; (c) LiOH, H20/THF.

Table 3
FRET and reporter EC50 (lM)a for compounds 20–24

Compound FRET LXRb LXRa Reporter LXRb LXRa

20 2.60 3.40 2.70 5.00
21 2.32 3.10 3.81 3.61
22 >100 >100 >30 >30
23 3.50 5.00 >30 >30
24 >100 >100 >30 >30

a Values are means of n P 2 determinations, standard deviation 6 ±10%.
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In summary we found some compounds with selectivity for
LXRb, but more interestingly we discovered a variation of activity
in different cell lines, reflecting that secondary effects such as
co-activator recruitment might vary between cell-lines. An
attempt to optimize the activity of compound 5 was described
and one compound with good DMPK profile was evaluated for
ABCA1 and ABCG1 mRNA up regulation in vivo.
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