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Cortisol and the glucocorticoid receptor signaling pathway have been implicated in the development of
diabetes and obesity. The reduction of cortisone to cortisol is catalyzed by 11β-hydroxysteroid
dehydrogenase type I (11β-HSD1). 2,4-Disubsituted benzenesulfonamides were identified as potent
inhibitors of both the human and mouse enzymes. The lead compounds displayed good pharmacoki-
netics and ex vivo inhibition of the target in mice. Cocrystal structures of compounds 1 and 20 bound to
human 11β-HSD1 were obtained. Compound 20 was found to achieve high concentrations in target
tissues, resulting in 95% inhibition in the ex vivo assay when dosed with a foodmix (0.5 mg of drug per g
of food) after 4 days. Compound 20 was efficacious in a mouse diet-induced obesity model and
significantly reduced fed glucose and fasted insulin levels. Our findings suggest that 11β-HSD1
inhibition may be a valid target for the treatment of diabetes.

Introduction

More than 150millionpeopleworldwide have diabetes, and
this number is expected to rise to 300million by the year 2025.
In theU.S., it is estimated that 21millionpeoplehavediabetes,
and in some areas of the country, the prevalence is as high as
50%.1Metabolic syndrome is a prediabetic state that consists
of glucose intolerance, abdominal obesity, dyslipidemia, hy-
pertension, insulin resistance, and inflammatoryor prothrom-
botic states.2 As metabolic syndrome progresses to diabetes,
complications associated with this disorder become more
prominent and include cardiovascular disease, diabetic reti-
nopathy, kidney failure, and nerve damage.
A number of therapies are presently available for treating

diabetes. These include insulin secretagogues, insulin sensiti-
zers, and modulators of glucose uptake and production.
Despite these advances, there is an acute need for improved
therapies that target the various biological pathways involved
in this disease.3

Recent investigations have implicated aberrant glucocorti-
coid receptor (GRa) signaling in the development of several
phenotypes associated with metabolic syndrome. Glucocorti-
coid hormones are key metabolic regulators. The major

activator of the GR in humans is cortisol, and the adrenal
cortex is themajor source of circulating cortisol. GR signaling
depends not only on the circulating cortisol levels but also on
the intracellular generation of cortisol through reduction of
cortisone, the inactive glucocorticoid.4 The reduction reaction
is catalyzed by 11β-hydroxysteroid dehydrogenase type 1
(11β-HSD1) with the concomitant oxidation of reduced β-
nicotinamide adenine dinucleotide phosphate (NADPH),
while cortisone itself is generated by the action of 11β-hydro-
xysteroid dehydrogenase type 2 (11β-HSD2) on cortisol using
β-nicotinamide adenine dinucleotide phosphate (NADP) as a
cofactor.2 These two enzymes have very different expression
profiles: 11β-HSD1 levels are highest in liver, adipose tissues,
and the central nervous system, whereas 11β-HSD2 is ex-
pressed in kidney, colon, and other tissues.2

Transgenic mice overexpressing 11β-HSD1 in adipose tis-
sue show several features of metabolic syndrome including
abdominal obesity, glucose intolerance, dyslipidemia, and
hypertension.5 11β-HSD1 activity in adipose tissue also cor-
relates positively with bodymass index (BMI), fat percentage,
and fasting glucose and insulin levels in humans. In addition,
liver-specific overexpression of 11β-HSD1 in transgenic mice
causes insulin resistance without obesity.6 11β-HSD1 knock-
out mice demonstrate reduction in body weight, decreased
low-density lipoprotein (LDL) and triglyceride levels, in-
creased high density lipoprotein (HDL) levels, and increased
insulin sensitivity when maintained on a high fat diet.7 The
combined findings from the knockoutmice and the transgenic
mice make a compelling case for evaluating 11β-HSD1 in-
hibitors for the treatment of diabetes and the metabolic
syndrome.
There are reports in the literature of several classes of potent

and selective 11β-HSD1 inhibitors,8 a few of which display in
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aAbbreviations: 11β-HSD1, 11β-hydroxysteroid dehydrogenase type 1;
11β-HSD2, 11β-hydroxysteroid dehydrogenase type 2; DIO, diet-induced-
obesity; PK, pharmacokinetics; SAR, structure-activity relationship;
NADP, β-nicotinamide adenine dinucleotide phosphate; NADPH, re-
duced β-nicotinamide adenine dinucleotide phosphate; CHO cell, Chi-
nese hamster ovary cell; UDPGA, uridine diphosphoglucuronic acid;
BMI, body mass index; HDL, high density lipoprotein; LDL, low
density lipoprotein; GR, glucocorticoid receptor; HLM, human liver
microsome; MLM, mouse liver microsome; RLM, rat liver microsome.
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vitro efficacy in animal models related to diabetes. Biovitrum
reported a thiazole-based selective 11β-HSD1 inhibitor that
reduced plasma glucose levels and improved glucose tolerance
inmurinemodels of obesity and type 2 diabetes (Lepob/ob and
KKAy, respectively) when dosed at 200 mg/kg bid.9 Thienyl
derivatives also showed a similar effect.10 Merck reported
triazole-based 11β-HSD1 inhibitors that reduced food intake,
body weight, fasting glucose, and insulin levels in the diet-
induced obesity (DIO) mouse model studies when orally
dosed at 20 mg/kg bid.11 Abbott researchers described an
adamantyl amide that lowered plasma glucose levels in the
ob/ob mouse model in a three-week study with oral dosing at
lowest dose of 30 mg/kg bid.12 Additionally, the adamantine
lactam 11β-HSD1 inhibitor from Abbott induced weight loss
and lowered plasma insulin levels in DIO mice when orally
dosed at 30 mg/kg bid for 14 days. Plasma triglyceride levels
were notably normalized.13 Recently disclosed Pfizer amino-
pyridine analogue PF-915275 significantly lowered plasma
insulin levels (by 54 and 60%, respectively) at 1 and 3 mg/kg,
8 h after dosing in normal cynomolgus monkeys.14 Interest-
ingly, neither plasma glucose nor lipid levels were altered with
the treatment.
We previously disclosed a series of benzenesulfonamides as

potent and selective 11β-HSD1 inhibitors.15Wedescribed our
efforts to optimize the piperazine ring and the right-hand
portion of themolecule alongwith detailed structure-activity
relationship (SAR) efforts on themeta position of the left side
phenyl ring. Compound 1 (Figure 1) was reported to have an
IC50=26 nM against human 11β-HSD1 and showed efficacy
in the cortisone-induced hyperinsulinemia rat model by low-
ering insulin levels after 7 days of treatment.15 Compound 1

displayed low to moderate microsomal stability (12 min in
presence of mouse microsomes and 17 min in presence of
human microsomes). Herein, we wish to report our efforts
toward further optimization by focusing on the ortho- and
para-positions on the left side phenyl ring (structure 2,
Figure 1).We report the ex vivo activity and pharmacokinetic
profile of selected compounds and encouraging in vitro
efficacy results from DIO studies in mice.

Crystal Structure and Optimization Strategy. An X-ray
cocrystal structure of compound 1 bound to human 11β-
HSD1was obtained byX-ray crystallography to a resolution
of 2.3 Å (Figure 2). Analysis of the binding mode revealed
some key interactions. The trifluoromethyl group sits in a
hydrophobic pocket formed by the side chains of L126 and
A226 and the backbone of S125. One of the sulfone oxygens
makes a hydrogen bondwith the backbone nitrogen ofA172.
The unsubstituted edge of the piperazine ring has close van
der Waals interactions with Y183. There are additional van
der Waals interactions between the benzylic fluoro substitu-
ent and T124 and I121 as well as with the NADP cofactor.
The phenyltriazole group of compound 1 contributes to
π-stacking interactions with Y177 and extends to make van
der Waals contacts with P178. Further examination of the

binding pocket on the left side of the molecule 1 (as drawn in
Figure 1) revealed an opportunity for introducing groups at
the ortho and para positions of the benzenesulfonamide.
There is a depression in the van der Waals surface of the
protein adjacent to G216 that might be accessed by small
groups at the ortho position of the benzene sulfonamide. The
para position points toward a solvent exposed cleft at the
interface between dimeric partners in the enzyme complex,
suggesting that it could accept potentially larger and more
polar solubilizing substituents that could lead to improved
physicochemical and ADME properties. Thus we embarked
in SARstudies focused on the ortho andpara positions of the
benzenesulfonamide.

Chemistry. Scheme 1 depicts the synthesis of para-sub-
stituted benzenesulfonamides. Buchwald amination16 of
bromide 4 with (R)-methylpiperazine 3 selectively provided
the desired product 5 in excellent yield.15 Reaction of 5 with
various sulfonyl chlorides (6) in the presence of diisopropy-
lethylamine efficiently gave sulfonamides 7a-d. A second

Figure 1. Previously reported bezenesulfonamide 11β-HSD1 inhi-
bitor 1 and general structure of benzenesulfonamides described in
this study (2).

Figure 2. Crystal structure of 1 bound to human 11β-HSD1 (PDB
code: 3H6K). Crystal structure of 1 bound to 11β-HSD1. The
inhibitor is shown with yellow carbons, the NADPþ cofactor is
shown with cyan carbons. Residues containing atoms within 4 Å of
the inhibitor are shown with thin cyan bonds. Secondary structure
elements from monomer A of the 11β-HSD1 protein are shown in
orange, while those from monomer B are shown in green. Figure
generated with Pymol.26

Scheme 1. Synthesis of Compounds 7-10
a

aReagents and conditions: (a) Pd2(dba)3, BINAP, t-BuONa, toluene;

(b) ArSO2Cl (6), diisopropylethylamine, CH2Cl2; (c) R1R2NH, Pd2-

(dba)3, BINAP, t-BuONa, toluene; (d) KOH, t-BuOH; (e) NaN3,

Et3N 3HCl, toluene.
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Buchwald amination of bromide 7a with secondary amines
in the presence of Pd2(dba)3 and t-BuONa in toluene pro-
vided the desired 4-amino benzenesulfonamides 8a and 8b in
good yields. Treatment of the cyano derivative 7bwithKOH
in t-BuOHprovided 4-amide analogue 9 in near quantitative
yield. Reaction of 7b with NaN3 led to formation of the
desired tetrazole analogue 10 in 61% isolated yield.
2-Chloro- and 2-fluoro-4-amino-analogues 13 and 15were

synthesized as shown in Scheme 2. 4-tert-Butyl ethers 14a
(Y=Cl) and 14b (Y=F) were occasionally isolated in vari-
able yields. The formation of these ether analogueswas likely
due to the presence of t-BuONa in the reaction mixture.
Copper catalyzed C-N bond formation of the 4-bromoben-
zenesulfonamide 12a (X=Br)with nitrogen-containing hete-
rocycles led to the corresponding 4-amino-heterocyclic ben-
zenesulfonamides 15a and 15b.

2-Chloro-4-alkoxy-analogueswere alsoprepared (Scheme3).
t-Bu ether 14a was converted to phenol 16 in the presence of
trifluoroacetic acid (TFA). Alkylation of 16 with methyl-2-
chloro-2,2-difluoroacetate led to 17. Mitsunobu reaction
with alkyl alcohols furnished analogues 18b and 18c. Inter-
estingly, compound 18a was formed when the Mitsunobu

reaction was run without the addition of ethanol. The ethyl
group in the final product 18awas likely derived fromdiethyl
azodicarboxylate (DEAD). Scheme 4 shows the syntheses of
the 4-amido analogue 20. This analogue was prepared using
similar procedures described for the preparation of com-
pounds 9 in Scheme 1.

Results and Discussion

Structure-Activity Relationship (SAR). Examination of
the binding mode of compound 1 revealed the possibility of
further optimization at the para position of the sulfonamide
phenyl ring. Of particular interest was the possibility of
introducing polar groups, as suggested by the crystal struc-
ture information, to improve the physicochemical and
ADME profiles of the molecules. Synthesized compounds
were first evaluated in a cell-based assay using a stable
Chinese hamster ovary (CHO) cell line expressing 11β-
HSD1. The assay was run in duplicate; the compounds were
tested in 11-point dilutions and the standard error of IC50

was <10% (See Experimental Section for assay protocols).
Table 1 summarizes the in vitro data for selected compounds
with substitutions at the para position. As predicted from the
crystal structure, substitution at the para position was well
tolerated. Compounds such as the cyano analogue 7b and
the morpholino analogue 8b retained good potency (IC50=
10 nM). Other analogues such as the alkyl ethers 7c and 7d,
the piperidine 8a, and the amide 9 also displayed good
inhibitory activity against the human enzyme. Introduction
of a weakly acidic tetrazole at the para position (compound
10) led to a significant drop in potency. Most para-substi-
tuted analogues displayed good humanmicrosomal stability
(t1/2>30 min) and moderate mouse microsomal stability.

Once we established that the para position of the benze-
nesulfonamide series tolerates a range of substituents, we
expanded the scope of our investigations by exploring 2,4-
disubstituted benzenesulfonamides. Several groups, such as
Cl, F, MeO, and CO2H, were introduced at the ortho
position. In general, the ortho Cl group was found to offer
the best balance in terms of potency and ex vivo activity (data
not shown). The remaining of the discussion will focus on
ortho Cl analogues with various substituents at the para
position. Table 2 summarizes the SAR for this series of
analogues.
Most of the 2-chloro-4-amino analogues showed good

inhibition of human and mouse 11β-HSD1 with IC50 values in
the lownMrange.For example, the tertiary amine analogues 13a

Scheme 2. General Synthesis of 2-Chloro or Fluoro-4-amino
Analogues 12-15a

aReagents and conditions: (a) Ar0SO2Cl (11), diisopropylethylamine,

CH2Cl2. (b) R
1R2NH, Pd2(dba)3, BINAP, t-BuONa, toluene. (c) For

15a: (i) tert-butyl 3-oxopiperazine-1-carboxylate, CuI, K3PO4, trans-N,

N0-dimethylcyclohexane-1,2-diamine; diglyme; (ii) TFA, CH2Cl2; for

15b: 1,2,4-triazole, CuI, K2CO3, NMP.

Scheme 3. General Synthesis of 2-Chloro-4-alkoxy Analogues
16-18a

aReagents and conditions: (a) TFA, CH2Cl2; (b) ClCF2CO2Me,

Cs2CO3, DMF/H2O; (c) for 18a: DEAD, PPh3, THF; (d) for 18c and

18c DEAD, PPh3, R-CH2OH, THF.

Scheme 4. Synthesis of 2-Chloro-4-carbon Analogues 19 and
20a

aReagents and conditions: (a) 2-chloro-4-cyanobenzene-1-sulfonyl

chloride, diisopropylethylamine, CH2Cl2; (b) KOH, t-BuOH.
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and 13b had IC50 values in the 10 nM range for human and
mouse 11β-HSD1. Alkyl amines such as 13a, 13b, and 13c

showed poor microsomal stability (t1/2=2-6 min for mouse

microsomes). Introduction of one or two fluoro substituents
at the 4-position of the piperidine ring (13d and 13e, respectively)
led toa significant improvement in themicrosomal stability (t1/2>
30 min) with a comparable potency versus the human enzyme
compared to the des-fluoro analogue 13c. Introduction of polar
groups at the piperidine 4-position was also well tolerated: 13f-i
all showed low nM inhibition of human and mouse 11β-HSD1
and goodmicrosomal stability in human livermicrosomes (t1/2>
30 min).
Further exploration of the para position led to compounds

in Table 3. Replacing the piperidine ring in 13c with a
morpholino group led to analogue 13j. Compound 13j was
found to be equipotent to its parent des-chloro analogue 8b
against human 11β-HSD1 but displayed a 36-fold improve-
ment against the mouse enzyme in the presence of serum
when compared to the des-chloro analogue 8b. The ortho-
fluoro analogue 13k also showed strong inhibitory activity
against the human 11β-HSD1 (IC50=11 nM). The 2,6-di-
methyl morpholino analogue 13l showed a decrease in
potency against both the human and mouse enzymes. The
morpholino urea analogue 12c also showed a significant
drop in potency against both human and mouse enzymes
but displayed goodmicrosomal stability (t1/2>30min) in the
presence of human and mouse liver microsomes. Piperazine
analogues 13m and 13n showed 14- and 64-fold drops in
potency against human 11β-HSD1, respectively, when com-
pared to the morpholino analogue 13j, suggesting that
positively charged moieties are not well tolerated at this

Table 1. Inhibitory Activities and Microsomal Stabilities of Com-
pounds 7-10

aThe assay was done in duplicates; the compounds were tested in
11-point dilutions and the standard error of IC50 was <10%; the lower
threshold of this assay is 10 nM. b 10% (v/v) human serum was added to
the cell culture media.

Table 2. Inhibitory Activities and Microsomal Stabilities of Com-
pounds 12a and 13a-i

aThe assay was done in duplicates; the compounds were tested in
11-point dilutions and the standard error of IC50 was <10%; the lower
threshold of this assay is 10 nM. b 10% (v/v) human serum was added to
the cell culture media.

Table 3. Inhibitory Activities and Microsomal Stabilities of Com-
pounds 12c, 13j-p, and 15a-b

aThe assay was done in duplicates; the compounds were tested in
11-point dilutions and the standard error of IC50 was <10%; the lower
threshold of this assay is 10 nM. b 10% (v/v) human serumwas added to
the cell culture media.
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position. The less basic piperazinones 13p and 15a retained
the same level of potency against the human enzyme, as did
the neutral sulfone 13o and the triazole analogue 15b. Most
of these analogues had good stability in human and mouse
microsomes.
In addition to 2-chloro-4-amino analogues 13a-j, 13l-p,

and 15a-b, we also explored 2-chloro-4-alkoxy-disubstitut-
ed species (Table 4). All of the 2-chloro-4-alkyoxy analogues
showed moderate to good inhibitory activity against both
the human andmouse enzymes. Compounds 17 and 18c have
good microsomal stability against human microsome (t1/2>
30 min) but in general the mouse microsomal stability was
poor. Examples of 2-chloro-4-carbon analogues include 19

to 20. The amido analogue 20 was also potent against both
the human and mouse enzymes and displayed excellent
microsomal stability (t1/2>30 min).

The structure of compound 20 bound to human 11β-
HSD1 was also obtained by X-ray crystallography to a 2.2 Å
resolution (Figure 3).We observed that compounds 1 and 20
bind in a similar fashion: in both structures, one of the
sulfone oxygens makes a hydrogen bond with the backbone
nitrogen ofA172.However, compounds 1 and 20 also exhibit
distinct differences in their protein interactions due to the
differences in benzylic substitution pattern. As a result,
different induced fit effects on the binding pocket are ob-
served. The dihedral angle of the bond joining the sulfon-
amide sulfur to the phenyl ring differs by 21� between the two
compounds. This rotation is necessary to accommodate
meta versus para substitutions with minimal remodeling of
the pocket. In compound 20, the phenyl ring, which the
chloro group attaches to, rotates so that the ortho chloro
group can participate, along with neighboring ring atoms, in
van der Waals interactions with Y177. Electrostatic interac-
tion between the amide oxygen and the hydroxyl of Y177
may also contribute to the binding of this compound. We

also observed an additional interaction between the ortho Cl
group with the piperazine nitrogen through van der Waals
interaction, which could further stabilize the bound confor-
mation of the inhibitor.
It is highly desirable that 11β-HSD1 inhibitors show

selectivity against 11β-HSD2 bacause mutation of 11β-HSD2
is known to causemineralocorticoid excess and hypertension
due to kidney mineralocoticoid receptor activation.17 The
11β-HSD1 inhibitors described in this report showed no
activity against human 11β-HSD2 when tested at 100 μM.

Ex vivo and Pharmacokinetics Results. A selected number
of compounds were evaluated in the ex vivo assays and 11β-
HSD1 inhibition was measured in liver, fat, or both. Mice
were sacrificed 5 h after oral dosing. The liver and epididy-
mal fat were collected, and the whole tissue was incubated in
the presence of [3H]-cortisone in the media. After 30 min,
cortisol levels were measured to determine the level of
compound inhibition from [3H]-cortisone to [3H]-cortisol.
The liver and/or fat ex vivo data are summarized in Table 5.

Table 4. Inhibitory Activities and Microsomal Stabilities of Com-
pounds 14a, 16, 17, 18a-c, and 19-20

aThe assay was done in duplicates; the compounds were tested in
11-point dilutions and the standard error of IC50 was <10%; the lower
threshold of this assay is 10 nM. b 10% (v/v) human serum was added to
the cell culture media.

Figure 3. Crystal structure of 20 bound to human 11β-HSD1 (PDB
code: 3HFG).

Table 5. Selected Mouse ex vivo Dataa

a See Experimental Section for assay protocols; b po at 10 mg/kg. cpo
at 50 mg/kg.
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An interesting trend emerged when comparing the 2-chloro
analogues versus the 2-des-chloro analogues. The chloro
analogue 13j (Y=Cl) showed 56% ex vivo inhibition in
the liver and 54% inhibition in the fat when orally dosed at
10 mg/kg. In contrast, the des-chloro analogue 8b (Y=H)
showed marginal liver inhibition even when tested at higher
dose (50 mg/kg). Similarly, the chloro analogue 20 showed
80% inhibition at 10 mpk in epididymal fat (Y=Cl), while
the des-chloro analogue 9 showed only 25% inhibition at the
same dose (Y=H). Replacing the 2-Cl group in compound
13j with a fluoro group (13k) had a dramatic effect on the ex
vivo potency of this compound. A significant drop in po-
tency both in the liver and fat was observed (<10% inhibi-
tion at 10 mg/kg). The carboxylic acid analogue 13h and
amido analogue 13i showed good ex vivo inhibition in liver
(59 and 56%, respectively) when dosed at 10 mg/kg. Com-
pound 13h also showed a 40% inhibition in the epididymal
fat ex vivo assay.
On thebasis of the exvivo inhibitiondata, a few compounds

were selected for evaluation of pharmacokinetic (PK) proper-
ties in C57B6 mice. Compounds were dosed by iv injection
(2 mg/kg) and oral administration (10 mg/kg). The results are
summarized in Table 6. With the exception of compound 13j,
all of the compounds showed low to moderate clearance and
moderate to high oral bioavailability (35-100%).

It is worth mentioning that no direct correlation was
observed between plasma AUC values from Table 6 and ex
vivo inhibition in liver and fat in Table 5. For instance, of the
compounds reported in Table 6, compound 13j has the
lowest plasma AUC but still displayed good ex vivo inhibi-
tion both in the liver and fat. In contrast, compound 9 has a
high AUC but showed no activity in the ex vivo assay. These
results can be rationalized considering the specific tissue
distribution of the target. The AUC values reported in
Table 6 measure compound levels in the plasma, while 11β-
HSD1 is expressed in the liver and adipose tissue. Achieving
potent inhibition of 11β-HSD1 in the target tissues is likely to
require a balanced profile in terms of potency and pharma-
cokinetics as well as tissue penetration. A manuscript detail-
ing our findings will be reported in due course.18

With a number of compounds demonstrating appropri-
ate in vitro, ex vivo, and PK properties, we decided to
perform in vivo proof of concept studies. In this report,
we wish to present our preliminary in vitro results for com-
pound 20.

Design and Results of the in vivo Studies. The relationship
between cortisol and insulin is important to energy balance
and can become dysregulated with chronic stress.19 Cortisol
has been shown to directly inhibit insulin secretion from
pancreatic β-cells,20 eventually leading to insulin resistance.
We reasoned that administering our compounds using oral
gavage for a prolonged period (∼28 days) could lead to a
significant stress response and impact cortisol levels in
animals, ultimately affecting insulin and glucose levels.
Therefore, we decided to mix the compound in food in order
to minimize handling of the animals. Before we could move
forwardwith the foodmix in vivo studies with compound 20,
we confirmed that this compound displays a significant level
of ex vivo inhibition when mixed in food. B6-DIO mice (n=
4) were given a high fat diet containing 0.5 mg of compound
20 per g of high fat diet for 96 h.Mice consumed 2.5 g of high
fat food and compound mixture per day, indicating that the
dose of the compound was 30 mg/kg. All mice were sacri-
ficed, and liver and fat tissues were collected as described in
the Experimental Section. Table 7 summarizes the liver ex
vivo inhibition using the food mix studies as well as com-
pound levels in liver and fat. Compound 20 showed 95%
inhibition after 96 h of dosing. Significant levels of com-
pound 20 were found in target tissues (liver and fat) when
measured. On the basis of its favorable ex vivo profile and
tissue distribution, compound 20 was advanced to a 28-day
food mix study in DIO mice. C57/B6 DIO mice (26 weeks
old, 20 weeks on high fat diet, 60% calories from fat) were

Table 6. Selected PK Profilesa

ivb poc

compd Cl (mL min-1 kg-1) Vss (L kg-1) AUC (h ng mL-1) t1/2 (h) Cmax (ng mL-1) tmax (h) AUC (h ng mL-1) t1/2 (h) F (%)

9 19 3.7 1776 3.2 2833 0.5 h 11279 2.2 43

13h 9 2.0 3512 3.5 6882 1 20507 2.6 100

13i 11 4.6 3147 7.4 913 1 5539 2.9 35

13j 55 4.5 609 2.1 361 0.5 1063 3.8 12

20 5 2.6 6738 7.3 1438 4.0 17001 7.2 50
a See Experimental Section for dosing and analytical protocols. bDosed at 2 mg/kg. cCompounds 9 and 13j dosed at 30 mg/kg; compounds 13h,

13i and 20 dosed at 10 mg/kg.

Table 7. Food-Mix Studies with Compound 20a

compound distribution

liver ex vivo inhibitionb serum (ng mL-1) liver (ng g-1) fat (ng g-1)

95% day 4, 10 a.m.a 1136( 180 8132( 1075 3622( 556

day 4, 10 p.m.a 1086( 91 9541( 1216 3360( 778
a See Experimental Section for study protocols. bDosed at 0.5 mg of compound 20 per gram of food.

Figure 4. Compound 20 on fasting insulin levels dosed by foodmix
(p < 0.05, see Experimental Section for assay protocols).
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given a high fat diet containing 0.5 mg of compound per
gramof high fat diet for 28 days.As shown inFigures 4 and 5,
compound 20 significantly reduced fed glucose as well as
fasting insulin levels. No effect was observed on the fasted
glucose and the fed insulin. Effects on both food intake and
body weight were not observed, and the animals appeared
active and healthy with no visible abnormalities.

Conclusion

In summary, we have reported the synthesis and in vitro/in
vivo activity of novel potent and selective 2,4-disubsituted
benzenesulfonamides. This class of compounds showed good
potency against human and mouse 11β-HSD1 and displayed
good pharmacokinetics in mice and robust ex vivo inhibition
in the liver and fat. Tominimize stress response in animals, we
administered compound 20 in a high-fat diet food mix. We
established that compound 20achievedhigh concentrations in
target tissues and showed 95% inhibition in the ex vivo assay.
A 28-day DIO efficacy study in mice with compound 20

showed a significant reduction in the fed glucose as well as
the fasted insulin levels.

Experimental Section

Chemistry. Commercial reagents and solvents were used as
received without further purification. Final compounds were
either purified by silica gel column chromatography using
Merck silica gel 60 (230-400 mesh) or commercially available
prepacked silica gel cartridges. Proton nuclear magnetic spec-
troscopy 1H NMR spectra (400 MHz) were obtained on a
Bruker 400 spectrometer. Chemical shifts are reported in parts
per million relative to Me4Si (TMS) as internal standard. Low-
resolution mass spectra (MS) were obtained using a micromass
platform electrospray ionization quadrapole mass spectro-
meter. High-resolution exactmassmeasurements (HRMS)were
performed on a Bruker ApexIII 7T FT/ICR/MS with electro-
spray ionization. Purity of compounds was also analyzed by
reverse phaseHPLCusing the following twoconditions: (systemA)
H2O/MeCN/0.1% formic acid; (system B) H2O/MeOH/0.1%
formic acid (a gradient of 5-100%B in 7min followed by 2 min
at 100%. A satisfying purity of g95% was achieved with both
methods.

(3R)-1-(4-Fluoro-2-(trifluoromethyl)phenyl)-3-methylpipera-

zine (5).Amixture of 3 (31.50 g, 315.00mmol), 4 (72.90 g, 300.00
mmol), BINAP (7.47 g, 12.00 mmol), t-BuONa (58.00 g, 600.00
mmol), and Pd2(dba)3 (5.94 g, 6.00 mmol) was purged with N2.
Anhydrous toluene (1000 mL) was added, and the resulting
mixture was purged with N2 and then heated in an oil bath at
100 �C under N2 for 5 h. After cooling to rt, the mixture was
concentrated and filtered through a pad of celite usingEt2O.The
organic layer was concentrated, diluted with Et2O (500 mL),

filtered through a pad of celite, and extracted with 10% aq
HCl (2�80 mL). The combined aqueous layers were cooled to
0 �C and basified with solid NaOH (to pH ∼ 10) and extracted
with Et2O (3�200mL). The combined organic layers were dried
over MgSO4 and concentrated under vacuum to give 5 as a
brown oil (82.20 g, 99%). The material was used in subsequent
reactions without further purification.

General Procedure A. To a solution of 5 (5.00 g, 19.00 mmol)
in CH2Cl2 (50 mL) at 0 �C was added diisopropylethylamine
(6.62 mL, 38.00 mmol) and phenylsulfonyl chloride 6 (22.80
mmol). After stirring at rt overnight, the reaction mixture washed
with saturated aqNaHCO3. The aqueous layer was extracted with
CH2Cl2 (2�50 mL). The organic layers were combined and dried
over Na2SO4. The crude product was purified on SiO2 gel column
eluted with 5-15% EtOAc in hexanes to give the corresponding
benezenesulfonamide 7.

(2R)-1-(4-Bromophenylsulfonyl)-4-(4-fluoro-2-(trifluoromethyl)-
phenyl)-2-methylpiperazine (7a). Prepared according to general
procedure A, from 5 (1.00 g, 3.80 mmol), 4-bromobenzenesul-
fonyl chloride (1.07 g, 4.20 mmol) and diisopropylethylamine
(1.32 mL, 7.60 mmol), in 88% yield (1.62 g) as a light-yellow
solid. 1H NMR (400 MHz, CDCl3) δ ppm 1.20 (d, J=6.6 Hz,
3 H) 2.64-2.83 (m, 2 H) 2.86-2.95 (m, 1 H) 3.03 (dd, J=11.0,
3.4 Hz, 1 H) 3.27-3.40 (m, 1 H) 3.71 (d, J=12.6 Hz, 1 H) 4.22
(dd, J=6.6, 3.5 Hz, 1H) 7.16-7.40 (m, 3H) 7.60-7.76 (m, 4H).
HRMS: calcd for C18H17BrF4N2O2S [MþH]þ 481.0203; found
481.0206.

(2R)-4-(4-(4-Fluoro-2-(trifluoromethyl)phenyl)-2-methylpipera-
zin-1-ylsulfonyl)benzonitrile (7b). Prepared according to general
procedure A, using 5 (0.30 g, 1.14 mmol), 4-cyanobenzene-1-
sulfonyl chloride (0.23 g, 1.14 mmol), and diisopropylethyla-
mine (0.40 mL, 2.28 mmol). The compound was obtained in
94% yield (457 mg) as an off-white solid. 1H NMR (400 MHz,
CDCl3) δ ppm 1.20 (d, J=6.8 Hz, 3 H), 269-2.83 (m, 2 H),
2.87-2.97 (m, 1 H), 3.03 (dd, J=11.1, 3.5 Hz, 1 H), 3.37 (td, J=
12.2, 3.2 Hz, 1H), 3.75 (d, J=12.9Hz, 1H), 4.16-4.31 (m, 1H),
7.20-7.31 (m, 2 H), 7.34 (dd, J=8.8, 2.8 Hz, 1 H), 7.84 (d, J=
8.6 Hz, 2 H), 7.96 (d, J= 8.6 Hz, 2 H). HRMS: calcd for
C19H17F4N3O2S [MþH]þ, 428.1050; found 428.1057.

(2R)-4-(4-Fluoro-2-(trifluoromethyl)phenyl)-1-(4-methoxyphenyl-
sulfonyl)-2-methylpiperazine (7c). Prepared according to general
procedure A, using 5 (0.20, 0.76 mmol), 4-methoxybenzenesul-
fonyl chloride (0.19 g, 0.92 mmol), and diisopropylethylamine
(0.33 mL, 1.90 mmol). The compound was obtained in 42%
yield (136 mg) as a white solid. 1H NMR (400MHz, DMSO-d6)
δ ppm1.06 (d, J=6.6Hz, 3H) 2.57-2.76 (m, 2H) 2.76-2.87 (m,
1 H) 2.96 (d, J=11.6 Hz, 1 H) 3.05-3.21 (m, 1 H) 3.61 (d, J=
13.1Hz, 1H) 3.86 (s, 3H) 3.98-4.13 (m, 1H) 7.15 (d, J=8.6Hz,
2 H) 7.44-7.62 (m, 3 H) 7.77 (d, J=8.6 Hz, 2 H). HRMS: calcd
for C19H20F4N2O3S [MþH]þ, 433.1204; found 433.1204.

(2R)-4-(4-Fluoro-2-(trifluoromethyl)phenyl)-2-methyl-1-(4-(tri-
fluoromethoxy)-phenylsulfonyl)-piperazine (7d). Prepared ac-
cording to general procedure A, using 5 (0.20 g, 0.76 mmol),
4-trifluoromethoxysulfonyl chloride (0.24 g, 0.92 mmol), and
diisopropylethylamine (0.33 mL, 1.90 mmol). The compound
was obtained in 17% yield (62 mg) as a white solid. 1H NMR
(400MHz,DMSO-d6) δ ppm 1.09 (d, J=6.6Hz, 3H) 2.64-2.74
(m, 2H) 2.83 (d, J=12.1Hz, 1H) 2.95 (dd, J=11.4, 3.5 Hz, 1H)
3.17-3.26 (m, 1 H) 3.69 (d, J=12.9 Hz, 1 H) 4.09-4.17 (m, 1 H)
7.49-7.60 (m, 3 H) 7.63 (d, J=8.6 Hz, 2 H) 8.00 (d, J=8.8 Hz,
2 H). HRMS: calcd for C19H17F7N2O3S [MþH]þ, 487.0921;
found 487.0922.

General Procedure B (Buchwald Amination)
(2R)-4-[4-Fluoro-2-(trifluoromethyl)phenyl]-2-methyl-1-[(4-

piperidin-1-ylphenyl)sulfonyl]piperazine (8a). A mixture of 7a

(0.20 g, 0.42 mmol), piperidine (49 μL, 0.50 mmol), bis-t-butyl-
biphenylphosphine (5.3 mg, 0.042 mmol), t-BuONa (121 mg,
1.26 mmol), and Pd2(dba)3 (19.2 mg, 0.021 mmol) was purged
with N2. Anhydrous toluene (80 mL) was added and purged
withN2 again. The resultingmixture was heated in an oil bath at

Figure 5. Compound 20 on fed glucose levels dosed by food mix
(p<0.05, see Experimental Section for assay protocols).
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110 �CunderN2 for 5h, cooled to rt, dilutedwithEtOAc (100mL),
filtered through a pad of celite, andwashedwith EtOAc (100mL).
The combined organic layer was washedwith saturated aqueous
NaHCO3. The aqueous layer was extracted with EtOAc (2 �
50 mL). The organic layers were combined and dried over Na2-
SO4. The crude product was purified on SiO2 gel column eluted
with 0-25%MeOH in EtOAc to give 8a as a light-yellow solid
in 48% yield. 1H NMR (400 MHz, CDCl3) δ ppm 1.20 (d, J=
6.8 Hz, 3 H) 1.61-1.77 (m, 6 H) 2.64-2.72 (m, 1 H) 2.73-2.84
(m, 1 H) 2.82-2.90 (m, 1 H) 3.04 (dd, J=10.9, 3.5 Hz, 1 H) 3.29
(dd, J=12.6, 3.28 Hz, 1 H) 3.32-3.41 (m, 4 H) 3.65 (d, J=12.4
Hz, 1 H) 4.14-4.26 (m, 1 H) 6.90 (d, J=9.1 Hz, 2 H) 7.15-7.24
(m, 1 H) 7.27-7.37 (m, 2 H) 7.65 (d, J=9.1 Hz, 2 H). HRMS:
calcd for C23H27F4N3O2S [MþH]þ, 486.1833; found 486.1828.

4-[4-({(2R)-4-[4-Fluoro-2-(trifluoromethyl)phenyl]-2-methyl-

piperazin-1-yl}sulfonyl)phenyl]morpholine (8b). Prepared accor-
ding to the procedure B, using 7a (0.20 g, 0.42 mmol) and
morpholine (42 μL, 0.50 mmol). The desired product was
obtained in 53% yield (108 mg) as a yellow solid. 1H NMR
(400MHz, CDCl3) δ ppm1.19 (d, J=6.6Hz, 3H) 2.64-2.86 (m,
2 H) 2.88 (s, 1 H) 3.05 (dd, J=11.0, 3.7 Hz, 1 H) 3.25-3.33 (m,
5 H) 3.59-3.71 (m, J=12.4 Hz, 1 H) 3.82-3.91 (m, 4 H) 4.09-
4.26 (m, 1 H) 6.81-6.96 (m, 2 H) 7.12-7.36 (m, 3 H) 7.58-7.76
(m, 2H). HRMS: calcd for C22H25F4N3O3S [MþH]þ, 488.1626;
found 488.1607.

(2R)-4-(4-(4-Fluoro-2-(trifluoromethyl)phenyl)-2-methylpi-

perazin-1-ylsulfonyl)benzamide (9). To compound 7b (457.0 mg,
1.07 mmol) was added a solution of TMS-CF3 (0.5 M in THF)
(7.49 mL, 3.745 mmol). The mixture was cooled to 0 �C; TBAF
(1.0 M in THF, 1.07 mL, 1.07 mmol) was added slowly to the
reaction mixture. After stirring at this temperature for 30 min,
the reaction mixture was brought to rt, and an additional 7 mL
of TMS-CF3 and TBAF (0.54 mL) were then added. The
reaction mixture was heated up to 50 �C, for 3 days. It was then
cooled to rt, quenched with saturated aqueous NaHCO3, and
extracted with CH2Cl2 (2 � 50 mL). The organic layers were
combined and washed with brine, dried over Na2SO4, and
concentrated to give an orange gum, which was purified by
preparative HPLC under neutral conditions to afford 9 as a
light-tan color solid (151.8 mg) in 25% yield. 1H NMR (CDCl3,
400 MHz): δ ppm 1.19 (d, J=6.8 Hz, 3 H), 2.63-2.81 (m, 2 H),
2.83-2.96 (m, 1 H), 3.02 (dd, J=11.2, 3.4 Hz, 1 H), 3.37 (td, J=
12.1, 3.0Hz, 1H), 3.75 (d, J=12.6Hz, 1H), 4.25 (d, J=6.8Hz, 1
H), 5.74 (br s, 1 H),6.12 (br s, 1 H), 7.17-7.30 (m, 2H), 7.33 (dd,
J=8.8, 2.8 Hz, 1 H), 7.79-8.10 (m, 4 H). HRMS: calcd for
C19H19F4N3O3S [MþH]þ, 446.1156; found 446.1156.

(2R)-4-[4-Fluoro-2-(trifluoromethyl)phenyl]-2-methyl-1-{[4-(1H-

tetrazol-5-yl)phenyl]sulfonyl}piperazine (10).Thenitrile 7b (150mg,
0.35 mmol), NaN3 (66.0 mg, 1.05 mmol), and triethylamine
hydrochloride (139.0 mg, 1.05 mmol) were dissolved in toluene
(3.50 mL). The mixture was heated at 100 �C for 16 h, after which
the reaction was judged complete by LCMS. The reactionmixture
was thendilutedwithH2O (100mL) and extracted intoEtOAc (3�
25 mL). The combined organic layers were washed with 5%HCl,
dried overMgSO4, filtered, and then concentrated under vacuum.
The residuewas purified via triturationwith ether/hexanes, afford-
ing the desired compound as a white powder (97.0 mg) in 61%
yield. 1HNMR (400MHz,CDCl3) δ ppm1.22 (d, J=6.6Hz, 3H)
2.67-2.86 (m, 2 H) 2.88-2.97 (m, 1 H) 3.04 (dd, J=11.1, 3.3 Hz,
1 H) 3.34-3.48 (m, 1 H) 3.78 (d, J=12.6 Hz, 1 H) 4.13-4.36 (m,
1H) 7.13-7.39 (m, 3H) 8.00 (d, J=8.3Hz, 2H) 8.33 (d,J=8.3Hz,
2H).HRMS: calcd forC19H18F4N6O2S [MþH]þ, 471.1221; found
471.1225.

(2R)-1-(4-Bromo-2-chlorophenylsulfonyl)-4-(4-fluoro-2-(trifluoro-
methyl)phenyl)-2-methylpiperazine (12a). Prepared according to
general procedure A, using 5 (3.26 g, 12.45 mmol), 4-bromo-2-
chlorobenzene-1-sulfonyl chloride (3.18 g, 10.96 mmol), and
diisopropylethylamine (5.42 mL, 31.12 mmol). The compound
was obtained as a white solid (5.72 g) in 97% yield. 1H NMR
(400MHz, CDCl3) δ ppm1.35 (d, J=6.8Hz, 3H) 2.65-2.83 (m,

2 H) 2.84-2.95 (m, 1 H) 3.07 (dd, J=11.1, 3.5 Hz, 1 H) 3.45-
3.62 (m, 1 H) 3.64-3.81 (m, 1 H) 4.04-4.17 (m, 1 H) 7.12-7.26
(m, 1 H) 7.29-7.42 (m, 2 H) 7.54 (dd, J=8.5, 1.9 Hz, 1 H) 7.72
(d, J=1.8 Hz, 1 H) 7.99 (d, J=8.6 Hz, 1 H). HRMS: calcd for
C18H16BrClF4N2O2S [MþH]þ, 514.9813; found 514.9815.

(2R)-1-(4-Bromo-2-fluorophenylsulfonyl)-4-(4-fluoro-2-(trifluoro-
methyl)phenyl)-2-methylpiperazine (12b). Prepared according to
general procedure A, using 5 (1.00 g, 3.80 mmol), 2-fluoro-4-
bromobenzenesulfonyl chloride (1.30 g, 4.60 mmol), and diiso-
propylethylamine (1.70 mL, 9.50 mmol). The compound was
obtained in 84% yield (1.60 g) as a light-yellow solid. 1H NMR
(400MHz,DMSO-d6) δ ppm 1.11 (d, J=6.6Hz, 3H) 2.65-2.87
(m, 2 H) 2.90-3.09 (m, 2 H) 3.21-3.31 (m, 1 H) 3.75 (d, J=
12.9 Hz, 1 H) 4.13-4.28 (m, 1 H) 7.37-7.61 (m, 1 H) 8.00-8.29
(m, 5 H). HRMS: calcd for C18H16BrF5N2O2S [M þ H]þ,
499.0109; found 499.0109.

(2R)-N-[3-Chloro-4-({4-[4-fluoro-2-(trifluoromethyl)phenyl]-
piperazin-1-yl}sulfonyl)phenyl]morpholine-4-carboxamide (12c).
Synthesized according to the general procedureA, using 5 (100.0mg,
0.40 mmol), diisopropylethylamine (0.14 mL, 0.80 mmol), and
2-chloro-4-[(morpholine-4-carbonyl)-amino]-benzenesulfonyl
chloride (136.6 mg, 0.40 mmol) in CH2Cl2 (1.5 mL). The
compound was obtained in 88% yield as a white solid. 1H
NMR (400 MHz, CDCl3) δ ppm 1.35 (d, J=6.8 Hz, 3 H)
2.61-2.81 (m, 2 H) 2.88 (d, J=11.6 Hz, 1 H) 3.06 (dd, J=11.1,
3.5 Hz, 1 H) 3.46-3.60 (m, 5 H) 3.66 (d, J=13.1 Hz, 1 H) 3.70-
3.81 (m, 4 H) 4.09 (dd, J=12.2, 7.20 Hz, 1 H) 6.64 (s, 1 H) 7.14-
7.24 (m, 1H) 7.27-7.38 (m, 3H) 7.75 (d, J=2.0Hz, 1H) 7.99 (d,
J=8.8 Hz, 1 H). HRMS: calcd for C23H25ClF4N4O4S [MþH]þ,
565.1294; found 565.1304.

(2R)-3-Chloro-4-(4-(4-fluoro-2-(trifluoromethyl)phenyl)-2-
methylpiperazin-1-ylsulfonyl)-N,N-dimethylaniline (13a). Pre-
pared according to the general procedure B, using 12a (500.0 mg,
1.01 mmol), 2.0 M N,N-dimethylamine (550.0 μL, 1.10 mmol),
Pd2(dba)3 (27.0 mg, 0.03 mmol), BINAP (38.0 mg, 0.06 mmol),
and t-BuONa(144.0mg,1.50mmol).The compoundwasobtained
as a white solid (180.0 mg) in 39% yield. 1H NMR (400 MHz,
CDCl3) δ ppm 1.34 (d, J=6.8 Hz, 3 H) 2.64-2.83 (m, 2 H) 2.82-
2.91 (m, 1H) 3.05 (s, 6H) 3.09 (dd, J=11.0, 3.4Hz, 1H) 3.40-3.58
(m, 1H) 3.59-3.72 (m, 1H) 3.9-4.18 (m, J=3.3Hz, 1H) 6.53 (dd,
J=9.0, 2.7 Hz, 1 H) 6.72 (d, J=2.8 Hz, 1 H) 7.08-7.23 (m, 1 H)
7.29-7.43 (m, 2 H) 7.91 (d, J=9.1 Hz, 1 H). HRMS: calcd for
C20H22ClF4N3O2S [MþH]þ, 480.1130; found 480.1129.

(2R)-1-[(2-Chloro-4-pyrrolidin-1-ylphenyl)sulfonyl]-4-[4-fluoro-
2-(trifluoromethyl)phenyl]-2-methylpiperazine (13b). Prepared
according to the general procedure B, using 12a (500.0 mg,
1.00 mmol) and pyrrolidine (92.8 μL, 1.10 mmol), Pd2(dba)3
(27.0 mg, 0.03 mmol), BINAP (38.0 mg, 0.06 mmol), and
t-BuONa (144.0 mg, 1.50 mmol). The compound was obtained
as a white solid (136.0 mg), in 27% yield. 1H NMR (400 MHz,
CDCl3) δ ppm 1.36 (d, J=6.8 Hz, 3 H) 1.41 (s, 9 H) 2.63-2.83
(m, 2H) 2.81-2.92 (m, 1H) 3.09 (dd, J=11.0, 3.4Hz, 1H) 3.42-
3.57 (m, 1 H) 3.58-3.68 (m, 1 H) 4.05-4.17 (m, 1 H) 4.18-4.30
(m, 1 H) 6.52 (dd, J=8.8, 2.3 Hz, 1 H) 6.72 (d, J=2.5 Hz, 1 H)
7.14-7.25 (m, 1 H) 7.29-7.41 (m, 2 H) 7.82 (d, J=8.8 Hz, 1 H).
HRMS: calcd for C22H24ClF4N3O2S [MþH]þ, 506.1287; found
506.1285

(2R)-1-[(2-Chloro-4-piperidin-1-ylphenyl)sulfonyl]-4-[4-fluoro-
2-(trifluoromethyl)phenyl]-2-methylpiperazine (13c). Prepared
according general procedure B, using 12a (250.0 mg, 0.49 mmol),
piperidine (52.5 μL, 0.53 mmol), Pd2(dba)3 (25.0 mg, 0.03 mmol),
BINAP (31.0mg, 0.06mmol), and t-BuONa (77.0mg, 0.74mmol).
The compound was obatined as a white solid (125.0 mg), in 43%
yield. 1HNMR (400MHz, DMSO-d6) δ ppm 1.18-1.27 (m, 3 H)
1.47-1.69 (m, 6 H) 2.63-2.75 (m, 2 H) 2.76-2.91 (m, 1 H) 2.90-
3.08 (m, 1 H) 3.21-3.33 (m, 1 H) 3.34-3.42 (m, J=5.8 Hz, 4 H)
3.46-3.60 (m, 1 H) 3.89-4.05 (m, 1 H) 6.94 (dd, J=9.1, 2.5 Hz,
1H) 7.02-7.11 (m, J=2.8Hz, 1H) 7.45-7.65 (m, 3H) 7.75 (d, J=
8.8 Hz, 1 H). HRMS: calcd for C23H26ClF4N3O2S [MþH]þ,
520.1443; found 520.1445.
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(2R)-1-{[2-Chloro-4-(4-fluoropiperidin-1-yl)phenyl]sulfonyl}-
4-[4-fluoro-2-(trifluoromethyl)phenyl]-2-methylpiperazine (13d).
Prepared according to the general procedure B, using 12a

(400.0 mg, 0.83 mmol), 4-fluoropiperidine hydrochloride
(139.5mg, 1.00mmol), Pd2(dba)3 (37.0mg, 0.04mmol), BINAP
(50.0mg, 0.08mmol), and t-BuONa (200.0mg, 2.08mmol). The
compound was obtained as a white solid (10.0 mg), in 3% yield.
1H NMR (400 MHz, DMSO-d6) δ ppm 1.06-1.31 (m, 7 H)
2.61-2.76 (m, 2 H) 2.75-2.88 (m, 1 H) 2.90-3.07 (m, 1 H)
3.35-3.46 (m, 5H) 3.46-3.67 (m, 1H) 3.93-4.05 (m, J=7.3Hz,
1 H) 4.73-5.01 (m, 1 H) 6.92-7.03 (m, 2 H) 7.17 (d, J=2.8 Hz,
2 H) 7.78 (d, J=9.6 Hz, 2 H).

(2R)-1-{[2-Chloro-4-(4,4-difluoropiperidin-1-yl)phenyl]sulfonyl}-
4-[4-fluoro-2-(trifluoromethyl)phenyl]-2-methylpiperazine (13e).
Prepared according to the general procedure B, using 12a

(400.0 mg, 0.83 mmol), 4,4-difluoropiperidine hydrochloride
(157.5mg, 1.00mmol), Pd2(dba)3 (37.0mg, 0.04mmol), BINAP
(50.0mg, 0.08mmol), and t-BuONa (200.0mg, 2.08mmol). The
compound was obtained as a white solid (35.0 mg), in 8% yield.
1H NMR (400 MHz, CDCl3) δ ppm 1.34 (d, J=6.8 Hz, 3 H)
1.96-2.17 (m, 4 H) 2.65-2.84 (m, 2 H) 2.85-2.94 (m, 1 H)
3.09 (dd, J=10.9, 3.8 Hz, 1 H) 3.41-3.59 (m, 5 H) 3.67 (d, J=
13.1 Hz, 1 H) 4.00-4.20 (m, 1 H) 6.78 (dd, J=9.0, 2.7 Hz, 1 H)
6.96 (d, J=2.5 Hz, 1 H) 7.15-7.25 (m, 1 H) 7.95 (d, J=9.1 Hz,
1 H).

(2R)-1-[3-Chloro-4-({(2R)-4-[4-fluoro-2-(trifluoromethyl)phenyl]-
2-methylpiperazin-1-yl}sulfonyl)phenyl]-N,N-dimethylpiperidin-
4-amine (13f). Prepared according to the general procedure B,
using 12a (250.0 mg, 0.50 mmol), 4-dimethylaminopiperadine
(77.0 mg, 0.60 mmol), Pd2(dba)3 (23.0 mg, 0.02 mmol), BINAP
(31.0 mg, 0.05 mmol), and t-BuONa (72.0 mg, 0.08 mmol). The
compound was obtained as a yellow solid (92.0 mg), in 33%
yield. 1H NMR (400 MHz, CDCl3) δ ppm 1.34 (d, J=6.8 Hz,
3 H) 1.53-1.70 (m, 1 H) 1.89-2.05 (m, 2 H) 2.38 (s, 6 H) 2.66-
2.82 (m, 3 H) 2.83-2.99 (m, 3 H) 3.03-3.14 (m, 1 H) 3.31-3.43
(m, 1H) 3.42-3.58 (m, 1H) 3.66 (d, J=13.1Hz, 1H) 3.89 (d, J=
13.4 Hz, 2 H) 4.02-4.17 (m, 1 H) 6.74 (dd, J=9.0, 2.7 Hz, 1 H)
6.92 (d, J=2.8 Hz, 1 H) 7.12-7.25 (m, 1 H) 7.33 (dd, J=8.8,
3.3 Hz, 2 H) 7.91 (d, J=8.8 Hz, 1 H). HRMS: calcd for C25H31-
ClF4N4O2S [MþH]þ, 563.1865; found 563.1886.

(2R)-1-(3-Chloro-4-(2-fluoro-4-(4-fluoro-2-(trifluoromethyl)-
phenyl)piperazin-1-ylsulfonyl)phenyl)piperidin-4-ol (13g). Prepa-
red according to the general procedure B, from the bromide
precursor (500 mg, 1.0 mmol), 4-hydroxy-piperadine (98 mg,
0.6 mmol), Pd2(dba)3 (45 mg, 0.05 mmol), BINAP (62 mg,
0.10 mmol), and t-BuONa (140mg, 1.45 mmol). The compound
was obtained as a yellow solid (77 mg), in 16% yield. 1H NMR
(400MHz, DMSO-d6) δ 1.22 (d, J=6.6 Hz, 3H), 1.34-1.46 (m,
2H), 1.73-1.84 (m, 2H), 2.64-2.75 (m, 2H), 2.83 (d, J=12.4Hz,
1H), 2.98 (dd, J=3.4, 11.0 Hz, 1H), 3.04-3.15 (m, 2H), 3.95-
4.01 (m, 1H), 3.53 (d, J=12.9 Hz, 1H), 3.68-3.78 (m, 3H), 4.75
(d, J=4.0 Hz, 1H), 6.95 (dd, J=2.5, 9.1 Hz, 1H), 7.11 (d, J=
2.5Hz, 1H), 7.47-7.66 (m, 3H), 7.76 (d, J=8.8Hz, 1H).HRMS:
calcd for C24H26ClF4N3O4S [M þ H]þ, 564.1341; found
564.1342.

(2R)-1-(3-Chloro-4-(4-(4-fluoro-2-(trifluoromethyl)phenyl)-2-
methylpiperazin-1-ylsulfonyl)phenyl)piperidine-4-carboxylic Acid
(13h). Prepared according to the general procedure B, from 12a

(1.00 g, 1.95 mmol), ethyl piperidine-4-carboxylate (360.0 μL,
2.34mmol), Pd2(dba)3 (92.0mg, 0.10mmol), BINAP (125.0mg,
0.20 mmol), and t-BuONa (282.0 mg, 2.93 mmol). The product
was purified by silica gel column chromatography, then hydro-
lyzed by using KOH (10.00 mmol) in a 2:1 mixture (v/v) of
MeOH/THF(6mL) at rt for 5h. Itwas dilutedwithwater (10mL)
and acidified with 10% aq HCl to pH around 3. The precipitate
was collected by filtration and washed with water to afford the
desired product as a white solid (245.0 mg) in 21% overall yield.
1H NMR (400 MHz, CDCl3) δ ppm 1.34 (d, J=6.8 Hz, 3 H)
1.76-1.93 (m, 2H) 2.07 (dd, J=13.4, 3.8Hz, 2H) 2.54-2.67 (m,
1 H) 2.68-2.82 (m, 2 H) 2.81-2.93 (m, 1 H) 2.95-3.12 (m, 3 H)

3.35-3.58 (m, 1 H) 3.60-3.68 (m, 1 H) 3.75-3.86 (m, 2 H)
4.03-4.17 (m, 1 H) 6.75 (dd, J=9.1, 2.5 Hz, 1 H) 6.93 (d, J=2.5
Hz, 1 H) 7.13-7.25 (m, 1 H) 7.29-7.38 (m, 2 H) 7.92 (d, J=9.1
Hz, 1 H). HRMS: calcd for C24H26ClF4N3O4S [M þ H]þ,
564.1341; found 564.1368.

(2R)-1-(3-Chloro-4-(4-(4-fluoro-2-(trifluoromethyl)phenyl)-2-
methylpiperazin-1-ylsulfonyl)phenyl)piperidine-4-carboxamide

(13i). Prepared according to the general procedure B, using 12a
(1.00 g, 1.95 mmol), piperidine-4-carboxamide (299.0 mg, 2.34
mmol), Pd2(dba)3 (92.0mg, 0.10mmol), BINAP (125.0mg, 0.20
mmol), and t-BuONa (282.0 mg, 2.93 mmol). The compound
was obtained as a white solid (210.0 mg) in 19% yield. 1HNMR
(400MHz,CDCl3) δ ppm1.36 (d, J=6.8Hz, 3H) 1.73-1.90 (m,
2 H) 1.93-2.05 (m, 2 H) 2.33-2.48 (m, 1 H) 2.64-2.84 (m, 3 H)
2.85-3.00 (m, 3H) 3.09 (dd, J=10.9, 3.3Hz, 1H) 3.45-3.57 (m,
1 H) 3.61-3.73 (m, 1 H) 3.88 (d, J=13.1 Hz, 2H) 4.03-4.21 (m,
1H) 5.40 (br s, 1 H) 5.53 (br s, 1 H) 6.74 (dd, J=9.1, 2.5Hz, 1H)
6.92 (d, J=2.5 Hz, 1 H) 7.15-7.26 (m, 1 H) 7.29-7.40 (m, 2 H)
7.92 (d, J=9.1 Hz, 1 H). HRMS: calcd for C24H27ClF4N4O3S
[MþH]þ, 563.1501; found 563.1509.

(2R)-4-[3-Chloro-4-({(2R)-4-[4-fluoro-2-(trifluoromethyl)phenyl]-
2-methylpiperazin-1-yl}sulfonyl)phenyl]morpholine (13j). Prepa-
red according to the general procedure B, from 12a (7.0 g, 13.8
mmol), morpholine (1.10 mL, 15.10 mmol), Pd2(dba)3 (382.0 mg,
0.42mmol), BINAP (615mg, 1.43mmol), and t-BuONa (2.00 g,
4.68 mmol) and recrystallized as white needles (3.90 g) in 58%
yield. 1H NMR (400 MHz, CDCl3) δ ppm 1.34 (d, J=6.8 Hz,
3 H) 2.69-2.83 (m, 2 H) 2.84-2.96 (m, 1 H) 3.09 (dd, J=11.0,
3.4 Hz, 1 H) 3.22-3.39 (m, 4 H) 3.41-3.60 (m, 1 H) 3.67 (d, J=
13.1 Hz, 1 H) 3.79-3.91 (m, 4 H) 4.03-4.20 (m, J=3.3 Hz, 1 H)
6.75 (dd, J=9.1, 2.5 Hz, 1 H) 6.93 (d, J=2.5Hz, 1 H) 7.14-7.26
(m, 1 H) 7.27-7.38 (m, 2 H) 7.96 (d, J=9.1 Hz, 1 H). HRMS:
calcd for C22H24ClF4N3O3S [M þ H]þ, 522.1236; found
522.1220.

(2R)-4-(3-Fluoro-4-(4-(4-fluoro-2-(trifluoromethyl)phenyl)-2-
methylpiperazin-1-ylsulfonyl)phenyl)morpholine (13k). Prepared
according general procedure B, from 12b (200 mg, 0.44 mmol),
morpholine (46.0 μL, 53.00 mmol), Pd2(dba)3 (22.0 mg, 0.02
mmol), BINAP (31.0 mg, 0.05 mmol), and t-BuONa (63.0 mg,
0.66mmol). The compoundwas obtained a white solid (100.0mg)
in 52% yield. 1H NMR (400 MHz, CDCl3) δ ppm 1.25 (d, J=
6.8 Hz, 3 H) 2.67-2.84 (m, 2 H) 2.89 (s, 1 H) 3.04 (dd, J=11.1,
3.3 Hz, 1 H) 3.19-3.35 (m, 4 H) 3.36-3.51 (m, 1 H) 3.38-3.47
(m, 1 H) 3.76 (s, 1 H) 3.80-3.93 (m, 4 H) 4.08-4.25 (m, 1 H)
6.53-6.67 (m, 2 H) 7.12-7.25 (m, 1 H) 7.29-7.42 (m, 2 H) 7.73
(t, J=8.7Hz, 1 H). HRMS: calcd for C22H24F5N3O3S [MþH]þ,
506.1531; found 506.1532.

(2R)-4-[3-Chloro-4-({(2R)-4-[4-fluoro-2-(trifluoromethyl)phenyl]-
2-methylpiperazin-1-yl}sulfonyl)phenyl]-cis-2,6-dimethylmorpho-

line (13l). Prepared according to the general procedure B, using
12a (250 mg, 0.5 mmol), cis-2,6-dimethylmorpholine (69.0 mg,
0.60mmol), Pd2(dba)3 (72.0mg, 0.025mmol), BINAP (31.0mg,
0.05mmol), and t-BuONa (72.0mg, 0.75mmol). The compound
was obtained as a yellow solid (309.0mg) in 56%yield. 1HNMR
(400 MHz, CDCl3) δ ppm 1.28 (d, J=6.3 Hz, 6 H) 1.34 (d, J=
6.8 Hz, 3 H) 2.56 (dd, J=12.1, 10.9 Hz, 2 H) 2.66-2.81 (m, 2 H)
2.87 (d, J=1.0Hz, 1H) 3.08 (dd, J=10.9, 3.5Hz, 1H) 3.42-3.60
(m, 3 H) 3.63-3.72 (m, 1 H) 3.71-3.81 (m, 2 H) 3.98-4.21 (m,
1H) 6.74 (dd, J=9.1, 2.5Hz, 1H) 6.92 (d, J=2.5Hz, 1H) 7.10-
7.26 (m, 1 H) 7.28-7.38 (m, 2 H) 7.94 (d, J=9.1 Hz, 1 H).
HRMS: calcd for C24H28ClF4N3O3S [MþH]þ, 550.1549; found
550.1550.

(2R)-1-{[2-Chloro-4-(4-methylpiperazin-1-yl)phenyl]sulfonyl}-
4-[4-fluoro-2-(trifluoromethyl)phenyl]-2-methylpiperazine (13m).
Prepared according to the general procedure B, using 12a (257.0mg,
0.50 mmol), N-methylpiperazine (59 μL, 0.53 mmol), Pd2(dba)3
(72.0 mg, 0.02 mmol), BINAP (31.0 mg, 0.05 mmol), and t-BuONa
(72.0 mg, 0.75 mmol). The compound was purified via reversed
phase HPLC, using a 10-90% acetonitrile/H2O gradient and iso-
lated as a white solid (97 mg) in 37% yield. 1H NMR (400 MHz,
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CDCl3) δ ppm 1.34 (d, J=6.8 Hz, 3 H) 2.47 (s, 3 H) 2.65-2.82 (m,
6H) 2.87 (d, 1H) 3.08 (d,J=11.4Hz,1H) 3.38-3.48 (m,4H) 3.48-
3.59 (m, 1H) 3.66 (d, J=13.1Hz, 1H) 3.98-4.19 (m, 1H) 6.76 (dd,
J=9.1, 2.5 Hz, 1 H) 6.94 (d, J=2.5 Hz, 1 H) 7.15-7.25 (m, 1 H)
7.30-7.39 (m, 2 H) 7.95 (d, J=9.1 Hz, 1 H). HRMS: calcd for
C23H27ClF4N4O2S [MþH]þ, 535.1552; found 535.1576.

(2R)-1-({2-Chloro-4-[(3S)-3-methylpiperazin-1-yl]phenyl}sul-
fonyl)-4-[4-fluoro-2-(trifluoromethyl)phenyl]-2-methylpiperazine
(13n). Prepared according to the general procedure B, using 12a
(257.0 mg, 0.5 mmol), 2-(S)-methylpiperazine (60.0 mg, 0.60
mmol), Pd2(dba)3 (72.0mg, 0.025mmol), BINAP (31.0mg, 0.05
mmol), and t-BuONa (72.0mg, 0.75mmol). The compoundwas
isolated as a yellow solid in 51% yield. 1H NMR (400 MHz,
CDCl3) δ ppm 1.34 (d, J=6.8 Hz, 3 H) 1.43 (d, J=6.1 Hz, 3 H)
2.66-2.81 (m, 2 H) 2.84-3.01 (m, 2 H) 3.09 (d, J=10.9 Hz, 2 H)
3.16-3.31 (m, 2 H) 3.36 (d, J=2.3 Hz, 1 H) 3.53 (d, J=11.9 Hz,
2H) 3.70 (d, J=3.1Hz, 2H) 4.05-4.16 (m, 1H) 6.77 (dd, J=9.0,
2.4 Hz, 1 H) 6.86-6.99 (m, 1 H) 7.17-7.23 (m, 1 H) 7.30-7.40
(m, 2 H) 7.86-8.00 (m, 1 H).

(2R)-4-[3-Chloro-4-({(2R)-4-[4-fluoro-2-(trifluoromethyl)phenyl]-
2-methylpiperazin-1-yl}sulfonyl)phenyl]thiomorpholine-1,1-di-

oxide (13o). Prepared according to the general procedure B,
using 12a (257.0 mg, 0.50 mmol), thiomorpholine-1,1-dioxide
(85.0 mg, 0.60 mmol), Pd2(dba)3 (72 mg, 0.025 mmol), BINAP
(31.0 mg, 0.05 mmol), and t-BuONa (72.0 mg, 0.75 mmol). The
compound was isolated as a pale-yellow solid (51.0 mg), in 18%
yield. 1H NMR (400 MHz, CDCl3) δ ppm 1.36 (d, J=6.8 Hz,
3 H) 2.68-2.84 (m, 2 H) 2.84-2.96 (m, 1 H) 3.01-3.19 (m, 5 H)
3.41-3.59 (m, 1 H) 3.63-3.75 (m, 1 H) 3.91-4.03 (m, 4 H)
4.05-4.22 (m, 1 H) 6.79 (dd, J=9.0, 2.6 Hz, 1 H) 6.96 (d, J=
2.8 Hz, 1 H) 7.11-7.24 (m, 1 H) 7.29-7.37 (m, 2 H) 8.01 (d, J=
8.8 Hz, 1 H). HRMS: calcd for C22H24ClF4N3O4S2 [MþH]þ,
570.0906; found 570.0918.

(2R)-4-[3-Chloro-4-({(2R)-4-[4-fluoro-2-(trifluoromethyl)phenyl]-
2-methylpiperazin-1-yl}sulfonyl)phenyl]piperazin-2-one (13p).
Prepared according to the general procedure B, using 12a

(257.0 mg, 0.50 mmol), piperazine-2-one (69.0 mg, 0.60 mmol),
Pd2(dba)3 (72.0mg, 0.025mmol), BINAP (31.0mg, 0.05mmol),
and t-BuONa (72.0 mg, 0.75 mmol). The compound was
isolated as an off-white solid (50.0 mg), in 19% yield. 1H
NMR (400 MHz, DMSO-d6) δ ppm 1.22 (d, J=6.6 Hz, 3 H)
2.68 (s, 2 H) 2.77-2.86 (m, 1 H) 2.91-3.03 (m, 1 H) 3.24-3.41
(m, 3H) 3.47-3.63 (m, 3H) 3.91 (s, 2H) 3.99-4.07 (m, 1H) 6.93
(d, J=8.8 Hz, 1 H) 7.09 (d, J=2.5 Hz, 1 H) 7.49-7.64 (m, 3 H)
7.81 (d, J = 9.1 Hz, 1 H) 8.22 (s, 1 H). HRMS: calcd for
C22H23ClF4N4O3S [MþH]þ 535.1188; found 535.1195.

(2R)-1-(4-tert-Butoxy-2-chlorophenylsulfonyl)-4-(4-fluoro-2-(tri-
fluoromethyl)phenyl)-2-methylpiperazine (14a). Prepared accor-
ding to the general procedure B, using 12a (514.0mg, 1.0mmol),
Pd2(dba)3 (45.0 mg, 0.05 mmol), BINAP (63.0 mg, 0.10 mmol),
and t-BuONa (192.0 mg, 2.00 mmol), affording the desired
product as a white solid (375.0 mg) in an overall 75% yield.
1HNMR (400MHz, CDCl3) δ ppm1.34 (d, J=6.8Hz, 3H) 1.44
(s, 9 H) 2.69-2.83 (m, 2 H) 2.88 (s, 1 H) 3.01-3.13 (m, 1 H)
3.48-3.62 (m, 1 H) 3.70 (d, J=12.9 Hz, 1 H) 4.01-4.20 (m, 1 H)
6.95 (d, J=8.8 Hz, 1 H) 7.13 (s, 1 H) 7.17-7.24 (m, 1 H) 7.29-
7.38 (m, 2 H) 8.01 (d, J=8.6 Hz, 1 H).

(2R)-1-[3-Chloro-4-({(2R)-4-[4-fluoro-2-(trifluoromethyl)phenyl]-
2-methylpiperazin-1-yl}sulfonyl)phenyl]piperazin-2-one (15a). A
mixture of 12a (257.0 mg, 0.49 mmol), tert-butyl 3-oxopiper-
azine-1-carboxylate (116.0 mg, 0.58 mmol), CuI (5.0 mg, 0.025
mmol), K3PO4 (208.0 mg, 0.98 mmol) and trans-N,N0-dimethyl-
cyclohexane-1,2-diamine (14.0 mg, 0.1 0 mmol) was heated in
diglyme (1.0 mL) at 165 �C under microwave conditions for
2 h, after which the reaction was judged complete by LCMS.
The mixture was diluted with ethyl acetate and washed with
saturated sodium bicarbonate solution, dried over Na2SO4,
decanted, and concentrated in vacuo. The residue was puri-
fied via silica gel column chromatography (20-80% ethyl acetate/
hexanes), affording the desired compound, (R)-tert-butyl

4-(3-chloro-4-(4-(4-fluoro-2-(trifluoromethyl)phenyl)-2-methyl-
piperazin-1-ylsulfonyl)phenyl)-3-oxopiperazine-1-carboxylate,
as a white solid (70.0 mg) in 22% yield. 1H NMR (400 MHz,
DMSO-d6) δ ppm 1.25 (d, J=6.8 Hz, 3 H) 2.65-2.77 (m, J=
8.7 Hz, 2 H) 2.79-2.88 (m, 1 H) 2.93-3.07 (m, 1 H) 3.34-3.45
(m, 1 H) 3.55-3.75 (m, 3 H) 3.78-3.89 (m, J=6.1 Hz, 2 H)
4.06-4.17 (m, 3 H) 7.42-7.70 (m, 4 H) 7.83 (d, J=2.3 Hz, 1 H)
8.07 (d, J=8.6 Hz, 1 H).

A solution of (R)-tert-butyl 4-(3-chloro-4-(4-(4-fluoro-
2-(trifluoromethyl)phenyl)-2-methylpiperazin-1-ylsulfonyl)phenyl)-
3-oxopiperazine-1-carboxylate (50.0 mg, 0.08 mmol) was dis-
solved in CH2Cl2 (10.0 mL). Trifluoroacetic acid (2.0 mL) was
then added dropwise at ambient temperature, and the reaction
mixture was allowed to stir for 5 h, after which it was judged
complete by TLC. The reaction mixture was concentrated under
vacuum and the residue was dissolved in MeOH/H2O (∼10 mL
1:10 v/v). Aqueous 1NNaOHwas then added dropwise until the
desired product was precipitated. The slurry was filtered and the
solid was rinsed with water, affording the desired compound as a
white powder in 94% yield. 1H NMR (400 MHz, CDCl3) δ ppm
1.40 (d, J=6.6 Hz, 3 H) 2.66-2.82 (m, 2 H) 2.87-2.95 (m,
1H) 3.08 (dd, J=11.2, 3.4Hz, 1H) 3.20-3.31 (m, 3H) 3.44-3.61
(m, 1 H) 3.61-3.72 (m, 1 H) 3.70-3.81 (m, 4 H) 4.04-4.21 (m,
1 H) 7.13-7.26 (m, 1 H) 7.29-7.37 (m, 2 H) 7.41 (dd, J=8.6, 2.3
Hz, 1H) 7.63 (d, J=2.0Hz, 1H) 8.14 (d, J=8.6Hz, 1H).HRMS:
calcd for C22H23ClF4N4O3S [MþH]þ, 535.1188; found 535.1195.

(2R)-1-{[2-Chloro-4-(1H-1,2,4-triazol-1-yl)phenyl]sulfonyl}-
4-[4-fluoro-2-(trifluoromethyl)phenyl]-2-methylpiperazine (15b).
A solution of 12a (900.0 mg, 2.00 mmol), 1,2,4-triazole (138.0 mg,
2.00 mmol), K2CO3 (550.0 mg, 4.00 mmol), and CuI (38.0 mg,
0.20 mmol) in NMP (20.0 mL) was heated under microwave
conditions for 30min at 150 �C, after which the reaction was judged
complete by LCMS. The reaction mixture was diluted with EtOAc
andwashedwith saturatedaqueousNaHCO3.Theorganic layerwas
dried over Na2SO4, decanted, and concentrated under vacuum. The
resulting residuewaspurified via reversedphaseGilsonHPLC,using
a 40-100%ACN/H2Ogradient in thepresence of 0.1%formic acid,
affording the desired product (603.0 mg) as a white powder in 70%
yield. 1HNMR (400MHz, CDCl3) δ ppm 1.37 (d, J=6.8 Hz, 3 H)
2.60-2.84 (m, 2H) 2.93 (d,J=9.9Hz, 1H) 3.09 (dd,J=11.1, 3.5Hz,
1H) 3.42-3.66 (m,1H) 3.75 (d,J=13.4Hz,1H) 4.11-4.23 (m,1H)
7.28-7.40 (m, 2H) 7.73 (dd, J=8.6, 2.3Hz, 1H) 7.99 (d, J=2.0Hz,
1 H) 8.29 (d, J=8.6 Hz, 1 H) 8.67 (s, 1 H). HRMS: calcd for
C20H18ClF4N5O2S [MþH]þ, 504.0879; found 504.0878.

(2R)-3-Chloro-4-(4-(4-fluoro-2-(trifluoromethyl)phenyl)-2-methyl-
piperazin-1-ylsulfonyl)phenol (16).A solution of tert-butyl ether
14a (836.0mg) and trifluoroacetic acid (5mL) in CH2Cl2 (5 mL)
was stirred at rt for 6 h. The solvent was evaporated under
vacuum, affording the desired product as a white solid (760.0 mg)
in 99% yield and used without further purification. 1H NMR
(400MHz, DMSO-d6) δ 1.21 (d, J=6.6 Hz, 3H), 2.66-2.74 (m,
2H), 2.83 (d, J=12.6 Hz, 1H), 2.98 (dd, J=3.8, 11.4 Hz, 1H),
3.55 (d, J=13.1 Hz, 1H), 3.93-4.06 (m, 1H), 6.88 (dd, J=2.4,
8.7 Hz, 1H), 7.03 (d, J=2.5 Hz, 1H),7.49-7.58 (m, 2H), 7.62
(dd, J=5.0, 8.8 Hz, 1H), 7.87 (d, J=8.6 Hz, 1H). HRMS: calcd
for C18H17ClF4N2O3S [MþH]þ, 453.0657; found 453.0660.

(2R)-1-(2-Chloro-4-(difluoromethoxy)phenylsulfonyl)-4-(4-fluo-
ro-2-(trifluoromethyl)phenyl)-2-methylpiperazine (17). A solu-
tion of phenol 16 (50.0 mg, 0.11 mmol), CsCO3 (143.0 mg,
0.44 mmol), and methyl-2-chloro-2,2-difluoroacetate (23.0 μL,
0.22 mmol) in DMF/water (4:1) was heated to 120 �C under
microwave conditions for 3 h, after which the reaction was
judged complete by LCMS. The solution was diluted with ethyl
acetate, washed with saturated NaHCO3, and dried over
Na2SO4. The crude product was purified via silica gel column
chromatography, affording 17.0 mg (31%) of the desired com-
pound. 1H NMR (400MHz, DMSO-d6) δ ppm 2.60-2.76 (m, 2
H) 2.85 (d, J=10.9 Hz, 1 H) 2.99 (d, J=8.1 Hz, 2 H) 3.27-3.41
(m, 1H) 3.61 (d, J=13.1Hz, 1H) 3.98-4.10 (m, J=6.9Hz, 2H)
7.36 (dd, J=8.5, 2.4 Hz, 1 H) 7.48 (s, 1 H) 7.50-7.58 (m, 2 H)
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7.58-7.70 (m, 1 H) 8.11 (d, J=8.8 Hz, 1 H). HRMS: calcd for
C19H17ClF6N2O3S [MþH]þ, 503.0625; found 503.0628.

(2R)-1-(2-Chloro-4-ethoxyphenylsulfonyl)-4-(4-fluoro-2-(trifluo-
romethyl)phenyl)-2-methylpiperazine (18a). To a solution of
DEAD (350.0 mg, 2.00 mmol) in anhydrous THF (12.0 mL)
was added triphenylphosphine, (510.0 mg, 2.00 mmol. The
reaction was stirred for 5 min, and a solution of the phenol 16
(500.0 mg, 1.20 mmol) in THF was added under N2. The
reaction was stirred for 1 h, after which it was judged complete
by TLC. The reaction was directly loaded onto a silica gel
column and eluted under a gradient of 0-15%MeOH/CH2Cl2,
affording the desired product as colorless oil (120.0 mg) in 22%
yield. 1HNMR (400MHz,DMSO-d6) δ ppm 1.22 (d, J=6.8Hz,
3 H) 1.35 (t, J=7.0 Hz, 3 H) 2.58-2.76 (m, 2 H) 2.76-2.90 (m,
1 H) 2.98 (d, J=7.8 Hz, 1 H) 3.32 (s, 3 H) 3.35-3.42 (m, J=
3.3Hz, 1H) 3.57 (d, J=12.9Hz, 1H) 3.89-4.09 (m, 1H) 4.16 (q,
J=7.0Hz, 2H) 7.08 (dd, J=8.8, 2.5 Hz, 1H) 7.27 (d, J=2.5Hz,
1 H) 7.45-7.70 (m, 3 H) 7.96 (d, J=8.8 Hz, 1 H). HRMS: calcd
for C20H21ClF4N2O3S [MþH]þ, 481.0970; found 481.0973.

(2R)-1-(2-Chloro-4-(2-methoxyethoxy)phenylsulfonyl)-4-(4-fluo-
ro-2-(trifluoromethyl)phenyl)-2-methylpiperazine (18b). Prepa-
red according to the procedure for compound 18a, with the
exception of the addition of 2-methoxyethanol to the reaction
mixture 5 min before the addition of phenol 16. The desired
product was obtained as a colorless oil (44.0mg) in 8%yield. 1H
NMR (400 MHz, DMSO-d6) δ ppm 1.22 (d, J=6.8 Hz, 3 H)
2.63-2.74 (m, 2H) 2.78-2.88 (m, 1H) 2.98 (dd, J=11.4, 3.5Hz,
1 H) 3.09-3.42 (m, J=6.1 Hz, 4 H) 3.58 (d, J=12.6 Hz, 1 H)
3.61-3.73 (m, 2 H) 3.92-4.08 (m, 1 H) 4.12-4.29 (m, 2 H) 7.11
(dd, J=9.1, 2.5 Hz, 1 H) 7.31 (d, J=2.5 Hz, 1 H) 7.43-7.67 (m,
4 H) 7.96 (d, J=8.8 Hz, 1 H). HRMS: calcd for C21H23ClF4-
N2O4S [MþH]þ, 511.1076; found 511.1079.

(2R)-2-(3-Chloro-4-(4-(4-fluoro-2-(trifluoromethyl)phenyl)-2-
methylpiperazin-1-ylsulfonyl)phenoxy)-N,N-dimethylethanamine

(18c). Prepared according to the procedure for compound 18a,
with the exception of the addition of 2-N,N-dimethylaminoetha-
nol to the reaction mixture 5 min before the addition of phenol
16. The desired product was obtained as a colorless oil (69.0 mg)
in 8% yield. 1H NMR (400MHz, DMSO-d6) δ ppm 1.22 (d, J=
6.8 Hz, 3 H) 2.21 (s, 6 H) 2.60-2.75 (m, 4 H) 2.81-2.87 (m, 1 H)
2.94-3.02 (m, 1 H) 3.27-3.39 (m, 1 H) 3.57 (d, J=15.2 Hz, 1 H)
4.02 (d, J=5.3Hz, 1 H) 4.18 (t, J=5.6Hz, 2 H) 7.10 (dd, J=8.8,
2.5 Hz, 1 H) 7.30 (d, J=2.5 Hz, 1 H) 7.49-7.65 (m, 3 H) 7.96 (d,
J=8.8 Hz, 1 H). HRMS: calcd for C22H26ClF4N3O3S [MþH]þ,
524.1392; found 524.1406.

(2R)-3-Chloro-4-(4-(4-fluoro-2-(trifluoromethyl)phenyl)-2-methyl-
piperazin-1-ylsulfonyl)benzonitrile (19). Prepared according to
general procedure A, using 5 (6.04 g, 23.01 mmol), 2-chloro-4-
cyanobenzene-1-sulfonyl chloride (4.9 mg, 20.92 mmol), and
diisopropylethylamine (11.0 mL, 62.76 mmol). The compound
was obtained a white solid (5.22 g), in 54% yield. 1H NMR
(CDCl3, 400 MHz) δ ppm 1.36 (d, J=6.8 Hz, 3 H), 2.66-2.84
(m, 2H), 2.87-3.02 (m, 1H), 3.07 (dd,J=11.1, 3.5Hz, 1H), 3.47-
3.66 (m, 1H), 3.74 (d, J=13.1Hz, 1H), 4.05-4.22 (m, 1H), 7.18-
7.30 (m, 1 H), 7.29-7.40 (m, 2 H), 7.70 (dd, J=8.2, 1.6 Hz, 1 H),
7.84 (d, J=1.5Hz, 1H), 8.26 (d, J=8.1Hz, 1H).HRMS: calcd for
C19H16ClF4N3O2S [MþH]þ, 462.0661; found 462.0661.

(2R)-3-Chloro-4-({(2R)-4-[4-fluoro-2-(trifluoromethyl)phenyl]-
2-methylpiperazin-1-yl}sulfonyl)benzamide (20). To a solution of
19 (11.52 g, 24.99 mmol) in t-BuOH (150 mL) was added KOH
(7.01 g, 124.93 mmol). The reaction mixture was heated at 65 �C
for 2min and then diluted with EtOAc (300mL) andwashedwith
water (2�150mL) and thenbrine (150mL).Theorganic layerwas
dried over MgSO4; the filtrate was concentrated and purified by
silica gel column chromatography eluted with ethyl acetate/hex-
anes (30-50%) to give the title compound as awhite solid (9.66 g)
in 81%yield. 1HNMR (CDCl3, 400MHz): δ ppm 1.35 (d, J=6.8
Hz, 3 H), 2.72-2.83 (m, 2 H), 2.85-2.97 (m, 1 H), 3.06 (dd, J=
11.1, 3.5 Hz, 1 H), 3.50-3.65 (m, 1 H), 3.73 (d, J=13.1 Hz,
1 H), 4.12-4.19 (m, 1 H), 5.89 (br s, 1 H), 6.20 (br s, 1 H),

7.17-7.29 (m, 1H), 7.29-7.39 (m, 2H), 7.77 (dd, J=8.2, 1.6Hz, 1
H), 8.00 (d,J=1.8Hz, 1H), 8.20 (d,J=8.1Hz, 1H).HRMS: calcd
for [C19H18ClF4N3O3SþNa]þ, 502.0586; found 502.0586.

Cellular Assays. Determination of IC50 against Human 11β-
HSD1. Compounds described herein were tested in a cell-based
assay using a stable Chinese hamster ovary (CHO) cell line
expressing human 11β-HSD1. Cells were plated at 20000 cells/
well in 384-well plates and incubated overnight (12-16 h) at
37 �C/5% CO2. Cells were treated with different concentration
of compound in 90 μL of serum-free media and incubated for
30 min at 37 �C/5%CO2. Cortisone (10 μL of 5 μM, final
concentration 500 nM) was then added to the cells and the plate
was incubated at 37 �C/5%CO2 for 120 min. Then 15 μL of
media was withdrawn and the amount of cortisol in the media
was measured using the DiscoverX HitHunter cortisol assay
(DiscoverX corp, CA), following manufacturer’s instructions.
Briefly, 15 μL media was transferred to a white 384-well assay
plate. Then 5 μL of anticortisol antibody and 10 μL of enzyme
donor (ED) complex were added to each well of the assay plate.
The assay plate was incubated at rt for 60 min with gentle
shaking. Galacton Star, Emerald Green, and chemilumines-
cence substrate buffer were mixed 1:5:19. The mixture was then
combined in equal parts with enzyme acceptor (EA) complex.
Then 20 μL of the mix was added to each well of the assay plate
and the assay plate was incubated at room temperature for
another 60 min. The plate was read in Envision multilabel plate
reader (Perkin-Elmer,MA) in the enhanced luminescencemode.
Background subtracted data was fitted to y=aþ(b/(1þx/IC50)),
and IC50 values were calculated using XLFit (IDBS, MA).

Determination of IC50 against Mouse 11β-HSD1. To deter-
mine the IC50 against mouse 11β-HSD1, a stable CHO cell line
expressing mouse 11β-HSD1 was used and the above procedure
was followed.

Determination of IC50 against Mouse 11β-HSD1 in the Pre-

sence of Serum.To determine the IC50 against mouse 11β-HSD1
in the presence of serum, 10% defibrinated, delipidized, char-
coal stripped human serum (Seracare Life Sciences, CA) was
added during the incubation with compound and cortisone. The
above procedure was followed.

Evaluation of Inhibition of Human 11β-HSD2. To determine
the potency of compounds against mouse 11β-HSD2, a stable
CHO cell line expressing human 11β-HSD2 is generated. Cells
were plated at 20000 cells/well in 96-well plates and incubated
overnight (12-16 h) at 37 �C/5% CO2. Cells were treated with
different concentration of compound in 90 μL of serum-free
media and incubated for 30min at 37 �C/5%CO2. Then 10 μLof
500 nM [3H]-Cortisone (ARC Inc., MO) was added to each well
of the plate (final concentration = 50 nM). The plate was
incubated for 120 min. Cortisone and cortisol were separated
on a PRP-1 (Hamilton Inc., NV) on an Agilent 1100 high
pressure liquid chromatography system with a 500TR flow
scintillation analyzer (Perkin-Elmer, MA). Carbenoxolone
(Sigma, MO) was used as a control 11β-HSD2 inhibitor.

Evaluation of 11β-HSD1 Inhibitors in Mouse ex Vivo Assay.

To characterize the inhibitors of 11β-HSD1, inhibitors were
tested in mouse tissue ex vivo assay. Male C57Bl6 mice 8-
10 weeks of age were grouped based on body weight (Taconic
Farms on standard chow diet). The compounds were suspended
in 0.5%methyl cellulose/2%tween inwater. Allmicewere orally
dosed and sacrificed 2-5 h after dosing (n= 4). Liver and
epididymal fat tissues were collected and frozen in liquid nitro-
gen. Tissue 11β-HSD1 ex vivo assay measured the conversion
of [3H]-cortisone to [3H]-cortisol, and percent inhibition of 11β-
HSD1 activity in the liver was determined in reference to vehicle
treated mice. then 50-60 mg of frozen liver tissue was placed in
48-well plates (kept on dry ice). The tissue/48-well plates were
thawed at rt for 15 min, and then 250 μL of PBS were added to
each well and incubated for additional 15 min at rt. The 48-well
plate was placed on a 37 �C Eppendorf Thermomixer R plate
shaker, and 250 μL of PBS containing 2.5 μCi of [3H]-cortisone
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was added to each well and allowed to incubate for 30 min. The
reaction was stopped by adding 50 μL of 10% TFA. Reaction
aliquot (20 μL) was analyzed by HPLC and percent conversion
of [3H]-cortisone to [3H]-cortisol determined (t test, *p<0.05).

Evaluation of 11β-HSD1 Inhibitors in Mouse ex Vivo Assay
with Food Mix. All experimental protocol was approved by the
Institutional Animal Care and Use Committee of Wyeth Re-
search. Diet induced obese mice were individually housed and
maintained under 12L:12D cycle (6 a.m./6 p.m.). Prior to
implementing the long-term efficacy study, we evaluated the
properties of 11β-HSD-1 inhibitorwhenmixedwith high fat diet
(ResearchDietD12492). Twoweeks prior to initiation of dosing
regimen, one-half of 18 weeks old C57B6 DIO mice that had
been on a high fat diet for 12 weeks from Taconic were placed in
reversed light cycle room (remaining one-half in normal light
cycle, where mice were subjected to a 14 h shift in light cycle
(dark cycle beganon 8 a.m. and light cycle beganon 8p.m.). This
ensured that blood and tissue collection could take place during
normal light cycle from 6 a.m. to 6 p.m. Diurnal rhythm in the
feeding behavior of rodents dictated that these nocturnal ani-
mals consumed majority of the food during the corresponding
dark phase. The peak feeding time for the nocturnal rodents
were at on set of darkness; therefore theoretical peak for the
compound concentration in serum was estimated to occur 4 h
after lights off (10 a.m.). Likewise, rodent food intake drama-
tically decreased at the onset of light; thereforewe estimated that
the theoretical low for the compound concentration in serum to
occur 4 h after lights on (10 p.m.). C57Bl6 DIO mice were fed
with foodmixed with compounds at 0.5 mg/g food for 96 h. The
mice that were under normal light cycle condition were sacri-
ficed at 10 a.m. (Table 7, day 4, 10 a.m.) and mice that under
reverse light cycle were sacrificed at 12 p.m. (Table 7, day 4,
10 p.m.). The fat and liver tissues were collected. The drug
concentration was determined byHPLC analysis, and liver food
mix ex vivo was conducted as discussed. For all studies, com-
poundswere sent toResearchDiet and compound/foodmixture
was prepared according to Research Diet Standard Operation
Procedure. The results are expressed in ng/mL for serum and ng/
g for liver and fat. Each value represents mean( SEMofmice (n=
6). The data was analyzed by performing t test with two-tail
distribution, two-sample unequal variance and asterisks indi-
cate statistical significance at p<0.05 vs vehicle.

X-RayCrystallographic Studies Including Protocol forGetting

and Resolving X-Ray Structures. 11β-HSD1 residues 24-292
C272S was prepared in the presence of CHAPS as described.21

Crystals were grown using the hanging drop method with a
reservoir solution of 100 mMHEPES pH 6.8-7.1 and 16-18%
PEG 3350. Crystals were soaked from 1-3 d in reservoir
solution containing compound at 0.5-1 mM, and 0.1% glutar-
aldehyde was added to the well to stabilize the crystals during
soaking. The crystals were cryoprotected in paratone oil and
flash frozen in a cryo-stream. X-ray data was collected using a
Rigaku FR-E X-ray generator and a Rigaku Saturn92 CCD
detector. Data was reduced using HKL2000.22 The structure
was solved by using phenix.refine23 for rigid body fitting of the
published structure of HSD1 with CHAPS (1XU9). Each
protein chain was treated as an independent rigid body. The
structure was refined through iterative manual rebuilding and
reciprocal space refinement using COOT24 and phenix.refine.
The structure was further validated using Molprobity.25

Pharmacokinetic and Metabolic Stability Studies. Pharmaco-
kinetics of 11β-HSD1 inhibitors was determined inmale C57/B6
mice (20-30 g, Taconic Farm, NY) after iv or po administra-
tion. The compounds were prepared in DSM/PEG-200/saline
solution for the iv administration or in 0.5%MC/2%TW/water
as a suspension for the po administration. Blood samples were
collected over a period of 24 h, and plasma samples were
harvested and stored at -80 �C until assay. The target tissues
(liver and muscle) were also collected at selected time points.
Tissues were homogenized in saline, and the drug concentra-

tions in the homogenates were analyzed. Quantization of HSD1
inhibitors in plasma and tissue homogenate was carried with a
verified LC/MS/MS method.

In vitro metabolic half-life (t1/2) and metabolic pathways were
determined in liver microsomes from rats, mice, and humans
using an NADPH regenerating system consisting of MgCl2
(10 mM), glucose-6-phosphate (3.6 mM), NADPþ (1.3 mM),
andglucose-6-phosphate dehydrogenase (0.4units/mL) in sodium
phosphatebuffer (0.1M,pH7.4),UDPGA(4mM), and substrate
(1 mM for metabolic stability and 10 mM for metabolite
profiling). Incubations were initiated by the addition of the
NADPH generating system and conducted for up to 30 min in a
shaker-water bath at 37 �C. For the determination of in vitro
metabolic half-life, aliquots of the incubation mixture were re-
moved at 0, 10, 20, and 30 min and added to acetonitrile contain-
ing the appropriate internal standard. Following centrifugation
and evaporation of the supernatant liquid, the samples were
reconstituted in 20% methanol in water for analysis by LC/MS.

InVivo Study through FoodMix.maleDIO-B6mice, 26weeks
old (Taconic, Diet D12492, 60% fat, n= 12), were used to
evaluate in vitro efficacy of compound 20 in this reversal model.
The mice were grouped based on body weight and serum insulin
levels and placed one per cage and fed on high fat diet (60% fat
kcal, 35.5% fat, F1850, BioServ, paste formula of no. 3282)
7 weeks prior start of the study. A food mix was prepared by
mixing 0.5 mg of compound 20 with 1 g of the high fat diet
(prepared by Research Diet). The mice were fed with this
mixture for 31 days. Body weights and food intake were weekly
measured. Fed glucose and insulin levels were obtained at day
21, and fasting glucose and insulin levels were obtained at day 26
by tail bleeding. To minimize the effects of stress induced
fasting, fed glucose and insulin values were first recorded and
then 5 days later fasting values were obtained. Mice were
sacrificed under “stress free” conditions at the end of study,
and serum and tissues were collected and frozen in liquid
nitrogen. Serum and tissues were collected for analysis. The
results (Figures 4 and 5) are expressed in ng/mL for insulin and
mg/dL for glucose . Each value represents mean( SEMof mice
(n=12). The datawas analyzed by performing t test with two-tail
distribution, two-sample unequal variance, and asterisks indi-
cate statistical significance at p < 0.05 vs vehicle.
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