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In an effort to develop orally active farnesoid X receptor (FXR) agonists, a series of tetrahydroazepi-
noindoles with appended solubilizing amine functionalities were synthesized. The crystal structure of
the previously disclosed FXR agonist, 1 (FXR-450), aided in the design of compounds with tethered
solubilizing functionalities designed to reach the solvent cavity around the hFXR receptor. These
compounds were soluble in 0.5% methylcellulose/2% Tween-80 in water (MC/T) for oral administra-
tion. In vitro and in vivo optimization led to the identification of 14dd and 14cc, which in a dose-
dependent fashion regulated low density lipoprotein cholesterol (LDLc) in low density lipoprotein
receptor knockout (LDLR /™) mice. Compound 14cc was dosed in female rhesus monkeys for 4 weeks
at 60 mg/kg daily in MC/T vehicle. After 7 days, triglyceride (TG) levels and very low density lipoprotein
cholesterol (VLDLc) levels were significantly decreased and LDLc was decreased 63%. These data are
the first to demonstrate the dramatic lowering of serum LDLc levels by a FXR agonist in primates and
supports the potential utility of 14cc in treating dyslipidemia in humans beyond just TG lowering.

Introduction

The farnesoid X receptor (FXR)“ is a member of the
metabolic nuclear receptor superfamily of regulatory proteins
and is highly expressed in the liver, kidney, and intestine. It is
activated by bile acids (e.g., chenodeoxycholic acid, CDCA,
and cholic acid, CA), the final products of cholesterol cata-
bolism.? Functionally, activated FXR binds with high affinity
to an inverted repeat-1 (IR-1) response element on DNA as
a heterodimer with the retinoid X receptor (RXR).? This
binding event regulates the expression of various transport

"The atomic coordinates of the FXR-ligand-binding domain com-
plexed with 14¢c have been deposited in the RCSB Protein Data Bank,
www.rcsb.org (PDB code 3L1B).
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“ Abbreviations: FXR, farnesoid X receptor; hFXR, human FXR;
mFXR, mouse FXR; RXR, retinoic acid X receptor; RCT, reverse
cholesterol transport; FAS, fatty acid synthase; FHTG, familial hyper-
triglyceridemia; CDCA, chenodeoxycholic acid; CA, cholic acid; 6-
ECDCA, 6-ethyl-chenodeoxycholic acid; LDL, low density lipoprotein;
LDLc, low density lipoprotein cholesterol; VLDL, very low density
lipoprotein; VLDLc, very low density lipoprotein cholesterol; HDL,
high density lipoprotein; HDLc, high density lipoprotein cholesterol;
TG, triglyceride; LDLR ™/~ low density lipoprotein receptor knockout;
cyp7al, cholesterol 70.-hydroxylase; cyp8bl, sterol 120L-hydroxylase;
SHP, short heterodimer partner; LBD, ligand-binding domain; HEK,
human embryonic kidney; PK, pharmacokinetic; PD, pharmaco-
dynamic; FPLC, fast performance liquid chromatography; MC/T,
0.5% methylcellulose/2% Tween-80 in water; EtOAc, ethyl acetate;
EDC, I-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride;
DEAD, diethylazodicarboxylate; DIAD, diisopropylazodicarboxylate.
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proteins and biosynthetic enzymes that maintain cholesterol
and bile acid homeostasis.* Additionally, FXR regulates the
expression of a number of genes involved in triglyceride
synthesis® and lipogenesis.® Although FXR was only identi-
fied as a receptor for bile acids in 1999, a link between bile
acids and triglycerides was made more than 30 years ago when
patients on CDCA treatment for gallstone dissolution were
concomitantly observed to have reduced levels of serum
triglycerides.” Separately, patients with familial hypertrigly-
ceridemia (FHTG) were found to have a defect in bile acid
absorption in the ileum,® and patients on cholesterol-lowering
bile acid sequestrants exhibited a marked increase both in
serum triglycerides and in hepatic very low density lipoprotein
(VLDL) production.” While this evidence strongly supports a
role of FXR in the triglyceride lowering effects of CDCA and
substantiates FXR agonists as attractive therapies for hyper-
triglyceridemia, researchers do not fully understand the effect
of FXR activation on cholesterol homeostasis. On one hand,
since activation of the receptor by its endogenous ligands
results in a decrease in cholesterol metabolism through a
reduction in expression of cholesterol 7o-hydroxylase
(cyp7al),'” treatment with synthetic FXR agonists could
potentially increase overall cholesterol concentrations. On
the other, since bile acid-mediated activation of FXR has
been shown to increase the abundance of ABCGS5 and
ABCGS, hepatic transporters that are required for biliary
cholesterol secretion,'! treatment with FXR agonists could
potentially decrease total cholesterol levels. Previously, we
demonstrated dramatic effects on lipoprotein profiles with the

©2010 American Chemical Society
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Figure 1. Structures of synthetic FXR agonists.

FXR agonist, 1 (FXR-450),'? in dyslipidemia models in mice,
rats, and hamsters, in which the regulation on LDLc and high
density lipoprotein cholesterol (HDLc) levels may be both
model and species specific. However, in all models, regulation
of genes involved in the reverse cholesterol transport (RCT)
pathway and cholesterol synthetic pathways was observed.
Taken together, the data suggest that synthetic, nonsteroidal
FXR modulators may be beneficial for the treatment of a
variety of metabolic disorders including hypertriglyceridemia,
dyslipidemia, and gallstones without the toxicity that is
associated with bile acids.

Several other research groups have focused on the identi-
fication of synthetic FXR agonists. Maloney et al. discovered
the first high affinity, nonsteroidal FXR agonist 2
(GW4064),"* with an ECs, value of 37 nM. Although this
compound suffered from poor oral bioavailability, it served as
a chemical tool to demonstrate triglyceride (TG) lowering in
rats. Natural product-like libraries provided hits for Nicolaou
et al. that were optimized into a number of potent FXR
agonists including fexaramine, fexarene, and fexarine (3, 4,
and 5, respectively, Figure 1),"* and Pelliccari et al. optimized
CDCA, a weak activator of FXR with an ECsy value of
8.7 uM, into 6-ethyl-chenodeoxycholic acid 6 (6-ECDCA), a
potent FXR agonist exhibiting an ECs, value of 99 nM."?
Compound 6 is currently being evaluated in the clinic for the
treatment of cholestatic liver disease but has reduced chronic
utility due to a small therapeutic window. While progress has
been made toward the identification of potent FXR agonists,
significant limitations associated with these compounds
increase the need for newer ligands with improved ADME
properties and good safety profiles to allow clinical evaluation
of this class of potential drugs for chronic indications.

Recently, 1 (Figure 1), containing a novel azepino[4,5-b]
core, was disclosed as a potent and selective FXR agonist that
advanced to clinical trials.'® The highly lipophilic character of
1 (cLog P = 5.30), which is necessary to interact favorably
with the hydrophobic ligand-binding domain (LBD) of human
FXR, required the use of an unusual nonaqueous vehicle
(corn oil) for oral dosing. To potentially decrease lipophilic
character while maintaining favorable agonist interaction, we
recently reported on a series of truncated pyrrole[2,3-
dlazepino with lower cLog Ps, ranging from 3.18 to 4.91."7
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Figure 2. X-ray structure of 1 occupying hFXR-LBD. Helices
discussed in the text are numbered HI—HI2. Yellow vectors
indicate general direction (meta (3-position) or para (4-position)
attachment on the benzoyl functionality) for tethering solubilizing
functionalities to solvent cavity past helix-2.

While these truncated analogues were very potent and effica-
cious hFXR agonists, they did not show an improvement in
aqueous solubility in pH 7.4 buffer (solubility of all analogues
tested was below the limit of detection). The X-ray crystal
structure of 1 suggested that to attain solubility in a pharma-
ceutically acceptable vehicle the introduction of polar func-
tionalities would be challenging. Given the highly lipophilic
LBD, it was envisioned that solubilizing functionalities might
be tolerated if they were tethered away from the lipophilic
azepino[4,5-b] core occupying LBD, toward the solvent cavity
past the flexible helix-2. The proposed points for attachment
are indicated with yellow vectors showing the direction for
solubilizing functionalities to reach solvent from the meta
(3-position) or para (4-position) on the benzoyl functionality
(Figure 2).

During the design process, we also focused on trying to
improve microsome stability of 1 by incorporating a fluorine
atom into the 9-position of the azepino[4,5-b] core. Using
previously described methodology,'® analogue 7 was prepared
(Table 1). Liver microsomal stability assays'® revealed that
the fluorination in 7 provided improved stability over the
des-fluoro azepino[4,5-b] core in 1, while maintaining similar
hFXR and mFXR potency and efficacy. We planned to use the
strategy of introducing fluoro and other electron-deficient
blocking groups in either the 8- and 9-positions of compounds
with pendant solubilizing functionalities. This would hopefully
confer added stability combined with improved solubility.

Chemistry

For incorporation of appended solubilizing groups, we first
explored a series of alkylated basic amines with a range of
basicity to allow the possibility of formulation improvement
via salt preparation. A parallel approach for the synthesis was
designed in which diversity elements could be incorporated in
the last one or two steps of the synthesis. In Scheme 1, the
benzoyl functionality containing the point of tether attach-
ment was incorporated through acylation of the nitrogen in
core molecules 8 or 9. This provided intermediates with a
C-linked tether (10a—10h) and benzyl-protected phenols
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Table 1. Effect on FXR Functional Activity and Microsome Stability for 9-Fluoro Substitution on Azepino[4,5-b] Analogues
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hFXR efficacy in mFXR efficacy in stability stability
compound R ECsy" (nM) hFXR? (%) EC5° (nM) mFXR? (%) (human)“ 1(1/2) Min (mouse)” 1(1/2) min
1 H 15+6 141 +£22 152+ 86 174 + 81 20 13.5
7 F 4548 150 £27 112+37 90 >30 >30

“Induction of human FXR measured in HEK293 stable clones expressing Gal4/human FXR-LBD. b Efficacy = [maximal fold induction of test
compound/maximal fold induction of compound 2 x 100]. “ Induction of mouse FXR measured in HEK293 stable clones expressing Gal4/mouse FXR-

LBD. “Liver microsomal.

Scheme 1. Parallel Synthesis of Azepino[4,5-b]indoles with Carbon-Linked Pendant Amines 11a—h and Alkoxy-Linked Pendant

Amines 14i—bb“
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“Reagents: (a) acid chloride, TEA, CH3CN, 0 °C to room temperature, 35—81%: or acid, TEA, EDC, dichloromethane, 30%; (b) TEA, requisite
amine, CH3CN, 0 °C to room temperature, 50—70%; or TEA, morpholine, KI, 60 °C, 60—70%; (c) 1,4-cyclohexadiene, 20% Pd(OH),/C, CH;OH/
EtOAc, 64 °C, 67—72%; (d) bromoethanol or bromopropanol, Ph;P, DEAD, THF, 38—82%: (e) requisite amine, 1-methyl-2-pyrrolidinone, 16—70%.

(10i—10bb) for eventual incorporation of the O-linked alkyl-
bromide tether by the Mitsunobu reaction (13i—13bb). The
final targets, 11a—h and 14i—bb, were obtained by nucleophi-
lic displacement of the halides with the requisite amine.

For key compounds, 14cc and 14dd, a large-scale alterna-
tive synthesis was developed with improved yields (Scheme 2).
Benzyl-4-hydroxybenzoate was alkylated using a Mitsunobu
reaction with the desired alcohol to provide 15¢c—dd, which
were converted to the morpholine intermediates 16cc—dd.
Removal of the benzyl protecting group provided acids
17cc—dd, which were converted to benzoyl chlorides. Subse-
quent treatment with isopropyl 8-fluoro-1,1-dimethyl-1,2,3,6-
tetrahydroazepino[4,5-b]indole-5-carboxylate (9) provided
14cc and 14dd in 56—68% overall yields.

Results and Discussion

Compounds containing pendant amines were evaluated
using an FXR functional assay to measure their ability to
interact with the Gal4/human FXR-LBD in human embryonic
kidney (HEK)293 cells. Maximal efficacy was reported as a
percentage of the maximal efficacy observed for 2 in this assay.
Additionally, compounds were profiled for microsomal stabi-
lity'® and solubility in 0.5% methylcellulose/2% Tween-80 in
water (MC/T), the standard vehicle used for oral in vivo
studies. A summary of data for all compounds prepared in
Scheme 1 is displayed in Table 2 (compounds with carbon-
linked pendant amines, 11a—h) and Table 3 (compounds with
alkoxy-linked pendant amines 14i—bb). For the carbon-linked
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Scheme 2. Scale-Up Procedure for the Preparation Multi-Gram Quantities of 8-Fluoro-azepino[4,5-b]indoles with Alkoxy-Linked

Pendant Morpholines, 14cc and 14dd”
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“Reagents: (a) bromoethanol or bromopropanol, THF, DIAD or DEAD, Ph;P, 78—82%; (b) morpholine, CH;CN, 97—100%; (c) 1,4-cyclo-
hexadiene, 20% Pd(OH),/C, CH;0H/EtOAc, 64 °C, 94—95%:; (d) SOCl,, 78 °C; (e) 9, TEA, CH3CN, 78—87%.

Table 2. Azepino[4,5-blindoles with Carbon-Linked Pendant Amines, 11
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N X
| R
N~ >\ s
R1
N /-0
11a-h
hFXR efficacy in stability stability MC/T solubility®
compound R' 1= R? meta/para  ECso” (01M) hFXR” (%) (human)? 1(1/2) Min (mouse)” 1(1/2) Min (ug/mL)
11a H 1  morpholine meta 15794520 106+ 6 5 4 ND/
11b H 1 N-methyl piperazine meta 368 + 58 7544 12 8 ND/
11c H 1 piperidine meta 534 +£131 1114 21¢ 6 4 ND/
11d H 1 pyrrolidine meta 340+ 46 90 + 5¢ ND/ ND/ ND/
11e H 1 morpholine para 2343 68+ 14 15 2.5 245
11f F 1 morpholine para 447495 149+5 >30 4 380
11g H 2 morpholine para 602+ 131 143+ 10 >30 2 4110%
11h F 2 morpholine para 342493 16248 26 5 5647¢

“Induction of human FXR measured in HEK293 stable clones expressing Gal4/human FXR-LBD. ? Efficacy = [maximal fold induction of test
compound/maximal fold induction of compound 2 x 100]. ¢ Indicates a decrease in efficacy at higher concentrations (>3 uM). ¢ Liver microsomal.
¢ Equilibrium solubility in 0.5% methylcellulose/2% Tween-80 in water.” ND: not determined. ¢ Tested as the hydrochloride salt.

compounds in Table 2, 11e (1-carbon para-linked morpholine),
showed the best potency (ECso = 23 nM). The corresponding
meta analogue (11a) and 8-fluoro version (11f) showed sig-
nificantly less potency, but improved human liver microsome
stability. Extending the linkage to 2-carbons also resulted in
diminished potency in 11g and 11h. These two compounds were
tested as the hydrochloride salts and showed very good solu-
bility in the MC/T vehicle. Compound 11 (Table 2) or 14
(Table 3) containing more basic solubilizing groups (base pKas
> 8, that is, N,N-dimethylamine, pyrrolidine, piperidine, and
N-methylpiperazine) than morpholine in Tables 2 and 3 all
showed decreased efficacy at higher concentrations. For com-
pounds in Table 3, meta-linked ether analogues with 2—3
carbon tethers were significantly weaker in potency (ECsy’s &~
1 uM) than para-linked counterparts. Focusing on para-linked
ether analogues with full efficacy identified morpholines 14i
(ECsp = 101 nM, efficacy = 156%) and 14m (ECs, = 249 nM,
efficacy = 144%). These compounds were soluble in MC/T
vehicle, at 200 ug/mL and 80 ug/mL, respectively, as free-bases.
This was significantly superior to compound 1 (MC/T solubi-
lity 14 ug/mL), with the added possibility of salt formation
to improve formulation properties. However, these com-
pounds needed improvement in the area of microsome stability

profiling. For potential improvement in stability, the 8-fluoro
analogues of 14i and 14m were prepared (Scheme 2, analogues
14cc and 14dd, respectively).

The FXR in vitro data and profiling data for these com-
pounds are shown in Table 4 for comparison. The effect of
incorporating a fluorine atom in the 8-position for 14cc and
14dd provided hFXR potency < 100 nM with full efficacy,
which was equal or better than the des-fluoro analogues 14i
and 14m. In the mFXR, 14¢c was the most potent compound
(mFXR ECsq = 52 nM, efficacy = 117%). The 8-fluoro
functionality also decreased hERG binding and significantly
improved microsomal stability for 14cc when compared to the
corresponding des-fluoro compound 14i.

The pharmacokinetic parameters of 14cc and 14dd in
male C57 Mouse and Sprague—Dawley rats are summa-
rized in Table 5. In each species, the compounds showed
high clearance and long terminal and elimination half-
lives. Bioavailability (F%) for each compound was deter-
mined with dosing in MC/T. For 14cc, bioavailability was
moderate in the C57 mouse (F = 21%) and Sprague—
Dawley rat (F = 38%). For 14dd, bioavailability was
good in the C57 mouse (F = 53%) and moderate in the
Sprague—Dawley rat (F = 25%).
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14i-bb
hFXR efficacy in stability stability MC/T
compound R' »n = R? meta/para ECso” ("M) hFXR” (%) (human) 7,y min (mouse)” z, 2 min solubility’ (ug/mL)

14i H 3 morpholine para 101 £29 156 +12 15 8 200
14j H 2 piperidine para 1066+129 140+ 11°¢ 14 9 80
14k H 2 N,N-dimethylamine para 4394104 1244 13° 23 >30 17
141 H 2 pyrrolidine para 698 +168  112£8¢ 22 >30 24
14m H 2 morpholine para 249 +70 144+ 14 7 3 80
14n H 2 N-methyl piperazine para 287418 125+ 11¢ 21 28 82
140 H 3 N,N-dimethylamine para 271420 106+ 11¢ 15 23 2470
14p H 3 pyrrolidine para 362+61 103 +3¢ 17 16 2330
14q H 3 piperidine para 424 +72 103 £ 8¢ 12 11 1220
14r H 3  N-methyl piperazine para 194417 128 £2°¢ 18 11 1140
14s H 2 N,N-dimethylamine meta 1386 £ 356 88 £ 35¢ 8 8 536
14t H 2 pyrrolidine meta 13174343 99431¢ ND/ ND/ ND/
14u H 2 piperidine meta 894 +242 98 £22¢ 5 5 111
14v H 2 morpholine meta 855+220 119+£26 3 2 155
14w H 2 N-methyl piperazine meta 2870 +£23 108 £25¢ 5 9 ND
14x H 3 N ,N-dimethylamine meta 61717 76 £ 8¢ >30 >30 ND
14y H 3 pyrrolidine meta 1603 + 64 70+ 18¢ ND/ ND/ ND/
14z H 3 piperidine meta 1121+76 69£21°¢ 5 11 1042
14aa H 3 morpholine meta 796 +£207 127413 4 4 118
14bb H 3 N-methyl piperazine meta 1023 £69 90 £ 16° 6 12 1735

“Induction of human FXR measured in HEK293 stable clones expressing Gal4/human FXR-LBD. © Efficacy = [maximal fold induction of test
compound/maximal fold induction of compound 2 x 100]. ¢ Indicates a decrease in efficacy at higher concentrations (>3 uM). ¢ Liver microsomal.
¢ Equilibrium solubility in 0.5% methylcellulose/2% Tween-80 in water.” ND: not determined.

Table 4. Comparison of Azepino[4,5-blindoles Containing a para-Alkoxy-linked Morpholine
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R N >\
(0]
H )
hFXR efficacy in mFXR efficacy in stability stability MC/T
ECsy” hFXR® ECso° mFXR? hERG (human)?  (mouse)” solubility®
compound R' n (nM) (%) (nM) (%) 1Cso (uM) 1(1/2) min 1(1/2) min (ug/mL)
14i H 3 101 £ 29 15612 108£5 87+ 12 5.74 15 8 200
14m H 2 249 +70 144 + 14 190 +28 88+ 19 19% @ 10 uM 7 3 80 ‘
14cc F 3 88 +7 219440 52412 117+18 >30 uM >30 29 250; 5920/ _
14dd F 2 99+38 160+ 23 188 £ 52 110£20 >30 uM 25 7 280; > 6000/
1 Figure 1 15+£6 141+£22 152 £ 86 174 £81 21% @ 10 uM 20 13.5 14

“Induction of human FXR measured in HEK293 stable clones expressing Gal4/human FXR-LBD. ? Efficacy = [maximal fold induction of test
compound/maximal fold induction of compound 2 x 100]. “ Induction of mouse FXR measured in HEK 293 stable clones expressing Gal4/mouse FXR-
LBD. “Liver microsomal. ¢ Equilibrium solubility in 0.5% methylcellulose/2% Tween-80 in water.”/ Tested as the hydrochloride salt.

To help determine how these compounds containing pen-
dant solubilizing groups were acting as FXR agonists, the
crystal structure of 14cc bound to the LBD of human FXR
was determined at a resolution of 1.9 A (Figure 3). While the
overall structure and the position of helix-12 were similar to
that of previously disclosed X-ray structure of its close
analogue, that is, compound 1,'° differences were observed
in the loop region between helices 5 and 6. In addition,
residues 268—282 of the helix-2 region were disordered in
14cc and hence not resolved in the X-ray structure. As shown

in Figure 4, the 14cc ligand resides in a predominantly
hydrophobic pocket with the indoleazepine ring surrounded
by residues Phe465, Trp458, 1le361, and Leu291. The carbonyl
group of the amide makes hydrogen bond with the Tyr373
residue and is similar to that seen in X-ray structure of 1. In
addition, there is an internal hydrogen bond formed between
the indole NH of the pyrrole and the ester carbonyl group
which allows the template to rigidify further and orient the
isopropyl ester group toward the narrow hydrophobic pocket
surrounded by His298. The morpholine linker extends toward
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Table 5. Pharmacokinetic Parameters of Compounds 14cc and 14dd after Intravenous and Oral Administrations in Male C57 Mice and Male Sprague-

Dawley Rats?

species dose (mg/kg) compd  Cl((mL/min)/kg)  Cpax (ng/mL) Tmax (h) 115 (h)  AUCyiphng/mL)  F%
male C57 mouse 3 (iv) 14cc 29 6.3 1722
3(iv) 14dd 40 5.6 1256
3 (po) 14cc 81 1 6.4 370 21
30 (po) 14dd 1127 1 5.5 6699 53
male Sprague—Dawley rat 3(iv) 14cc 52 6.3 960
3(iv) 14dd 64 8 781
3 (po) 14ce 68 2 3.2 361 38
3 (po) 14dd 35 1.7 4 193 25

“0.5% methylcellulose/2% Tween-80 in water and 1-methyl-2-pyrrolidinone/PEG400/PG (10:40:50) were used as vehicles for oral and intravenious

administrations, respectively. At least two animals were used in each study.

Figure 3. Overall structure of human FXR (red) in complex with
14cc ligand (yellow). Helices are labeled as HI—H12. Helix-2 region
which is disordered and missing in the structure is shown by dotted

lines.
lle361
Tyr373
Trp458 l Q

e

Phe465

His298

Figure 4. Specific interactions between 14cc and critical residues in
the FXR binding pocket. Hydrogen bonds are shown by cyan
dotted line.

solvent and appears to use an induced fit mechanism to
interact with FXR whereby the helix-2 undergoes a significant
change in position in order to create room for this bulky
group. This conclusion was reached from an overlay of the
structure of compound 1 to the current structure which
showed that this linker would sterically clash with helix-2 in
the conformation observed for compound 1 complexed with
the hFXR-LBD. We believe that the disorder in helix-2 region
of the 14cce structure is a direct effect of the shift in its position,
which is made in order to accommodate the morpholine
linker. Interestingly, as a result of these changes the loop

region between the helix-5 and helix-6 was also shifted toward
the ligand in an effort to stabilize the linker. The structural
plasticity of the FXR binding pocket further suggests that this
receptor has the ability to accommodate different shaped
ligands. In fact, the available FXR X-ray crystal structures
clearly show that a wide range of diverse ligands are able to
bind to this receptor by inducing conformational changes on
the receptor. This receptor flexibility is a common theme
among other nuclear receptor structures such as androgen
receptor'® and LXRS? where side chain rearrangements in
the ligand binding pocket allow ligands that differ in shape
and size to bind with high affinity.

To determine the pharmacokinetic (PK) and pharmaco-
dynamic (PD) relationship with 14cc and 14dd, LDL receptor
knockout (LDLR ~/7) mice were treated orally with 3 mg/kg
of'each compound in MC/T and blood and liver samples were
harvested over a 24 h period. Interestingly, the extent of
the induction of hepatic SHP (short heterodimer partner)
correlated with the changes in systemic exposure over time
(Figure 5A,B).

Significant modulation of serum lipoproteins was also
observed in the LDLR ™/~ model of dyslipidemia. Male
LDLR /™ mice were placed onto a Western diet and treated
for 7 days orally with varying concentrations of either com-
pound. As shown in Figure 6 both 14cc and 14dd significantly
lowered in serum LDLc levels as well as serum TG and
cholesterol levels (data not shown) consistent with previous
observations.'?

Because of the improved PK properties, the ability of 14cc
to regulate lipoprotein metabolism was tested in rhesus
monkeys, since primates are thought to be most representative
of human physiology. Female rhesus monkeys on a standard
diet were treated daily orally with MC/T vehicle or 60 mg/kg
14cc over 4 weeks. As anticipated, 14cc treatment resulted in a
significant decrease in TG and VLDLc levels after 7 days of
treatment (Figure 7A,B) even though these monkeys were not
considered dyslipidemic. Interestingly, pronounced LDLc
lowering (63%) was also observed with no effect on HDLc
levels (Figure 7C,D). These effects were maximal after 7 days
and were maintained over the course of the study.

Importantly, the lowering of serum cholesterol and TG
levels was not due to hepatic lipid accumulation with no
significant difference in either between the control and treated
monkeys (data not shown). To begin to address the mechan-
ism for the reduction in LDL, hepatic regulation of genes
involved in lipid metabolism was monitored. As shown in
Figure 8, LDLR expression was significantly induced by 14cc
treatment. This induction in LDLR mRNA is consistent with
the induction observed in human hepatocytes, which was
demonstrated to be mediated via a FXR-dependent reduction
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tions of either 14cc or 14dd as indicated and expressed as mg/dL.

*P < 0.01 vs western diet-fed control mice.

in PCSK9 expression.”! An additional pathway that may be
contributing to LDL levels could be the bile acid synthetic
pathway which results in the catabolism of hepatic cholester-
ol. As shown in Figure 8, cyp7al mRNA levels are dramati-
cally inhibited by 14cc treatment as expected. However, no
regulation of cyp8bl expression was observed. It was pre-
viously shown that cyp8bl gene expression is repressed by
FXR agonists in mice while induced in humans,** suggesting
that the composition of the bile acid pool, the rate of
cholesterol catabolism, and its impact on intestinal cholesterol
absorption may be distinct in these three species in the
presence of a FXR agonist. Overall, these data are the first
to demonstrate the dramatic lowering of serum LDL levels by
a FXR agonist in primates and supports the potential utility of
14ce in treating dyslipidemia in humans beyond just TG
lowering.

Conclusion

The focus of this work centered around enhancing the
formulation properties of FXR agonists containing the
azepino[4,5-b] core. Crystallography data for lead compound
1 showed that solubilizing groups might be tolerated if they
were tethered away from the lipophilic FXR-LBD, toward
surrounding solvent. To explore this strategy, we developed
chemistry to incorporate pendant solubilizing amines tethered
from the benzoyl functionality. Our approach systematically
explored positioning (meta or para) and length of the tether, in
combination with amines offering a range of basicity. For
compounds with the 1—2 carbon tether 11 (Table 2), the para-
linked pendant morpholines (11e—11h) provided moderate
hFXR potency and good efficacy. For the alkoxy-linked

O 14cc
B 14dd

pendant amines 14 (Table 3), the para-linked pendant mor-
pholines 14i and 14m possessed potency of 101 nM and
249 nM, respectively, with full efficacy. The corresponding
meta-analogues were significantly less potent, as well as
compounds with more basic pendant amines than mor-
pholine, which displayed decreased efficacy at concentrations
> 3 uM. To improve microsome stability of 14i and 14m, the
8-fluoro analogues 14cc and 14dd were prepared, respectively.
In comparison to 1, these compounds demonstrated a 6-fold
decrease in hFXR potency, but realized markedly better
solubility in MC/T, the standard vehicle used for oral in vivo
studies. In fact, the solubility for each compound was im-
proved even more dramatically through formulation as the
hydrochloride salts (Table 4, MC/T solubility). The X-ray
crystal structure of 14cc shows that the pendant morpholine
appears to reach the solvent cavity past helix-2, as we had
hoped. Helix-2 apparently shifts to accommodate the bulky
solubilizing functionality. Analysis in vivo revealed full FXR
agonist activity. In LDLR ™/~ mice, 14cc and 14dd in MC/T,
reduced LDLc in a dose-dependent fashion. Additionally,
SHP gene expression in the LDLR ™/~ mouse correlated well
with blood levels over time. In female rhesus monkeys, dosing
with 14cc in MC/T at 60 mg/kg daily for 4 weeks resulted in a
significant lowering of TG, VLDLc, and LDLc. The ability to
dose the FXR agonist, 14cc, in a pharmaceutically acceptable
vehicle may prove useful for treatment of dyslipidemia in
humans.

Experimental Section

General. Solvents and chemicals were purchased from EM
Sciences, VWR, and Aldrich Chemical Co. and used without
further purification. "H NMR spectra were recorded on a Varian
INOVA 400 instrument, and chemical shifts are reported in 6
values (parts per million, ppm) relative to an internal standard
tetramethylsilane in CDCl; or DMSO-dg. Abbreviations for NMR
multiplets are as follows: br s — broad singlet, s — singlet, d —
doublet, t — triplet, g — quartet, quin — quintet. Electrospray (ESI)
mass spectra were recorded using a Waters Alliance-ZMD mass
spectrometer. Electron impact ionization (EI, EE = 70 eV) mass
spectra were recorded on a Finnigan Trace mass spectrometer.
Analytical thin layer chromatography (TLC) was performed on
precoated plates (silica gel, 60 F-254) and was visualized using UV
light and/or staining with a phosphomolybdic acid solution in
ethanol. In general, purity for key compounds was confirmed at
>95% using the following analytical HPLC method: photodiode
array detection was between 210—400 nm; the LC was performed
on an Agilent 1100 HPLC using a Waters Xterra RP18 HPLC
column (150 mm x 4.6 mm ID, 3.5 u), 40 °C column oven
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temperature, 1.2 mL/min flow rate, linear mobile phase gradient of
15t095% B over 10 min, holding S min at 95% B (mobile phase A:
10 mM ammonium formate in water, pH 3.5; mobile phase B: 1:1
methanol/acetonitrile). The analytical HPLC results using this
method are provided as retention time (R;) and purity (%) for
each compound tested in biological assays.

General Procedure for the Acylation of Indoleazepines 10i—bb.
A solution of isopropyl-1,1-dimethyl-1,2.3,6-tetrahydroazepino-
[4,5-b]indole-5-carboxylate, (8) (1.2 g, 4 mmol) in dry acetonitrile
(20 mL) and TEA (837 uL, 6 mmol) was added to a solution of the
appropriate benzoyl chloride (6 mmol) in dry acetonitrile (15 mL).
The reaction mixture was stirred for 1 h at room temperature after
which distilled water (40 mL) was added. The resulting precipitate
was collected by vacuum filtration and recrystallized from EtOAc/
hexane (5:1, 12 mL) to provide the desired product (10i—bb)
(35—81% yields).

Isopropyl 3-[4-(Benzyloxy)benzoyl]-1,1-dimethyl-1,2,3,6-tetra-
hydroazepino[4,5-bJindole-5-carboxylate 10i—r. "H NMR (400
MHz, DMSO-dg) ¢ 10.83 (s, 1H), 7.75 (d, J = 8.2 Hz, 1H),
7.73 (s, 1H), 7.56—7.53 (m, 1H), 7.52 (d, J = 9.0 Hz, 2H),
7.47—17.30 (m, 5H), 7.13 (d, J = 9.0 Hz, 2H), 7.10—7.05 (m,
1H), 7.01—6.95 (m, 1H), 5.20 (s, 2H), 5.04 (quin, J = 6.2 Hz, 1H),
3.97 (brs, 2H), 1.51 (s, 6H), 1.16 (d, J = 6.2 Hz, 6H); MS (ES,
M + HJY), m/z 509.0.

Isopropyl 3-[3-(Benzyloxy)benzoyl]-1,1-dimethyl-1,2,3,6-tetra-
hydroazepino[4,5-bindole-5-carboxylate 10s—bb. '"H NMR (400
MHz, DMSO-dq) 6 10.83 (s, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.69
(s, 1H), 7.55(d, J = 8.2 Hz, 1H), 7.46—7.37 (m, 3H), 7.34—7.28
(m, 3H), 7.25(ddd, J = 1.0, 2.5,8.4 Hz, 1H), 7.16—7.13 (m, 1H),
7.11-=7.05 (m, 2H), 6.98 (ddd, J = 1.0, 7.0, 8.0 Hz, 1H), 5.14 (s,
2H), 5.03 (quin, J = 6.2 Hz, 1H), 3.95 (br. s., 2H), 1.50 (s, 6H),
1.15 (d, J =262 HZ, 6H), HRMS: calcd for C32H32N204 + H+,
509.2435; found (ESI, [M + H]"), 509.2438.

General Procedure for the Acylation of Indoleazepines 10a—f.
A solution of the appropriately substituted indoleazepine (8 or
9) (1.0 mmol) in dry acetonitrile (15 mL) under nitrogen was
cooled to 0 °C. To this solution was added TEA (0.17 mL,
1.2 mmol) and the appropriately substituted-(chloromethyl)-
benzoyl chloride (1.5 mmol). The reaction mixture was stirred at
room temperature for 3 h. The mixture was filtered and the filtrate
was concentrated under reduced pressure. The resulting crude
product was purified via Isco (RediSep Flash Column 12 g, silica,
CH,Cly/hexane 20:80—100:0) to give the expected product. The
crude material was recrystallized from hexane/isopropyl alcohol to
afford the desired product (10a—f) (35—81% yields).

Isopropyl 3-(3-(Chloromethyl)benzoyl)-1,1-dimethyl-1,2,3,6-
tetrahydroazepino[4,5-blindole-5-carboxylate 10a—d. '"H NMR
(400 MHz, DMSO-d;) 6 10.86 (s, 1H), 7.77 (d, J = 8.2 Hz, |H),
7.67—7.65(m, 1H), 7.68 (dd, J = 1.5,2.8 Hz, 1H), 7.63—7.60 (m,
1H), 7.56 (s, 1H), 7.56—7.53 (m, 2H), 7.08 (ddd, J = 1.0, 7.0,
8.1 Hz, 1H), 6.98 (ddd, J = 1.0,7.0,8.1 Hz, 1H), 5.02 (quin, J =
6.2 Hz, 1H), 4.82 (s, 2H), 3.99 (br s, 2H), 1.53 (s, 6H), 1.14 (d,
J 6.2 Hz, 6H); HRMS: caled for C,sH»;CIN,O5 + HY,
451.1783; found (ESI, [M + H]™), 451.1785.

Isopropyl 3-(4-(Chloromethyl)benzoyl)-1,1-dimethyl-1,2,3,6-
tetrahydroazepino[4,5-b]indole-5-carboxylate 10e. 'H NMR
(400 MHz, DMSO-dg) 6 10.83 (s, 1H), 7.76 (d, J = 8.0 Hz,
1H), 7.65 (s, 1H), 7.58—7.55 (m, 5H), 7.08 (t, / = 7.4 Hz, IH),
6.98 (t, J = 7.4 Hz, 1H), 5.02 (quin, J = 6.2 Hz, 1H), 4.83 (s,
2H), 3.97 (br s, 2H), 1.53 (s, 6H), 1.14 (d, J = 6.2 Hz, 6H); MS
(ES, [M + HJ"), m/z 451.1.

Isopropyl 3-[4-(Chloromethyl)benzoyl]-8-ﬂu0r0-1,l-dimethyl-
1,2,3,6-tetrahydroazepino[4,5-bJindole-5-carboxylate 10f. 'H
NMR (400 MHz, DMSO-ds) ¢ 10.98 (s, 1H), 7.76 (dd, J =
5.5,9.0 Hz, 1H), 7.66 (s, 1H), 7.60—7.53 (m, 4H), 7.36 (dd, J =
2.5,10.0 Hz, 1H), 6.83 (ddd,J = 1.1,7.0,8.0 Hz, 1H), 5.01 (quin,
J = 6.2 Hz, 1H), 4.83 (s, 2H), 3.96 (br s, 2H), 1.51 (s, 6H), 1.13
(d, J = 6.2 Hz, 6H); MS (ES, [M + H]"), m/z 469.0.

General Procedure for the Acylation of Indoleazepines 10g—h.
A solution of the appropriately substituted indoleazepine (8 or 9)
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(1.5 mmol) in dry CH,Cl, (20 mL) under nitrogen was treated
with TEA (0.21 mL, 1.8 mmol). To this solution was added
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
(EDC) (0.52 g, 1.8 mmol) and 4-(2-chloroethyl)benzoic acid
(0.33 g, 1.8 mmol) and the reaction mixture was stirred at room
temperature for 3 days. The mixture was then washed with water,
dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The resulting residue was purified via Isco
(RediSep Flash Column 12 g, silica, EtOAc/hexane 5:95—20:80)
followed by recrystallization from EtOAc/hexane to give the
desired product (10g—h) (30% yields).

Isopropyl 3-[4-(2-Chloroethyl)benzoyl]-1,1-dimethyl-1,2,3,6-
tetrahydroazepino[4,5-blindole-5-carboxylate 10g. 'H NMR
(400 MHz, DMSO-dg) 6 10.84 (s, 1H), 7.76 (d, J = 8.0 Hz,
1H), 7.69 (s, 1H), 7.55 (ddd, J = 1.0, 1.0, 8.0 Hz, 1H), 7.49 (d,
J = 8.3 Hz, 2H), 7.43 (d, J = 8.3 Hz, 2H), 7.08 (ddd, J = 1.0,
7.0,8.0 Hz, 1H), 6.98 (ddd, J = 1.0, 7.0, 8.0 Hz, 1H), 5.02 (quin,
J = 6.2 Hz, 1H), 3.97 (br s, 2H), 3.89 (t, J = 6.7 Hz, 2H), 3.11
(t, J = 6.7 Hz, 2H), 1.53 (s, 6H), 1.14 (d, J = 6.2 Hz, 6H);
HRMS: caled for C»7H,CIN,O5 + H™, 465.1939; found (ESI,
[M + HJ"), 465.1939.

Isopropyl 3-(4-(2-Chloroethyl)benzoyl)-8-flu0r0-1,l-dimeth?fl-
1,2,3,6-tetrahydroazepino[4,5-b)indole-5-carboxylate 10h. 'H
NMR (400 MHz, DMSO-ds) 6 10.98 (s, 1H), 7.76 (dd, J =
5.4,9.0 Hz, 1H), 7.69 (s, 1H), 7.49 (d, J = 8.2 Hz, 2H), 7.43 (d,
J = 8.2Hz,2H), 7.36 (dd, J = 2.5, 10.2 Hz, 1H), 6.83 (ddd, J =
2.5,9.2,9.2 Hz, 1H), 5.01 (quin, J = 6.3 Hz, 1H), 3.96 (br. s., 2H),
3.89(t,J = 6.7Hz,2H), 3.11 (t,J = 6.7 Hz,2H), 1.51 (s, 6H), 1.13
(d, J = 6.2 Hz, 6H); HRMS: calcd for C»;H»3CIFN,O5 + H*,
483.1845; found (ESI, [M + HJ "), 483.1844.

General Procedure for the Synthesis of Carbon-Tethered
Amines 11a—f. A solution of alkyl chloride (10a—f) (0.22 mmol)
and TEA (0.036 mL, 0.26 mmol) in dry acetonitrile (5 mL) was
stirred at 0 °C. To this solution was added the appropriate amine
(0.33 mmol) and the reaction mixture was stirred at room
temperature for 15 h. The reaction mixture was then partitioned
between a saturated aqueous solution of sodium bicarbonate
and CH,Cl,. The separated CH,Cl, layer was washed with
water, dried over anhydrous sodium sulfate, filtered, and con-
centrated under reduced pressure. The resulting crude product
was purified via Isco (RediSep Flash Column 12 g, silica,
EtOAc/hexane 0:100—100:0) to yield the expected product
(11a—f) (50—70% yields).

Isopropyl 1,1-Dimethyl-3-[3-(morpholin-4-ylmethyl)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate 11a. 'H
NMR (400 MHz, DMSO-d¢) 6 10.85 (s, 1H), 7.77 (d, J = 8.2
Hz, 1H), 7.61 (s, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.54—7.52 (m,
1H), 7.48 (t, J = 7.43 Hz, 1H), 7.46—7.43 (m, 1H), 7.42 (s, |H),
7.08 (ddd, J = 1.0, 7.0, 8.1 Hz, 1H), 6.98 (ddd, J = 1.0, 7.0, 8.1
Hz, 1H), 4.99 (quin, J = 6.2 Hz, 1H), 3.97 (br s, 2H), 3.55—3.48
(m, 6H), 3.29 (s, 2H), 2.36—2.31 (m, 4H), 1.53 (s, 6H), 1.12 (d,
J = 62 Hz, 6H); HRMS: caled for C;,H3sN;O, + HT,
502.2700; found (ESI, [M + HJ"), 502.2696; Analytical HPLC:
R, = 10.9 min (100%).

Isopropyl 1,1-Dimethyl-3-{3-[(4-methylpiperazin-1-yl)methyl]-
benzoyl}-1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate
11b. "H NMR (400 MHz, CDCl3) 8 10.70 (s, 1H), 7.83 (d, J =
8.2Hz, 1H),7.80 (s, 1H), 7.54 (s, 1H), 7.49 (d, J = 7.4 Hz, 1H),
7.45—7.41 (m, 1H), 7.38 (d, J = 7.7 Hz, 2H), 7.18 (ddd, J =
1.0, 7.0, 8.1 Hz, 1H), 7.08 (ddd, J = 1.0, 7.0, 8.1 Hz, 1H), 5.10
(quin, J = 6.2 Hz, 1H),4.07 (brs, 2H), 3.53 (s, 2H), 2.47 (br s, 8H),
2.27 (s, 3H), 1.64 (s, 6H), 1.16 (d, J = 6.2 Hz, 6H); HRMS:
caled for C3H3gN4O3 + H™, 515.3017; found (ESI, [M + H]7),
515.3019; Analytical HPLC: R, = 10.0 min (91.9%).

Isopropyl 1,1-Dimethyl-3-[3-(piperidin-1-ylmethyl)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate 11c. 'H
NMR (400 MHz, CDCl;) 6 10.72 (s, 1H), 7.83 (d, J = 8.2 Hz,
1H), 7.81 (s, 1H), 7.53—7.50 (m, 2H), 7.38—7.45 (m, 3H), 7.18
(ddd, J = 1.1, 7.0, 8.1 Hz, 1H), 7.08 (ddd, J = 1.1, 7.0, 8.1 Hz,
1H), 5.09 (quin, J = 6.2 Hz, 1H), 4.08 (br s, 2H), 3.49 (s, 2H),
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2.36 (br s, 4H), 1.64 (s, 6H), 1.54 (quin, J = 5.5 Hz, 4H),
1.46—1.35 (m, 2H), 1.16 (d, J/ = 6.2 Hz, 6H); HRMS: calcd for
C3H37N;0;5 + H™, 500.2908; found (ESI, [M + H] "), 500.2913;
Analytical HPLC: R, = 9.9 min. (98.3%).

Isopropyl 1,1-Dimethyl-3-[3-(pyrrolidin-1-ylmethyl)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate 11d. 'H
NMR (400 MHz, CDCls) 6 10.72 (s, 1H), 7.83 (d, J = 8.2 Hz,
1H), 7.80 (s, 1H), 7.56—7.48 (m, 2H), 7.38—7.46 (m, 3H), 7.18
(ddd, s = 1.0,7.0,8.1 Hz, 1H), 7.08 (ddd, J = 1.0, 7.00, 8.1 Hz,
1H), 5.09 (quin, J = 6.2 Hz, 1H), 4.08 (br s, 2H), 3.63 (s, 2H),
2.53—2.43 (m, 4H), 1.79—1.74 (m, 4H), 1.59 (br s, 6H), 1.16 (d,
J = 6.2 Hz, 6H); HRMS: calcd for C3oH3sN3O3 4+ H, 486.2751;
found (ESI, [M + HJ "), 486.2755; Analytical HPLC: R, = 9.7 min.
(96.6%).

Isopropyl 1,1-Dimethyl-3-[4-(morpholin-4-ylmethyl)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 11e. '"H NMR
(400 MHz, DMSO-dy) 6 10.85 (s, 1H), 7.76 (d,J = 8.2 Hz, 1H), 7.68
(s, IH), 7.55(d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.2 Hz, 2H), 7.45 (d,
J = 82Hz,2H),7.08 (ddd,J = 1.1,7.0,8.0 Hz, 1H), 6.98 (ddd, J =
1.1, 7.0, 8.0 Hz, 1H), 5.01 (quin, J = 6.2 Hz, 1H), 3.98 (br s, 2H),
3.60—3.55 (m, 4H), 3.53 (s, 2H), 2.39—2.31 (m, 4H), 1.53 (s, 6H),
1.11 (d, J = 6.2 Hz, 6H); HRMS: caled for C30H35N30, + HY,
502.2700; found (ESL [M + HJ"), 502.2704; Analytical HPLC:
Ry = 11.0 min (97.1%).

Isopropyl 8-Fluoro-1,1-dimethyl-3-[4-(morpholin-4-ylmethyl)-
benzoyl]-1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 11f.
"H NMR (400 MHz, DMSO-dy) ¢ 10.99 (s, 1H), 7.76 (dd, J =
5.5,9.0Hz, 1H),7.69 (s, 1H), 7.51 (d,J = 8.3Hz,2H), 7.45(d,J =
8.3 Hz, 2H), 7.36 (dd, J = 2.5, 10.0 Hz, 1H), 6.83 (ddd, J = 2.5,
9.3,9.3 Hz, 1H), 5.01 (quin, J = 6.2 Hz, 1H), 3.96 (brs, 2H), 3.57
(d,J = 4.5Hz,4H), 3.53 (s, 2H), 2.35(d, J = 4.5 Hz, 4H), 1.51 (s,
6H), 1.11 (d, / = 6.2 Hz, 6H); HRMS: calcd for C30H34FN;04 +
H*, 520.2606; found (ESI, [M+H] "), 520.2610; Analytical HPLC:
R, = 11.1 min (99.5%).

General Procedure for the Synthesis of Carbon-Tethered
Amines 11g—h. To a solution of alkyl chloride (10g—h) (0.22
mmol) and morpholine (1.0 mL, 11 mmol) was added potas-
sium iodide (0.037 g, 0.22 mmol) and TEA (0.035 mL, 0.26
mmol). The reaction mixture was stirred at 60 °C for 24 h and
cooled to room temperature. The cooled mixture was parti-
tioned between a saturated aqueous solution of sodium bicar-
bonate and CH,Cl,. The separated CH,Cl, layer was washed
with water, dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting crude
product was purified via Isco (RediSep Flash Column 12 g,
silica, methanol/CH,Cl, 0.125:99.875—1.25:98.75) to give the
expected product (60—70% yields).

Preparation of Hydrochloride Salts. The HCI salts were
formed by dissolving the product in a minimum amount of
EtOAc, followed by treatment with hydrochloric acid (4 M in
dioxane) to pH 3, followed by EtOAc to afford the final product
(11g—h).

Isopropyl 1,1-Dimethyl-3-[4-(2-morpholin-4-ylethyl)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate =~ Hydro-
chloride 11g. '"H NMR (400 MHz, DMSO-d) 6 10.82 (s, 1H),
7.76 (d, J = 8.0 Hz, 1H), 7.67 (s, 1H), 7.57—7.51 (m, 3H), 7.43
(d, J = 8.2 Hz, 2H), 7.08 (ddd, J = 1.0, 7.0, 8.1 Hz, 1H), 6.98
(ddd, J = 1.0, 7.0, 8.1 Hz, 1H), 5.03 (quin, J = 6.2 Hz, 1H),
4.04—3.94 (m, 4H), 3.76 (t, J = 12.0 Hz, 2H), 3.53—3.46 (m,
2H), 3.36 (brs, 2H), 3.18—3.04 (m, 4H), 1.52 (s, 6H), 1.17(d, J =
6.2 Hz, 6H); HRMS: calcd for C3H;37N;0, + HT, 516.2857;
found (ESI, [M + H]"), 516.2861; Analytical HPLC: R, =
9.9 min. (100%).

Isopropyl 8-Fluoro-1,1-dimethyl-3-[4-(2-morpholin-4-ylethyl)-
benzoyl]-1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate
Hydrochloride 11h. '"H NMR (400 MHz, DM SO-d;) 6 10.97 (s,
1H), 7.76 (dd, J = 5.4,9.0 Hz, 1H), 7.68 (s, 1H), 7.54 (d, J =
8.2 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.36 (dd, J = 2.5,
10.0 Hz, 1H), 6.84 (ddd, J = 2.5,9.2, 9.2 Hz, 1H), 5.02 (quin,
J = 6.2Hz, 1H),4.03—3.96 (m,4H), 3.77 (t,J = 12.0 Hz, 2H),
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3.53—3.46 (m, 2H), 3.36 (brs, 2H), 3.18—3.04 (m, 4H), 1.50 (s,
6H), 1.16 (d, J = 6.2 Hz, 6H); MS (ES, [M + H]"), m/z 534.3;
Analytical HPLC: R, = 10.1 min (98.5%).

General Procedure for Benzyl Deprotection 12i—bb. A solu-
tion of benzyl esters (10i—bb) (393 umol) in a mixture of
methanol (9 mL) and EtOAc (1 mL) was stirred under nitrogen.
To this solution was added 1,4-cyclohexadiene (375 uL, 3.93
mmol) and palladium hydroxide (20% on carbon, 100 mg)
under nitrogen and the mixture was capped in a sealed tube.
The reaction was stirred at 64 °C for 1—2 h. The reaction was
cooled to room temperature and filtered through Celite. The
Celite was rinsed with methanol (3 x 10 mL) and the combined
filtrate was concentrated. The crude mixture was treated with
diethyl ether/hexane (1:1, 3 mL) to provide the product (12i—bb)
(67—72% yields).

Isopropyl 3-(4-Hydroxybenzoyl)-1,1-dimethyl-1,2,3,6-tetra-
hydroazepino[4,5-blindole-5-carboxylate 12i—r. '"H NMR (400
MHz, DMSO-dy) 6 10.84 (s, 1H), 10.29 (br s, 1H), 7.78 (s, 1H),
7.75 (d, J = 8.1 Hz, 1H), 7.55 (d, J = 8.1 Hz, 1H), 7.43 (d,
J = 8.8Hz,2H), 7.07 (ddd, J = 1.0, 7.0, 8.1 Hz, 1H), 6.97 (ddd,
J =1.0,7.0,8.1 Hz, 1H), 6.85 (d, J = 8.6 Hz, 2H), 5.05 (quin,
J = 6.2Hz, 1H),3.96 (brs,2H), 1.50 (s, 6H), 1.18 (d, J = 6.2 Hz,
6H); HRMS: calcd for CrsHo¢N>O4 + HT, 419.1965; found
(ESI, [M + HJ"), 419.1970.

Isopropyl 3-(3-Hydroxybenzoyl)-1,1-dimethyl-1,2,3,6-tetra-
hydroazepino[4,5-blindole-5-carboxylate 12s—bb. 'H NMR
(400 MHz, DMSO-d;) 6 10.84 (s, 1H), 9.84 (br s, 1H), 7.76 (d,
J =71.7Hz, 1H), 7.71 (s, IH), 7.55(d, J = 8.2 Hz, 1H), 7.31 (t,
J =8.2Hz, 1H), 7.08 (ddd, J = 1.0, 7.6 Hz, 1H), 7.00—6.95 (m,
2H), 6.94—6.90 (m, 2H), 5.03 (quin, J = 6.2 Hz, 1H), 3.96 (brs,
2H), 1.52 (s, 6H), 1.16 (d, J = 6.2 Hz, 6H); HRMS: calcd for
C,5Ha6N,O04 + HY, 419.1965; found (ESI, [M + HJ '), 419.1965.

General Procedure for Ether Formation 13i—bb. To a solution
of the appropriate phenol (12i—bb) (191 umol) in THF (2 mL)
was added either bromoethanol or bromopropanol (348 umol),
triphenylphosphine (91.3 mg, 348 umol), and DEAD (54.1 uL,
344 umol). The reaction was stirred under nitrogen at room
temperature for 18 h. The crude reaction was concentrated
under reduced pressure and diluted with diethyl ether (10 mL)
and washed with water (3 x 10 mL). The organic layer was
dried over magnesium sulfate, filtered, and concentrated
under reduced pressure. The resulting residue was purified
via Isco (RediSep Flash Column 12 g, silica, EtOAc/hexane
5:95-25:75) to give the desired product (13i—bb) (38—82%
yields).

Isopropyl 3-[4-(3-Bromopropoxy)benzoyl]-1,1-dimethyl-1,2,3,6-
tetrahydroazepino[4,5-blindole-5-carboxylate 13i, 13o—r. 'H
NMR (400 MHz, DMSO-ds) ¢ 10.84 (s, 1H), 7.78—7.73 (m,
2H), 7.55 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 8.8 Hz, 2H), 7.10—
7.05 (m, 3H), 6.98 (ddd, J = 1.0, 7.0, 8.1 Hz, 1H), 5.05 (quin, J =
6.2 Hz, 1H), 4.16 (t, J = 5.9 Hz, 2H), 3.97 (br s, 2H), 3.67 (4,
J = 6.5Hz,2H), 2.26 (quin, J = 6.3 Hz, 2H), 1.51 (s, 6H), 1.18 (d,
J = 6.2 Hz, 6H). MS (ES, [M + H]"), m/z 538.9.

Isopropyl 3-[4-(2-Bromoethoxy)benzoyl]-1,1 -dimeth?fl-l ,2,3,6-
tetrahydroazepino[4,5-bJindole-5-carboxylate 13j—n. H NMR
(400 MHz, DMSO-dg) 6 10.83 (s, 1H), 7.76 (d, J = 8.2 Hz, 1H),
7.74 (s, 1H), 7.57—7.50 (m, 3H), 7.09—7.06 (m, 3H), 6.98 (ddd,
J =1.1,7.0, 8.1 Hz, 1H), 5.05 (quin, J = 6.2 Hz, 1H), 4.40 (t,
J =5.3Hz,2H),3.97 (brs,2H), 3.83 (t,J = 5.3 Hz, 2H), 1.51 (s,
6H), 1.18 (d, 6H). MS (ES, [M + H]"), m/z 524.9.

Isopropyl 3-[3-(2-Bromoethoxy)benzoyl]-1,1-dimethyl-1,2,3,6-
tetrahydroazepino[4,5-blindole-5-carboxylate 13s—w. 'H NMR
(400 MHz, DMSO-d;) 6 10.82 (s, 1H), 7.76 (d, J/ = 8.0 Hz, 1H),
7.70 (s, 1H), 7.54 (d,J = 8.0 Hz, 1H), 7.44 (t, J = 8.2 Hz, 1H),
7.21(ddd, J = 1.1, 2.5, 8.4 Hz, 1H), 7.13—7.05 (m, 3H), 6.98
(ddd, J = 1.1, 7.0, 8.1 Hz, 1H), 5.03 (quin, J = 6.2 Hz, 1H),
4.36 (d,J = 5.3 Hz, 2H), 3.97 (br s, 2H), 3.80 (d, / = 5.3 Hz,
2H), 1.52 (s, 6H), 1.16 (d, J = 6.2 Hz, 6H); HRMS: calcd for
C27H29BI'N204 + H+, 5251383, found (ESI, [M + H]+),
525.1380.
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Isopropyl 3-[3-(3-Bromopropoxy)benzoyl]-1,1-dimethyl-1,2,3,6-
tetrahydroazepino[4,5-b]indole-5-carboxylate 13x—bb. 'H NMR
(400 MHz, DMSO-dg) 6 10.82 (s, 1H), 7.76 (d, J = 8.2 Hz, 1H),
7.70 (s, 1H), 7.54 (ddd, J = 1.0, 1.0, 8.0 Hz, 1H), 7.43 (t, J = 7.94
Hz, 1H), 7.20 (ddd, J = 1.0, 2.5, 8.3 Hz, 1H), 7.12—7.04 (m, 3H),
6.98 (ddd, J = 1.0, 7.0, 8.1 Hz, 1H), 5.03 (quin, J = 6.2 Hz, 1H),
412 (t,J = 6.0 Hz, 2H), 3.97 (brs, 2H), 3.65 (t, / = 6.5 Hz, 2H),
2.24 (quin, J = 6.3 Hz, 2H), 1.52 (s, 6H), 1.16 (d, J = 6.2 Hz, 6H);
MS (ES, [M + H]"), m/z 538.8.

General Procedure for the Synthesis of Oxygen-tethered
Amines 14i—bb. To a solution of alkyl bromide (13i—bb)
(50 umol) in 1-methyl-2-pyrrolidinone (0.5 mL) was added the
appropriate amine (300 umol). The reaction was stirred at room
temperature for 18 h. The reaction was concentrated under
reduced pressure and the crude mixture was added to a Gilson
sample tube containing TEA (50 #L) and methanol (200 uL).
The reaction vessel was rinsed into the sample tube with
methanol (400 uL followed by 200 «L). Distilled water (200 uL)
was added to the sample tube and the crude was purified by
RP-HPLC using a Gilson automated HPLC system and collector:
Column; Sunfire prep C18, 5 u, 19 x 50 mm. Isocratic 10/90
acetonitrile/Water (10 mL/min, no modifier) for 1.6 min followed
by a gradient to 100% acetonitrile (20 mL/min, no modifier) at
9.5 min; then hold for three min at 100% acetonitrile and ramp
back to 10% acetonitrile in water over 2.0 min. Desired fractions
were combined and lyophilized to give the titled products (14i—bb)
(16—70% yields).

Isopropyl 1,1-Dimethyl-3-[4-(3-morpholin-4-ylpropoxy)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate 14i. '"H NMR
(400 MHz, DMSO-d) 6 10.83 (s, 1H), 7.74 (s, 1H), 7.76—7.73 (m,
1H), 7.55(ddd, J = 1.0, 1.0, 8.0 Hz, 1H), 7.51 (d, J = 9.0 Hz, 2H),
7.10—7.06 (m, 1H), 7.04 (d, J = 9.0 Hz, 2H), 6.97 (ddd, J = 1.0,
7.0, 8.1 Hz, 1H), 5.05 (quin, J = 6.2 Hz, 1H), 4.09 (t, / = 6.3 Hz,
2H), 3.97 (brs, 2H), 3.56 (t, J = 4.5 Hz, 4H), 241 (t, J = 7.1 Hz,
2H), 2.38—2.31 (m, 4H), 1.88 (quin, J = 6.7 Hz, 2H), 1.51 (s, 6H),
1.18 (d, J = 6.2 Hz, 6H); HRMS: calcd for C3,H3N305 + HT,
546.2962; found (ESI, [M + H]"), 546.2962; Analytical HPLC:
R, = 10.2 min (100%).

Isopropyl 1,1-Dimethyl-3-[4-(2-piperidin-1-ylethoxy)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14j. 'H
NMR (400 MHz, DMSO-dy) ¢ 10.84 (s, 1H), 7.78—7.73 (m,
2H), 7.55 (d, J = 7.8 Hz, 1H), 7.51 (d, J = 9.0 Hz, 2H),
7.10—7.04 (m, 3H), 6.98 (ddd, J = 1.0, 7.0, 8.1 Hz, 1H), 5.05
(quin, J = 6.2 Hz, 1H), 4.14 (t, J/ = 5.9 Hz, 2H), 3.97 (br s, 2H),
2.65 (t, J = 5.9 Hz, 2H), 2.45-2.37 (m, 4H), 1.51 (s, 6H),
1.45—1.51 (m, 6H), 1.18 (d, J = 6.2 Hz, 6H); HRMS: calcd for
C3,H39N;0,4 + H', 530.3013; found (ESI, [M+H]"), 530.3015;
Analytical HPLC: R, = 10.2 min (99.5%).

Isopropyl  3-{4-[2-(Dimethylamino)ethoxy]benzoyl}-1,1-di-
methyl-1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate 14k.
"H NMR (400 MHz, CDCls) 6 10.72 (s, 1H), 7.89 (s, 1H), 7.82
(dd, J = 1.0, 8.0 Hz, 1H), 7.58 (d, J = 8.9 Hz, 2H), 7.38 (d,
J = 8.0Hz 1H), 7.17(ddd, J = 1.0, 7.0, 8.1 Hz, 1H), 7.07 (ddd,
J=1.0,7.0,8.1Hz, 1H),6.94(d, J = 8.9 Hz,2H), 5.14 (quin, J =
6.2 Hz, 1H), 4.11 (t,J = 5.6 Hz, 2H), 4.08 (brs, 2H), 2.75 (t, J =
5.5 Hz, 2H), 2.34 (s, 6H), 1.62 (s, 6H), 1.21 (d, J = 6.2 Hz,
6H); HRMS: calcd for C,oH3sN3O4 + H™, 490.2700; found
(ESI, [M + HJ]"), 490.2701; Analytical HPLC: R, = 9.9 min.
(97.1%).

Isopropyl 1,1-Dimethyl-3-[4-(2-pyrrolidin-1-ylethoxy)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14l1. 'H
NMR (400 MHz, CDCl3) 6 10.72 (s, 1H), 7.89 (s, 1H), 7.81
(dd,J =1.0,8.0Hz, 1H),7.58 (d, J = 8.78 Hz, 2H), 7.38 (ddd,
J=1.0,1.0,8.0Hz, 1H),7.17 (ddd,J = 1.0, 7.0, 8.0 Hz, 1H),
7.07 (ddd, J = 1.0,7.0,8.0 Hz, 1H), 6.93 (d, J = 9.0 Hz, 2H),
5.14(quin, J = 6.2 Hz, 1H), 4.15(t,J = 5.90 Hz, 2H), 4.09 (br
s,2H),2.92(t,J = 5.9 Hz,2H), 2.66—2.59 (m, 4H), 1.83—1.80
(m, 4H), 1.62 (s, 6H), 1.21 (d, J = 6.2 Hz, 6H); HRMS: calcd
for C31H37N304 + H+, 5162857, found (ESI, [M + I‘I]Jr)7
516.2859; Analytical HPLC: R, = 10.1 min. (95.5%).
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Isopropyl 1,1-Dimethyl-3-{4-(2-morpholin-4-ylethoxy)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14m. 'H
NMR (400 MHz, DMSO-dg) 6 10.83 (s, 1H), 7.77—7.74 (m,
2H), 7.55(ddd, J = 1.0, 1.0, 8.0 Hz, 1H), 7.51 (d, J = 9.0 Hz,
2H), 7.10—7.04 (m, 3H), 6.98 (ddd, J = 1.0, 7.0, 8.0 Hz, 1H),
5.05(quin,J = 6.2 Hz, 1H),4.16 (t,J = 5.7Hz,2H),3.97 (brs,
2H), 3.57 (t, J = 4.6 Hz, 4H), 2.70 (t, J = 5.6 Hz, 2H),
2.48—2.43 (m, 4H), 1.51 (s, 6H), 1.18 (d, J = 6.2 Hz, 6H);
HRMS: calcd for C3;H37N305 + H', 532.2806; found (ESI,
[M + H]™), 532.2811; Analytical HPLC: R, = 10.6 min (98.9%).

Isopropyl 1,1-Dimethyl-3-{4-[2-(4-methylpiperazin-1-yl)ethoxy]-
benzoyl}-1,2,3,6-tetrahydroazepino[4,5-bindole-5-carboxylate  14n.
"H NMR (400 MHz, CDCls) 6 10.71 (s, 1H), 7.89 (s, 1H), 7.82
(dd,J = 1.0,8.0 Hz, 1H), 7.58 (d, J/ = 8.9 Hz, 2H), 7.38 (ddd, J =
1.0, 1.0, 8.0 Hz, 1H), 7.17 (ddd, J = 1.0, 7.0, 8.0 Hz, 1H), 7.07 (ddd,
J=1.0,7.0,8.0Hz 1H), 6.92 (d, J = 8.9 Hz, 2H), 5.14 (quin, J =
6.2Hz, 1H),4.15(t,J = 5.8 Hz,2H), 4.12 (brs, 2H), 2.83 (t,J = 5.8
Hz, 2H), 2.63 (br s, 4H), 2.48 (br s, 4H), 2.30 (s, 3H), 1.62 (s, 6H),
1.22 (d, J = 6.2 Hz, 6H); HRMS: caled for C3,Hy0N,O, + HY,
545.3122; found (ESI, [M + HJ]"), 545.3125; Analytical HPLC:
R; = 10.2 min (98.5%).

Isopropyl 3-{4-[3-(Dimethylamino)propoxy]benzoyl}-1,1-di-
methyl-1,2,3,6-tetrahydroazepino[4,5-bindole-5-carboxylate 140.
'H NMR (400 MHz, CDCl;) 6 10.72 (s, 1H), 7.89 (s, 1H), 7.82
(dd,J = 1.0,8.0Hz, 1H),7.57(d,J = 9.0 Hz,2H), 7.38 (ddd, J =
1.0, 1.0, 8.0 Hz, 1H), 7.17 (ddd, J = 1.0, 7.0, 8.0 Hz, 1H), 7.07
(ddd, J = 1.0, 7.0, 8.0 Hz, 1H), 691 (d, J = 8.8 Hz, 2H),
5.14 (quin, J = 6.2 Hz, 1H), 4.06 (t, J = 6.4 Hz, 2H), 4.01 (br s,
2H),2.45(t,J = 7.2 Hz,2H), 2.25 (s, 6H), 1.97 (quin, J = 6.8 Hz,
2H), 1.62 (s, 6H), 1.22 (d, J = 6.2 Hz, 6H); HRMS: calcd for
C30H37N30,4 + H, 504.2857; found (ESI, [M + H]"), 504.2857;
Analytical HPLC: R, = 10.1 min (82.5%)).

Isopropyl 1,1-Dimethyl-3-[4-(3-pyrrolidin-1-ylpropoxy)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-bJindole-5-carboxylate 14p. 'H
NMR (400 MHz, CDCl3) 6 10.72 (s, 1H), 7.89 (s, 1H), 7.82
(dd,J = 1.0,8.0 Hz, 1H), 7.57 (d, J = 8.8 Hz, 2H), 7.38 (ddd,
J=1.0,10,8.0Hz 1H),7.17(ddd, J = 1.0,7.0, 8.0 Hz, 1H),
7.07 (ddd, 1H), 6.91 (d, J = 9.0 Hz, 2H), 5.14 (quin, J = 6.2
Hz, 1H), 4.08 (t, / = 6.4 Hz, 2H), 4.03 (br s, 2H), 2.64 (t, J =
7.4 Hz, 2H), 2.59-2.49 (m, 4H), 2.06—2.00 (m, 2H),
1.82—1.78 (m, 4H), 1.62 (s, 6H), 1.22 (d, J = 6.2 Hz, 6H);
HRMS: calcd for C32H39N304 + H+, 5303013, found (ESI,
M + H]"), 530.3016; Analytical HPLC: R, = 10.3 min
(75.2%).

Isopropyl 1,1-Dimethyl-3-[4-(3-piperidin-1-ylpropoxy)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14q. 'H
NMR (400 MHz, CDCl3) 6 10.71 (s, 1H), 7.89 (s, 1H), 7.82
(dd,J = 1.0,8.0 Hz, 1H), 7.58 (d, J/ = 8.8 Hz, 2H), 7.39 (ddd,
J=1.0,1.0,8.0Hz 1H),7.17(ddd, J = 1.0,7.0,8.0 Hz, 1H),
7.07 (ddd, J = 1.0,7.0,8.0 Hz, 1H), 6.90 (d, J = 8.8 Hz, 2H),
5.15(quin, J = 6.2Hz, 1H),4.07 (t,J = 6.2Hz,2H), 4.00 (brs,
2H), 2.71—-2.55 (m, 6H), 2.16—2.06 (m, 2H), 1.76—1.66 (m,
4H), 1.62 (s, 6H), 1.50 (br s, 2H), 1.22 (d, J = 6.2 Hz, 6H);
HRMS: calcd for C33H4;N3O4 + H™, 544.3170; found (ESI,
[M + H]"), 544.3172; Analytical HPLC: R, = 10.4 min
(100%).

Isopropyl 1,1-Dimethyl-3-{4-[3-(4-methylpiperazin-1-yl)pro-
poxy]benzoyl}-1,2,3,6-tetrahydroazepino[4,5-bJindole-5-carboxy-
late 14r. "H NMR (400 MHz, CDCls) 6 10.71 (s, 1H), 7.89 (s,
1H),7.82(dd,J = 1.0,8.0Hz, 1H),7.58 (d,J = 8.8 Hz, 2H), 7.38
(ddd, J = 1.0, 1.0, 8.0 Hz, 1H), 7.17 (ddd, J = 1.0, 7.0, 8.0 Hz,
1H), 7.07 (ddd, J = 1.0, 7.0, 8.0 Hz, 1H), 6.91 (d, J/ = 8.8 Hz,
2H), 5.14 (quin, J = 6.2 Hz, 1H), 4.06 (t, / = 6.4 Hz, 2H), 4.00
(br s, 2H), 2.57—2.49 (m, 2H), 2.45 (br s, 8H), 2.29 (s, 3H),
1.94—2.03 (m, 2H), 1.62 (s, 6H), 1.22 (d, J = 6.2 Hz, 6H);
HRMS: caled for C33H4N4O4 + HY, 559.3279; found (ESI,
[M + HJ"), 559.3280; Analytical HPLC: R, = 10.4 min (91.4%).

Isopropyl 3-{3-2-(Dimethylamino)ethoxy|benzoyl}-1,1-dimethyl-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14s. '"H NMR
(400 MHz, CDCl5) 6 10.71 (s, 1H), 7.84 (s, 1H), 7.82 (d, J = 8.0 Hz,
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1H), 7.38 (ddd, J = 1.0, 1.0, 8.0 Hz, 1H), 7.31 (t, J/ = 8.0 Hz, 1H),
7.20—7.14 (m, 2H), 7.12—7.04 (m, 3H), 5.12 (quin, J = 6.2 Hz, 1H),
4.10 (t, J = 5.6 Hz, 2H), 4.02 (br s, 2H), 2.76 (t, J = 5.6 Hz, 2H),
2.35(s,6H), 1.63 (s, 6H), 1.19(d, J = 6.2 Hz, 6H); HRMS: calcd for
CaoH3sN30, + H*, 490.2700; found (ESL [M + H]"), 490.2691;
Analytical HPLC: R, = 9.8 min (98.8%).

Isopropyl  1,1-Dimethyl-3-[3-(2-pyrrolidin-1-ylethoxy)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14t. 'H NMR
(400 MHz, CDCly) 6 10.71 (s, 1H), 7.84 (s, 1H), 7.82 (dd, J = 1.0,
8.0Hz, 1H),7.38(ddd,J = 1.0,1.0,8.2Hz, 1H), 7.31 (t,J = 7.9 Hz,
1H), 7.20—7.14 (m, 2H), 7.11—7.05 (m, 3H), 5.12 (quin, J = 6.2 Hz,
1H), 4.16 (t, J = 5.6 Hz, 2H), 4.09 (br s, 2H), 2.96 (t, / = 5.6 Hz,
2H), 2.69 (br s, 4H), 1.88—1.79 (m, 4H), 1.63 (s, 6H), 1.19 (d, J =
6.2 Hz, 6H); HRMS: caled for C5;H37N30,4 4+ H', 516.2857; found
(ESI, [M + HJ"), 516.2850; Analytical HPLC: R, = 10.0 min
(83.3%).

Isopropyl 1,1-Dimethyl-3-[3-(2-piperidin-1-ylethoxy)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate 14u. 'H
NMR (400 MHz, CDCl;) 6 10.71 (s, 1H), 7.84 (s, 1H), 7.82
(dd, J = 1.0, 8.0 Hz, 1H), 7.38 (ddd, J = 1.0, 1.0, 8.0 Hz, 1H),
7.31(t,J =8.0Hz, 1H),7.17(ddd,J = 1.0,7.0,8.0 Hz, 1H), 7.14
(dd,J = 1.4,2.5Hz, 1H), 7.11-7.04 (m, 3H), 5.12 (quin, J = 6.2
Hz, 1H),4.13 (t,J = 5.9 Hz, 2H), 4.08 (brs, 2H), 2.79 (t,J = 5.9
Hz, 2H), 2.52 (br s, 4H), 1.63 (s, 6H), 1.62—1.56 (m, 4H),
1.48—1.40 (m, 2H), 1.19 (d, J = 6.2 Hz, 6H); HRMS:
caled for C3,H3oN304 + H™, 530.3013; found (ESI, [M + H]"),
530.3006; Analytical HPLC: R, = 10.1 min (95.6%).

Isopropyl 1,1-Dimethyl-3—[3—(2—morpholin-4-yleth0xy?benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate 14v. 'H NMR
(400 MHz, CDCls) 6 10.70 (s, 1H), 7.85—7.80 (m, 2H), 7.38 (ddd,
J = 1.0, 10, 8.0 Hz, 1H), 7.32 (t, J = 8.0 Hz, 1H), 7.21—7.13 (m,
2H), 7.13—7.03 (m, 3H), 5.12 (quin, J/ = 6.2 Hz, 1H), 4.13 (t, J =
5.4 Hz, 2H), 4.04 (br s, 2H), 3.72 (t, J = 43 Hz,4H), 2.81 (t,J =
4.3 Hz, 2H), 2.57 (br s, 4H), 1.63 (s, 6H), 1.19 (d, J = 6.2 Hz,
6H); HRMS: caled for C3H3,N305 + H, 532.2806; found (ESI,
[M + H]7), 532.2799; Analytical HPLC: R, = 10.5 min (100%).

Isopropyl 1,1-Dimethyl-3-{3-[2-(4-methylpiperazin-1-yl)ethoxy]-
benzoyl}-1,2,3,6-tetrahydroazepino[4,5-bJindole-5-carboxylate 14w.
"H NMR (400 MHz, CDCls) 6 10.70 (s, 1H), 7.84 (s, 1H), 7.82
(d, J = 82 Hz, IH), 7.38 (dd, J = 1.0, 8.2 Hz, IH), 7.31 (t, J =
7.9 Hz, 1H), 7.21—7.13 (m, 2H), 7.13—7.04 (m, 3H), 5.12 (quin,
J=62Hz 1H),4.11(t,J = 5.6 Hz,2H),4.03 (brs, 2H), 2.82 (t,J =
5.6 Hz, 2H), 2.65 (br s, 4H), 2.52 (brs, 4H), 2.32 (s, 3H), 1.63 (s, 6H),
1.19 (d, J =062 HZ, 6H), HRMS: caled for C32H40N404 + H+,
545.3122; found (ESL [M + HJ"), 545.3116; Analytical HPLC:
R, = 10.1 min (97.3%).

Isopropyl  3-{3-[3-(Dimethylamino)propoxy]benzoyl}-1,1-di-
methyl-1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate 14x.
"H NMR (400 MHz, CDCl5) 6 10.71 (s, 1H), 7.85 (s, IH), 7.82 (d,
J = 8.2Hz, 1H), 7.38 (ddd, J = 1.0, 1.0, 8.0 Hz, 1H), 7.31 (t,J =
8.0 Hz, 1H), 7.17 (ddd, J = 1.0, 7.0, 8.0 Hz, 1H), 7.14 (dd, J =
1.6, 2.5 Hz, 1H), 7.10—7.07 (m, 2H), 7.07—7.03 (m, 1H), 5.12
(quin, J = 6.2 Hz, 1H), 4.08 (br s, 2H), 4.03 (t, / = 6.4 Hz, 2H),
248 (t,J = 7.3 Hz, 2H), 2.27 (s, 6H), 1.98 (dd, J = 6.4, 7.3 Hz,
2H), 1.63 (s, 6H), 1.19 (d, J = 6.2 Hz, 6H); HRMS: calcd for
C30H37N304 + HT, 504.2857; found (ESI, [M + H]"), 504.2850;
Analytical HPLC: R, = 10.0 min (98.5%).

Isopropyl 1,1-Dimethyl-3—[3—(3—pyrr0|idin-1-ylpropoxy?benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14y. 'H NMR
(400 MHz, CDCl3) 6 10.71 (s, 1H), 7.85 (s, 1H), 7.82 (dd, J = 1.0,
8.0Hz, 1H),7.38(ddd, J = 1.0,1.0,8.0 Hz, 1H), 7.31 (t,J = 7.8 Hz,
1H), 7.17 (ddd, J = 1.0, 8.0, 8.0 Hz, 1H), 7.15—7.11 (m, 1H),
7.11=7.03 (m, 3H), 5.12 (quin, J = 6.2 Hz, 1H), 4.10 (br s, 2H), 4.05
(t,J = 6.3 Hz, 2H), 2.67—2.76 (m, 2H), 2.63 (br s, 4H), 2.12—2.02
(m, 2H), 1.89—1.80 (m, 4H), 1.63 (s, 6H), 1.19 (d, J = 6.2 Hz,
6H); HRMS: caled for C3,H3oN30,4 + HY, 530.3013; found (ESI,
[M + H]™), 530.3006; Analytical HPLC: R, = 10.2 min (88.3%).

Isopropyl 1,1-Dimethyl-3—[3—(3—piperidin—1-ylpropoxy?benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14z. 'H NMR
(400 MHz, CDCl3) 6 10.71 (s, 1H), 7.86 (s, 1H), 7.82 (dd, J = 1.0,
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8.0Hz, 1H),7.38 (ddd, J = 1.0,1.0,8.0 Hz, 1H), 7.30(t,J = 8.0 Hz,
1H), 7.17 (ddd, J = 1.0, 7.0, 8.0 Hz, 1H), 7.13 (dd, J = .5,
2.5 Hz, 1H), 7.10—7.07 (m, 2H), 7.07—7.03 (m, 1H), 5.12 (quin,
J = 6.2 Hz, 1H), 4.07 (br s, 2H), 4.02 (t, J = 6.3 Hz, 2H), 2.49 (t,
J = 74 Hz, 2H), 2.42 (br s, 4H), 2.03—1.95 (m, 2H), 1.63 (s, 6H),
1.62—1.56 (m, 4H), 1.48—1.40 (m, 2H), 1.19 (d, J = 6.2 Hz, 6H);
HRMS: caled for Cs3H4 N304 + H', 544.3170; found (ESI,
[M + H]T), 544.3162; Analytical HPLC: R, = 10.3 min (90.0%).

Isopropyl 1,1-Dimethyl-3-3-(3-morpholin-4-ylpropoxy)benzoyl]-
1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14aa. 'H
NMR (400 MHz, CDCl3) 6 10.70 (s, 1H), 7.85 (s, 1H), 7.82 (dd,
J =1.0,8.0Hz, IH), 7.38 (ddd, J = 1.0, 1.0, 8.0 Hz, 1H), 7.31
(t, J = 8.0 Hz, 1H), 7.18 (ddd, J = 1.0, 7.0, 8.0 Hz, 1H), 7.14
(dd, J = 1.5,2.5 Hz, 1H), 7.11—=7.03 (m, 3H), 5.12 (quin, J =
6.2Hz, 1H),4.08 (brs,2H),4.03 (t,J = 6.4Hz,2H),3.71 (t,J =
4.6 Hz, 4H), 2.51 (t, J = 7.2 Hz, 2H), 2.48—2.42 (m, 4H),
2.01-1.93 (m, 2H), 1.63 (s, 6H), 1.19 (d, J = 6.2 Hz, 6H);
HRMS: calced for C3,H39N3O05 + H', 546.2963; found (ESI,
[M + H]"), 546.2959; Analytical HPLC: R, = 10.3 min (99.6%).

Isopropyl 1,1-Dimethyl-3-{3-[3-(4-methylpiperazin-1-yl)pro-
poxy]benzoyl}-1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxy-
late 14bb. '"H NMR (400 MHz, CDCl3) 8 10.71 (s, 1H), 7.86 (s,
1H), 7.82 (d, J = 8.0 Hz, 1H), 7.38 (dd, J = 1.0, 8.0 Hz, 1H),
7.34—7.27 (m, 1H), 7.21—7.15 (m, 1H), 7.14—7.02 (m, 4H), 5.12
(quin, J = 6.2 Hz, 1H), 4.06 (brs, 2H), 4.02 (t, / = 6.2 Hz, 2H),
2.59—2.44 (m, 6H), 2.31 (s, 3H), 2.01—1.94 (m, 2H), 1.63 (s, 6H),
1.58 (br s, 4H), 1.19 (d, J = 6.2 Hz, 6H); HRMS: calcd for
C33H4N4,O4 + HY, 559.3279; found (ESI, [M + HJ %), 559.3271;
Analytical HPLC: R, = 10.3 min (98.5%).

General Procedure for the Synthesis of Linker 15cc—dd. To a
solution of benzyl-4-hydroxybenzoate (100 mg, 0.438 mmol)
and either bromoethanol or bromopropanol (0.797 mmol) in
THF (2 mL) was added either DIAD or DEAD (0.789 mmol)
followed by triphenylphosphine (208 mg, 0.797 mmol) in por-
tions at room temperature with stirring. After 1 h, the reaction
was concentrated to near dryness, diluted with diethyl ether, and
washed with water. The organic layer was dried over magnesium
sulfate, filtered, concentrated to a small volume, and placed in a
freezer. After 2 h, triphenylphosphine oxide precipitated out of
solution. The solution was decanted, concentrated, and purified
by flash column chromatography (EtOAc/hexane 0:100—20:80)
to yield the desired product (15cc—dd) (78—82% yields).

Benzyl 4-(3-Bromopropoxy)benzoate 15cc. 'H NMR (400 MHz,
DMSO-dg) 6 7.95 (d, J = 9.0 Hz, 2H), 7.49—7.31 (m, 5H), 7.07 (d,
J = 9.0Hz,2H), 5.32 (s, 2H), 4.16 (t, J = 6.0 Hz, 2H), 3.67 (t, J =
6.5 Hz, 2H), 2.27 (quin, J = 6.3 Hz, 2H); MS (ES, [M + H]"),
mjz 348.9, 350.9.

Benzyl 4-(2-Bromoethoxy)benzoate 15dd. '"H NMR (400 MHz,
DMSO-dg) 6 7.95 (d, J = 9.0 Hz, 2H), 7.49—7.32 (m, SH), 7.08 (d,
J =9.0Hz 2H), 532 (s,2H), 4.41 (t, J = 54 Hz,2H),3.83 (t,J =
5.4 Hz, 2H); MS (ES, [M + H]™"), m/z 334.9, 336.9.

General Procedure for the Synthesis of Protected Amine
Linker 16cc—dd. To a solution of alkyl bromide (15cc—dd)
(28.7 mmol) in acetonitrile (100 mL) was added morpholine
(15 mL, 172 mmol). The reaction was stirred at room tempera-
ture for 18 h, at which time the reaction was concentrated to near
dryness, diluted with EtOAc, and washed with water. The
aqueous layer was extracted with EtOAc and the combined
organic layers were washed with saturated sodium bicarbonate,
water, and brine. The organic layer was dried over magnesium
sulfate, filtered, and concentrated to yield the desired product
(16¢cc—dd) (97—100% yields).

Benzyl 4-(3-Morpholin-4-ylpropoxy)benzoate 16cc. 'H NMR
(400 MHz, DMSO-dg) 6 7.94 (d, J = 9.0 Hz, 2H), 7.48—7.31 (m,
SH), 7.04 (d, J = 9.0 Hz, 2H), 5.31 (s, 2H), 4.09 (t, / = 6.4 Hz,
2H), 3.59—3.53 (m, 4H), 2.41 (t,J = 7.2 Hz, 2H), 2.38—2.32 (m,
4H), 1.89 (quin, J = 6.8 Hz, 2H); MS (ES, [M + H]"), m/z 356.3.

Benzyl 4-(2-Morpholin-4-ylethoxy)benzoate 16dd. '"H NMR
(400 MHz, DMSO-dg) 6 7.93 (d, J = 8.8 Hz, 2H), 7.48—7.32 (m,
SH), 7.06 (d, J = 8.8 Hz, 2H), 5.31 (s, 2H), 4.17 (t, / = 5.7 Hz,
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2H), 3.60—3.54 (m, 4H), 2.70 (t, J = 5.7 Hz, 2H), 2.49—-2.43
(m, 4H); HRMS: caled for C5gH»3NO, + HT, 342.1700; found
(ESI, [M + H]"), 342.1705.

General Procedure for the Deprotection of Ester 17cc—dd. To a
solution of the benzyl ester (16cc—dd) (2.25 mmol) in methanol
(54 mL) and EtOAc (6 mL) was added cyclohexadiene (2.14 mL,
22.6 mmol) and 20% palladium hydroxide on carbon (570 mg).
The reaction was flushed with nitrogen and capped with a
rubber septum. To relieve pressure build-up, the septum was
pierced with a needle attached to an empty balloon. The sealed
system was heated at 64 °C for 1 h. Upon completion, the
reaction was filtered through Celite, washed with methanol and
concentrated to dryness and further dried under vacuum for 2 h.
The desired product (17cc—dd) was used in the next reaction
without further purification (94—95% yields).

4-(3-Morpholin-4-ylpropoxy)benzoic Acid 17cc. '"H NMR
(400 MHz, DMSO-dg) 6 11.91 (br s, 1H), 7.88 (d, J = 9.0 Hz,
2H), 6.99 (d, J = 9.0 Hz, 2H), 4.07 (t, / = 6.4 Hz, 2H),
3.60—3.53 (m, 4H), 2.41 (t, J = 7.2 Hz, 2H), 2.38—2.31 (m,
4H), 1.94—1.84 (m, 2H); MS (ES, [M + H] "), m/z 265.9.

4-(2-Morpholin-4-ylethoxy)benzoic Acid 17dd. "H NMR (400
MHz, DMSO-ds) 6 12.56 (br s, 1H), 7.88 (d, J = 8.8 Hz,
2H), 7.03 (d, J = 8.8 Hz, 2H), 4.17 (t, / = 5.7 Hz, 2H),
3.63—3.54 (m, 4H), 2.73 (br s, 2H), 2.48 (br s, 4H); HRMS:
caled for C13H7NO, + HT, 252.1230; found (ESI, [M + H]"),
252.1238.

General Procedure for the Formation of Benzoyl Chlorides.
A solution of the appropriate benzoic acid 17cc or 17dd
(2.25 mmol) and thionyl chloride (62 mmol, 4.5 mL) was heated
at 78 °C for 2—4 h. The reaction was then concentrated to
dryness. Toluene was added and the resulting solution was
concentrated. The toluene concentration procedure was re-
peated ( x 2). The crude material was dried on a vacuum pump
for 1—2 h to provide the desired product which was used in the
next reaction without further purification.

General Procedure for the Acylation of Indoleazepines
14ce—dd. To a solution of the appropriate benzoyl chloride
(previous step, 2.25 mmol) suspended in acetonitrile (16 mL)
was added a solution of isopropyl 8-fluoro-1,1-dimethyl-1,2,3,6-
tetrahydroazepino[4,5-blindole-5-carboxylate (9) (474 mg,
1.5 mmol) and TEA (627 uL, 4.5 mmol) in acetonitrile (4 mL).
The reaction was stirred overnight at which time methanol
(2 mL) was added and the reaction was concentrated. The crude
material was partitioned between EtOAc (50 mL) and saturated
sodium bicarbonate (50 mL). The organic layer was separated
and the aqueous layer was extracted again with EtOAc. The
organic layers were combined and washed with brine and water
and dried over magnesium sulfate. The resulting crude product
was purified via flash column chromatography two times
(methanol/CH,ClI, 0:100—10:90). The desired product (14cc or
14dd) was obtained by crystallization of the purified material
from acetonitrile (78—87% yields).

Isopropyl 8-Fluoro-1,1-dimethyl-3-4-(3-morpholin-4-ylpropoxy)-
benzoyl]-1,2,3,6-tetrahydroazepino[4,5-b]indole-5-carboxylate 14cc.
"H NMR (400 MHz, DMSO-dg) 6 10.97 (s, 1H), 7.79—7.72 (m,
2H), 7.55(d, J = 8.8 Hz, 2H), 7.36 (dd, J = 2.5, 10.2 Hz, 1H), 7.06
(d,J = 8.8 Hz,2H), 6.83 (ddd, J = 2.5,9.3,9.3 Hz, 1H), 5.05 (quin,
J = 6.2 Hz, 1H), 4.14 (t, J = 5.9 Hz, 2H), 3.99 (br s, 2H), 3.96
(br s, 2H), 3.75 (ddd, J = 1.0, 12.3, 12.3 Hz, 2H), 346 (d, J =
12.3Hz,2H),3.31—3.23 (m, 2H), 3.15—3.02 (m, 2H), 2.24—2.14 (m,
2H), 1.49 (s, 6H), 1.18 (d, J = 6.2 Hz, 6H); HRMS: calcd for
C3,H3sFN3O5 + H', 564.2868; found (ESI, [M + HJ "), 564.2869;
Analytical HPLC: R, = 10.7 min (100%).

Isopropyl 8-Fluoro-1,1-dimethyl-3-[4-(2-morpholin-4-ylethoxy)-
benzoyl]-1,2,3,6-tetrahydroazepino[4,5-blindole-5-carboxylate 14dd.
"H NMR (400 MHz, DMSO-dg) ¢ 10.97 (s, 1H), 7.78—7.74 (m,
1H), 7.74 (s, 1H), 7.57 (d, J = 9.0 Hz, 2H), 7.36 (dd, J = 2.5, 10.2
Hz, 1H), 7.13 (d, J = 9.0 Hz, 2H), 6.87—6.80 (m, 1H), 5.05 (quin,
J = 6.2 Hz, 1H), 4.51—4.45 (m, 2H), 4.01—3.93 (m, 4H), 3.78 (t,
J = 12.0 Hz, 2H), 3.63—3.55 (m, 2H), 3.53—3.46 (m, 4H), 1.49
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(s,6H), 1.18 (d, J = 6.2 Hz, 6H); HRMS: caled for C3;H36FN3Os +
H™, 550.2712; found (ESI, [M 4+ H]™), 550.2712; Analytical HPLC:
R, = 10.4 min. (99.7%).

FXR, One Hybrid Assay. HEK293 stable clones expressing
either Gal4/human FXR-LBD or Gal4/mouse FXR-LBD
fusion protein in assay medium (Phenol red-free, high-glucose
DMEM with 10% fetal bovine serum, 1 mM sodium pyruvate,
100 U/mL penicillin, 1% glutamax, and 100 g/mL streptomycin)
were plated at 10000 cells per well in 96-well plates in 50 uL
assay medium. The cells were incubated at 37 °C for 2 h, and
then 50 4L of the appropriate concentration of test compound in
assay medium was added to each well. Cells treated with
compounds were incubated for 24 h at 37 °C. On day 2, the
medium was removed and lysis buffer added, and the plates were
analyzed for luciferase activity with luciferase assay reagent
(Promega E1483) and read on Victor3 V instrument (Perkin-
Elmer) with the use of the luciferase assay protocol.

Mouse PK/PD Study. Eight-week-old male LDLR ™/~ mice
were treated with 0.5% methylcellulose/2.0% Tween-80
(MC/T) vehicle (control) or 3 mg/kg 14cc or 14dd. Over a 24 h
period, the mice were sacrificed (3 mice/time point/group) and
plasma and liver samples were harvested. Total hepatic RNA
was purified using the Qiagen RNeasy clean kit following the
manufacturer’s protocol, and gene expression of short hetero-
dimer partner (SHP) was quantified by real-time RT-PCR with
the Qiagen Quantitech kit using an ABI 7900. The relative
amount of mRNA was normalized to 18S rRNA. ‘

Mouse Dyslipidemia Model. Eight-week-old male LDLR /™
mice (six mice/group) were purchased from Jackson Labo-
ratories and maintained on a chow diet. The mice were fed a
Western diet (AIN-76A, Purina Test Diets) and treated
by daily oral gavage with MC/T vehicle or varying con-
centrations of 14cc or 14dd as indicated for 7 days. On the
last day after the final dose, the food was removed to allow a 3
h fast, and serum was harvested for analysis. Serum VLDLc,
LDLc, and HDLc were determined by FPLC as previously
described.?

Rhesus Monkey Model. Female monkeys (Covance Labo-
ratories) (three monkeys/group) on a standard diet were treated
by daily oral gavage with MC/T vehicle or 60 mg/kg of 14cc for
28 days. Serum was harvested every 7 days and on the final day,
livers were harvested for gene expression analysis. Serum TG
and cholesterol levels were determined using a Roche 912
clinical chemistry analyzer and expressed as mg/dL. Serum
VLDLc, LDLc, and HDLc and hepatic gene expression were
determined as described above.
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