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Orexins are neuropeptides that regulate wakefulness and arousal. Small molecule antagonists of orexin
receptors may provide a novel therapy for the treatment of insomnia and other sleep disorders. In this
Letter we describe the design and synthesis of conformationally constrained N,N-disubstituted 1,4-diaze-
panes as orexin receptor antagonists. The design of these constrained analogs was guided by an under-
standing of the preferred solution and solid state conformation of the diazepane central ring.

� 2010 Elsevier Ltd. All rights reserved.
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Orexins (or hypocretins) are two neuropeptides that are se-
creted by a restricted group of neurons in the lateral hypothala-
mus. These neurons project to diverse regions of the central
nervous system including areas of the brain that modulate the
sleep-wake cycle.1 The orexin neuropeptides, Orexin A and Orexin
B, bind to two G protein-coupled receptors, OX1R and OX2R. There
is strong genetic and pharmacological evidence that orexins
promote and maintain wakefulness.2 Indeed, blockade of orexin
signaling by small molecule antagonists has been shown to pro-
mote sleep in preclinical species and in human clinical trials.3

In a previous publication from this laboratory, we described the
discovery of a novel series of diazepane dual orexin receptor
antagonists including 2-{4-[5-methyl-2-(2H-1,2,3-triazolyl-2-
yl)benzoyl]-1,4-diazepan-1-yl}quinazoline, 1.4 Compound 1 is a
brain-penetrant, potent dual orexin receptor antagonist that has
excellent OX2R/OX1R receptor affinity (Fig. 1). Indeed, when dosed
orally to rats with EEG-telemetry transmitters, compound 1 de-
creased wakefulness and increased slow-wave sleep at 100 mg/kg.
Despite the excellent intrinsic potency associated with 1, this com-
pound had poor in vitro metabolic stability and limited (<20%) oral
bioavailability in dogs and rats.
ll rights reserved.

leman).
Spectroscopic, X-ray, and molecular modelling studies indicate
that N,N-disubstituted 1,4-diazepane antagonists such as 1 adopt
a low energy conformation that is characterized by an intramolec-
ular p-stacking interaction and a twist-boat ring conformation.5

This structure suggested to us that constraining the conformation-
ally mobile seven-membered diazepane ring could favorably im-
pact receptor potency and potentially address pharmacokinetic
limitations.6 Herein, we describe the synthesis and characteriza-
tion of a series of bridged diazepanes. These efforts identified a po-
OX1R Ki = 1.2 nM
OX2R Ki = 0.6 nM

1

Figure 1. Structure and X-ray of orexin receptor antagonist 1.
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Scheme 1. Synthesis of 3,6-diazabicyclo[3.2.1]octanes as orexin receptor antagonists.

Table 1
Diazabicyclo[3.2.1]octane orexin receptor antagonists

O

Me

N N
NN

N
R1

R2

Compd R1 R2 OX1R (Ki, nM) OX2R (Ki, nM) FLIPR

OX1R (IC50, nM) OX2R (IC50, nM)

1

N

N

Het

H 1.2 0.6 29 27
1a F 1.0 0.2 36 27

8a (rac)

N

N

Het

H 2.3 3.6 42 65
8b (end A) H 110 155 2500 6200
8c (end B) H 0.7 0.9 24 44

9

N

N

Het

H 12 11 77 110

14 (rac)

N

N

Het

F 870 260 >5700 >10,000

15 (rac)

N

N

Het

F 1700 3500 3900 3700
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tent, constrained analog of 1 with improved physicochemical prop-
erties and enhanced brain penetration.

In order to constrain the flexible diazepane central ring in these
dual orexin receptor antagonists, we designed and synthesized
bridged diazepanes where we systematically varied the linkage
of a one carbon bridge on the seven-membered diazepane ring.
Preliminary modeling studies suggested that several of these con-
strained diazepane rings would enforce the low energy conforma-
tion previously observed with compound 1.7

A series of 3,6-diazabicyclo[3.2.1]octanes were prepared
according to Scheme 1. In order to enable comparison between
various constrained cores, the 2-(2H-1,2,3-triazol-2-yl)-5-meth-
ylbenzamide was maintained as a conserved feature. Further, the
bridged diazepane was coupled with either an unsubstituted qui-
nazoline or with a 6-fluoroquinazoline.8 A solution of 2-azabicy-
clo[2.2.1]hept-5-en-3-one 2 was reduced with lithium aluminum
hydride and the amine product protected with BOC-anhydride.
Ozonolysis of alkene 3 followed by double, in situ reductive
alkylation between the unpurified dialdehyde and benzylamine
afforded the bridged diazepane 4 in moderate yield.9 Hydrogenol-
ysis of the benzyl group provided 5. Amide coupling with 2-(2H-
1,2,3-triazol-2-yl)-5-methylbenzoic acid 6, followed by acid
deprotection, nucleophilic aromatic substitution using 2-chloro-
quinazoline (or 6-fluoro-2-chloroquinazoline) afforded the recep-
tor antagonist 8 in Table 1. Rac-8a could be resolved by HPLC on
a chiral stationary support to afford enantiomers 8b and 8c.10

The sequence of transformations could be reversed and intermedi-
ate 5 treated with 2-chloroquinazoline followed by BOC-deprotec-
tion and amide coupling to give compound 9 (Table 1).

Synthesis of the 2,3-diazabicyclo[3.2.1]octanes is shown in
Scheme 2. Piperidone 10 underwent reductive alkylation with
benzylamine and intramolecular cyclization of 11 under basic con-
ditions gave bicyclic lactam 11. Removal of the CBZ-group, lactam
reduction, BOC-protection, and debenzylation afforded 12. Nucleo-
philic aromatic substitution with 6-fluoro-2-chloroquinazoline
provided 13. BOC-deprotection and standard amide coupling pro-
vided 14. The reaction sequence could be easily reordered from
intermediate 12 (amide formation and heteroarylation) to provide
15 (Table 1).

Results: Rigidifying the conformationally mobile diazepane in 1
by installing a methylene bridge provides the compounds shown in
Table 1. To measure potency, we utilized a binding assay that
measures displacement of a high-affinity radioligand bound to hu-
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Scheme 2. Synthesis of 2,3-diazabicyclo[3.2.1
man orexin receptors (expressed as Ki), and a FLIPR (Fluorometric
Imaging Plate Reader) assay in which calcium flux is measured as
a functional determinant of orexin antagonism (expressed as
IC50).11 These compounds all incorporated a 2-triazolyl-5-methylb-
enzamide discovered from previous optimization studies. The most
potent compound in this group was compound 8a. This racemic
mixture could be resolved by chiral HPLC and provided two enan-
tiomers 8b and 8c. The two stereoisomers differed in receptor
affinity by greater than 50-fold favoring single enantiomer 8c
which was equipotent to 1 with respect to OX2R binding and
slightly more potent on OX1R. In contrast, bridged compounds 9,
14, and 15 lost significant receptor potency (Fig. 1).

Detailed 1H NMR studies were performed on compound 8c to
determine its solution conformation. In solution, 8c exists as a
mixture of four components in equilibrium at �35 �C related to re-
stricted rotation of the amide and 2-aminoquinazoline rotamers.
The two major rotamers possess several strong NOE correlations
between the phenyl triazole ring and the quinazoline protons
(Fig. 2). For the two major rotamers, the 1H NMR methyl reso-
nances from the phenyltriazole group (1.37 ppm major; 1.17 ppm
minor) and the aromatic singlets (6.11 ppm, major; 5.97 ppm, min-
or) are shifted upfield which is characteristic of an aromatic ring
current shift. Reference compound C was prepared to determine
the inherent chemical shifts of the C6 phenyl and aromatic methyl
protons in a molecule in which a p-stacking interaction is not
available.

Attempts to generate diffraction quality crystals of 8c were
unsuccessful; however we were able to crystallize a Cl-analog of
8c, which replaces the methyl group in 8c with a chlorine atom
to give 16 (Fig. 3). This molecule retains the binding affinity of 8c
and the structure of this molecule was solved by X-ray crystallog-
raphy.12 The solid state structure of 16 was consistent with the 1H
NMR structure of 8c and superimposes well on the X-ray generated
for compound 1 (Fig. 3). Based on the solved X-ray, the stereo-
chemistry of 29 was assigned as R, R.

We were unsuccessful in obtaining X-ray structures of the less
active, constrained diazepanes 9, 14, and 15. Interestingly, detailed
1H NMR studies were done on 15, and no significant NOE’s were
observed between the phenyltriazole and quinazoline resonances
indicating the ring systems were not proximal. Further, the key
chemical shifts of the methyl resonances from the phenyl triazole
(major rotamer 2.45 ppm; minor rotamer 2.41 ppm) and the
aromatic singlets (major rotamer 7.27 ppm; minor rotamer
N
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Figure 4. Minimized Structure of 15.

Table 3
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Figure 3. X-ray of orexin receptor antagonist 16.
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Figure 2. 1H NMR chemical shifts for compound 8c and reference compound C.
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7.25 ppm) do not indicate ring current shifts. Modeling studies on
15 (Fig. 4) provided a minimized structure where aryl-aryl overlap
was minimal (Fig. 4).

Compound 8c emerged as the most promising compound iden-
tified from these studies and was further characterized in terms of
the physicochemical properties, pharmacokinetic parameters, and
brain penetration. Despite introduction of the conformational con-
straint, none of the bridged compounds were significantly more
potent than the lead molecule 1.

Introduction of a ring constraint altered the physicochemical
properties of 8c relative to 1. The experimentally measured Log P
of 8c was lower than 1 (Table 2). Brain, plasma, and CSF concentra-
tions of compounds were assessed for compounds 1 and 8c in
anesthetized Sprague–Dawley rats.13 Although total brain concen-
tration is an important indicator of CNS penetration, we postulated
Table 2
Rat brain penetration and physical properties of key compounds

Compd Rat PK at 2 mpk, 30 min; iv infusion PB% Log P

Plasma (nM) Brain (nM) CSF (nM) Human (rat)

1 664 462 19 97.6 (97.1) 2.91
8c 835 690 60 93.6 (92.7) 2.60
that CSF concentrations of an orexin antagonist would be critical
component for predicting receptor-available free compound in
the brain.14 Compounds were administered by intravenous infu-
sion at 2 mg/kg and then the animals were sacrificed and brain,
plasma, and CSF levels were measured. Both 1 and 8c were
brain-penetrant with brain-plasma ratios of 0.7–0.8 (Table 2). Nei-
ther were substrates of the P-glycoprotein transporter.15 CSF con-
centrations of 8c were threefold higher than 1 and consistent
with the higher unbound concentration measured in plasma.

The pharmacokinetics of bridged compound 8c were evaluated
after oral administration to rats and dogs. As previously noted, 1
had poor pharmacokinetics in the rat with low oral bioavailability
(F = 2%). Orexin receptor antagonist 1 also had poor pharmacokinet-
ics in the dog with moderate clearance and short T1/2 (Table 3).
Unfortunately, bridged diazepane antagonist 8c did not exhibit im-
proved pharmacokinetics in the rat or dog. Bioavailability and plas-
ma exposure remained low in both species with moderate to high
plasma clearance.

In summary, we have designed and synthesized constrained
derivatives of compound 1 that were inspired by an understanding
of the solution and solid state conformations of 1. The 3,6-diazabi-
cyclo[2.2.1]octane core in 8c enforces the energetically favorable
p–p interaction seen in 1 and maintains binding affinity for OX1R
and OX2R. Solution conformational analysis of 8c and X-ray crys-
tallography of analog 16 demonstrate that these conformational-
ly-restricted analogs have good overlap with the lowest energy
Dog and rat pharmacokinetics for bridged compound 8c versus 1

Compd Species %F Cl (mL/min/
kg)

T1/2

(h)
AUC0–24

(lM h)
Cmax

(lM)

1 Dog 16 12 1.3 0.44 0.23
Rat 2 53 0.3 0.19 0.30

8c Dog 8 24 0.9 0.49 0.51
Rat 2 45 0.7 0.23 0.15

Rats dosed orally at 10 mpk, po in VitE-TPGS and dosed iv at 2 mpk in DMSO.
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conformation of diazepane 1. These findings further substantiate
our hypothesis that the p–p interaction in the diazepane series
leads to a highly favorable binding conformation with the orexin
receptors. While compound 8c does not have improved pharmaco-
kinetics in rats and dogs, the bridged core provides reduced plasma
protein binding and enhanced brain penetration. Further investiga-
tion of the in vitro and in vivo properties of diazepane-based scaf-
folds as orexin receptor antagonists will be reported in due course.
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