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In our ongoing efforts to develop CGRP receptor antagonists for the treatment of migraine, we aimed to
improve upon telecagepant by targeting a compound with a lower projected clinical dose. Imidazoaze-
panes were identified as potent caprolactam replacements and SAR of the imidazole yielded the tertiary
methyl ether as an optimal substituent for potency and hERG selectivity. Combination with the aza-
benzoxazinone spiropiperidine ultimately led to preclinical candidate 30 (MK-2918).

� 2010 Elsevier Ltd. All rights reserved.
Migraine is a debilitating disorder characterized by severe, epi- we sought to design a compound that would result in a lower

sodic headaches which can lead to significant loss of productivity.1

The current standard of care, 5-HT1B/1D agonists known as triptans,
is contraindicated for patients with cardiovascular disease due to
inherent vasoconstrictive activity.2 Thus a novel migraine therapy
with an improved cardiovascular safety profile constitutes an un-
met medical need. Calcitonin gene-related peptide (CGRP) is a 37
amino acid neuropeptide present in both the central and periphe-
ral nervous systems, with a variety of physiological functions that
include nociception, vasodilation, and neurogenic inflammation.3

Growing evidence suggests that CGRP plays a key role during mi-
graine attacks,4 and indeed clinical proof of concept has been
established with two small-molecule CGRP receptor antagonists.
The first was the intravenously-administered olcegepant,5 which
displayed triptan-like efficacy in a phase II migraine clinical trial
with no reported cardiovascular effects.6 More recently the oral-
ly-administered telcagepant demonstated comparable efficacy to
a triptan positive control in a phase III clinical trial with lower
overall adverse event rates.7

A series of reports from these laboratories detailed the evolution
of a benzodiazepinone lead8 to an azepanone scaffold9 which ulti-
mately led to the discovery of telcagepant (MK-0974).10 Within
the context of improving upon this development candidate,
ll rights reserved.

: +1 215 652 7310.
one).
anticipated clinical dose. To this end, targeted areas for improve-
ment were potency (in vitro and in vivo) and pharmacokinetic pro-
file (aqueous solubility, metabolism). We reasoned that
incorporation of heterocyclic rings to the caprolactam core of tel-
cagepant would improve solubility and reduce plasma protein
binding, resulting in lower serum shifts. Initially surveyed was
fused triazole derivative 1 (Fig. 1), and we were gratified to see
comparable potencies in the CGRP binding assay11 (Ki = 1 nM) and
the cell-based functional assays (cAMP IC50 = 1.6 nM, cAMP + 50%
human serum IC50 = 2.4 nM). Additionally, 1 shows improved aque-
ous solubility over telcagepant (fivefold).12 However this does not
translate to improved pharmacokinetics (rat F = 2%), as low perme-
ability may be limiting oral absorption (Papp = 4 � 10�6 cm/s). Sub-
stitution to a fused imidazole substructure gives 2, which maintains
good potency and shows greatly increased permeability
(Papp = 24 � 10�6 cm/s), perhaps aiding in the improved oral bio-
availability observed in rats (F = 35%).13

Given the promising attributes of 2, extensive SAR was con-
ducted at both C5 and C4 of the imidazole ring (designated R1

and R2, respectively, in Table 1). Derivatives bearing substituents
at R2 (4–6) were routinely less potent than those with compara-
ble substitution at R1 (2, 7 and 8) as well as the unsubstituted
analog 3. Analogs with hydrogen bond donor/acceptor (8–10) or
aryl/heteroaryl (11 and 12) substituents all proved less potent
than trifluoroethyl analog 2. Only branched alkyl (13) or ether
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Figure 1. Fused heterocyclic analogs of telcagepant.

Table 1
Imidazole and triazole SAR

N
N

F
F

R1

NH

O
N N

NH

N

O

R2

Compd R1 R2 Ki
a

(nM)
cAMP IC50

b

(nM)
+HS IC50

c

(nM)

2 F3C H 0.14 0.37 2.6
3 H H 3.1 6.7 19

4 H F3C 3.9 7.2 33

5 H HO 3.2 12 26
6 H Me 4 8.7 28
7 Me H 2.2 4.1 12

8 HO H 2.5 7.9 12

9
H
N H 5.7 12 15

10 N

O

H 2.8 4.1 7.4

11 H 1.1 2.6 34

12
N

S
H 1.1 3.6 64

13 H 0.69 0.62 3.2

14 O H 0.38 0.63 1.9

15
O

H 0.04 0.31 0.61

a Values are a means of at least two experiments; inhibition of [125I]-CGRP
binding to the CGRP receptor (recombinant human CLR/RAMP1).

b Inhibition of CGRP-stimulated cAMP production in cells.
c Inhibition of CGRP-stimulated cAMP production in the presence of 50% human

serum.
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Scheme 1. Synthesis of imidazoazepanes.
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substitution (14 and 15) afforded compounds with comparable or
improved potencies to 2. However, these analogs typically dis-
played poor rat oral bioavailability (F = 4% for 15).

We previously outlined a synthetic approach to polysubstituted
imidazoles developed for acyclic systems.14 Application of this
methodology with slight modifications allowed access to the de-
sired fused imidazoazepanes (Scheme 1). Caprolactam 16 was
available in large quantities as a common intermediate in our var-
ious telcagepant syntheses.15 Treatment with Lawesson’s reagent16

gave the corresponding thioamide 17 in high yield. Mercury-
mediated addition of amino alcohol 18 provided amidine 19, which
after subsequent oxidation with pyridinium dichromate under-
went spontaneous cyclization to imidazole 20.17 Deprotection
and urea coupling of the resulting amine with substituted piperi-
dines gave the final targets 21.18

Poor rhesus PK continued to plague most of the compounds
in this series, including 2, with oral bioavailabilities in the range
of telcagepant (F <2%). Concurrent efforts toward reducing
metabolism of the azabenzimidazolone substructure yielded
two promising spiropiperidine alternatives,20 azaoxindole A and
azabenzoxazinone B (Table 2). These novel CGRP privileged
structures were coupled with several of the more potent fused
imidazoazepane scaffolds with the aim of improving PK profiles
while maintaining potency. Azaoxindole analogs 22–25 showed
decreased potencies versus the corresponding azabenzimidazol-
ones and a range of rat oral bioavailabilities depending on the
nature of the R1 substituent. The azabenzoxazinone derivatives
were consistently more potent than the azaoxindoles and gener-
ally showed improved PK profiles versus the corresponding aza-
benzimidazolones. Trifluoroethyl analog 26 maintained good
potency and was orally bioavailable in three species, including
rat (F = 33%), dog (F = 28%) and rhesus (F = 17%). However more
thorough characterization of 26 revealed lower than expected
efficacy in our primary in vivo model, the rhesus capsaicin in-
duced dermal vasodilation (CIDV) assay21 (EC90 = 1000 nM).
Additionally, undesirable levels of hERG activity were observed
(IC50 = 3.3 lM).

In an attempt to increase hERG selectivity fused triazoles were
revisited (27 and 28), as these heterocycles had previously shown
to decrease hERG affinity. Though selectivities were indeed
improved, the spiropiperidines were unable to rescue the poor
PK imparted by the triazole scaffolds. We then focused on attenu-



Table 2
Imidazole and triazole spiropiperidine SAR

N
N

X

F
F

R1

NH

O
R2

R2 = N
NH

N

O

N NH
O

O

N

BA

Compd R1 X R2 Ki
a (nM) cAMP IC50

b (nM) +HS IC50
c (nM) Rat %F d hERG IC50/cAMP IC50

f

22 F3C CH A 0.61 0.94 4 47 9300

23 F3C CH A 0.63 1.4 8.6 880

24 O CH A 0.62 1.7 4.3 21e 9500

25
O

CH A 0.4 0.82 1.4 5e 9700

26 F3C CH B 0.07 0.41 2 33 8700

27 F3C N A 0.48 2.3 2.7 6e >13,000

28 F3C N B 0.19 0.83 1.3 <1 >36,000

29 O CH B 0.14 0.61 1.7 15 8900

30
O

CH B 0.05 0.24 0.63 16 32,000

31
HO

CH B 0.29 0.86 1.5 3 23,000

32
O

CH B 0.05 0.32 2.9 23,000

33 OF3C CH B 0.16 0.65 13 6100

34
O

CH B 0.039 0.25 0.42 3200

35
O

CH B 0.036 0.21 0.76 8 17,000

a Values are a means of at least two experiments; inhibition of [125I]-CGRP binding to the CGRP receptor (recombinant human CLR/RAMP1).
b Inhibition of CGRP-stimulated cAMP production in cells.
c Inhibition of CGRP-stimulated cAMP production in the presence of 50% human serum.
d 10 mpk po dosed as a suspension in 1% aqueous methylcellulose.
e 10 mpk po dosed as a solution in 1:1 imwitor:tween.
f Ratio of inhibition of [35S]-MK-499 binding19 to the hERG channel/cAMP IC50.
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Scheme 2. Synthesis of MK-2918.
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ation of hERG selectivity of the fused imidazoles by variation of R1,
specifically targeting oxygenated substituents. A wide array of
ethers was prepared and most were well tolerated. Tertiary methyl
ether 30 showed exceptional in vitro potency (cAMP + 50% HS
IC50 = 0.63 nM) and favorable hERG selectivity (32,000-fold). Subtle
modifications to this particular motif resulted in either potency
loss (alkyl chain extension analogs 32 and 33), decrease in hERG
selectivity (diethyl analog 34), or decrease in oral bioavailability
(THF analog 35).

Further evaluation of 30 in our in vivo model indicated im-
proved efficacy (rhesus CIDV EC90 = 300 nM). Though permeability
(Papp = 24 � 10�6 cm/s) and aqueous solubility (sol pH
3.0 = 1.1 mg/mL) are respectable, oral bioavailability is only mod-
erate in rat (F = 16%), and low in dog (F = 10%) and rhesus
(F = 5%). However, 30 shows increased microsomal stability in hu-
man liver microsomes vs. preclinical species. The major metabolite
is tertiary hydroxyl derivative 31, which is itself a highly potent
antagonist (cAMP + 50% HS IC50 = 1.5 nM) with similar hERG selec-
tivity (23,000-fold) and in vivo efficacy (rhesus CIDV
EC90 = 330 nM) but is not orally bioavailable. Because substantial
levels of alcohol 31 are observed upon dosing of ether 30 (rat
F–OH = 26%, dog F–OH = 14%, rhesus F–OH = 29%),22 31 would be
expected to contribute significantly to clinical efficacy. Taken
together 30 has a lower anticipated clinical dose than telcagepant.
In addition, 30 shows >6000-fold selectivity in a panel of assays
representing over 160 receptors, transporters, and enzymes, and
was selected as a preclinical candidate (MK-2918).
During larger scale (>10 g) campaigns toward 30, the workup of
the PDC reaction became cumbersome. Therefore an alternate
sequence was developed in which the oxidation step could be cir-
cumvented by use of amino ketone 37 (Scheme 2). This synthon is
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readily accessed in 3 steps from bromide 36 after alkylation with
Boc-protected ammonia, oxidation with KMnO4 and acidic depro-
tection. Steric hindrance of the adjacent quaternary center
undoubtedly aids in minimizing self condensation of 37 during
the addition to thioamide 17, allowing for clean amidine forma-
tion. Continued heating then provides imidazole 38 directly.23 Sol-
volysis under strongly acidic conditions in methanol yields
deprotected methyl ether 39. Finally urea coupling with aza-
benzoxazinone spiropiperidine 40 affords MK-2918.

In summary, fused heterocyclic derivatives of telcagepant were
explored with the overall goal of achieving a lower projected clin-
ical dose. The imidazoazepane scaffold was identified as a potent
replacement for the caprolactam, with permeabilities sufficient
for enabling good oral exposures. Utilization of the azabenzoxazi-
none spiropiperidine decreased metabolism and resulted in im-
proved rhesus PK profiles, and the tertiary methyl ether was
discovered as a potency-enhancing substituent which mitigated
hERG activity. These investigations culminated in the selection of
30 (MK-2918) as a preclinical candidate for the treatment of acute
migraine.
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