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A series of spiro-piperidine azetidinone were synthesized and evaluated as potential TRPV1 antagonists.
An important issue of plasma stability was investigated and resolved. Further focused SAR study lead to
the discovery of a potent antagonist with good oral pharmacokinetic profile in rat.
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Transient receptor potential V1 (TRPV1) is a membrane-bound,
non-selective, transient receptor potential cation channel. TRPV1 is
expressed throughout the nervous system but is predominantly
expressed in nociceptive C- and Ad-fibers. Data from TRPV1 knock-
out mice and pharmacological evaluation of developed TRPV1
antagonists has demonstrated that TRPV1 is intimately involved
in inflammatory hyperalgesia and detection of noxious stimuli.
Therefore, TRPV1 receptor antagonists may have value in treating
pain, cough and bladder dysfunction.1 Due to its therapeutic poten-
tial, this area of research has attracted intensive interest from a
broad range of academic and industrial research organizations.
Recently, several companies have disclosed their medicinal chem-
istry efforts on TRPV1 antagonists2 and several compounds have
entered the clinic.3

Our exploratory program for TRPV1 antagonists started with an
in-house screening lead 1, a racemic mixture exhibiting moderate
activity.4 Our initial goal of this study was to confirm the lead,
establish the absolute configuration and determine if the TRPV1
activity resided solely in one of the enantiomers (Fig. 1).

The chemistry used in synthesizing compound 1 was adopted
from earlier work in b-lactam chemistry5 and is shown in Scheme
1. The enolate of ester 2 was treated with N-phenylbenzaldimine to
afford a lactam, which was separated by chiral HPLC chromatogra-
phy to enantiomer 3a and 3b in a 1:1 ratio. To elucidate the abso-
lute stereochemistry, 3a was deprotected and treated with (R) or
(S) camphorsulfonyl chloride. As it turned out, only the crystal of
ll rights reserved.
(R) sulfonamide 4 was suitable for X-ray crystallography,6 which
established the absolute stereochemistry of 3a as the (R) configu-
ration. Subsequently, both 3a and 3b were converted separately
to enantiomerically pure 1a and 1b. Between the two enantiomers
only 1b was active. Therefore the active compound 1b had the (S)
configuration. As expected compound 1b was more potent than 1,
however, the AUC in a rat pharmacokinetic (PK) study7 using oral
administration was consistently very low.

After confirmation of the potency and establishment of the
absolute stereochemistry of 1b, the low rat oral pharmacokinetics
was addressed. It was suspected that the spiro-piperidine azetidi-
none core structure may not be stable in plasma under physiolog-
ical pH. It is known that attaching certain strained ring structures
to a b-lactam (such as in penicillins 5) could make the amide car-
bonyl more susceptible to nucleophilic attack.8a On the other hand,
the monocyclic b-lactam core like that found in the commercial
drug ezetimibe (6)8b was not considered to be labile under physi-
ological conditions. To evaluate the stability issue, we synthesized
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a strained analog 7 as a control to 3. The carbonyl stretches in the
IR spectra of 3 and 7 were determined and compared with the cor-
responding stretch of penicillins and ezetimibe, since the carbonyl
stretch is a well-known measurement of strain in four-membered
rings. As expected, the more strained 7 showed a similar carbonyl
stretch to the penicillins (1764 cm�1 vs 1780 cm�1), while the less
strained 3 resembled ezetimibe (1745 cm�1 vs 1739 cm�1). Subse-
quently, the stability was further investigated by treating both 3
and 7 in pH 7.4 buffer spiked with 0.1 M NaSMe and methyl amine
to mimic plasma conditions. Compound 7 quickly degraded to the
corresponding amino acid 8 in 2 h, whereas the less strained com-
pound 3 under identical conditions remained intact for 24 h, mon-
itored by LC–MS. This finding suggested that the low plasma level
of 1b may not be attributed to the stability of the spiro-piperidine-
b-lactam core (Fig. 2).

After confirming the stability of 3 in pH 7.4 buffer, we decided
to investigate the SAR to achieve the following objectives: (1) de-
velop a modular synthetic approach to address the SAR of major
structural components, (2) improve potency to the single digit
nM range and (3) address the inadequate PK profile.

With readily available chiral intermediate 3b in hand, the SAR
of the piperidine urea was investigated first. Based on earlier liter-
ature of urea type TRPV1 antagonists,2t a limited set of analogs
were synthesized using an analogous route to Scheme 1. As shown
in Table 1, the (S) enantiomer of tert-butyl analog 9 displayed low
nanomolar potency, while the (R) enantiomer 10 was much less ac-
tive. Despite the increase in potency, the plasma level of 9 was not
improved. Changing the urea from tert-butylphenyl to tert-buty-
lcyclohexyl afforded a pair of diastereomers 11 and 12. The
trans-isomer 11, while retaining some TRPV1 activity, showed no
plasma levels in a rat PK study. Additional analogs revealed an
improvement in PK when a p-trifluoromethylphenyl urea was
introduced to replace the tert-butyl analog, for example, 14. How-
ever, the potency of analogs 13–15 decreased substantially.

At this time we decided to shift our medicinal chemistry efforts
to other regions of the molecule. One of the initiatives was directed
at the b-lactam chiral center. Having that center present in targets
increased the synthetic complexity and required more resources
and longer timelines to conduct research. We therefore sought to
eliminate the chiral center either by removing the C-linked phenyl
or by transposing it to the ortho-position of the N-aryl phenyl
group. This was the only position the C-linked phenyl can be
accommodated, which renders the molecule achiral. The chemistry
is shown in Scheme 2. Condensation of the enolate of 2 with 2-
bromophenylisocyanate afforded compound 16. Subsequent
reduction of the ester with DIBAL provided compound 17. Cycliza-
tion of 17 under phase-transfer conditions9 provided lactam 18,
which was converted to urea 19 using standard procedures.
Manipulation of the bromide functionality gave rise to targets 20
and 21.
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Entry R1 R3 IC50 (caps) (nM) IC50 (PMA) (nM) rat AUC (0–6 h, po) at 10 mpk ng h/ml

9 (S)-Ph 9.4 ± 1.2 12 ± 1.5 49

10 (R)-Ph 8.5% at 10 lM ND ND

11 (S)-Ph 49 ± 3.8 32 ± 3.1 0

12 (S)-Ph 528 ± 64 232 ± 28 ND

13 (S)-Ph Ph 226 ± 53 ND ND

14 (±)-Ph CF3 85 ± 20 103 ± 60 1658
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The des-phenyl analog 20 showed a large decrease in activity
compared to 9. Additionally, the phenyl transposed analog 21
was much less active. Retrospectively, when the X-ray structure
of 4 was re-examined, it revealed a phenyl–phenyl edge to face
conformation6 that was not possible for 21 (Table 2).
Table 2

N N
O

HN

O

R2 R1

Entry R1 R2 IC50 (caps) (nM) IC50 (PMA) (nM)

9 (R)-Ph H 9.4 ± 1.2 12 ± 1.5
20 H H 80 ± 6.2 59 ± 4
21 H Ph 73% at 10 lM ND
Unable to simplify the structure by eliminating the b-lactam
chiral center, we shifted the SAR investigation to the lactam N-aryl
moiety. Since electron-deficient heterocycles may be used to re-
place the N-phenyl group to slow down metabolism by oxidative
enzymes, the 2-pyridyl group was introduced. We reasoned that
the 2-pyridyl isomer would be less prone to oxidation than the
3- or 4-substituted analogs due to sterics. This group would also
lower the ClogP and increase aqueous solubility.10 We would re-
tain the p-trifloromethylphenyl as the piperidine urea, since it pro-
vides much desired PK improvement. The synthesis of the
proposed targets is shown in Scheme 3. Once again, the enolate
of 2 was treated with pre-formed N-TMS-benzaldimine, which
afforded unsubstituted lactam 22. A palladium catalyzed arylation
reaction11 provided the N-pyridyl lactam, which was separated to
two enantiomers 23a and 23b. The absolute configurations were
assigned in analogy to the phenyl analogs. Further elaboration fur-
nished targets 24a and 24b.



+
N (R)

N

O

H
N

CF3

O

N

N (S)

N

O

H
N

CF3

O

N

N (R)

N
Boc

O

N

N (S)

N
Boc

O

N

1) TFA
2) Et3N, ArNCO

+

N

CO2Et

Boc

2) LHMDS, PhCHO

THF, -78 ºC 2) chiral separation

IC50 (PMA) = 8.5 ± 3.4 nM
IC50 (caps) = 13 ± 1.1 nM

HN

N
Boc

O

1) 2-Br-pyridine
Cs2CO3

Pd2(dba)3

Xantphos

1) LHMDS
THF, -78 ºC

rat AUC (0-6 h, po) @ 10mpk:
2500ng.h/ml
iv T1/2 = 2.5 h; BA = 45%

("PhCHNTMS")

2 22

23a 23b

24a 24b

IC50 (caps) = 83% @ 10 μM

Scheme 3.

786 D. Xiao et al. / Bioorg. Med. Chem. Lett. 19 (2009) 783–787
The pyridyl analog 24b turned out to be potent with equal
activity in the capsaicin and PMA assays. When this compound
was tested in the rat PK assay, a much improved exposure was
achieved with desirable duration. This compound 24b represents
an advanced lead with good potency and oral bioavailability in
rat and is suitable for further in-depth optimization.

In summary, a screening lead 1 was confirmed and preliminary
medicinal chemistry was investigated. During this study, we estab-
lished the absolute stereochemistry of the b-lactam and demon-
strated the importance of a properly substituted phenyl group.
We also confirmed the stability of the center spiro-piperidine-b-
lactam core at physiological pH in the presence of thio and amino
nucleophiles. With a minimum number of analogs, a potent analog
24b with good rat PK profile was discovered. In addition, three syn-
thetic routes were developed, which lay down a solid foundation
for further optimization efforts.
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