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conformation were also evaluated.
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Figure 1. Targets 1 and 2 containing regioisomeric oxospiropyrazole piperidine
scaffolds.
The preparation of structurally novel templates for use in active
pharmaceutical ingredients is one of the numerous challenges faced
by drug discovery chemists. In addition to providing opportunities
for modifying physicochemical properties (e.g., lipophilicity, solu-
bility, permeability), rationally designed cores can incorporate con-
formational restrictions that reduce systemic entropy and thereby
may lead to improved potency or selectivity.1 Such restriction can
also provide useful information that help to better define a specific
pharmacophore. Herein, we report the synthesis of two constrained
regioisomeric oxospiropyrazole piperidine scaffolds and their
application toward the discovery of small molecule agonists of
the G-protein coupled receptor 119 (GPR119).2,3 GPR119 is ex-
pressed at the surface of L-cells (gut) and b-cells (pancreas) and
plays a key role in glucose homeostasis. As such, GPR119 agonism
has recently emerged as a very promising mechanism to the treat-
ment of type 2 diabetes.

Analysis of targets containing constrained oxospiropyrazole
ring systems (e.g., 1 and 2) suggested that such analogs would be
limited to two major conformations at the piperidine; however,
it was unclear whether the alkyl or pyrazole substituent would oc-
cupy the axial or equatorial positions in the ground state (Fig. 1).
Thus, we embarked on the synthesis of 1 and 2 to probe the utility
of these analogs as potential agonists and to confirm their relative
conformation. Surprisingly, substructure searches of the available
chemical literature did not reveal procedures detailing the synthe-
sis of such heterocyclic scaffolds, hence it was necessary to design
a de novo route to such structures.4

We reasoned that both 1 and 2 could be derived from a diver-
gent route stemming from the known N-benzyl piperidyl hydra-
zine 3.5 Condensation of this building block with appropriate
regioisomeric dicarbonyls or related reagents followed by intramo-
lecular O-alkylation would readily provide access to the desired
scaffolds, primed for further analog synthesis (Fig. 2).

The synthesis of 1 is described in Scheme 1. Condensation of
hydrazine 3 with 4-benzyloxy ethyl acetoacetate 4 under the
ll rights reserved.
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various conditions tested gave only low yield of pyrazole 5.6 Hence,
an alternative condensation was explored. Butynoate 6 was treated
with 3 under mildly basic conditions to afford the conjugate adduct
7 in 90% yield.7 Treatment of intermediate 7 under acidic condi-
tions and microwave irradiation provided the corresponding inter-
mediate pyrazole ester, which was used crude in the subsequent
reduction step (LiBH4, THF, 80 �C) to provide intermediate 8 in
65% yield after acidic methanolysis of the borate complex. One-
pot O-tosylation and intramolecular SN2 displacement promoted
effective cycloetherification to provide spirocyclic scaffold 9 in
82% yield. Approaches relying on Mitsunobu conditions to promote
Figure 2. Hydrazine 3 as a common precursor to regioisomeric oxospiropyrazole
scaffolds.
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Scheme 1. Synthesis of oxospiropyrazole piperidine regioisomer 1.

Scheme 2. Synthesis of oxospiropyrazole piperidine regioisomer 2.

Figure 3. Possible origin of reduction selectivity.

Figure 4. Potential explanation for differential stability of 1 and 2.

1950 B. D. Stevens et al. / Tetrahedron Letters 52 (2011) 1949–1951
cycloetherification proved ineffective presumably due to the
relatively high pKa of the hydroxypyrazole. Tandem deprotection
of the N-benzyl group and isopropyl carbamate formation followed
by catalytic hydrogenolysis of the benzyl ether proceeded unevent-
fully to afford the free primary alcohol 10 in 60% overall yield. The
final target 1 was subsequently prepared in 48% yield via SNAr of
1,2-difluoro-4-(methylsulfonyl)-benzene with the sodium alkoxide
of 10 (unoptimized).8

The synthesis of 2 is described in Scheme 2. Condensation of 3
with malonyl alkylidene 11 proved sluggish under a variety of con-
ditions; of those screened only microwave irradiation in basic
methanol facilitated good conversion to intermediate 12 in which
the pyrazole and piperidine esters had been, respectively, hydrol-
ized and transesterified (Scheme 2).9 Attempts to reduce the alka-
linity of the reaction medium to afford direct access to the ester
were unsuccessful, highlighting the crucial nature of a 4:1 base-
to-reactant stoichiometry. As a result of these considerations, the
requisite ester was reformed through a standard Fischer esterifica-
tion (MeOH, HCl, dioxane). Reduction of this diester intermediate
(excess LiBH4, THF, reflux) proceeded with exclusive regiocontrol
to produce 13 (45% yield from 3). The preference for the complete
regioselective reduction of the most hindered ester is believed to
arise from the intervention of a boron-‘ate’ species involving the
oxygen in C-5 of the pyrazole that renders the pyrazole ester in
C-4 highly electron rich, and thus less reactive toward nucleophilic
attack (Fig. 3).
In contrast to the regioisomer, exposure of 13 to standard Mits-
unobu conditions resulted in rapid cycloetherification; the pres-
ence of the electron withdrawing ester likely modulates the
hydroxypyrazole pKa rendering it an effective nucleophile in this
case. A one-pot N-debenzylation and isopropylcarbamate forma-
tion gave the desired product 14 in 38% overall yield from 13.
DIBAL-H was discovered to be an optimal reducing reagent for
the preparation of spirocyclic scaffold 15.10 Scaffold 15 was easily
converted into compound 2, the regioisomer of compound 1, via
SNAr of 1,2-difluoro-4-(methylsulfonyl)-benzene.11

Although structurally similar and nearly identical in Rf by
thin layer chromatography (silica gel), 1 and 2 exhibited distinct
characteristics. While oxospiropyrazole 1 was quite stable under



Figure 5. X-ray structure of 2 with observed NOEs indicated for axial and equatorial hydrogens.
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typical workup and storage conditions, 2 proved to be quite sensi-
tive to prolonged weak acid exposure (e.g., stirring in aq ammo-
nium chloride, standing on silica oxide); decomposition of 2 led
to recovery of 15 and the corresponding phenol.12 It is, therefore,
possible that resonance donation of the pyrazole nitrogen or alk-
oxy group assists in elimination of the phenoxide leaving group
in the case of isomer 2, while in isomer 1, cross conjugation of
the putative benzylic cation with either of these donating groups
would reduce the likelihood of this decomposition pathway
(Fig. 4).13

Single crystals of isomer 2 prepared by slow evaporation from
ethyl acetate were obtained for X-ray diffraction analysis (Fig. 5).
As pictured above, the solid state conformation of the piperidine
places the pyrazole substituent in the axial position, while the
methylene group is projected in the equatorial position; this is
likely due to the restricted rotation around the pyrazole–piperidine
C–N linkage that would be expected to dramatically reduce the
effective steric bulk for this group thereby minimizing diaxial
interactions in this conformer. Analysis of the NOESY spectra for
2 confirms that solution state conformation is identical to that ob-
served in the solid state.

When evaluated in vitro at human GPR119, both compounds 1
and 2 proved inferior to other agonists profiled in our program.
This result indicates that the conformation occupied by these con-
strained analogs is suboptimal when compared to more flexible
variants, suggesting that they are not representative of the bioac-
tive conformation.

In conclusion, we have described the synthesis and stability of
two novel constrained regioisomeric oxospiropyrazole piperidine
scaffolds. Although these compounds were not immediately suit-
able for continued pursuit within our lead discovery program,
the work described around the preparation of these constrained
spirocyclic scaffolds provided further information and understand-
ing of the GPR119 pharmacophore. We also expect that these gen-
eral synthetic strategies will find further application for other
small molecule drug discovery programs.
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