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ABSTRACT

A convergent and enantioselective route to the hNK-1 receptor antagonist (1) is described, which sets all six stereogenic centers with high
diastereoselectivity and delivers 1 in only 11 steps and 23% overall yield. The process was enabled by the development of the enantioselective
enzymatic reduction of 3-functionalized cyclopentenones and stereospecific Pd-catalyzed etherification coupling of fragments 6 and 7.

Human neurokinin-1 (hNK-1) is a G-protein-coupled
receptor, which is concentrated in the central nervous
system and gastrointestinal tissue.1 The neuropeptide sub-
stanceP (SP) is the preferred ligand for the hNK-1 receptor
and engages in the moderation of many biological

processes.2Most notably, hNK1receptor antagonists have
been developed as therapeutic agents for treatment of
chemotherapy-induced nausea and vomiting (CINV) and
postoperative nausea and vomiting (PONV).3 Aprepitant
(Emend)4 is currently the only hNK1 antagonist on the
market and is approved for the treatment of both CINV
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and PONV. As a result, there is ongoing pharmaceutical
research to identify potent, selective, and orally bioavail-
able hNK-1 receptor antagonists as potential therapeutic
agents.5 Recently, structure 1 was identified as a potent,
selective hNK-1 receptor antagonist, whichwarranted fur-
ther development;6 however, the reported synthesis was
unsuitable to the large scale preparation of 1, which was
required to support the program. The development of a
concise, stereoselective, and scalable synthesis of this struc-
turally complex target constituted a considerable synthetic
challenge. Herein we wish to report a convergent, stereo-
controlled asymmetric synthesis of 1.

The structural complexity of 1 could be divided into
three distinct synthetic challenges: (1) the sterically con-
gested ether which contained stereochemistry at both
secondary stereogenic termini, (2) the trans,trans-1,2,
3-trisubstituted cyclopentane core, and (3) the pyrrolidinone
ring containing two stereogenic centers, one of which was
a tertiary branched alkyl amine (Scheme 1). In order to
address the stereochemistry of the remote, quaternary ste-
reogenic center, we devised a strategy to produce 1 from
ketone 2, which would be acquired through diastereose-
lective alkylation of oxazolidinone 3 with iodoketone 4.
The most effective method to control the relative stereo-
chemistry of the cyclopentane core in 4 would be via
substrate-controlled conjugate addition of an aryl-metal
species on allylic ether 5, followed by isomerization of the
ketone to the thermodynamically favored diastereomer.
We envisioned that themost elegant approach to construct
both secondary stereogenic centers in allylic ether 5 would
be via convergent, stereospecific coupling of allylic alcohol
6 and alcohol 7, both of which would need to be prepared
in enantiomerically pure form.
Alcohol 7 is a common structural motif that exists in

several hNK-1 antagonists reported by Merck4,5 and is
readily available via asymmetric reduction of the corre-
sponding aryl methyl ketone.7 In contrast, the enantiose-
lective synthesis of allylic alcohol 6 has not been reported.
Application of existing methodologies to the asymmetric

reduction of 3-cyanocyclopentenone (8)8 afforded 6 in
variable yields andmoderate enantioselectivities.9 This is a
historic problem with the enantioselective reduction of
2-unsubstituted cyclopentenones, presumably due to the
lack of any functionality in these substrates that would
interact with a chiral reagent or catalyst to offer significant
enantiofacial discrimination. Although there was no pre-
cedent for the asymmetric, biocatalytic reductionof enones
similar to 8,10 a ketoreductase library was screened. We
discovered that alcohol dehydrogenase from Rhodococcus
erythropolis (ADHRE) efficiently reduced enone 8 to (S)-
allylic alcohol 6 in high yield (93%) and excellent enantios-
electivity (>99% ee) (Scheme 2). In order to probe the
scope of this novel biocatalytic transformation, two other
3-substituted cyclopentenones were also subjected to the
same reaction conditions and afforded the (S)-allylic alco-
hol in good yield and>99%ee (Table 1). The extension of
this method to other substrates suggests that broader
application may be possible.

Scheme 1. Retrosynthetic Analysis

Scheme 2. Synthesis of Allylic Ether 10a

Table 1. Enantioselective, Biocatalytic Reduction of 3-Substi-
tuted Cyclopentenones

entry EWG conditions % yield % ee

1 CO2Me ADH RE, NADH, FDH 83 >99

2 CN ADH RE, NADH, FDH 92 >99

3 SO2Ph ADH RE, NADH, FDH 87 >99
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With alcohols 6 and 7 prepared in high optical purity,we
sought a method to couple these partners without epimer-
ization at either center. The documented stereospecificity
of transformations which proceed via η3-allylmetal inter-
mediates made the Pd-catalyzed allylic etherification an
attractive choice.11,12 Although alcohol 7 was an unlikely
candidate to participate in this coupling due to its steric
congestion and poor nucleophilicity, we were able to
develop conditions which effectively coupled 7 with allylic
naphthoate ester 9 in goodyieldwithout compromising the
integrity of either stereogenic center (Scheme 2). Under
optimized conditions, 9 and 7were coupled using Pd(OAc)2
and dppp in the presence of 0.5 equiv of Et2Zn to afford
allylic ether 10 in 83% yield with net retention of config-
uration at both stereogenic centers.

Attempts to accomplish a cuprate conjugate addition on
R,β-unsaturated nitrile 10 were unsuccessful; however
we were able to demonstrate a Rh-catalyzed conjugate
addition (3 mol % [CODRh(OH)]2, EtOH, reflux) using
5.0 equiv of arylboronic acid or 1.5 equiv of aryl tri-
fluoroborate (K salt).13 Both procedures afforded 11 in
93% assay yield and high diastereoselectivity (>99:1
β-center, 90:10 R-center) after isomerization of the ketone
to the thermodynamically favored diastereomer (NaOMe/
MeOH). The nitrile was readily converted to the methyl
ketone via treatment with MeLi in MTBE, delivering 12
in 90% assay yield (Scheme 3). Alternatively, methyl
ketone 13 was readily produced from nitrile 10 (MeLi,
MTBE), and as expected, Cu-catalyzed conjugate addi-
tion of an aryl Grignard delivered 12 in excellent yield

(95%) and exceptional diastereoselectivity (>99:1
β-center) after isomerization of the ketone to the thermo-
dynamically preferred diastereomer (NaOMe/MeOH,
98:2 R-center). Due to the improved diastereoselectivity,
robustness, and improved cost the latter transformation
was employed.

Selective iodination of 12 with ICl in MeOH produced
iodoketone 4 in 90% isolated yield (eq 2, Figure 1). An
X-ray crystal structure of 4 verified both the relative and
absolute chemistry of the four stereogenic centers as-
sembled in this process.

With a convergent and highly selective process to as-
semble iodoketone (6 steps, 58% yield), we focused our
attentionon the development of a stereocontrolledmethod
to assemble the pyrrolidinone ring (Scheme 4). Alkylation
of oxazolidinone 3 with iodoketone 4 was accomplished
with LiHMDS at low temperature to afford 2 in 90%yield
and>99:1 diastereoselectivity.14 Aminolysis of oxazolidi-
none 2with ammoniumhydroxide resulted in formation of

Scheme 3. Synthesis of trans,trans-1,2,3 Cyclopentane Corea

Figure 1. Synthesis and X-ray crystal structure of 4.

Scheme 4. Convergent Coupling andRearrangement to Lactama
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intermediate 14, whichunderwent spontaneous cyclization
to aminal 15 as a 1:1 mixture of diastereomers (Scheme 5).

Dehydration of 15 with methanesulfonic acid affor-
ded a 3:1 mixture of enamide isomers, favoring 16, in
94% yield.15 Reduction of the mixture of enamides with
Et3SiH/MeSO3H afforded 17 in excellent yield as a 90:10
mixture of diastereomers (Scheme 6). The unusually high
diastereoselectivity achieved in the reduction could be
rationalized through analysis of the PM3minimized struc-
ture of acyliminium intermediate 18, which suggests a
less-hindered (Re) face (Figure 2). This conformation is
further supported by analogy to that observed in the crystal

structure of intermediate 4. Deprotection of the CBz-
protected amine in 17 was accomplished with HBr/HOAc,
and the hNK-1 antagonist, 1, was isolated in 85% yield as
the benzenesulfonate salt.
In conclusion, a convergent, highly selective route has

been developed for the synthesis of the potent hNK-1
receptor antagonist 1. Assembly of this highly functiona-
lized candidate was accomplished with exceptional stereo-
control of all six stereogenic centers, in a total of 11 steps
and 23% overall yield. The highlights of this synthesis are
the discovery of an enantioselective, biocatalytic reduction
of 3-substituted cyclopentenones and the development of a
convergent and stereospecific Pd-catalyzed allylic etherifi-
cation. The application of these two unique synthetic
transformations in sequence, followed by substrate-con-
trolled, diastereoselective conjugate additions, has general
application to the enantioselective synthesis of highly func-
tionalized cyclopentanoids with a high degree of stereo-
control. A detailed description of the generality of these
methods will be disclosed shortly.
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Scheme 6. Endgame Chemistry

Figure 2. PM3-minimized structure of acyliminium 18.

Scheme 5. Mechanism of Lactam Hydrolysis/Rearrangement

(15) Direct reduction of 15 to 17 generates 1 equiv of water which
negatively impacts the yield and selectivity of the Et3SiH reduction.


