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The concise synthesis of a stereochemically rich hNK-1 receptor antagonist is described. The synthesis is highlighted by an S n2 reaction of
an enantiomerically pure  o-alkoxy sulfonate (orthogonally protected butane triol), which was prepared by utilizing salen-mediated hydrolytic

kinetic resolution technology. A stereocontrolled acetalization was employed to connect two enantiomerically pure fragments with a high

degree of diastereoselectivity.

The neuropeptide substance P was discovered 70 yeats agorahydropyranl has been identified as one such selective
characterized in 1979and has been found to preferentially hNK-1 receptor antagoniétThis target molecule contains
bind to the human neurokin-1 (hNK-1) receptoilhis five stereocenters, none of which is readily accessible from
undecapeptide is concentrated in the central and peripherakhiral pool starting materials. The central core possesses three
nervous system and gastrointestinal tissughe hNK-1 all-trans contiguous stereocenters: one of these is a mixed
receptor is involved in a wide array of biological functions, acetal and all three substituents are equatorial. The southern
and it has been suggested that modulating the interactionfragment is a quaternary substituted piperidine, and the
between substance P and the hNK-1 receptor may affectnorthern fragment consists of an electron-deficient, stereo-
numerous and diverse disease statebich has prompted  chemically defined benzylic ether. Viewirigas containing

the search for selective hNK-1 receptor antagonists. Tet-
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an anomeric carbon leads to two attractive disconnections.or aryloxy group should not significantly prohibit a substitu-
These scissions would allow for the convergent assembly tion reaction of the fully elaborated electrophile.

of 1 by coupling a derivative of the central core uBitvith Toward this end, tosylatdR}-13, an orthogonally protected
two excised enantiomerically pure fragments, alcchahd butane triol, was targeted. The first step of this synthesis
piperidine4 (Scheme 1). Chiral alcoh@ could be obtained  was accomplished by alkylation of 3-butene-1-ol with BnCl
under solvent-free phase transfer catalysis conditions (NaOH/
BnCI/BwNHSO,) to afford benzyl ethe® (Scheme 3}

Scheme 1. Retrosynthetic Analysis
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nipecotate A small amount of the symmetric ether (BnOBn) was formed

in this process, which was suppressed by using more
concentrated NaOH.

from the asymmetric reduction of the corresponding kefone, ~ Treatment of alkened with m-chloroperbenzoic acid
and the quaternary substituted piperidingotentially could  cleanly afforded racemic epoxidd,"> which readily un-
be derived from ethyl nipecotate. derwent a salen-mediated (1.5 mol % catalyst, 50 mol %
One possible asymmetric approach to lact@kinged H.0) hydrolytic kinetic resolutiod3 The desired epoxidérj-
on the stereospecific displacement of a leaving group from 10**was conveniently separated from the newly formed diol
a secondary center of electrophBewith the enolate of a antipode §-11 by distillation. Chiral SFC indicated that
phenylacetate derivative (Scheme81Although 2-arylal- the enantiomeric ratio of the isolated epoxidiwas>99:1
kanoic acids have recently been prepared by the alkylation (R:S). Subsequent oxirane ring opening was accomplished
of carboxylate enolates with tosylatei,was not apparent ~ With 4-methoxyphenol (PMP-OH) and,K0;, which proved
whether enantiomerically pure;alkoxy secondary tosylates {0 beé much cleaner than the similar openings with sodium
would enter into this protocol; concerns included low and potassium alkoxides of aliphatic alcohols (Schemié 2).
substrate reactivity, stereocenter scrambling, and elimination.
To investigate the effect of the neighboring alkoxyl group Gr;ﬁ)o'\;'viﬂisegv JK-JB-ﬁeCiQ”%”.SEh gny-MPeﬁgﬁped'DRé ~D\?;ir2gioﬁé ’\é?
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Scheme 4. Synthesis of hNK-1 Receptor Antagonikt
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The HPLC assay yield was typically 9@5%, and the excess
phenol was removed by simple caustic extractions. Activation
of the resulting alcoholR)-12with TsCI/DABCO' cleanly
and rapidly formed the desired, highly crystalline tosylate
(R)-13. This valuable orthogonally protected, enantiomeri-
cally pure butanetriol electrophile was stored at room tem-
perature for more than 1 year without evidence of decom-
position.

The alkylation of the tosylateR)-13 with the dilithium
salt of phenylacetic acid (1.25 equiv) cleanly (=99 HPLC
area percent) afforded the substituted prodadt (6:1
diastereomeric ratio bYH NMR). Elimination of the tosylate
was not observed. Excess phenylacetic acid and the TsO
byproduct were selectively extracted from the reaction
mixture by two NaHCQ@washes. A through process for the
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conversion of tosylateR)-13 to thetranslactonel5 (isolated

as a crystalline solid) was then developed. Initially, the
hydrogenation of benzyl ethdd was performed in EtOH;
however, ethyl ester contaminants were formed. Ambient
pressure hydrogenation a# in EtOAc cleanly converted
the benzyl ether to a mixture of corresponding primary
alcohol (ca. 90:1@ynanti) and lactondl5 (78:22cis/trans).

A desiccant (MgSG@) was added to the crude slurry followed
by the addition of 60 mol % EDC. After lactonization was
complete, the crude mixture was filtered, and the resulting
product stream was epimerized with catalytic DBU to afford
a 94:6 ratio ofrandcislactonesl5from whichtranslactone
15was crystallized. Overall, enantiomerically pure tosylate
(R)-13was converted to enantiomerically puransdactone

15 (cis/trans= 0.2:99.8) as a white crystalline solid in 61%
yield.

Reduction of this lactone afforded lactd6, which was
also isolated as a white solid. Lactol activation gave8%
HPLC assay vyield of the PNBz derivativier. BR;-OEt-
mediated coupling of this activated lactol with alcohi)-@
afforded an anomeric mixture of acetdl8 and22 (Figure
1). An important feature of this acetalization was that the

CF;

CF,

PMPO”

22

Figure 1.

anomer ratio (R:S) decreased with time, indicating that the
product mixture was establishing a thermodynamic isomeric
ratio. In fact, allowing the reaction to age for 13 h-a80

°C resulted in an 86:14 (18:22) ratio, whereas an aliquot
after only 10 min gave a 90:10 ratio of diastereomers. This
was further substantiated by resubjecting authentic diaste-
reomerically pur@2to BR;-OEt, at room temperature. This
afforded an 81:19 ratio df8to 22 (RRRRRRSR, along with

5% of eliminated produc3 (Figure 1). These results
indicate that the initial carberoxygen bond formation is
operating under kinetic control and that the thermodynami-
cally favored product ratio is established upon aging the
reaction mixture. In addition, it was not necessary to utilize
diastereomerically pure nitrobenzodféain the Lewis acid
mediated coupling reaction. The same ratio of diastereomers
was obtained from the coupling reaction regardless of the
diastereomeric purity of the anomeric center in the precursor

Hnitrobenzoatd?. Both 99:1 {7a:17b] and 90:1017a:17b]

samples of the nitrobenzoate independently gave an identical
92:8 ratio of acetals1)8:22] (Scheme 5). This suggests that
the reaction proceeds via an oxonium ion intermediate.

A typical procedure entailed quenching the ;BBEL
reaction mixture immediately after acetal formation. This was
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Scheme 5. Acetalization
activated lactol

Scheme 6. Ethyl 3-Methylpiperidine-3-carboxylate (R)-4
1. NaHMDS, THF,

(17a:17b) ratio toluene, -20 °C di-p-toluoyl-D-
NH 2 Mel NH tartaric acid
90:10 29-35% from
BF;:0OEt, 98 CO,E Me~ CO,Et ethyl nipecotate
99 - 1 (R)-2 [18:22] 4
- NH
Me” CO,E
Me, 1‘/2 Me MTBE, H,0, Na,COs, 94%
followed by a selective crystallization of acefid from the or NH
. . . . . cyclohexane, NaOH, 97%
diastereomeric reaction mixture that contained@%acetal o o
22. The resulting stable crystalline acett8 was then 4 Y% Me™ COEt
successfully deprotected (CAN, 4:1 gEN/H,0) to give a HO,C  CO.H (R)-4
mixture of 19 and benzoquinone. After dilution of the 24

deprotection reaction mixture with MTBE, aqueous caustic
washes were successful in partitioning the desired primary tosylate sal®1 cleanly afforded the desired hNK1 receptor
alcohol19 and the benzoquinone waste. A stream of alcohol antagonistl as a crystalline solid.
19 was then activated with benzenesulfonyl chloride, and  Overall, we have demonstrated a concise synthesis of the
the resulting besylat®0 was displaced with the chiral stereochemically rich hNK-1 receptor antagonist The
nipecotate derivative (R)-4. synthesis is highlighted by anyS reaction of an enantio-
The synthesis of piperidine (R)was accomplished by  merically purea-alkoxy sulfonate. The stereochemistry of
first alkylating ethyl nipecotate with NaHMDS and Mel with  this orthogonally protected butane triol was established by
a high level of selectivity! The ratio of desired C-alkylation  a salen-mediated hydrolytic kinetic resolution. The central
to both N-alkylation and C,N-dialkylation was98:1:1 (GC core was then coupled to alcoh&){2 via a stereocontrolled
analysis of unpurified reaction mixture) (Scheme 6). Racemic acetalization.
amine4 was resolved with dp-toluoyl-p-tartaric acid to form
a high-melting 2:1 crystalline sak4 in 35% overall yield
(70% of theory) in>97% ee. A simple salt break provided
enantiomerically pure piperidine (R)-4.
Besylate20 and amine (R)-4vere coupled to form the
tertiary amine, which was isolated as the crystalline tosylate ~Supporting Information Available: Experimental pro-

salt21. Saponification of carboethoxy moiety of penultimate cedures and characterization data for compoundg)-13,
15,16,18, 21, 23, and24. This material is available free of

charge via the Internet at http://pubs.acs.org.

Acknowledgment. The authors thank Dr. Brian J. Wil-
liams for helpful discussions during the development of this
work.

(17) For benzylation of ethyl nipecotate via a similar protocol, see:
Maligres, P. E.; Chartrain, M. M. Upadhyay, V.; Cohen, D.; Reamer, R.

A.; Askin, D.; Volante, R. P.; Reider, P. J. Org. Chem1998,63, 9548. OL047925U

58 Org. Lett, Vol. 7, No. 1, 2005



