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ABSTRACT
VQ/ OTBDPS \/Q
O N o OCHs
PMB H
. ( }-(2S, 3S)-L-733,060 (S)-9 2. (+)-(2S, 3S)-CP-99,094

Selective and potent neurokinin substance P receptor antagonists (+)-L-733, 060 (1) and (+)-CP-99, 994 (2) have been synthesized starting
from a new (3S)-piperidinol synthon derived from L-glutamic acid. The methods featured a C-2 regioselective reduction of glutarimide (9),
Lewis acid-promoted Si to C-2 phenyl group migration of 10, and stereoselective reduction of acetylated oxime 19 as the key steps.

2-Alkyl-3-hydroxyl piperidines and 2-alkyl-3-aminopip-
eridines are structural units found in numerous bioactive VQ/ \/Q
natural products, drugs, and drug candidates. For example, O O

(+)-L-733, 060 () and (+)-CP-99, 994 2)? are selective Fs OCH,8
and potent neurokinin substance P receptor antagonists,

which have been shown to possess potent antiemetic activity; 1 (25 3S)-L-733,060
febrifugine @) and isofebrifugine 4) are well-known can- ( 7
didates of an antimalarial agent isolated from Chinese 71/\© O )\/Np
medicinal plantsDichroa febrifuga The important bio-

activities—2 associated both+)-L-733, 060 () and {)-
CP-99, 994 2) have stimulated the development of synthetic
approacheb*5However, only two racemic total synthelsis

of ()-L-733, 060 and one asymmetric total synthesistof (
L-733, 060 have been reported very receftly.

2. (+ )>-(2S, 3S)-CP-99,994

3. febrifugine 4. isofebrifugine

The success in the development of protect®ehfalimide-
based synthetic methodology from these laboratblégsus
to consider the protected 3-hydroxyglutarim@ilas a suitable
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multifunctional 3-hydroxypiperidine synthon. We now report
the asymmetric synthesis of-J-L-733, 060 and )-CP-

enantiomeric excess dbf-8 was at least 98%, as determined
by chiral HPLC analysis [ChirexSj-leu and §-NEA] by

99, 994 based on this new chiral nonracemic 3-piperidinol comparing with a partially racemized sample 6J-8. The

synthon.
In the malimide-based methodolog){malic acid has

hydroxyl group in8 was protected withert-butyldiphenyl
silyl chloride under standard conditions (TBDPSCI, imid-

been conveniently used as the chiral pool. For the synthesisazole, CHCI,), which afforded glutarimideS§)-9 in 94%

of (§-3-hydroxyglutarimide §), although the requisite higher
homologue of malic acid is not a naturally occurring

yield.
Protected glutarimid® was reduced with sodium boro-

compound, it occurred to us that this compound could be hydride at low temperatures (betwee20 and—10 °C, 50

derived from inexpensive and easily availabB-¢lutamic
acid via the well-established diazodation metfAddhus, §)-
glutamic acid was selected as the chiral pool for our
synthesis.

Scheme 1
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The synthesis started witlg)¢glutamic acid (Scheme 1).
Thus, ©-glutamic acid $) was converted to §)-6 by
the well-established diazodation procedUrEeatment of
y-lactone-carboxylic acidg)-6 with thionyl chloride at 60
°C provided the corresponding acid chloride, which without
further purification, was treated wifrmethoxybenzylamine
to give lactone-amideSj-7 {mp 92-93 °C, [0]*%; —4.9
(c 0.9, CHCE)}. The overall yield from $)-6 to (-7 was

min), which afforded predominantly the desired regioisomer
10in 10:1 regioselectivity (Scheme 2). The regioisorf@r

Scheme 2
.OTBDPS
NaBH, ROH
oo e [ 1
MeOH, -20°C O N (0).4 K10, MS 4A
94% PMB CH,Cly, rt
10 X=H
11 X=Bn

consisted of two separable diastereomers in 82:18 ratio. The
stereochemistry of the major diastereomer was tentatively
assigned asis on the basis of the smaller coupling constants
(Js, 6 = 2.2 Hz) of major diastereomeds( ¢ = 3.1 Hz for
minor diastereomer). Both diastereomers 1df could be
purified by recrystallizatio§ major diastereomer, mp 165

166 °C, [0]*%> —54.8 (c 1.3, CHC}); minor diastereomer,
mp 174.5-175.5°C, [0]%% +31.7 (c 0.9, CHCh)}. The
deoxygenative phenylation df0 was first attempted using
Tomooka’s condition4® Since the reaction was presumed
to proceed via aiN-acyliminium?¢8which could be derived
from both diastereomers dfo, the diastereomeric mixture
of 10 could be used as it was. Thus, in the presence of
montmorillonite clay (K10) ad 4 A molecular sieves, the
diastereomeric mixture dfOwas treated with benzyl alcohol.
However, the desired phenyl migration product was not
observed, we obtained instead aza-acklahs a diastereo-

70%. The ring expansion for the conversion of lactone-amide meric mixture. Since the reaction depended, on one hand,

(9-7 to glutarimide §)-8 was achieved via the treatment of
(9-7 with LDA at —78 °C. In this way, the yield of $-8

on the formation of theN-acyliminium and, on the other
hand, the attack of a nucleophile (e.g., benzyl alcohol) at

was about 50%. Better results could be obtained by usingsilicon atom (which enhances the migration of the phenyl

0.2-0.5 molar equiv of potassiuntert-butoxide at low
temperature-£78°C). In this manner, the desired glutarimide
(9-8 could be obtained in excellent yie{®0%, colorless
crystalline, mp 98-99°C, [a]?% —70° (¢ 1.0, CHCE)}. The
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1928

group), to facilitate the nucleophilic attack at hindered silicon
atom, water was selected as a smaller nucleophile. However,
when stirring a suspension dfo, water, and K10, we
observed only the epimerization cis-10 to thermodynami-
cally more stabldrans-10. Although the reaction did not
lead to the desired phenyl migration product, the observed
epimerization allowed to confirm theis stereochemistry
assigned previously for the major diastereomef @f

At this stage, the use of Lewis acid as a promoter was
considered. Gratefully, wheb0 was stirred with BE-OEt
at room temperature for 3 days, the phenyl migration
proceeded smoothly, antl3 was isolated in 80% yield
(>95% cis) after workup (Scheme 3). Reduction 13 with

(8) For a recent review, see: Speckamp, W. N.; Moolenaar, M. J.
Tetrahedron200Q 56, 3817.
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Scheme 3 Scheme 5
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(2539)-3-Aminopiperidine derivative20 was then sub-
lithium aluminum hydride at room temperature then provided jected to reductive alkylation conditions-CHsOCsH.CHO,

piperidine (5,39)-14in 81% yield. _ - THF; NaBH,, MeOH, rt), which afforded, surprisingly, an
Whenl4was subjected to hydrogenolysis conditions,[H  aqquct of the desire@2 with o-methoxybenzyl alcohol in

| atm, 20% Pd(OH) MeOH] in the presence of (Bo®),  ggo, yield {colorless oil, f]2% +25.7 (c 0.9, CHCh)}

one-pot selectivél-debenzylationrbutoxycarbonylation oc- (Scheme 6). Finally, treatment of tB8@—o-methoxybenzyl
curred. In this way, (839-15{mp 71-72°C, [o]p +53.8

(L, O I [ 8. (C L 2, W
obtained in a yield of 88% (Scheme 4).

Scheme 6
N
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88% (25,39)-15 H\/@ Hel ON\/@
O MeOH, rt OCHg

5 N
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O H20|2 22 2. (+)-CP-99,994

H
0,
'i‘;C 3 %1 (25, 35)L-733,060

alcohol adduct with a methanolic solution of hydrochloric
acid at room temperature gave the desiredH(2S,39)-CP-
99, 994 P) in 96% yield, which was characterized as its
dihydrochloride{mp 253-254 °C; [a]®® +75.1° (c 0.6,
MeQOH); lit.2 mp 255°C; [a]?% +77° (c 1.0, MeOH); lit>¢
mp 254.5°C; [a]%% +75.5 (c 1.1, MeOH}.

In conclusion, {)-L-733, 060 and £)-CP-99, 994 were
synthesized from easily available chiral building blo&(
8. Work is in progress for further application of this new
chiral 3-piperidinol synthon in the asymmetric synthesis of
other 3-piperidinol-related natural products.

The following step involved the etherification. This was
achieved by sodium hydride deprotonationl&followed
by reaction with 3,5-bis(trifluoromethyl)benzyl bromide,
which gavel6in 75% yield{[0]?% +36.9 (c 1.0, CHC});
lit.*¢ [a]p +30.38 (c 1.55, CHC})}. Finally, N-Boc depro-
tection of 16 using TFA afforded the desired $239)-L-
733, 060 1), which was characterized as its hydrochloride
{mp 213-215°C; lit.}2 215-216 °C; [a]?% +84.5 (c 0.8,
MeOH); lit.12[a]?3% +87.3 (c 1.0, MeOH}.

The synthesis of )-CP-99, 994 began with the key
intermediate (339)-15 (Scheme 5). (839)-3-Piperidinol
15 was converted to oximeS[-18 by Swern oxidation’
[DMSO, (COClY, i-PrLNEt, CH,Cl,, —78 °C], followed by
reaction with hydroxylamine hydrochloride (HONHCI,
K,CGO;, MeCN). Oximel8was then acetylated to affodd.
The key reduction step was achieved using borane dimethyl
sulfite compleX® (HsB-SMe,, 65%), which established the
2,3-<cis-stereochemistry o20.
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