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Asymmetric Intramolecular Conjugate Addition of Chiral Enolates via Nonequilibrium
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Optically active a,a-disubstituted a-amino acids belong to an important class of unnatural amino acids. Since the
synthesis of such amino acids involves the creation of a quaternary stereocenter, methods for their synthesis have been
extensively studied. We have reported that N-t-butoxycarbonyl (Boc) -N-methoxymethyl (MOM) -amino acid derivatives
undergo asymmetric a-alkylation in up to 93% ee. Original chiral information on an amino acid is preserved in axially
chiral enolate intermediates, and thus asymmetric induction is achieved without the aid of external chiral sources (.e.,
memory of chirality) . Recently, we have reported a new protocol for the asymmetric cyclization of amino acid deriva-
tives, which enables straightforward synthesis of cyclic amino acids with a tetrasubstituted carbon center from the usual
o-amino acids in up to 98% ee. Here we report the asymmetric construction of highly substituted chiral nitrogen heter-
ocycles via intramolecular conjugate addition of chiral enolates generated from N-Boc-N-alkylylamino acid derivatives.
This method is applicable to the asymmetric construction of pyrrolidine, piperidine, tetrahydroisoquinoline, and indo-
line derivatives with contiguous quaternary and tertiary stereocenters.

Key words——dynamic chirality; racemization-free equilibrium; nitrogen heterocycle; asymmetric intramolecular con-

jugate addition
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Scheme 2. Asymmetric Cyclization via Memory of Chirality
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Scheme 5. Intramolecular Asymmetric Conjugate Addition Based on Memory of Chirality at RT
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Fig. 1. Strategy for Asymmetric Intramolecular Conjugate Addition Based on Memory of Chirality
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Scheme 6. Asymmetric Cyclization Based on Memory of Chirality at —60°C and 0°C
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Fig. 3. Equilibrium between Chiral Enolates without Loss of Enantiomeric Purity
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Scheme 14. Equilibrium without Loss of Enantiomeric Purity
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Fig. 6. 'H-NMR Spectra of Mixture of Diastereomers 16 and 17
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HRBERNSAERT ST AT LA —DHIRIEK
ThaHI /)L —F16"& 17 DFEIZ 2 keal/mol L) _E
DERBOENTHINS. FROFEE, 171Tx
ST B AEED 167126 T D B D KD 4 keal/mol &
ETHO, PRI ED DT AT LA RIREFRI
DEBERE KT S, —F, BBREOI R
F—32#13 1 kcal/mol (0.4 kcal/mol) LA RTHD,
HERN TR ELLE T (—60°C) ORIGTY 7 AT L
FEREDLNERAER (58:42) &b —HKLik
(Fig. 8).

8. ¥ 7t I{tFHEORILEREDIRET

T IfbEfEbisnwFIIVT ) L — NEO PN
LA > RY DBEAROATERNZELTH S
MEIMERFNT B/, BifilsfdzoRE1
ERWSZEBREO D2 KO3 OAKRERRL
o, HMERMSXENEMRRIGSEMSE, Thbb
KHMDS/THF-DMF/—78°C TRt #{1>7/=& Z
A, ZEHEDOY D2 (91% ee) MU 3 (94% ee)
2180 : 20 DHLTHESENS. —H, BN E A
#7752 KHMDS/DMF/0°C &4 N Tl 2 (97% ee)
K3 (97% ee) 7311 : 89 DL THE SN/ (Table
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'BuO,C 'BuO,C
g S R
CO,Et
KHMD
i 1 S e S S
Boc” N co,'Bu . |
1 2 Boc 3 Boc
Temp. Solvent Yield (%) 2(ee, %) : 3(ee, %)
—78°C THF-DMF 80(91) : 20(94)
0°C DMF 11(97) : 89(97)

3). ZOEBREENS, TIEEDRVWFI I
T/ L— MOV @EMNZERA > R 2 FERDS
DHEETHREIVED ZENghoz. EBITPT
AT LA~ — 8T D i K VR 8 SRR 2 L
LTERDIPTATLAR—ZIEO T HZ EICDH
L 7=,

9. FhTEROAYF /) FEEARICET
D mER
INETERSGMHITBT 20 FRNHEEMSIMIA >
RUZ, E0Y D ERARSE S BRIEEYZH LT
BALTEREN, KIZ6 BRAKRICBT 2EEHR
BN, TIZCIFINVIATIVEEARS NS
KH/DMF/0C &tk FConsd T ko Roqy
F/UFHERIZL, BH—DPTATLAFIY—&EL
TO3%UE, 96% ee THHN, —T8CHFHETDK
I EFEREDRREZR L. ZOLDIC6 BERARK
TS BRAKRERRD, SNREITKER T H—
DT AT VAR—FB~THERXBZ 0oz
(Table 4).

10. &HYIC
FEFIAFRBE Sy NIRRT MZRE L, W
D7 I/ BEHEMEEL, BT 5 453 BR
FHRLERDOBEHRERRE KoUP >, XYY
>, ThIeROAVFIUL, AR VEE
1K) 2 —2RICHETHIEITRILE. 4 BBRARK
ICAREIZHEIE TE WY, —FTEERIE ROE
PO RUE) P UFERESEL. I5IT, ARG
MEREFE T TOEILF O FANDODEDT AT LA
BRI SOSDETT D2 &, ERTEVT AT
FY—MTIT M E DR FENEET ST &
ERHWHLEZ ISP TAT LA TORER
PERBANHE R RO FN LR ZZ T TWS T
W, KIEGRHHEEBIRT S EICKDELADIT X

Table 4.

Me\l/COZEt _/COZtBu
N Et0,C =

Boc” Base Met!
COztBu Solvent, Temp N
Boc”
8 9

Base Temp. Solvent Yield (%) ee
KHMDS —78°C THF-DMF 95 95
KH 0°C DMF 93 96

TLAX—ZEOD T BHIELITHRIL &
(Scheme 15). 4[], EEMN G FHNEBZAMTHEZ
fE&ws, BRZIIVEY I DB FOr7 ELTOFRA
MAJRETH 5. TN 5 DEMMFLN KA G R D
BICEBNT 2 ZEICEES T, HEETEIRLN
Rz TV S iR OEBIC T 5 TE 2 2 & 2
STW5a, WREERIZOETIIVEY I D2 HRRT
BHERLETSY—ThH20, KAHKOERHIZK
O MR EDE OEAEFENRHEINTE LD
12, SREESDEIREEE O AR REIT,
DNWTIE LT —HEEEDRIHICEF 5352 LN T
&, INSOEHMFENAEEOREMEE L THEBTSE
NWIEFEDRENWETHEZATH .

BE O AR, BHAEERETES
FT—EBEAEMAEHREREOZEZL AL TRl 2dD
T, ZZITRHEL MR, FEEKBEFRIT#
% )R OREE ARG RIIZED—B]REL T
To72dbDThd. REZZELLEHEITBWT
b, HERDLSLT, TOELIFRBHENTSD
£9. Thd, ZEOTEmVWIZIEEENHUT T
Z, GEOZENRDH SO EBVWET. fENS
DAEIEZED 5 Wald 7 WIS & R0 & 0
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EtO,C ;
R COzEt R \\_002 Bu
Y CO,'Bu —m " contiguous
Boc” N‘(CHZ) Boc” N‘(CH ), Quaternary-tertiary
t stereosenters
’Buozc /coszu _-C0,Bu rBuOZC
, 'BuO,C EtO,C =
EtO,Ca ; I /III Mell EtO, m
Ph—
97% ee 98% ee 95% ee Boc 98% ee
Scheme 15.
DEZRLETELEBITHESBALHL LT £T. & (2000) .

BT U TR W S S22 THE £ U 7= 508D
REEACEVER B8R, SME LA
DEOE#HNZUET, XS ITRMZEITILFEMZEE,

Swapan Majumdar, JI| £ %, Orhan Ozturk, H
Hoon, FFEE, SFRSCHE, JENEE, RHEMK
A, M —ROROMTH 22T THD TZED
EmfEoN/o0THD, TIITEL TEHHL
9. FEAMOFEEELTEWIIHELED Z

DT E e HARANRE SRR AR
WL ET
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