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The chiral ligand approach to asymmetric synthesis with 5 R 6 (R-10
organolithium intermediates has emerged as an important P HeRtet
synthetic transformatiofr.® Lithiation—substitution sequences MeSiOT
of pyrrolidine, benzylamine, and allylcarbamate derivatives "
afford high levels of enantioenrichment in the presence-9f ( Y Ph ]
sparteiné=3° The a-lithioamine synthetic equivalents which @@*Q MeJS\i.i/A:'\LB . PNy Sites
have been provided are shown Asand 2. We now report 4 o A Boc
extension of the methodology to enantioselective elaboration (9-11a (5-11b

of allylic amines to furnish either enantiomer of jaallyl

lithioamine synthetic equivalent represented &s Facile Table 1. Yields and Enantiomeric Ratios of the Products from
conversions of the enecarbamate to amine and carbonyl func-Reactions oN-Boc-N-(p-methoxyphenyl)cinnamylaminé) with
tionalities complete a new approach to enantioenriched com- n-BuLi/4 in Toluene Followed by Reaction with an Electrophile

pounds which have a 1,3 relationship between the functional electrophile product yield (%) er (% ée)
group and the asymmetric centéi! CH:OTf (9-7 74 96.0:4.0 (92)
CHsl (9-7 73 97.5:2.5 (95)

Ph Ph R R H2C=CHCHBr -8 72 97.0:3.0 (94

Q'wu N HN7 L m m PhCHBr i 89 70 98.0:2.0 g%g

H 2 2 : © A" "Boc Ar” “Boc (CH2)sC=0 (R-10 77 99.0:1.0 (98)

1 2 ent2 3 ont3 MesSiOTf (9-11a 34 97.0:3.0 (94)
(9-11b 46 98.0:2.0 (96)

Treatment oN-Boc-N-(p-methoxyphenyl)cinnamylamin&)
(Boc = tert-butoxycarbonyl) with 1.1 equiv af-butyllithium/4
at —78 °C in toluene fo 1 h followed by addition of an by independent chemical syntheses and comparison of chiral
electrophile affords produci®-11with enantiomeric ratios (er ~ Stationary phase(CSP)-HPLC retention times. The sense of
= enantiomeric ratio) greater than 96:4 in good yields as shown electrophilic substitution of the carbonyl electrophile is opposite
in Table 1 (Scheme 1). Deprotonationto nitrogen provides  to that for the alkyl halide electrophiles for these reactibiis!®
the allylic carbanior6 which reacts with electrophiles either at  The absolute configurations @fand8 are provisionally assigned
they or a position. Carbon-carbon bond forming electrophiles on the basis of their correspondencedtas the more retained
react at thes position to afford the enecarbamafs10.22 The isomer on the CSP-HPLC columf. Use of trimethylsilyl
transisomers of7—10 are obtained in 23% yield and can be triflate as the electrophile provides a mixture of thésomer
separated by preparative HPLC. The absolute configurations(S)-11b and they isomer §-11a in 46 and 34% yields,
of (9-9, the product of reaction with benzyl bromide, amf)-( respectively. The absolute configuration &@-l1a was as-

10, the product of reaction with cyclohexanone, were assigned signed by independent chemical synthesis and comparison by
CSP-HPLC. The absolute configuration §-1bis assigned

a Enantiomeric ratios were determined by CSP-HPLC.

(1) Beak, P.; Kerrick, S. T.; Wu, S.; Chu, J. Am. Chem. Sod.994

116 3231. by analogy to §-11aand is provisional.
(2) Wu, S.; Lee, S.; Beak, B. Am. Chem. S0d.996 118 715. We investigated a transmetalatiesubstitution sequence as
37?%) Park, Y. S.; Boys, M. L.; Beak, Rl. Am. Chem. Sod.996 118 an approach to obtain either enantiomer of the prodt/i4s°

(4) Hoppe, D.: Hintze, F.. Tebben, P.. Paetow, M.. Ahrens, H.: Use of trimethyltin chloride as the electrophile provides a
Schwerdtfeger, J.; Sommerfeld, P.; Haller, J.; Guarnieri, W.; Kolczewski, Mixture of thea isomer R)-12b and they isomer R)-12ain

S.;(I;)egseﬁ T, ngpﬁ, Pureéppl.f%emﬁ%%ﬁlza% ]%7597 24 and 49% yields with a 95:5 enantiomeric rafiol® The
schage, O.; Hoppe, O.etrahedron , . i ; ithi i i i ;
(&) Paulsen. H.. Graeve. C.: Hoppe, Synthesid996 141. gngntloenrlched lithium |n_term_ed|a& is prepgred by tinr
(7) Klein, S.; Marek, I.; Poisson, J. F.; Normant, J.J.Am. Chem. lithium exchange of enantioenricheR){12a (95:5 er) in the
Soc.1995 117, 8853. presence of{)-sparteine. Addition of allyl bromide affords
(8) Muci, A. R.; Campos, K. R.; Evans, D. A&. Am. Chem. S0d995
117, 9075. (13) Thayumanavan, S.; Lee, S.; Liu, C.; BeakJPAm. Chem. Soc.
(9) Tsukazaki, M.; Tinkl, M.; Roglans, A.; Chapell, B. J.; Taylor, N. J.; 1994 116 9755.
Snieckus, V.J. Am. Chem. S0d.996 118 685. (14) Basu, A.; Beak, PJ. Am. Chem. S0d.996 118 1575.
(10) Hoppe has reported an asymmetric homoenolate synthetic equivalent (15) Carstens, A.; Hoppe, O.etrahedron1994 50, 6097.
with 2-alkenyl esters of carbamic acid wisleecBuLi/(—)-sparteine which (16) Pirkle, W. H.; Pochapsky, T. C.; Mahler, G. S.; Corey, D. E.; Reno,
provides this relationship® D. S.; Alessi, D. M.J. Org. Chem1986 51, 4991.
(11) Normant has reported asymmetric carbolithiation of cinnamate (17) The assignment of absolute configuration to the organostarizane
derivatives in the presence cef)-sparteine which provides this relationship. is based on the assumption of invertive stannylatioi§:2>
(12) The olefin geometry is assigned eis by the magnitude of the (18) Zschage, O.; Schwark, J.-R.; imar, T.; Hoppe, DTetrahedron
coupling constant between the two olefinic protods<9.5 Hz). Thecis 1992 48, 8377.
enecarbamates isomerize to ttrans isomers without racemization in (19) Rapid addition of MgSnCl (1 M solution in hexanes) is necessary
CDCls. in order to obtain consistent enantiomeric ratios.

S0002-7863(96)02793-X CCC: $12.00 © 1996 American Chemical Society



Communications to the Editor

(R)-8in 60% yield with an 87:13 er. The same produ&)-8,
is obtained in 77% yield with a 90:10 er wheR){12b (95:5
er) is submitted to the same reaction sequéfce.

1. n-Buli/4

Ph Ph ~ SnMe,
5 2 Me3SnCl s \N V\(
€35 A Boc Ar’N\Boc
(R)-12a (R)-12b
. 49% yield 24 % yield
1.nBuLid 9515 er 95:5 er
2. allyl bromide
1. n-BuLi/4
2. allyl bromide
X X
Ph , N, ' N.
Ar” "Boc Ph Ar N Boc
(S8 (R)-8
72% yield, 97:3 er 60% yield, 87:13 er  77% yield, 90:10 er
from 12a from 12b

The high enantioselectivity and regioselectivity observed in
this reaction is not limited to cinnamate derivatives. Treatment
of N-Boc-N-(p-methoxyphenyl)-3-cyclohexyH)-2-propene-1-
amine (L3) with n-BuLi/4 at —78 °C in toluene for 1.5 h
followed by addition of methyl iodide affords a mixture of the
cis andtrans y isomers R)-14aand §)-14b in 43 and 27%
yields with 92:8 and 96:4 er, respectivély. The absolute
configuration of R)-14ais assigned by analogy to the sequence
with 5. The absolute configuration of5-14b was assigned
by isomerization to 9-14a'®

X
CHa , N
(R-14a

43% yield
92:8 er

1. -BuLi/4
2. CHjyl

O\/\
toluene

N +
Ar" "Boc

13 Ar=p-MeOCgH, O\‘/\/’.‘r
NGI'A

CH,

(S)-14b
27% yield
96:4 er

Boc

This methodology can provide either enantiomer of a ho-
moenolate synthetic equivalent andydithioamine synthetic
equivaleng? Hydrolysis of §)-9 with HCI affords the enan-
tioenriched aldehydeR)-15 in 81% yield with 93:7 er3

Ph Ph

P e R
Ph” AV Boc CHCl,  Ph H
(5)-9 (RA)-15

98:2 er 81% yield, 93:7 er

Reduction of R)-10 followed by oxidative cleavage of the
p-methoxyphenyl group with ceric ammonium nitrate (CAN)
provides the highly enantioenriched protected primary amine
(R)-16 in 55% yield with 97:3 er.

The two limiting pathways for asymmetric replacement of a
prochiral hydrogen in a lithiationsubstitution sequence are an
asymmetric deprotonation, in which one of the prochiral

~ (20) The product )-8, derived from12, contains ca. 20% of th&
isomer.

(21) Theo isomer is obtained in 6% yield.

(22) Ahlbrecht, H.; Enders, D.; Santowski, L.; ZimmermannGhem.
Ber. 1989 122, 1995.

(23) The erosion of er is attributed to thansisomer R)-9 present in

(9-9. The isomers can be separated by preparative HPLC but were not in
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OH H
2 2. CAN B
Ph Ar'N‘Boc Ph
(R)-10 (R)-16
99:1 er 55% yield
97:3er

hydrogens is selectively removed to give a configurationally
stable organolithium anion, and an asymmetric substitution, in
which the enantiomeric ratio is established in a post-deproto-
nation ste> Generation of the racemic lithiated intermediate
6 by reaction of5 with n-BuLi followed by addition of ()-
sparteine and allyl bromide affordsin 76% yield with a 61.:

39 er. Generation 06 by tin—lithium exchange of racemic
12aor racemicl2b with n-BuLi followed by addition of ¢)-
sparteine and allyl bromide affords racen8icn 41 and 70%
yields, respectively® These results suggest that the enantio-
determining step in the sequence is an asymmetric deprotonation.

Ph\/\

N
Ar” “Boc
5
Ph
N n-Buli 1. (-)-sparteine
MesSa ) Nep o | MTBE 2. allyl bromide
rac12a from5  76% yield
61:39 er
Ph Wsnmea from rac-12a  41% yield
_ 50:50 er
AN
r Boc from rac-12b  70% yield
rac-12b 50:50 er

The lithiated intermediaté must be configurationally stable
if asymmetric deprotonation is the enantiodetermining step.
Configurational stability is consistent with transmetalation of
the enantioenriched tin derivativeR){12aand R)-12bto afford
enantioenriched R)-8 and the observation that lithiatien
substitution of5 provides enantioenriche®)8 (vide suprg.
If 6 were not configurationally stable, the same enantiomer of
the product $-8 should be produced regardless of the starting
material b, (R)-12a or (R)-12b) used to genera® In contrast,
when enantioenrichefl is prepared by tirrlithium exchange
of enantioenrichedR)-12b with n-BuLi or n-BuLi/TMEDA
followed by addition of allyloromide, racemR is obtained in
52 and 41% yields, respectively. These results show that while
the enantioenriched organolithium intermedi@t@aintains its
configuration in the presence of-§-sparteine it does not
maintain its configuration by itself or in the presence of
TMEDA.?”

Synthetic applications, determination of the structures of
intermediates, and investigation of the mechanism of the reaction
are matters of future interest.
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