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Intramolecular metallo ± ene reactions are efficient meth-
ods for the construction of substituted ring systems.[1] As the
Type 1 metallo ± ene reaction illustrates, 2,(wÿ 1)-alkadienyl-
metal compounds A cyclize via the cyclic conjugated tran-
sition state B to form a (2-vinylcycloalkyl)methylmetal
intermediate C, which is then protonated to give cycloalkanes
D (Scheme 1). One problem is the poorly developed equili-
brium state. Moreover, the previously described metallo ± ene

Scheme 1. Metallo ± ene reaction of Type 1 (n� 1, 2; M�Li, MgHal).

reaction where M�Li[2] and M�MgHal[3] give racemic
products.[1, 4]

We report here the first asymmetric lithium ± ene reaction,
the basis of which is the enantioselective (ÿ)-sparteine-
induced deprotonation of 2-alkenyl carbamates.[5, 6] We se-
lected (2E,7E)-9-chloronona-2,7-dienyl carbamate (6)[7] as
substrate in order to compensate for the unfavorable equili-
brium state of the cyclization with an irreversible elimination
step.[8] Compound 6 was obtained from pentanedial (1) by
standard methods (Scheme 2). Treatment of 6 (E :Z� 98:2)

Scheme 2. Synthesis of 6. a) EtO2CCH2PO(OEt)2 (2.2 equiv), K2CO3

(5.0 equiv), H2O, 35%;[9a] b) DIBAH (5.0 equiv), PhCH3, 92%; c) NaH
(1.1 equiv), CbyCl (1.0 equiv), THF, 19% 3, 39% 4, and 22 % 5 ;[9b] d) LiCl
(5.0 equiv), nBuLi (1.0 equiv), CH3SO2Cl (1.1 equiv), THF, 90%.[26]
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with 2.2 equivalents of n-butyllithium/(ÿ)-sparteine in tol-
uene at ÿ90 8C and subsequent hydrolysis of the reaction
mixture gave the cyclopentane (�)-8 a in 90 % yield with a
diastereomeric ratio (dr) cis :trans of over 99:1 and an
enantiomeric ratio (er) of 90:10 (80% ee ; Scheme 3). At
ÿ78 8C (�)-8 a was again obtained in 90 %, but with only
66 % ee (er� 83:17).[10±12] Reaction product 8 a is once more
deprotonated under the reaction conditions,[13] and the
intermediate vinyllithium compound 8 e can be captured by
protons or other electrophiles with retention of the double
bond geometry to yield 8 b ± d. The absolute configuration
(1R,2R) of (�)-8 a was confirmed by conversion into the
known (�)-(3R,4R)-1,2-dihydromultifidene (�)-10 and the
perhydro product (ÿ)-11 (Scheme 4).[14, 15] The key step is a
Fritsch ± Buttenberg ± Wiechell rearrangement of the lithiated
vinyl carbamate by the Kocienski method.[13]

Scheme 4. Stereochemical correlation of (�)-8a. a) 1. nBuLi/TMEDA
(3.0 equiv), THF, ÿ78 8C, 1.5 h; 2. 20 8C, 2 h; 3. 0 8C, EtI (4.0 equiv);
4. 40 8C, 12 h, 65%; b) H2, 30 wt % Lindlar catalyst, quinoline, C5H12, 76%;
c) H2, 50 wt % Pt/C, C5H12, 82%.[26] TMEDA�N,N,N',N'-tetramethyl-
ethylenediamine.

The details of the mechanism and the topology of the
transition state which leads to (�)-8 were elicited by further
experiments (Scheme 5):
a) Deprotonation of 6 with n-butyllithium/(ÿ)-sparteine in

the presence of Me3SiCl gave the silane (�)-(R)-12[16] with
er� 78:22 (56 % ee). The R configuration was confirmed
by correlation with (�)-(S)-13, which was obtained by the
(ÿ)-sparteine method from the saturated alkyl carbamate
14.[17] Since silylation and stannylation of lithiated allyl
carbamates generally take place with inversion of config-

Scheme 5. Studies on the mechanism of the lithium ± ene reaction.
a) nBuLi/(ÿ)-sparteine (1.5 equiv), PhCH3, ÿ78 8C; b) Me3SiCl (1.5 equiv,
present in (a)), 70%; c) H2, 200 wt % Pd/C, NaOAc (10.0 equiv), MeOH,
90%; d) sBuLi/(ÿ)-sparteine (1.5 equiv), Me3SiCl (3.0 equiv), Et2O,
ÿ78 8C, 80 %; e) Me3SnCl (2.5 equiv), 16% 15, 7 % 8 d, 53 % 8 a, and
18% 6 ; f) nBuLi/(ÿ)-sparteine (2.0 equiv), PhCH3, ÿ78 8C, 100 %.[26]

uration,[18] the predominant lithium compound 7 was
assigned the 1S configuration.

b) The configuration of 7 was inverted to epi-7 by trimethyl-
stannylation to the tin compound (ÿ)-(R)-15 (49 % ee)[18]

and lithiodestannylation with n-butyllithium/(ÿ)-spar-
teine.[19] In this way, (ÿ)-(1S,2S)-8 a (er� 63:37, 26 % ee)
was prepared in quantitative yield.

c) Starting from rac-15, (�)-8 a (er� 57:43, 14 % ee) was
obtained in quantitative yield.

According to the stereochemical information that is ªcon-
servedº in the product (1R,2R ; cis arrangement of the side
chains, Z configuration of the vinyl carbamate unit),[20] the
transition state which leads to the main product (�)-8 is
assigned the structure E (see Scheme 3).[21] It is probable that
no discrete lithium intermediate is formed; instead b-elimi-
nation of lithium chloride occurs concurrently with its
formation.[23] Experiments (b) and (c), illustrated in Scheme 5,
suggest a comparably slow epimerization of 7 into epi-7, when
the (ÿ)-sparteine complex 7 cyclizes somewhat more rapidly

Scheme 3. Enantioselec-
tive lithium ± ene reac-
tion. a) nBuLi/(ÿ)-spar-
teine (2.2 equiv), PhCH3,
ÿ90 8C; b) ElX (5 equiv);
8a : MeOH, 90%, dr�
99:1, er� 90:10 (80 % ee);
8b : MeOD, 90%; 8 c : Me3-

SiCl, 84%; 8d : Me3SnCl,
75%.[26]
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than epi-7.[24] Overall, chiral induction by an elimination-
coupled lithium ± ene reaction offers a new and potentially
useful route to enantiomerically enriched carbocycles.[25]

Experimental Section

Compound 6 (100 mg, 0.30 mmol) and (ÿ)-sparteine (155 mg, 0.66 mmol)
were dissolved in toluene (4 mL) under argon. After the solution had been
cooled to ÿ90 8C, a 1.6m hexane solution of n-butyllithium (0.41 mL,
0.66 mmol) was added slowly, and the solution was stirred at this
temperature for 2 h. Methanol (1 mL) and saturated NH4Cl solution
(1 mL) were then added, and the reaction mixture was warmed to room
temperature. The crude product was isolated by usual procedures and
purified by column chromatography with Et2O/pentane (1/5) to yield 8 a as
a colorless oil (79 mg, 90%, 80% ee).[11, 26]
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