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The cycloisomerization of olefinic organolithiums provides a
regiospecific and highly diastereoselective route to functionalized
carbocyclic and heterocyclic systems.1-4 Molecular orbital cal-
culations indicate the stereochemical course of these formally
anionic cyclizations5 is a consequence of a fairly rigid transition
state for the process in which the lithium atom is coordinated to
the remoteπ-bond.3 Indeed, the ground-state structure of arche-
typal 5-hexenyllithium (shown below) resembles a chairlike
arrangement in which the lithium atom at C(1) is coordinated to
the C(5)-C(6) π-bond.3,6 Calculations further suggest that the
cycloisomerization of 5-hexenyllithium (and, by analogy, other
unsaturated organolithiums) should proceed with complete reten-
tion of configuration at the lithium-bearing C(1) position bysyn-
addition to theπ-bond.3 This later prediction has been confirmed
experimentally by the groups of Hoppe and Nakai7 and the
stereoselectivity of the ring closure has been exploited in several
recent reports detailing the asymmetric cyclization of chiral
5-hexenyllithiums that possess a stereogenic carbanionic center.2k,7,8

On the assumption that the internally coordinated lithium atom
of an unsaturated organolithium has two additional sites available
for ligation, the lithium atom of an achiral substrate is rendered
stereogenic upon complexation in anη2-fashion with a chiral,

bidentate ligand. It occurred to us that, on this basis, it might be
possible to effect enantiofacially selective cycloisomerization of
an achiral olefinic organolithium by simply conducting the
isomerization of the achiral substrate in the presence of such a
chiral ligand. In light of the elegant pioneering studies by Normant
and Marek, demonstrating the ability of the lupine alkaloid (-)-
sparteine (1) to promote enantioselectiveintermolecular carbo-
lithiation,9 this readily available, chiral diamine was chosen for
exploratory investigation. As demonstrated by the results of model
studies presented below, conducting the cyclization of achiral
olefinic organolithiums in the presence of stoichiometric amounts
of 1 renders the isomerization enantioselective.

The 2-(N,N-diallylamino)phenyllithium (2) substrate, which is
known to afford high yields of 3-substituted indolines upon 5-exo
cyclization and trapping with an electrophile,4 was selected as a
representative model to assess the possibility of effecting enan-
tioselective ring closure of an achiral organolithium. Aryllithium
2 was prepared in virtually quantitative yield, as previously
described,4b by treatment of 0.1 M solutions ofN,N-diallyl-2-
bromoaniline (3), typically (vide infra) in dryn-pentane-diethyl
ether (9:1 by vol), with 2.2 molar equiv oft-BuLi at -78 °C.10

Asymmetric cyclization of2 was easily accomplished, as il-
lustrated in Scheme 1, by addition of 2.2 equiv of dry, oxygen-

free (-)-sparteine (1) to the -78 °C solution and allowing the
resulting mixture to warm and stand at various temperatures for
1-1.5 h prior to quench with MeOH. The enantiomeric purity of
the resulting (R)-(-)-1-allyl-3-methylindoline (4)11 was assayed
directly by CSP HPLC on a Chiralcel-OD column as detailed in
the Supporting Information. The results of these experiments,
summarized in Table 1, demonstrate that the (-)-sparteine-
mediated cyclization of2 is indeed highly enantioselective.

Several features of the data summarized in Table 1 are worthy
of note. Not surprisingly, the cyclization is more enantioselective
at lower temperatures (Table 1, cf. entries 1, 3, and 4); at
temperatures below∼-40 °C the isomerization is too slow to
be of practical value (Table 1, entry 10). Solvent has a very
dramatic effect on the enantioselectivity of the ring closure: while
solvent systems composed of hydrocarbon-diethyl ether (Table
1, entries 3-5 and 7), pure hydrocarbon (Table 1, entry 2), or
pure ether (Table 1, entry 8) are equally effective media for the
cycloisomerization, the use of THF as solvent is to be avoided
since it leads to virtually racemic product (Table 1, entry 9).12 It
should also be noted that at least 2 molar equiv of1 must be
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added to reaction mixtures to effect rapid enantioselective
cyclization of the aryllithium (Table 1, cf. entries 4-6): the
generation of2 by lithium-bromine exchange is accompanied
by the formation of a full equiv of LiBr, and this salt effectively
removes a full equiv of the diamine ligand via preferential
complexation with1 (a precipitate forms at low temperature).

It is of interest to note that the (-)-sparteine-mediated
cyclization of the aryllithium derived fromN-allyl-N-methyl-2-
bromoaniline (5) is somewhat less enantioselective than is the
cyclization of the analogous diallyl substrate discussed above
(Scheme 1). Cycloisomerization of the aryllithium generated from
5 afforded an 88% yield of (-)-1,3-dimethylindoline (6) with an
ee of 70%. In light of the fact that cyclization of2 under identical
conditions (Table 1, entry 4) leads to product with an ee of 86%,
it would appear that the presence of the two enantiotopic allyl
units in2 contributes to the high enantioselectivity of the process.

The results of a less extensive investigation of the (-)-spar-
teine-mediated isomerization of the achiral aryllithium (8) derived
from 2-bromo-1-(3-butenyl)benzene (7) are summarized in Scheme
2. The cyclization of8, which was reported some time ago by

Woolsey and co-workers,13 is considerably less facile than are
the ring closures discussed above. For this reason, it was necessary
to allow solutions of8 in n-pentane-diethyl ether containing 2.2
equiv of (-)-sparteine to stand for 1 h at+22 °C to effect cycli-
zation. Nonetheless, even at this relatively high temperature, the
cycloisomerization of8 in the presence of1 is fairly enantiose-
lective: as illustrated in Scheme 2, trapping of the (1-indanyl)meth-
yllithium product by protonation gave a 76% yield of the known14

(S)-(-)-1-methylindan (9) in 76% yield with an ee of 42%.
An alternative route to (1-indanyl)methyllithium, involving

cyclization of the styrene-tethered primary alkyllithium (10)
generated from 1-(2-iodoethyl)-2-vinylbenzene (11), was also
investigated. Not surprisingly, isomerization of10 in n-pentane-
diethyl ether containing 2 equiv of1 is a very rapid 5-exo process.
However, as shown in Scheme 2, the cycloisomerization, which
proceeds to completion in 3 h at -60 °C, affords essentially
racemic (ee∼4%) 1-methylindan (9) in 69% yield. While it is
tempting to attribute the formation of racemic9 to a competing,
rapid cyclization in the absence of ligated sparteine, control
experiments demonstrate that less than 10% of9 is formed when
solutions of10 are allowed to stand for 3 h at -60 °C in the
absence of1. It would appear that the ability of (-)-sparteine to
facilitate the cyclization of an achiral organolithium such as10
is not always sufficient to render such a process enantioselective.

Be that as it may, the cyclization of very simple substrates
may be conducted in an enantioselective fashion in the presence
of (-)-sparteine. As illustrated in Scheme 3, the unadorned vinyl-
lithium (12), derived from 2-bromo-1,6-heptadiene (13) by low-
temperature lithium-bromine exchange inn-pentane- diethyl
ether, undergoes a moderately enantioselective cyclization when
stirred at 0°C in the presence of 2.2 molar equiv of1 to give,
inter alia, (S)-(+)-(14) in ∼40% ee. Trapping of the organolithium
product with TMS-Cl gave (S)-(+)-15 of known absolute con-
figuration15 in 79% yield.

The chemistry described in this preliminary report, summarized
in Schemes 1-3, demonstrates for the first time that a chiral ligand
may confer enantiofacial selectivity in cyclizations of achiral
olefinic organolithiums. This ability to discriminate between the
enantiotopic faces of an unactivated carbon-carbon π-bond
tethered to a formally carbanionic center considerably extends
the synthetic utility of anionic cyclization as a route to carbocyclic
and heterocyclic systems.
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Table 1. Enantioselective Preparation of 1-Allyl-3-methylindoline
(4)a

entry solventb
sparteine,

molar equiv
temp,

°C
time,

h
yield,c

% e.r.d

1 n-C5H12-Et2O 2.1 0 1.0 78 88:12
2 n-C5H12 2.2 0 1.0 80e 86:14
3 n-C5H12-Et2O 2.5 -20 1.0 96e 89:11
4 n-C5H12-Et2O 2.1 -40 1.5 69 93:7
5 n-C5H12-Et2O 4.4 -40 1.5 68 92:8
6 n-C5H12-Et2O 1.1 -40 1.5 4e

7 cumene-Et2O 2.3 -40 1.5 50 91:9
8 Et2O 2.2 -40 1.5 91e 89:11
9 THF 2.3 -40 1.5 86e 51:49

10 n-C5H12-Et2O 1.7 -60 1.0 <4e

a See text.b The relative proportions ofn-pentane-diethyl ether and
cumene-diethyl ether were 9:1 by vol.c Isolated yields of chromato-
graphically pure product unless otherwise noted.d Enantiomeric ratio
determined by CSP HPLC.e Yield was determined by GC analysis.
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