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Enantioselective reactions of organolithium reagents in the
presence of (-)-sparteine have been the focus of a number of
recent synthetic and mechanistic investigations.1-4 Factors that
have been demonstrated to affect, and even invert, the sense of
enantioselection include subtle modifications in the structure
of the organolithium species, directing group, chiral ligand,
solvent, and choice of electrophile.1-3 Effects of temperature,
where reported, involve decreasing selectivities with increasing
temperature, as expected.1c,4 The enantiochemistry has also been
independent of the method of generation of the organolithium
intermediate.5 We now wish to report an investigation of the
lateral lithiation of N-pivaloyl-o-ethylaniline (1) to give 2.
Subsequent electrophilic substitution of2 affords the products
3-10 with good enantioselectivities in the presence of (-)-
sparteine.6 We are able to induce high enantioselectiVities in
the substitutions by employing a warm-cool protocol and to
inVert the sense of enantioselectiVity by changing the method
of formation of the organolithium intermediate.We provide
data which show that these observations can be ascribed to
diastereomeric complexes of2/(-)-sparteine which can equili-
brate at-25 °C but are nonequilibrating at-78 °C with respect
to the rate of reaction with the electrophiles.
Treatment of the anilide1 with sec-butyllithium (s-BuLi) at

-25°C for 2 h generates the dilithio intermediate2, which upon
cooling to-78 °C, followed by subsequent additions of (-)-
sparteine and TMSCl, affords the product (R)-3 in 52% yield
with 21% enantiomeric excess (ee).7 However, if the sparteine
is added at-25 °C and the solution allowed to stir at this

temperature for 45 min prior to cooling to-78 °C and
subsequent addition of TMSCl, (R)-3 is obtained in 72% yield
with 90% ee. The induction of high enantioselectivities by a
-25 °C to-78 °C sequence for a reaction which gives modest
selectivities under the usual-78 °C conditions suggests that a
warm-cool protocol should be investigated for other reactions
which afford low enantioselectivities.
The dianion2 has been reacted in the prescence of (-)-

sparteine with a variety of electrophiles, including activated alkyl
halides, carbonyl compounds, and stannylating and silylating
agents using the warm-cool sequence of method B. Good

yields and enantioselectivities are obtained (Table 1). Absolute
configurations of products4 and 11 were determined by
comparison with products of known configuration obtained by
independent syntheses.8 Assignments of absolute stereochem-
istry to3 and5-10are based on their correspondence to (R)-4
and (S)-11 as the more retained isomers on the (S,S)-Whelk-O
chiral stationary phase HPLC column and the chiral recognition
models proposed by Pirkle.9 Deoxygenation of the benzalde-
hyde adduct7 afforded (S)-9, indicating that the organolithium
reagent2 reacts with carbonyl electrophiles and alkyl halides
with the same stereochemical sense at the benzylic carbon.10

Since Still’s seminal report in 1980, lithiodestannylation of
organostannanes of known configuration has served as a useful
probe of organolithium configurational stability.12 Transmeta-
lation of (R)-5 (70% ee) in both the absence and the presence
of TMEDA, followed by reaction with TMSCl, affords es-
sentially racemic3 in both cases. However, lithiodestannylation
of enantioenriched (R)-5 (66% ee) withs-BuLi in the presence
of (-)-sparteine, followed by reactions with TMSCl or cyclo-
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hexanone, afforded (S)-3 (62% ee) and (S)-6 (61% ee) with
virtually complete inversion of configuration (eqs 1 and 2).
Lithiodestannylation of (R)-5, followed by warming of the
reaction mixture to-25 °C for 2 h prior to cooling to-78 °C
and subsequent reaction with TMSCl, provides (R)-3 (85% ee)
(eq 3). Thus, either enantiomer of3 and 6 can be obtained
from 1 by controlling the reaction conditions.

Two limiting mechanisms have been postulated to rationalize
the observed stereoselectivities of the asymmetric substitution
process.1,2 The first involves the preferential formation of one
diastereomer of the putative organolithium/(-)-sparteine com-
plex which reacts with an electrophile stereoselectively. This
requires configurational stability of the organolithium/chiral
ligand complex on the time scale of reaction with electrophiles.
A selective crystallization of one diastereomeric complex has
been reported by Hoppe.2b,c The second mechanism involves
diastereomeric complexes which are rapidly equilibrating on
the time scale of the reaction, with enantioselection arising as
a function of the energy difference between diastereomeric
transition states. In this case, the organolithium intermediate
is configurationally labile.13

If the substitution proceeded via rapidly equilibrating dia-
stereomeric complexes, the stereochemical outcome should be
independent of the method of organolithium formation, since a
common intermediate would be formed. As this is not observed,
we suggest that the reaction proceeds through the electrophilic
substitution of two diastereomeric complexes, which can be
formed under nonequilibrating (-78 °C) or equilibrating (-25
°C) conditions. At-25 °C, the complexes equilibrate to a
thermodynamic ratio, which can be maintained by rapid cooling
to -78 °C. At -78 °C, the ratio of diastereomeric complexes
is established by the method of generation and subsequently

remains invariant. Thus, the operation of these two pathways
for stereoinformation transfer, along with the ability to trans-
metalate an enantioenriched organostannane derivative, allows
access to both enantiomers with good enantioselection.
Our mechanistic hypothesis is consistent with the observation

that the dianion must be stirred in the presence of the ligand at
-25 °C for 45 min to obtain high asymmetric induction,
allowing sufficient time for equilibration of the diastereomeric
complexes to occur.14 If the (-)-sparteine is added at-25 °C
but allowed to stir for only 5 min before cooling to-78 °C
and subsequent addition of TMSCl, (R)-3 is obtained with only
39% ee.
We presume by analogy that the lithiodestannylation of5

occurs with retention of configuration to generate a complex
which is configurationally stable at-78 °C.12 Electrophilic
substitution must then occur with inversion.1a,15 Upon warming
the reaction mixture to-25°C (eq 3), the complexes equilibrate
to generate the same ratio of diastereomeric complexes formed
by method B, affording the same enantiomer upon electrophilic
substitution.16 The occurrence of enantioinversions from (R)-5
at-78 °C with (-)-sparteine, but not with TMEDA, indicates
that TMEDA is not effective as an achiral mimic of (-)-
sparteine in this reaction sequence.17

In summary, the present results illustrate two ways in which
the enantiochemistry of the electrophilic substitutions of a
racemic benzylic organolithium reagent can be controlled. High
enantioselectivities can be obtained by allowing the diastereo-
meric complexes to equilibrate at-25 °C prior to cooling to
-78 °C. Lithiodestannylation of the enantioenriched orga-
nostannane at-78 °C, followed by electrophilic substitution,
provides products which are enantiomeric to those obtained by
the warm-cool protocol. Thus, enantiodivergent synthesis can
be achieved by choosing the appropriate substitution sequence
and reaction conditions. A warm-cool protocol may be useful
for inducing enantioselectivity in other organolithium/chiral
ligand reactions. We anticipate that a detailed investigation of
the mechanism of enantioinversion will afford insight into the
mechanism of the asymmetric substitution and provide avenues
for further development.
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Table 1. Yields and Enantioselectivities for Products3-11 from
the Electrophilic Substitution of2 in the Presence of (-)-Sparteine
in MTBE via the Warm-Cool Protocol11

electrophile E product yield (%) ee (%)

Me3SiCla Me3Si (R)-3 72 90
PhMe2SiCla PhMe2Si (R)-4 6b 79
Me3SnCl Me3Sn (R)-5 77 66
cyclohexanone (CH2)5C(OH) (R)-6 80 77
benzaldehyde PhCH(OH) (R)-7 67c 82d

allyl bromidee CH2dCHCH2 (S)-8f 67 82
benzyl bromide PhCH2 (S)-9f 56 84
iodoundecane CH3(CH2)10 (S)-10f 62 78
allyl bromide CH3CH2CH2

g (S)-11f 100h 84

aReaction conducted in Et2O. b The yield of unpurified product, as
determined by GC, is 85%. However, separation of4 from 1
chromatographically proved difficult, accounting for the low yield.c A
2:1 ratio of unseparated diastereomers.d See footnote 10.eReaction
conducted in ether/pentane (1/1 v/v).f The designation of (S)-config-
uration is a consequence of a change in substituent priority assignments.
gPrepared via hydrogenation of (S)-8. hYield of hydrogenation reaction.
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