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ENANTIOSELECTIVE DEPROTONATION OF TWO RACEMIC CYCLIC CARBONYL COMPOUNDS
BY A CHIRAL LITHIUM AMIDE
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Abstract: The cyclic carbonyl compounds g and § have been obtained in optical active form
(o.y. U46% and 36%, respectively) from the racemic compounds by a deprotonation/protonation
sequence, using chiral lithium amide 1. The optical activity of 2 is caused by a difference
in the deprotonation rates of the enantiomers.

Despite the great interest in stereoselective synthesis nowadays only a few
stereoselective deprotonation/protonation reactions have been r‘eported.1 An isolated example
of an enantioselective deprotonation is found in the reaction of cyclohexene oxide by a
series of chiral lithium amides yielding enantiomerically enriched 2-cyclohexenol.2 Hogeveen
and Zwart reported the enantioselective deprotonation/protonation reaction of the strained
tricyclic ketone 1,2,U,S,6-pentamethyltricyclo[3.1.0.02’6] hexanone-3 using lithium (S,S')-
a,a’'-dimethyldibenzylamide (1) as chiral base and H20 as proton donor'.3 It was suggested that
the existence of two diastereomeric lithium enolate.chiral amine complexes would be
responsible for the observed enantioselectivity. In order to gain more insight in this type
of reaction we investigated it in more detail using 2,2,6-trimethylcyclohexanone (g) as model
system.u

A THF solution of racemic 2 was added to a THF/hexane solution of 2 egs. of 1 (prepared
by addition of n-butyllithium to the amine ﬂ) at ~80°C and the reaction temperature was
subsequently raised in 0.5 hours to -HOOC; on recooling the solution to -80°C and addition
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of 10 eqs. of an aqueous 1N HC1l solution, the ketone 2 was regained in 84% yield, but now in
optical active form; [a];$8 = +11.7 (c=2, CHCl3). In this reaction the amine 4 could be
recovered without any epimerization or racemization (<2%) in a yield over 90%. A number of
variables of this reaction were investigated: the use of 1-U egs. of l} the addition of 4
eqs. of amine ﬂ_and the use of protondonors such as water, nitromethane, the HCl-salt of 5_0r
(2R, 3R)-0,0-dipivaloyltartaric acid did not change the enantioselectivity. However, a change
in the solvent showed a great effect: when the reaction was performed, under otherwise
identical conditions, in THF/HMPA (4:1, v/v) or DME as solvent, the e.e. decreased (Table I,
runs 1-3); on the other hand, with diethyl ether as solvent the enantioselectivity increased
strongly (e.e. 46%, run 4). It is remarkable that the change of solvent from THF to diethyl

Table I: Deprotonation of 2 by l?, followed by quenching with 1N HCl in H20b

run solvent c.y.(%)c e.e.(%)5 cont. ©

1 THF 84 15 S

2 THF/HMPA (4:1, v/v) 77 y R

3 DME 65 2 R

4 ether 63 46 R
a Temperature of deprotonation: -80°C to -40°C in 0.5 h (except run 3: —6OOC to —MOOC)

¢ Yields of isolated product (not optimalized);

b Temperature of quenching: —BOOC;
ether not only increases the e.e. but also gives enrichment of the opposite enantiomer.11

When the lithium enolate anion 3 in THF, prepared by deprotonation of 2 with 2 egs. of
1, was quenched with an 1N DC1 solution in D20, no deuterium incorporation (<5%) was observed
in product 2 (e.e. 16% [S—configuration]). This indicates that protonation of the lithium
enolate 3 does not occur directly by the added proton donor but that instead the amine is the
immediate proton source. In the reverse experiment, starting with 2,2,6-trimethylcyclohexan-
one-6—d1 (§)12 and quenching with 1N HC1l in HZO' only 5 and no 2 was obtained.

The general mechanistic scheme for the optical activation is shown below. Indications

for the existence of diastereomeric lithium enolate.chiral amine complexes (with the
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presumed structures 6a and 6b) are the following: i) the lack of deuterium incorporation when

3 is quenched with 1N DC1l in D03 ii) the found enantioselectivities in the benzylation13 and

carboxylation1u reaction of g_iequire an interaction of 3 with a chiral auxiliary, in this
case the chiral amine 3; iii) examples of carbanion.amine complexes are known in the
literature.15 Evidence for believing that the optical induction is due to a rate difference
in the deprotonation of R-2 and S-2 (Scheme, kﬁ#ks) is based on the following observa\:ions16
i) when an enantiomerically enriched sample of 2 (e.e. 15%) was used as starting material in
the deprotonation/protonation sequence under otherwise identical conditions (Table I, THF),
the product 2 showed an e.e. of 28%; ii) on changing the temperature of the deprotonation of
racemic 2 to either 0% (0.5 h) or to -80°¢ (0.5 h) no optical activity was observed in the
reaction product 2. The latter results are explained by assuming that at —80°C virtually no
deprotonation and at 0°C a complete deprotonation has taken place, whereas under the
conditions of the standard reaction the protonation is incomplete. This was checked by
silylation of the formed lithium enolate in a series of parallel experiments (Table II). The
absence of a silylated product in the experiment of —80°C proves that there is no
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Table IT: Silylation of lithium enolate 3

temp. of rel. amount rel. amount
run deprot. (°0)® of 7 ($)° recovered 3_(%)b
1 -80 0 100
-80 —-40 4o 60
0 100 0

a Reaction time: 0.5 h; ratio gil = 1:2.
Relative amount of 7 and 2 measured by GLC (SE-30 column, column temperature: 120%¢).

deprotonation (run 1), while at 0% complete deprotonation of 2 has occurred (run 3). The
result of run 2 shows that the deprotonation of 2 under the standard conditions is indeed an
incomplete process. In summary, it is concluded that the observed enantioselectivity is
exclusively due to kinetic resolution. In thls model the theoretical maximum e.e. is 50%,
which shows that the results In run Y4 (Table I) are indeed quite impressive.

Finally we have also briefly investigated the possibility of inducing optical activity
in esters by a deprotonation/protonation sequence with 2 as base and methyl-2,2-diphenyl-
cyclopropane carboxylate (8) as substrate. When the reaction with racemic 8 as substrate was

performed in a similar way as with 2 using THF as solvent, 8 was obtained in optical active
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form ([a]g

enantiomer in an optical yield of 37%.

t. -77.9) in 72% chemical yield which shows that this reaction yielded the R-
17,18
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