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The structures and conformational energies of the reaction
intermediate complex for an asymmetric reaction, in which
cyclohexene oxide is transformed to chiral (S)-2-cyclohexen-1-ol
with high enantioselectivity by various chiral lithium amide in
tetrahydrofuran (THF), were evaluated well by the extended
Allinger’s MM3 force field calculations.

Chiral lithium amide molecules are used widely as useful
reagents for asymmetric syntheses.1 The chiral lithium amides,
prepared from (S)-2-(disubstituted aminomethyl)pyrrolidines and
butyllithium, have been reported as effective reagents for the
asymmetric transformation reaction where cyclohexene oxide can
be transformed to (S)-2-cyclohexen-1-ol with high enantioselec-
tivity (Scheme 1).2 It seems worthwhile to try to design an efficient
chiral lithium amide for asymmetric syntheses by computational
methods. Though the computational approach using the quantum
mechanical (QM) calculations has already been reported by
Ahlberg’s3 group, the molecular mechanics (MM) calculations
can be an another useful and efficientmethod to organic chemists for
the purpose of a molecular design of good and efficient asymmetric
lithium amide because the MM34 calculation has the advantage of
the calculation speed and the size of the systems to be handled over
QM calculations. In this paper, we report the MM3 calculations on
the reaction intermediate complexes stated above, and show the
MM3 approach is useful to design an efficient chiral lithium amide
with high enantioselectivity.

As this asymmetric reaction using the chiral lithium amide can

be thought to proceed as kinetic control, the structure and energy of
the transition state should be calculated appropriately by a
theoretical approach to estimate the enantioselectivity. However,
current MM3 force field calculations usually predict the energy
local minima rather than local maxima (transition state). Therefore,
we have tried to find a reaction intermediate (localminimum)which
is located closely to the transition state by the MM3 assuming that
Hammond’s postulate5 is valid. In order to search for appropriate
reaction intermediates neighbored on the transition state, the
transition state structure was first evaluated by MP2/6-31+G�

geometry optimization calculations6 on the model system compris-
ing lithium amide (LiNH2) and propene oxide where 2-propen-1-ol
is prepared. Then, the MM3 input data for the actual asymmetric
synthesis systemwas constructed byfixing the essential geometrical
parameters7 obtained for the transition state of the reaction of
LiNH2 and propene oxide with regard to the reaction center as
shown in Figure 1a, and then the other remaining parts of the actual
substrate and the chiral lithium amide are added to complete the
input data. When an initial reaction intermediate structure is
constructed, we have assumed that the substrate cyclohexene oxide
is coordinated with a chiral lithium amide (as shown in Scheme 1)
and the solvent molecule (tetrahydrofuran: THF) is incorporated
into the complex on the basis of the NMR and X-ray experimental
results.8 The structures of the (S)- and (R)- intermediate complexes
constructed from the critical geometrical parameters of the
transition state are shown in Figure 1b.9 It can be recognized easily
that the strongly basic nitrogen atom bonded to lithium atom is

Scheme 1. Experimentally determined enantioselectivity for formation of (S)-
2-cyclohexen-1-ol using chiral lithium amide reagents (1a–e).2

Figure 1. a) Transition state structure of the LiNH2/propene oxide model
system determined by MP2/6-31+G� calculations. b) Construction of the initial
guess structures for the intermediate complexes of cyclohexene oxide + chiral Li
amide (1b) + THF system for MM3 calculations.
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oriented properly to deprotonate the b-hydrogen atom of the
epoxide leading to the formation of 2-cyclohexen-1-ol.

By using these initial-guess structures for the reaction
intermediate complexes stated above, the MM3 force field calcula-
tions (Full geometry optimization) extended to lithium amide10

were carried out, and the optimized stable conformations of the
reaction intermediate complexes were searched by the stochastic
method. The conformational energies of the dominant conformers
were used to calculate the Boltzmann population at 298K. The
calculated populations of the (S)-intermediate complex for the each
chiral lithium amide reagent shown in Scheme 1 were plotted
against the experimentally determined (S)-enantiomer excess
(%ee). The plot was shown in Figure 2 (correlation coefficient
R ¼ 0:88). As shown in Figure 2, the enantioselectivity (%ee) for
this asymmetric reaction was evaluated correctly by theMM3 force
field calculations. The MM3 optimized structures of these inter-
mediate complexes with regard to the reaction center comprising
the lithium amide and the epoxide were almost as the same as those
of the LiNH2 + propene oxide intermediate which was derived by
the IRC (IntrinsicReactionCoordinate) 6-31+G� QMcalculations
from the calculated transition state. The notable structural feature
favorable to the (S)-enantiomer formation of these intermediate
complexes is the distance (N� � �H) between the strongly basic
lithium amide nitrogen and the being deprotonated b-hydrogen
atom of the epoxide. In the cases of the (S)-intermediate complexes,
the N� � �H distance was shorter by >0:1 �A than that of the
correspoinding (R)-intermediate complexes (Table 1). These results
suggest that the MM3 force field can predict correctly the structure
and conformational energy of the reaction intermediate complexes
closely located at the transition state if proper initial geometries are
chosen as input data.

In addition to the calculation speed and the large size of the
reaction intermediate complex system that we can deal with, the
accuracy with regard to the calculated structures and energies of the
MM3 force field is so high. Therefore, the computational molecular
design using this MM3 force field may enable organic chemists to
design systems for the purpose of carrying out asymmetric
syntheses more smoothly and efficiently. The details of the
characteristic features of the reaction intermediate complexes,
further consideration on another kind of intermediate complexes
comprising of oligomeric lithium amides, applicability of this
approach to different kind of cyclic alkene oxides,11 and the
important factors leading to the (S)-enantiomer preference in this
asymmetric reaction using these kind of chiral lithium amides will
be reported elsewhere soon.
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Figure 2. Correlation between the experimental %ee(S) (abscissa) and the population of (S)-intermediate complexes calculated by MM3 calculations (ordinate) with
regard to the enantioselective formation of the (S)-2-cyclohexen-1-ol. The numbers in the parentheses correspond to those of the abscissa and ordinate, respectively.

Table 1. Interatomic distances ( �A) between the lithium amide nitrogen and the
enantiotopic b-proton of the cyclohexene oxide

1a 1b 1c 1d 1e

(R)-pre 2.919 2.717 2.658 2.658 2.686
(S)-pre 2.589 2.566 2.569 2.563 2.569
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