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The chelation controlled additions of a MeLi dimer to alkoxy
carbonyl compounds occur through an open dimer cluster, in
which only one lithium atom participates in the chelate formation
and the other acts as an anchor of the methyl nucleophile to be
delivered to the carbonyl group. Solvation of a lithium atom with
a water molecule does not change much the structure of the
transition state.

Chelation controlled carbonyl addition reaction is the classical
method of stereocontrol.! Although a variety of qualitative
discussions have been made on the basis of schematic
stereochemical analyses of the transition states (cf. A), little has
been known for the details of the structures of the intermediates
and transition states of the reaction. We report in this
communication the results of quantum mechanical calculations on
the addition of MeLi dimer to o- and B-alkoxy carbonyl
compounds. The present studies elucidated for the first time the
importance of an open cluster (cf. B)? in the chelation controlled
carbonyl addition of bimetallic organometallic species, and will
provide a basis for the construction of rational models for
carbonyl addition of aggregated organometallics. Together with
the parallel studies on the monomeric species, the present studies
showed that the chelation controlled addition to 3-alkoxy carbonyl
compound (f-chelation) may proceed through two
stereochemically distinct pathways of similar energies, while that
to ai-alkoxy one (0i-chelation) through a single pathway.# As has
been found experimentally,5 dimeric MeLi was found to be a
highly reactive species and the transition state of the addition
reaction is earlier than those of monomeric MepMg and
monomeric MeLi.6
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The model reactions were constructed on the bases of our
previous studies on a solvated and unsolvated MeLi cyclic dimer
to formaldehyde and acetaldehyde.2? a-Chelation control was
studied first for the reaction with methoxyacetaldehyde (Figure
1). We found that four-centered dimeric MeLi forms a complex
(aCPel)? with retention of its ¢yclic structure as well as an open
complex (aCPop) by opening its methyl-bridged structure. The
latter goes to the product (aPD) via a transition structure (TS)
involving an open dimeric structure (aTS). Alternative
possibilities of chelate complexes C and D, wherein both lithium
atoms are engaged in chelate formation, were found not to be
stationary points and to isomerize to ooCPcl. Analysis of
intermediates on the intrinsic reaction coordinate (IRC)® near
oTS indicated that ceCPop goes directly to aPD. It is most
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Flgure 1. Complexes, TS, and product in the addition of (MeLi)2 to
methoxyacetaldehyde Bond lengths in A are at the HF/3-21G level. Energy
changes in kcal mol ! are at the MP2/6-31+G(d)//HF/3-21G level in brackets
are at the HF/3-21G level. Total energy of aCPcl at the MP2/6-
31+G(d)//HF/3-21G level is -361.976226 hartree. The geometry obtained by
the self-consistent reaction field method ( in bracket, £g=4.34 of ether, 20 °C)
suggests that the effect of solvent polarity is small.

notable that, in this “open dimer pathway,” only one (Li!) of the
two lithium atoms is engaged in chelation and another (Li2) acts
as an anchor of the nucleophilic C!H3 group.® We could not
locate a TS, which directly connects the closed complex a.CPcl
and the product.

In o.CPcl, the C1-Lil bond is elongated and then cleaved to
generate the open dimer chelate «CPop, wherein the C1-Li2—C2
bond becomes nearly linear (166°). The forming C—C bond
(2.863 A) in o/TS is very long (much longer than that in «TSm
for MeLi monomer, 2.640 A, or in TS in the Me;Mg reaction,>
which is 2.512 A), and the activation energy from aCPel to
oTS is very small (5.4 kcal mol1). Being an earlier and more
flexible TS (due to the presence of the C2H3-LiZ bridge) than the
a-chelation TS of the MeoMg-monomer reaction, the dimer TS
(aTS) ought to be less sensitive to nearby steric hindrance. It is
notable that such structural features of the TS remains unchanged
even when Lil is solvated with a water molecule?? as seen in the
TS solvated with Me;O (TS*Me2O with the even longer
forming C—C bond length of 2.972 A).
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The reaction pathway of B-chelation controlled reaction was
examined next for the addition of MeLi dimer to 3-
methoxypropanal. (Figure 2). As in the o-chelation reaction, we
could locate a chelation complex of the closed dimer BCPcl and
two isomeric TSs (BTSb and BTSc) involving an open dimeric
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Figure 2. Complexes, TSs, and products in the addition of (MeLi)3 to 3-
methoxypropanal. Total energy of BCPcl at the MP2/6-31+G(d)//HF/3-21G
level is -401.150503 hartree.

structure. In BTSb, the chelate structure formed by the aldehyde
substrate and Lil is in a boat form, and in BTSc it is in a twist
chair form. The boat TS (BTSb) was more stable than the chair
one (BTSc) by 1.3 kcal mol-1. Similar energetic trend favoring a
(stereochemically ill-defined) boat TS was also found in the
Me,Mg addition to the same substrate. Following the path along
the IRC from BTSb revealed the presence of an open boat
complex intermediate BCPbop, whereas the same procedure for
BTSc led directly to BCPcl.10 As in the a-chelate reaction,
chelation was found to be retained throughout the reaction
pathway from the closed complexes to the products, and the TSs
of the B-chelate reactions are very early.

In summary, in the o~ and B-chelation controlled additions,
alkoxy aldehydes coordinate to a single lithium atom (Lil) of the
MeLi dimer. The C2H3-Li2 group acts as an anchor for the
delivery of the nucleophilic methyl group realizing a push-pull
action in the nucleophilic addition. This anchor group may be
replaceable by certain other groups as lithium halide and the
product alkoxide. A general scheme B will be applicable to other
organometallic species such as Grignard reagents and organozinc
compounds.!! The calculated energetics and structures are
consistent with the low selectivities experimentally encountered
for alkyllithium reagents.!2.13,14

We could not locate a pathway directly connecting the closed
complexes and the TSs of the reaction. This is due to the

difficulty of a penta-coordinated bridging alkyl group to
participate in nucleophilic addition (see below). We therefore
propose that opening of a cyclic cluster structure is an essential
part of the nucleophilic chemistry of alkyllithium clusters as was
recently discussed in organocuprate reactions.!3 Although the
crystal structures of organolithium aggregates often reveal closed
structures’ such as oCPcl giving us an impression that the
reactive species in solution may also be closed aggregates, the
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present studies suggest that the reality may well be different and
more complex.16
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