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The possibility that prelithiation complexes are intermediates
onthereaction pathway of directed lithiations has been recognized
almost since the earliest reports of these reactions.!? In an
extension of that concept, it has been suggested that a variety of
novel and useful reactions of organolithium compounds can be
understood to proceed through an initial complex which has a
proximity between the organolithium reagent and the reactive
group Y that entropically and enthalpically induces a kinetically
favorable transition structure leading to the product. Many
examples of the complex induced proximity effect (CIPE) involve
lithiations, and this process is illustrated for the conversion of
functionality Y to Z.2-
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Z = transformed reactive group

The heuristic value of this concept is well-established, but
definitive evidence for the pathway has been limited. We have
observed the presence of a complex in an ¢'-lithiation of an amide
and provided a kinetic analysis consistent with its intermediacy.*®
Collum has discussed a kinetic criterion for CIPE and reported
cases which do and do not conform.® Meyers and Dickman have
reported an a-lithiation of a chiral formamidine dihydroisoqui-
nolone derivative which exhibits no hydrogen—deuterium isotope
effect, a result consistent with rate-determining formation of a
prelithiation complex, and Meyers et al. have provided additional
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isotope effect studies which support that interpretation.6 We
now report a study of the o’-lithiation of N-benzyl-N,N’-dimethyl
urea (1) using intramolecular and intermolecular hydrogen—
deuterium isotope effects to address the question of whether there
is a prelithiation complex on the reaction pathway.”:8

The overall substitution of 1is illustrated by its treatment with
sec-BuLi/TMEDA at-78 °C to give 2, followed by reaction with
electrophiles to give the products 1-d), 3, and 4.
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The intramolecular isotope effect for the formation of 2 was
determined by treatment of 1-d; (2.7% d,, 95.0% d,, 2.3% dy)
with 1.8 equiv of sec-BuLi/ TMEDA for 60 min at -78 °C followed
by dimethy] sulfate to give the o’-substitution product 4. The
product of undilithiated starting material was obtained as 5. Field
ionization mass spectrometric (FIMS) analysis of the isotopic
composition of the product mixture indicates that the reaction
has (ku/kp)inra = 13 £ 3.° The intermolecular isotope effect
was measured for reaction of a ca. equimolar (46.3% d,,0.7% d,
53.0% do) mixture of 1 and 1-d, and provides a product mixture
with an isotopic composition’ consistent with (kg/kp)inter = 2.0
%+ 0.7. The fact that two unequal isotope effects are observed
requires a reaction pathway which has at least two steps.

The most straightforward way to account for the observed
isotope effects is to consider the mechanism to involve formation
of a prelithiation complex 6 from the N-lithiourea 7 and sec-
BuLi, followed by irreversible proton removal to give the dilithiated
urea 2 (Scheme 1).19 Under this mechanism, relationships
between the observed isotope effects and the rate constants of the
steps can be derived by assumption of the steady-state approx-
imation for the complex 6. This analysis for 7-d; shows that the
observed intramolecular isotope effect, as measured by the ratio
of products from 2 and 2-d), is equal to the ratio of the rates of
the proton and deuterion removal steps and thus is equal to the
actual isotope effect k’y/k’p for this step. Neither the identity
of the rate-determining step nor the potential presence of several
pre-steady-state equilibria affects this conclusion, assuming proton
and deuterion removal result from the same complex.

For the intermolecular isotope effect, the relationship of the
product ratio of 2 and 2-di, (ku/Kkp)inter, to the actual isotope
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(9) Thespecificvalue of the intramolecular isotope effect is highly dependent
upon the amount of 1-dp present in the starting material. FIMS analysis of
1 indicated 2.3% dy. and this amount provides (ku/kp)imn = 13.2 £ 1.3.
However, this amount of 1 is subject to a relatively large error, e.g., use of
3.0% 1-d, starting material in the calculation provides an isotope effect of
16.5. An absolute lower limit of the intramolecular isotope effect of 8.1 is
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Scheme 1. Intramolecular Hydrogen—-Deuterium Isotope
Effect
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Scheme 2, Intermolecular Hydrogen—-Deuterium Isotope
Effect
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effect for hydrogen transfer is more complex.” Steady-state
treatment for a mixture of 7 and 7-d, gives an expression for
(ku/kp)inter Which involves the rate constants for the formation
and decomplexation of the putativé complex as shown in Scheme
2. Two limiting reaction profiles exist. If the hydrogen removal
stepis ratedetermining, k_jg > k'wand k_;p 3> k’pin the extreme
case. In this situation, k_;g and k_;p dominate the middle term
of the expression for the intermolecular isotope effect. If the
reasonable assumption is made that the isotopic substitution does
not affect the complexation rates, i.e., kjg = kyp and k. ;g = k_;p,
then the intermolecular isotope effect reduces to (ku/kp)inter =
k'u/k'p, the actual isotope effect. In the other limit, if
complexation is the slow step of the reaction, then kg « k'y
and k_jp « k’p. In this situation, K’y and k’p dominate the
middle term of the expression, and the intermolecular isotope
effect reduces to (ku/kp)inter = k1u/kip & 1. Thus, under this
mechanism, the experimentally determined value of the inter-
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molecular isotope effect can lieanywhere between the true isotope
effect, k’u/k’p, and unity, depending on the relative rates of the
reactions involved in the partitioning of 6. A difference between
the intramolecular and intermolecular isotope effects can be taken
to show that both steps of the reaction can have an effect on the
observed rate.

The expression for (ku/Kkp)inter can be used to calculate the
required ratio of rate constants for the partitioning of 6 to give
the observed experimentally measured effects, if secondary isotope
effects are ignored. If k_jg = k_jp = 1.2 k’p = 0.09, then kK'y
isotope effects consistent with the observationsare obtained. This
suggests that the formation of the reactive complex 6 and proton
removal are competitive in the reaction. In the specific case of
1, which most closely resembles the situation in a synthetic
application of this reaction, the barrier to deprotonation of 6 can
be calculated to be 0.9 kcal/mol lower than that for its formation
from 7 and sec-BuLi. Inthe case of 1-d,, the barrier to deuterion
removal can be calculated to be 0.06 kcal higher than decom-
plexation. An alternative mechanism, in which initial complex-
ation occurs on all encounters of 1 with an aggregated organ-
olithium and is largely irreversible within an aggregated species
until after dilithiation is complete, could also fit these observations.
That possibility is not completely ruled out by our observation
that the reaction is only ca. 5% complete 5 s after mixing.

In any case, the principle definitive conclusion which can be
drawn from these results is that the conversion of 7 to 2 requires
a reaction pathway that has at least two steps. The mechanism
shown to involve 6 provides these steps in a way that is consistent
with a prelithiation complex on the reaction pathway for the
directed lithiation of 1. Theseresults may be considered to provide
support for the role often suggested for complexes in related
reactions,!-6.10
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(10) The conclusions are not compromised by the fact that 6 and 7 are
representative of the more aggregated species which may exist in pre-steady-
state equilibria under the reaction conditions.



