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MIRC (Michael Initiated Ring Closure) Reactions
Formation of Three, Five, Six and Seven Membered Rings

*
R. Daniel Little and James R. Dawson
Department of Chemistry, University of California, Santa Barbara, CA 93106

Summary: The term MIRC reaction is defined. Examples of the construction of three, five, six and

seven membered rings using alkylthiolates and IDA as nucleophiles are presented.

We define the term MIRC (Michael Initiated Ring glosure) reacetion to be applicable to a gen-
eral set of transformations which are initiated by a conjugate addition to an w,B-unsaturated
ester or ketone to produce an enolate which subsequently undergoes intramolecular ring closure.

Four posgible variations of MIRC reactions are illustrated in Scheme T.
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The idea of using a conjugate addition to initiate ring formation has been ground for some

time. However, many of the examples are limited to cases wherein a carbon (gg., cuprate ), rath-

er than a heteroatom centered nucleophile initiates the process, and often to cases wherein the
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attacking nucleophilic center is stabilized by a hetercatom which later serves as the leaving
group in the ring closure step.l More often than not, the methodology has been used to construct
cyclopropyl rather than cyclopentyl, cyclohexyl, or cycloheptyl ring systems.2 Recently, however,
Cooke has reported the formation of five and six membered rings through the addition of several
carbon centered nucleophiles to esters of the type X(CHg)nCH=CHCOC(PPh3)COgEt.3 Previously, we
reported that sulfur substituted cyclopropyl esters can be synthesized in good yield through the
utilization of a MIRC reaction between methyl M-bromobutencate and lithium alkylthiolates-h The
course of the reaction (MIRC vs SNE) was shown to be critically dependent upon the choice of sol-
vent and counterion. We were intrigued by these results and, in the interest of extending the
scope of MIRC reactions, we initiated the study described below.

We report herein: (a) the use of MIRC reactions to form B-hetercatom substituted cyecloalkyl
esters of ring size equal to three, five, six, and seven; (b) the use of sulfur and nitrogen
(rather than carbon) centered nucleophiles to initiate the MIRC reaction; and (e) the dependence
of the reaction path (MIRC vs SNE) upon the choite of nucleophile.

Table I summarizes the results of our efforts to date. Notice first, that while lithium
alkylthiolates can be used to construct three membered rings, attempted closure to a five or a six
menbered ring leads predominantly to SN2 and bisaddition (SN2 plus Michael) rather than a MIRC
reaction. On the other hand, the use of lithium diisopropylamide (LDA) as a nucleophile does, in

).5,6
7

fact, afford five and six membered rings in satisfactory yields (not optimized Not unex-

pectedly, attempted closure to a four membered ring is thwarted by side reactions. Notice also
that while the seven membered ring system can be constructed using a MIRC reaction, the yield
drops sharply, undoubtedly for entropic reasons. Finally, attempts to close to a five membered
ring using alkylthiolate and chloride rather than bromide as the leaving group, leads to both
Michsel addition and vinylcyclopropane formation rather than an SNE or a MIRC reaction.

The results described above can be rationalized using the scheme illustrated below. The
rate of formation and the amount of MTIRC reaction product formed is clearly dependent upon the
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concentration of the enolate as well as the rate constant for closure, kc. The concentration of
the enolate iz dependent upon Keq vhich, in turn is related to, among other things, the difference
in pKa values between the conjugate acid of the nucleophile and the enolate. Therefore, Keq< 1
whan the nucleophile corresponds to an alkylthiolate, thereby suggesting that a MIRC reaction
should occur only when the rate constant for ring c¢losure, kc’ is sufficiently large to make up
for the low enolate concentration. Since the rate of ring closure to produce a three membered
ring is faster than for closure to a five or a six membered ring, it is not too suprising that
an SNE displacement beats out the potentially competitive MIRC reaction in attempts to close to

a five or a six membered ring. In fact, even when considering closure to a cyclopropane, the
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MIRC and SNE reactions are competitive. On the other hand, 1 << Keq when LDA is used to initiate
the MIRC reaction, thereby allowing even the slower five and six membered ring formation to ocecur
in preference to the SNE process.

We are continuing to explore other aspects of MIRC reactions including their use in the prep-
aration of bieyclic systems, the use of a wide variety of different nucleophiles so that the chem-
istry associated with the C-Nu bond in the product can be utilized, and the use of doubly, rather

than singly activated esters as substrates.
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