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Reactions of Grignard reagents in the presence of transition
metals have found numerous synthetic applications in organic
chemistry. Recently, use of organotitanium and zirconium
compounds has resulted in the design and development of new
stereoselective carbon-carbon bond-forming reactions.1-3 As
part of our research program in cyclopropane-mediated natural
product synthesis, we became interested in the Kulinkovich
hydroxycyclopropanation (1f 2), which involves treatment of
a carboxylic ester with an excess (3 equiv) of Grignard reagent
at-78 to 0°C in the presence of Ti(Oi-Pr)4 (1 equiv), affording
cis-1,2-dialkylcyclopropan-1-ols in good yields (Scheme 1).4-7

Herein we report an intramolecular version of the Kulinkovich
hydroxycyclopropanation, which entails treatment ofω-vinyl
carboxylates withn-BuMgCl in the presence of Ti(Oi-Pr)4 or
ClTi(Oi-Pr)3.
As summarized in Scheme 1, the Kulinkovich hydroxycy-

clopropanation under stoichiometric or catalytic conditions is
likely to involve the formal “double alkylation” of the titana-
cyclopropane intermediate4, which is formed by the reaction
of Ti(Oi-Pr)4 [or ClTi(Oi-Pr)3] and a Grignard reagent (2 equiv),
accompanied by elimination of the corresponding alkane
(R′CH2CH3). We speculated that the putative intermediate4
might undergo reversible exchange with a suitable alkene.8,9

When the alkene moiety is tethered to a carboxylic ester, an
intramolecular hydroxycyclopropanation of the newly generated

intermediate would be expected to ensue. Indeed, treatment of
methyl 5-hexenoate (7) with 3 or 5 equiv ofn-BuMgCl in the
presence of 0.5 equiv of ClTi(Oi-Pr)3 at room temperature
afforded cyclopropanol8 in 48% or 55% (isolated) yield,
respectively (eq 1).10 We believe that the actual yield is

considerably higher (judging from TLC), since loss occurred
during isolation due to volatility of the product. When the
identical reaction was carried out at-78 °C, only a complex
mixture of unidentified products was obtained. Considerably
lower yield was obtained by use of EtMgBr in place of
n-BuMgCl. Both ether and THF were found to be suitable as
solvents.
Additional results, obtained under our standard reaction

conditions (5 equiv ofn-BuMgCl, 0.5 equiv of ClTi(O-iPr)3,
ether, room temperature), are summarized in Table 1. The
identical application to a homologue,9, afforded smoothly the
bicyclic cyclopropanol10. A precipitous decrease in yield was
observed for the intramolecular hydroxycyclopropanation of11
to afford bicyclo[5.1.0]octan-1-ol (12) in 11% yield. Not
surprisingly, further extensions to methyl 8-nonenoate (13) and
methyl 4-pentenoate (15) failed to produce the corresponding
bicyclic cyclopropanols14 and16, respectively.
In general, the intramolecular hydroxycyclopropanations

appear to be relatively little influenced by the presence of
substituents in the chain (entries 6-13), with the exception of
allylic substituents (entries 8 and 9). For example, reaction of
25 gave a 7:2 mixture of the cyclopropanols26a and26b in
58% yield, and their stereochemistry was firmly established by
NOE experiments. The cyclic substrate27 also afforded two
products,28a,b, in good yield but with poor (2:1) diastereose-
lectivity. A considerably lower yield was found for the epimer
29, presumably due to strain associated withtrans-ring junction.
Reaction of21, which contains an alkoxy group at the allylic
position, gave the cyclopropanol22 as a single isomer in only
14% yield (entry 8). Poor yield can be ascribed to the
competing elimination of the adjacent TIPSO group in the
titanacyclopropane intermediate.8 Moreover, the importance of
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Scheme 1.Kulinkovich Hydroxycyclopropanation
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steric accessibility of the olefin during the olefin exchange step
was well illustrated in the reaction of23: only the corresponding
intermolecular product24b was obtained in 61% yield (entry
9). In contrast, the same substituents were well tolerated at the
R position of the ester functionality (entries 6 and 7).
Esters ofω-alken-1-ols, especially 3-buten-1-ols, appear to

be amenable to the intramolecular hydroxycyclopropanation as
well.9 Thus, reaction of benzoate33gave a 7:1 mixture of the
cyclopropanols34a,b in 78% yield, the stereochemistry of which
was firmly established by NOE studies. The relative stereo-
chemistry of the alkyl and phenyl substituents of the major
product 34a was trans. This stereochemical preference, al-
though not exceptionally high, complements the exclusivecis
stereochemistry of an intermolecular Kulinkovich cyclopropa-
nation. A further extension to a homologue,35, suffered from
poor yield, which is in marked contrast to the trend involving
esters7 and9 (entries 1 and 2).11,12

Subsequently, an apparent shortcoming of this procedure was
uncovered, in that only esters with monosubstituted olefins are
amenable to the intramolecular hydroxycyclopropanation under
the present reaction conditions. Neither di- nor trisubstituted
alkenes gave the cyclized products; only an intermolecular
hydroxycyclopropanation was found to take place in good yield.
In summary, we have developed an intramolecular hydroxy-

cyclopropanation ofω-vinyl esters which should be of synthetic

utility in carbocyclic ring construction. The salient features
include the ease of operation, the ready availability of inex-
pensive reagents, and the formation of the cyclopropanol
functionality which is suitable for further elaboration. More-
over, our reaction protocol serves to corroborate the interme-
diacy of a titanacyclopropane in the Kulinkovich hydroxycy-
clopropanation. Further mechanistic and synthetic studies are
in progress.
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Table 1. Intramolecular Kulinkovich Hydroxycyclopropanationsa

aConditions: ester (1 equiv), ClTi(Oi-Pr)3 (0.5 equiv),n-BuMgCl (5 equiv, otherwise noted), ether, room temperature, 1-2 h. b A commercially
available ethereal solution ofn-BuMgCl was used.c The pure product was not obtained due to the presence of unidentified byproducts.
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