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Cyclopropanols are valuable synthetic intermediates because
of their facile, selective ring-opening reactions to afford
intermediates synthetically useful for subsequent structural
elaboration.1 Recently, Kulinkovich reported a diastereoselec-
tive hydroxycyclopropanation, 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(O-i-Pr)4 (cat or 1 equiv),
affordingcis-1,2-dialkylcyclopropan-1-ol in good yield (eq 1).2,3

An enantioselective version was achieved by Corey by use of
TADDOL.4 We have successfully implemented the Kulinkov-
ich hydroxycyclopropanation in the stereocontrolled construction
of seven- or eight-membered carbocycles by its tandem ap-
plication with the oxy-Cope rearrangement.5 The major short-
coming of the original Kulinkovich procedure lies in the
requirement of at least 2 equiv of the Grignard reagent, since 1
equiv of the reagent is sacrificed as the corresponding hydro-
carbon (R1CH2CH3) during the formation of the putative
titanacyclopropane intermediate3. While acceptable for com-
mercially available Grignard reagents, such loss is too inefficient
and costly, particularly for synthetically prepared, valuable
Grignard reagents. Herein we report an efficient solution by
utilizing Ti(O-i-Pr)4-mediated reductive coupling of carboxylic
esters with monosubstituted olefins.
By intercepting the titanacyclopropane intermediate3 by

ligand exchange with a monosubstituted alkene (5 + 3 f 7 +
1-butene), we and the Sato group have independently developed
an intramolecular hydroxycyclopropanation.6,7 Thus, treatment
of ω-vinyl carboxylate5 with a suitable Grignard reagent (n-
BuMgCl or i-PrMgBr) in the presence of Ti(O-i-Pr)4 (eq 2)
afforded the bicyclopropanol6. Similarly, esters ofω-buten-

1-ol 8 gavetrans-1,2-dialkylcyclopropanols9; this stereochem-
ical outcome complements thecis-stereochemistry of an inter-
molecular Kulinkovich reaction. We have also investigated the
scope and limitations, particularly in regard to the requisite steric
accessibility of the olefin moiety, of the intramolecular
hydroxycyclopropanations: only monosubstituted olefinic esters
are amenable to cyclization. Neither di- nor multisubstituted
alkenes afford the cyclized products, but only an intermolecular
hydroxycyclopropanation (i.e., derived from the Grignard
reagent) takes place.

Identical application of the olefin exchange tactic to an
intermolecular process results in a mixture of products, e.g.,1
+ 10 f 11 + 12. This complication of competing ligand
exchanges which arises by action ofn-BuMgCl, however, is
circumvented by employing cyclohexylmagnesium chloride. We
believe that use of the latter Grignard reagent allows the
equilibrium for the ligand exchange step to be shifted to favor
the desired titanacyclopropane intermediate14, since the forma-
tion of a disubstituted olefin (cyclohexene) provides the key to
shifting equilibrium.8 Consequently, the intermolecular reduc-
tive coupling of carboxylic esters and monosubstituted olefins
proceeds cleanly at room temperature and in good yield.9 Table
1 summarizes the hydroxycyclopropanations of ethyl acetate
with several olefins, and additional examples involving other
esters are included in Table 2.
Several aspects exemplified by Tables 1 and 2 deserve further

comment. First, the presence of other functional groups (such
as di-and trisubstituted olefins, bromo and siloxy substituents)
in the olefin partner is well tolerated. When 1,7-octadiene (26)
was employed, monocyclopropanol27and dicyclopropanol28
were obtained in 49% and 10% yield (Table 1, entry 7),
respectively. No 1,6-diene cyclization product mediated by a
titanium complex was found in an appreciable (<5%) amount.10
Second, a double bond may also be present in the ester partner
(Table 2, entries 4 - 8). Third, bothγ- andδ-lactones can be
utilized to afford 1,2-cis-disubstituted cyclopropan-1-ols (entries
9, 10).11 Lastly, norbornene was found to be amenable, most
likely due to ring strain, to our hydroxycyclopropanation
protocol (Table 1, entry 8).
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In summary, we believe that this key variant represents a
significant improvement over the original Kulinkovich proce-
dure: loss of a valuable Grignard reagent as the corresponding
alkane is circumvented by utilizing commerically available
cyclohexylmagnesium chloride. Since the preparation of the
alkyl halide precursors to the Grignard reagent is precluded by
employing an olefin, this new modification also provides an
environmentally more friendly route to synthetically useful,
functionalized cyclopropanols. Other salient features include

the ease of operation and the ready availability of inexpensive
reagents. Further mechanistic and synthetic studies are currently
in progress.
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