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The reaction of magnesium carbenoids with lithium enolate of ketones resulted in the formation
of cyclopropanols in moderate to good Yyields. These reactive species (i.e., magnesium
carbenoids and lithium enolate of ketones) were generated from 1-chloroalkyl p-tolyl sulfoxides
with i-PrMgCl and ketones with LDA in the reaction medium at —78 °C in a one-pot reaction.
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Cyclopropanes and their derivatives are one of the most
important and fundamental compounds in organic and synthetic
organic chemistry. The cyclopropane skeletal structure is
frequently found in natural products and in unnatural compounds.
Cyclopropanes and their derivatives undergo a variety of ring-
opening reactions under various conditions with carbon-carbon
and carbon-heteroatom bond formation or rearrangement. Based
on these properties, cyclopropane derivatives have been
recognized to be one of the most useful compounds in organic
synthesis." Among the cyclopropanes, cyclopropanol and its
derivatives are versatile intermediates in organic synthesis.? ®

Several procedures for the synthesis of C)éclopropanols are
known. For example, the Kulinkovich reaction®*** is the method
using esters. The Simmons-Smith-type cyclopropanation of silyl
enol ethers or enol ethers is also available.® However, in view of
the importance of cyclopropanols in organic synthesis, new
methods for their synthesis are still very much desired.

We have been interested in the synthesis of cyclopropanes
based on our original methods, which include the 1,3-CH
insertion of magnesium carbenoids® and the nucleophilic reaction
of cyclopropylmagnesium carbenoids with carbanions.® As a
continuation of the development of new synthetic methods by the
reaction of magnesium carbenoids with carbanions, magnesium
carbenoid 2, which was generated from 1 with i-PrMgCl by a
sulfoxide-magnesium exchange reaction,” was reacted with
lithium enolate of ketone 3. The reaction gave multisubstituted
cyclopropanols 4 in moderate to good yields (Scheme 1). In this
Letter, a novel method for the synthesis of the cyclopropanols
mentioned above in a one-pot procedure is reported.

As shown in Scheme 2, 1-chloro-3-(4-methoxyphenyl)propyl
p-tolyl sulfoxide 5 was reacted with 2.8 equivalents of i-PrMgClI

in THF at —78 °C to generate magnesium carbenoid 6.% In another
flask, lithium enolate of cyclohexanone (5 equiv) was generated
in THF at —78 °C in the usual manner. Then, the solution
containing lithium enolate was transferred into the solution
containing magnesium carbenoid 6 via a cannula, and the
reaction mixture was stirred and gradually allowed to warm to —
20 °C. From this reaction, two products were obtained that were
separable by silica gel column chromatography.
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Scheme 1. Reaction of magnesium carbenoids 2 with lithium
enolate of ketones 3 to afford cyclopropanols 4.

The major product 7a had a molecular formula of CysH»,0,
and an O-H absorption in its IR spectrum. The 'H NMR
exhibited two characteristic signals at & 0.43 and & 0.66, which
suggested the presence of a cyclopropane skeletal structure. In
addition, the *C NMR (DEPT) and 'H NMR spectra suggested
that the carbon bearing the hydroxyl group is quaternary. From
these data and coupling constant between two cyclopropane
protons (J = 8.2 Hz), the major product 7a was determined to be
cis-7-[2-(4-methoxyphenyl)ethyl]bicyclo[4.1.0]heptan-1-0l (cis:
relative configuration of the hydroxyl group and the 2-arylethyl
group), as shown in Scheme 2. The structure of the minor
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product was determined to be the trans-diastereomer 7b based
on its spectral data.

S(0)Tol i-PrMgCl MgCl
(2.8 equiv)
o eseaw | 17
THF, 78 °C
MeO
e 5 6
o]
/ LDA HO HO
(5 equiv) H, PMP___-.,
_— &
THF PMP N
-78°Ct0-20°C  ,_gopuyH J=105 He—"
7a (39%) 7b (22%)

Scheme 2. A two-pot synthesis of cyclopropanols 7a and 7b
from 1-chloro-3-(4-methoxyphenyl)propyl p-tolyl sulfoxide 5
and cyclohexanone.

As the transfer of the reactive species via a cannula is not an
expedient procedure, we investigated more convenient methods
for performing this reaction. Fortunately, the reaction of
sulfoxide 5 with lithium enolate of ketones was very slow at —
78 °C. Therefore, the one-pot reaction shown in Scheme 3 was
successfully designed. To a flame-dried flask, THF and
diisopropylamine were added followed by BuLi at —78 °C to
generate LDA. Cyclohexanone was subsequently added with
stirring. After 20 min, i-PrMgCl was added followed by<the
addition of a solution containing 5 in a small amount of THF.
Next, the temperature of the whole reaction mixture was slowly
warmed to room temperature. The reaction was quenched with
saturated aqueous NH,CI to yield cyclopropanols 7a and 7b in
better yields of 57 and 27%, respectively.’
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Scheme 3. A one-pot synthesis of cyclopropanols 7a and 7b
from cyclohexanone and 1-chloro-3-(4-methoxyphenyl)propyl
p-tolyl sulfoxide 5.

The scope of this reaction was investigated with a range of
ketones 8 with sulfoxide 5 using the one-pot procedure described
above, and the results are summarized in Table 1. As shown in
entry 1, this procedure was successful with the simplest ketone
(i.e., acetone) to afford the desired cyclopropanol 9 in 74% yield.
tert-Butyl methyl ketone, which is a highly sterically hindered
ketone, afforded the desired cyclopropanol in moderate yield
(entry 2). Entries 3 to 5 show that cyclic ketones other than
cyclohexanone afforded the desired cyclopropanols with up to an
83% vyield. Even 2-cyclohexenone, which is an a,B-unsaturated
ketone, yielded the desired cyclopropanol with a 67% vyield

(entry 6). Therefore, this reaction is applicable to a variety of
ketones.

Table 1. One-pot synthesis of cyclopropanols by the reaction

of magnesium carbenoid 6 with lithium enolate of ketones 8.
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% The relative configurations were assigned on the basis of
NOESY spectra.

® The relative configurations were tentatively assigned on the
basis of spectroscopic comparison with the products in entry 1.
¢ A mixture of three diastereomers in a ratio of 49:13:11 was
obtained.

Next, the investigation was expanded to the synthesis of more
substituted cyclopropanols using 1-chloro-1,1-dialkyl p-tolyl
sulfoxides 10 as the magnesium carbenoid source (Scheme 4).
Sulfoxides 10a and 10b were synthesized from 5 and the
corresponding iodoalkanes with LDA as a base in high yields.
The reaction was conducted in one pot as described above and
multisubstituted cyclopropanols 11a and 11b were successfully
obtained in 55 and 56% vyield, respectively.

Finally, a plausible reaction mechanism for this reaction is
shown in Scheme 5. The nucleophilic substitution of magnesium
carbenoid A with lithium enolate of ketone B affords
intermediate C.*®*® Then, the intramolecular addition reaction of
the magnesium carbanion in C proceeds to the ketone carbonyl
group to vyield magnesium cyclopropanolate D, which is
hydrolyzed in the workup to afford cyclopropanol E.

In conclusion, we found that the reaction of magnesium
carbenoids with lithium enolate of ketones yielded
multisubstituted cyclopropanols with the consecutive formation



of two carbon-carbon bonds. Although the current yields are not
always high, the one-pot synthesis described is an unprecedented
method and we believe it will substantially contribute to the
synthesis of cyclopropanols.
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Scheme 4. Synthesis of highly substituted cyclopropanols 11
from 1-chloro-1,1-dialkylmethyl p-tolyl sulfoxides 10 and
lithium enolate of cyclohexanone.
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Scheme 5. A plausible mechanism for the reaction of
magnesium carbenoids with lithium enolate of ketones.
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