
Stereospecific C–H insertion of dichlorocarbene generated
from a system CHCl3/50%NaOH/cetyltrimethylammonium chlo-
ride (as a PTC) proceeded at the carbinol carbon in the reaction
of chiral secondary alcohol derivatives to provide α-
dichloromethylated tertiary alcohol derivatives with complete
retention of configuration. 

Optically active tertiary alcohols and the related compounds
are widely distributed in biologically active compounds including
pharmaceuticals.1 Chiral tertiary alcohol derivatives as building
blocks for the synthesis of such bioactive compounds have gener-
ally been prepared synthetically by biological and chemical
methods including kinetic resolution of racemates,2 enantioselec-
tive oxygenation of 1,1-disubstituted olefins or substituted aro-
matics,3 desymmetrization of prochiral tertiary alcohols,4 enan-
tioselective nucleophilic addition to  ketones,5 and asymmetric
alkylation of chiral secondary carbinol carbon with memory of
chirality.6 High levels of chiral induction (>95% ee), however,
have been hardly attained by these methods.  On the other hand,
several excellent practical methods have been developed to
obtain optically active secondary alcohols in nearly perfect enan-
tioselectivity.7–9 Therefore, devices for introduction of carbon
substituents into the α-methine C–H bond of such optically active
secondary alcohols with complete stereospecificity in the sense of
retention or inversion of configuration would offer facile methods
for production of optically active tertiary alcohol derivatives. 

In 1968, Landgrebe reported insertion of dichlorocarbene
(:CCl2), generated by pyrolysis of trichloroacetate, to the Cβ–H
bond of a dialkylmercury compound with retention of configura-
tion.10 Seyferth also found that carbene insertion proceeds at the
benzylic C–H bond with retention of configuration in the reaction
of chiral 2-phenylbutane with :CCl2 generated by pyrolysis of
phenyl(bromodichloromethyl)mercury [PhHgCCl2Br].11 With
oxygen-containing substrates so far, in 1980 Steinbeck reported
stereospecific versions of insertion reaction of diastereomeric
dioxolanes or diastereomeric mixture of tetrahydrofurans with
:CCl2, generated from CHCl3 and 50%aq NaOH in the presense
of Et3(Bn)NCl  as a phase-transfer catalyst (PTC), at the Cα–H
bond to the oxygen atom.12 Steinbeck, however, has not proved
exactly except by NMR analysis  the stereochemical fashion,
retention or inversion, in spite that the substrates used contain
oxygen functional group(s), acetal and ether, of high coordination
property to carbene at the position near the reaction site.  Oku has
reported enhanced reactivity of the Cα–H bond of alkoxide anions
with :CCl2, chlorophenylcarbene, phenylthiocarbene,
dimethylvinylidene carbene, and alkylidenemethylene
carbenoids.13 Stereochemical outcomes of the C–H insertion reac-
tion, however,  appear ambiguous because limited examples indi-
cated are insufficient to claim the generality of the stereospecifici-

ty in the reactions, and because direct concerted insertion mecha-
nism and/or hydride abstraction–recombination mechanism are
thought to be  involved in the reaction depending on the type of
carbenes (carbenoids) and substrates.  In the context, here we
report C–H insertion reaction of dichlorocarbene (:CCl2) and pro-
tected chiral secondary alcohols to provide chiral tertiary alcohol
derivatives with complete stereospecificity and retention of con-
figuration. 

Upon vigorous stirring 100 mg of a chiral C2-symmetric
olefin (1) derived from D-mannitol14 in CHCl3 (1.0 mL) and aque-
ous 50% NaOH (2.0 g) with 1.0 mg of cetyltrimethylammonium
chloride (CTAC) as a PTC for 18 h at 50 °C, besides a cyclo-
propane derivative (2) (38% yield), dichloromethylated compound
(3) and bis-dichloromethylated product (4) were obtained as a sole
diastereoisomer in 24 and 28% yields, respectively  (Scheme 1).

The absolute stereochemistry of the bis-adduct (4) was determined
by X-ray crystallography15 to be (S,S), which stood for the reac-
tion taking place with retention of configuration of the stereogenic
center of the substrate (1).  The structure of the mono-adduct (3)
was characterized by the fact that the bis-adduct (4) was derived
from the mono-adduct (3) under the same reaction conditions.
Because an inevitable competition between C–H insertion and
cyclopropanation occurred with the allylic alcohol derivative (1),
we turned our focus on the reaction of protected benzylic and non-
olefinic secondary alcohols.  Reactions of protected chiral ben-
zylic alcohols such as styrenediol acetonide (5) and protected α-
phenethylalcohols 7, and protected non-allylic alcohols such as
acetonides 9, 11, and 13 of 3-phenyl-1,2-propanediol, hexane-1,2-
diol, and 4-tert-butyldiphenylsilyloxy-butane-1,2-diol,  respective-
ly, and 2-methoxyoctane (15) are summarized in Table 1.  With
(R)-styrenediol acetonide (5), an excellent regioselectivity of
insertion of :CCl2 favoring at the α-methine C–H was observed to
afford a dichloromethylated compound (6) as a single enan-
tiomer16 in an excellent chemical yield.  The stereochemistry of
the compounds (6) and (14), which was provided from (S)-13 as a
single enantiomer,16 was assigned to be (R) and (S), respectively,
by derivation through reduction with n-Bu3SnH to (R)-(–)-2-
phenylpropanediol acetonide (17) and (S)-(–)-4-tert-
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butyldiphenylsiloxy-2-methylbutane-1,2-diol acetonide (18),
which were identified with those derived from known (R)-(–)-
atrolactic acid (19) and (S)-(+)-citramalic acid (20), respectively17

(Scheme 2).  These facts showed that also in secondary benzylic
and non-allylic alcohol systems, the carbene insertion reaction
proceeded with complete retention of configuration of the chiral
center of the starting alcohols.  In addition to acetonide, such pro-
tecting groups of alcohol as methyl  (7a) and tert-butyldimethylsi-
lyl  (TBDMS) ethers (7b) are compatible with the reaction condi-
tions, although the corresponding methoxymethyl (MOM) ether
(7c) and acetate (7d) appeared to be poor substrates to yield little
or no desired products with recovery of large amounts of the start-
ing material 7c and the hydrolyzed product, α-phenethylalcohol,
respectively.  The α-methine C–H bond of protected non-allylic
alcohols (9–15) was transformed highly regioselectively to the
corresponding dichloromethyl group albeit in moderate yields. 

A high level of kinetic isotope effect (kH/kD = 3.4) observed
in this carbene insertion reaction of mono-deuterated benzyl-
methyl ether PhCH(D)OCH3, and the perfect retention of configu-
ration of the starting secondary alcohols observed strongly suggest
the reaction mechanism associated with three membered transition
state involving a free carbene of singlet state and the  Cα–H
bond.11

In conclusion, a simple operation of protected optically active
secondary alcohols in CHCl3/50% NaOH in the presence of PTC
offers a facile and practical method for synthesis of optically
active tertiary alcohol building blocks.  Synthetic manipulations of
the α-dichloromethylated tertiary alcohol derivatives directed to
optically active natural products are in progress in this laboratory. 
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