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a-Oxygen-atom Induced Methylenation of Ketones by CH2(ZnI)2
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Abstract: Ketones bearing a hetero-atom at a-position were meth-
ylenated selectively by CH2(ZnI)2 to give allylic alcohols; a nucleo-
philic attack of the zinc species was accelerated with a coordination
of a hetero-atom at a-position.
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Olefination of a carbonyl group has been an important
method for organic syntheses. For this transformation, the
Wittig reagent has been extensively utilized since it was
devised.1 This useful reaction, however, does not work in
some cases owing to the lack of nucleophilicity and the
relatively high basicity of the reagent. In these cases, it has
been replaced with a more reactive oraganometallic re-
agent, such as the Tebbe reagent, a titanium alkylidene
complex, or gem-dimetal compounds.2 Although these
olefination methods have shown the high performance in
stereo- and chemoselective olefination reaction, a regiose-
lective olefination has not been well studied except a few
examples. For example, Kauffmann et al. had reported a
methylenation of benzoin methyl ether in the presence of
phenyl propyl ketone with a moderate selectivity.3 We
wish to describe the highly regioselective methylenation
of ketones with or without carrying an oxygen substituent
at the a-position using bis(iodozincio)-methane2a

(CH2(ZnI)2, 1). Fried et al. had also shown an a-hydroxy
group assisted methylenation of ketone by CH2I2-Zn(Cu)
in ether based on an intramolecular nucleophilic attack of
the reagent which reacted with hydroxy group at first.4

Our method was applied not only to a-hydroxy substituted
ketone but also to a-alkoxy, -acetoxy, and -amino substi-
tuted ketones to see the scope and limitations.

We had reported a gem-dizinc reagent as an effective
alkylidenation reagent of ketones under mediation of tita-
nium(II) chloride; a simple ketone did not react with the
gem-dizinc reagent without titanium salt.2a For example,
treatment of acetophenone with two molar equivalents of
bis(iodozincio)-methane (1) in THF at 25 °C for 6 h re-
sulted in a complete recovery of the starting material. On
the contrary, treatment of a-hydroxy acetophenone with
two molar equivalents of 1 in THF at 25 °C for 0.5 h yield-
ed 2-phenyl-2-propen-1-ol in 71% yield. In the reaction of
a-hetero-atom substituted carbonyl compounds with an
organometallic reagent, the nucleophilic attack to the car-
bonyl group was often accelerated with coordination of
the a-hetero-atom.5 In Table 1, the results of the methyl-
enation of a-oxygen-atom substituted ketones with 1 are
summarized.6,7 Hydroxy and benzyloxy groups at a-posi-

tion facilitated the reaction of CH2(ZnI)2 (1), while an ac-
etoxy group did not (entry 4). A reaction of a ketone
carrying an oxygen atom at the b-position with 1 resulted
in the recovery of the starting material (entry 11). In the
case of enone, a hetero-atom at the a-position also in-
duced methylenation(entry 12), thus preventing 1,4-addi-
tion (entry 13).8,9

Table 1 Methylenation of Ketones by CH2(ZnI)2 (1)a

a1(1.0 or 2.0 mmol as indicated in Table, 0.5 M solution in THF), 2
(1.0 mmol), and THF 3 mL were mixed and stirred at 25 °C for 0.5 h.
bIsolated yields. cThe reaction mixture was stirred for 6 h. dCyclohe-
xyl 2-methylpropyl ketone which was produced via 1,4-addition was
isolated in 32% yield.
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As shown in Table 2, a substrate containing two types of
ketone group was treated with CH2(ZnI)2 (1) to examine
the regioselective reaction. The a-oxygen-induced meth-
ylenation by 1 gave ketoalkene 5 selectively (entry 1). The
titanium(II) chloride-mediated methylenation2a proceeded
with the reverse selectivity (entry 2). The alkoxy group at
the a-position might cause steric hindrance which inter-
rupts the nucleophilic attack of the titanium mediated re-
agent to the carbonyl group. The Wittig reagent did not
show selectivity.

Table 2 Regioselective Methylenation of Diketone 4a

a The ratio of the products was obtained by 1H NMR analysis. b Reco-
vered starting material.

A nitrogen atom at a-position of ketone also accelerated
the reaction. As shown in Scheme 1, the transformation
gave an allylic amines in good yields.

Scheme 1

Thus, the methylenation of a-hydroxy/alkoxy/amino ke-
tone with bis(iodozincio)methane proceeded selectively
even in the presence of ketone carrying no hetero-atom at
a-position. This method will offer a useful tool for a com-
plex molecular transformation.
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