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Facile synthesis of a-iodo carbonyl compounds and a-iodo dimethyl
ketals using molecular iodine and trimethylorthoformate
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Abstract

A novel and direct method for the synthesis of a-iodo ketones and a-iodo dimethyl ketals from acetophenones using iodine and
trimethylorthoformate under neutral conditions is described herein.
� 2008 Elsevier Ltd. All rights reserved.
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The synthesis of a-halogenated ketones particularly
a-iodo ketones and their applications as reaction inter-
mediates have attracted considerable attention in various
organic transformations.1 Several methods are available
for the synthesis of a-iodo ketones which are either
obtained directly by treating ketones with different combi-
nations of reagents such as iodine–cerium(IV) ammonium
nitrate—in alcohol or acetic acid,2 iodine–mercury(II)
chloride,3 iodine–selenium dioxide,4 NIS–p-toluenesulfonic
acid,5 [hydroxy(tosyloxy)iodo]benzene (Koser’s reagent,
HTIB) with MgI2,6 Selectfluor F-TEDA-BF4–I2,7

I2–bis( tetra-n-butylammonium)peroxydisulfate,8 I2/urea–
H 2O2,9 I2–1-chloromethyl-4-fluoro-1,4-diazoniabicyclo-
[2.2.2]octane bis(tetrafluoroborate),10 polymer supported
pyridinium dichloroiodate,11 molecular iodine in DME at
90 �C12 or indirectly by treating enol silyl ethers or enol
acetates with iodinating agents such as iodine cop-
per(II)nitrate or iodine–silver acetate.13 However, all these
reactions employ either harsh acidic conditions, toxic metal
salts or elevated temperatures, and thus a simple procedure
for a-iodination is welcome to overcome the disadvantages
of existing procedures. Herein, we report a novel and
direct method for the synthesis of a-iodo ketones or a-iodo
dimethyl ketals using iodine14 and trimethylorthoformate
under mild conditions (Scheme 1).
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In continuation of our studies towards the total synthe-
sis of biologically active natural products,15 we were inter-
ested in the total synthesis of colombiasin A. Towards the
synthesis, we wanted to homologate compound 1 to com-
pound 2 (Scheme 2). By applying the known protocol15a

for this conversion in the presence of trimethyl orthofor-
mate with iodine under the specified conditions, we
obtained a mixture of a-iodinated dimethyl ketal 3 and
a-iodinated ketone 4 rather than the expected homologated
compound 2.16b We believe this reaction to be substrate
specific as the reaction worked well with substrate 5 under
the reported conditions.16a

This result prompted us to further investigate this reac-
tion. Thus, acetophenone was examined at room tempera-
ture using iodine and trimethylorthoformate. To our
delight, a mixture of a-iodinated acetophenone and
keto protected a-iodinated compound was the only
products observed. These results led us to optimize this
transformation for the preparation of a-iodo acetophenon-
es and a-iodo ketals.
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Accordingly, several substituted acetophenones were
treated with iodine and trimethylorthoformate and the
results are shown in Table 1. The advantage of this reaction
is that the present protocol tolerated common protecting
groups such as tert-butyldimethylsilyl, benzyl and acetate.
Table 1
Preparation of a-iodo acetophenones and a-iodo ketals
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The product selectivity for simple acetophenones with
respect to the protected or unprotected a-iodo compounds
could be modified by a slight variation in the workup pro-
cedures. Upon completion of the reaction, if the reaction
mixture was quenched with aqueous saturated Na2S2O3
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Table 1 (continued)

Sl. no. Ketone a a-Iodo ketonea b Time (h) Yieldb (%) a-Iodo ketala c Time (h) Yieldb (%)
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a The products were characterized by IR, 1H NMR and mass spectroscopy.
b Isolated yields after column chromatography.
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solution and extracted with dichloromethane, the a-iodin-
ated dimethoxy ketal was the main product. However,
when the reaction mixture was stirred with water before
washing with aq saturated Na2S2O3 solution, the a-iodin-
ated ketone was the major product.17 It is noteworthy to
mention that ring directed iodination or a,a-diiodination
was never observed during this process. When cyclohexa-
none and its derivatives were reacted, compounds 8a, 9a

and 10a gave only the corresponding a-iodo keto products
8b, 9b and 10b, no a-iodo dimethyl ketals were observed.
When 1,3-cyclohexadiones 11a and substituted 1,3-cyclo-
hexadiones 12a were subjected to the present conditions,
the corresponding iodo substituted compounds 11b, 12b
and the aromatized product 12c18 were obtained. All the
products were characterized and analyzed by studying their
spectral properties.19 However, when 2-heptanone 6 was
subjected to the present protocol, a,a0-diiodo dimethoxy
ketal 7 was obtained as the only product (Scheme 3).

Mechanistically, we believe that initially an enol ether is
formed followed by the iodination to give the a-iodo di-
methoxy ketal (Scheme 4), which on hydrolysis with water
in the presence of HI affords the a-iodo ketone.

In conclusion, an efficient simple protocol for the con-
version of acetophenones to a-iodoacetophenones and
a-iododimethoxy ketals has been described. This strategy
may find applications in the total synthesis of several bio-
active natural products involving either the a-iodo keto
product or the a-iodo dimethyl ketal substrate.
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