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ABSTRACT

A novel and efficient carbon −carbon double-bond formation reaction via coupling of aryl or heteroaryl methyl ketones has been developed.
A dimethyl sulfoxide −iodine −CuO system was proven to be efficient for this reaction and afforded the expected products in good yields. A
new synthetic strategy, a self-sorting tandem reaction, was involved in this type of reaction and was presented for the first time.

Tandem reactions and multicomponent reactions (MCRs),
in which multiple reactions are combined into one synthetic
operation, have been used extensively to form carbon-
carbon bonds in organic synthetic chemistry.1,2 Such reactions
offer a wide range of possibilities for the efficient construc-
tion of highly complex molecules in a single procedural step,
thus omitting the need for several workup and purification
operations and allowing savings of both solvents and
reagents. Additionally, they frequently occur with enhanced
regio-, diastereo-, and even enantioselectivity for the overall

transformation. All reactions proceed cooperatively or step
by step in these strategies (Scheme 1, paths I, II, and III).

It has been known that self-sorting is a fundamental
property of natural and biological systems. Most notably,
self-sorting in synthetic supramolecular systems and poly-
mers has developed rapidly over recent years,3,4 which
encouraged us to utilize molecular self-sorting behavior in
a covalent synthesis employing multiple independent reac-
tions in one pot. In this paper, we present a new synthetic
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Scheme 1. General Tandem Reactions and Multicomponent
Reaction Strategy
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strategy, which is different from classical tandem reactions.
As shown in Scheme 2, two parallel tandem reactions

proceed independently, starting from the same reactantA
and yielding the corresponding intermediatesC andN; then,
C andN combine effectively together to provide the target
moleculeP. We refer to this type of reaction as a self-sorting
tandem reaction.

Herein, we report a novel and efficient carbon-carbon
double-bond-forming reaction starting from aryl or heteroaryl
methyl ketones via the self-sorting tandem reaction strategy
(Scheme 3). These olefinic products containing 1,4-dicar-

bonyl groups are important precursors for the synthesis of
some new pyrroles and furan derivatives by the Paal-Knorr
reaction.5

According to the previous literature, the following reac-
tions have been reported. First, phenacyl iodine2, obtained

by iodination of acetophenone1 under acid conditions, can
be sequentially oxidized by dimethyl sulfoxide to phenylg-
lyoxal 4.6,7 Second,2 is reacted with dimethyl sulfide (DMS),
which is readily reduced from dimethyl sulfoxide in high
yield in the presence of HI formed in the first step8 to give
dimethyl (phenacyl)-sulfonium iodine3.9 Furthermore,3
could condense with4 in an aldol-type reaction to produce
intermediate 2-hydroxy-3-(methylthio)-1,4-diphenyl butane-
1,4-dione5 after loss of MeI, which is then dehydrated to
yield 6b and6c.10

On the basis of these analyses, we believe that it is possible
to obtain isomers6b,c from 1 in a one-pot reaction.
Surprisingly, as early as the 1970s, Furukawa reported that
the unexpected olefinic products6b,cwere obtained in poor
yield when the dimethyl sulfoxide-iodine-sulfuric acid
system was employed to oxidize1.10 Additionally, under acid
conditions, the yield for direct oxidation of1 to 4 by dimethyl
sulfoxide was reported to be only 10%,11 which could explain
the poor yield of the above-mentioned reaction. Therefore,
to obtain isomers6b,c from 1 in one pot, the generation of
intermediate2 is a key step. Moreover, iodine and dimethyl
sulfoxide are indispensable. On the basis of our research
results, we found that a CuO-iodine system could iodinate
1 to 2 in excellent yield12 after screening various metal
catalysts, such as Ag2O, CuCl, CuCl2, and CuBr. As a result,
the experiments indicated that the dimethyl sulfoxide-CuO-
iodine system (the optimal molar ratio ofn(substrate)/
n(CuO)/n(iodine) equals 1:3:2) was more efficient for this
desired reaction.

Next, we also successfully obtained the target products
6b,c using phenacyl iodine2 as the reactant, which was
powerful evidence in support of the above hypothesis
(Scheme 3). In addition, to ensure the self-sorting tandem
reaction could be carried out efficiently, the same or
approximate reactive rates between the oxidation step from
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Scheme 2. Self-Sorting Tandem Reaction Strategy

Scheme 3. Synthesis of Compounds6b,c via the Self-Sorting
Tandem Reaction
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2 to 4 and the formation of sulfonium salt3 from 2 should
be required. Further experimental results showed that these
two steps might have approximate reactive rates when the
reaction temperature was in the range of 60-65 °C,
especially in the presence of CuO. However, if the temper-
ature was elevated to 90°C, the oxidation step from2 to 4
might be the main fast reaction in the whole system, and
the corresponding aromatic acid was the major product (see
Supporting Information for details).

Following the above optimized conditions, a general
experimental procedure is as follows: a mixture of acetophe-
none1 (1 equiv), CuO (3 equiv), and iodine (2 equiv) in
freshly distilled dimethyl sulfoxide was stirred at 65°C for
18 h. The corresponding products6b,c were obtained in
overall yields of 86% (Z/E) 6:1, Table 1, entry 1), which
were determined by X-ray single diffraction analysis (Figures
1 and 2). A series of other aryl methyl ketones (entries 2-11)

were further investigated. Gratifyingly, all the reactions
proceeded smoothly and afforded the expected products in
good yields.Z-Isomers were the major products in all cases.
In particular, whenp-ethoxyacetophenone (13a) was used
as a substrate (entry 8), theZ-isomer was the exclusive
isolated product and only a trace amount of theE-isomer
was detected by1H NMR analysis of the crude reaction
mixture.13

Encouraged by the results obtained with aryl methyl
ketones, we turned our attention to the heteroaryl methyl

ketones and aryl dimethyl ketones. As shown in Table 1,
2-acetylfuran (17a) and 2-acetylthiophene (18a) also gave
satisfying results (entries 12 and 13). However, no expected
products were observed when the substrate was 4-acetylpy-
ridine (19a). It was supposed that the HI formed in the first
step combined with the nitrogen of 4-acetylpyridine to form

(13) TheZ-stereoconfiguration of the product was assigned by comparing
the chemical shifts of SCH3 in 1H NMR with otherZ/E-isomers reported
in this paper. There was an obvious difference in chemical shifts of SCH3
betweenZ- andE-isomers (see Supporting Information).

Figure 1. X-ray structure of compound6b.

Figure 2. X-ray structure of compound6c.

Table 1. Formation of Carbon-Carbon Double Bonds via the
Self-Sorting Tandem Reaction

a Isolated yields of pure products.b The ratios ofZ/E-isomers were
estimated from1H NMR analysis of crude product mixtures.c Trace amounts
of the E-isomers were not isolated.d No olefinic products were observed
(see Supporting Information for detailed explanations).
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an ammonium salt which prevented further reaction. As for
the dicarbonyl substrate, 1,4-diacetylbenzene (20a) gave an
unexpected mixture (see Supporting Information for a
detailed explanation).

In conclusion, a new synthetic strategy, a self-sorting
tandem reaction, for efficient formation of carbon-carbon
double bonds from aryl or heteroaryl methyl ketones has been
developed. Owing to the readily available starting materials,
mild reaction conditions, and good yields, this method should
expand the scope of the formation of carbon-carbon double
bonds. To the best of our knowledge, this is the first example
to utilize molecular self-sorting behavior in covalent syn-
thesis. More significantly, this synthetic strategy will offer
another possibility for the efficient construction of complex
molecules from simple molecules in a single procedural step.
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