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ABSTRACT: A highly efficient molecular iodine mediated Radziszewski-type
reaction of methyl ketones, anilines, and tosylmethyl isocyanide has been
developed. This protocol represents an elegant molecular fragment assembly of
imidazoles via a formal [2 + 1 + 1 + 1] annulation. It is the first example where
methyl ketones serve as the α-dicarbonyl compounds and aldehydes in
Radziszewski-type reactions.

Imidazoles are privileged five-membered nitrogen hetero-
cycles. They are found in a wide range of biologically active

molecules1 and can act as organocatalysts,2 ionic liquids,3 and
precursors of N-heterocyclic carbenes.4 The Radziszewski
reaction,5 which involves the condensation of an α-dicarbonyl
compound, an aldehyde, and 2 equiv of dry ammonia (Scheme
1a), is the only reaction of industrial importance for the

production of imidazole derivatives.6 Over the past few years,
significant progress has been made in development of the
Radziszewski reaction, but most of the reported Radziszewski
reactions have been limited to 1,2-diketones and aldehydes.7

Increasing attention has focused on the use of the Radziszewski
reaction to develop new methods for the construction of
substituted imidazole compounds.8 Recently, Wang’s group
disclosed an expedient route to 2,4,5-trisubstituted imidazoles
via pivalic acid promoted 1,2-diketone generated in situ from
internal alkynes (Scheme 1b).9 Muthusubramanian et al.

reported the use of α-azido chalcones instead of 1,2-diketones
to construct polysubstituted imidazoles (Scheme 1c).10 Jiang11a

and Ji11b independently demonstrated that aryl methyl ketones
and benzylamines can replace 1,2-diketones and aldehydes in
the preparation of highly substituted imidazoles (Scheme 1d).
However, to the best of our knowledge, there have been no
reports of Radziszewski reactions with methyl ketones replacing
both the α-dicarbonyl compound and the aldehyde. Here, we
report a facile and efficient approach to the formation of
substituted imidazoles via a formal [2 + 1 + 1 + 1] annulation
from readily available methyl ketones, anilines, and tosylme-
thylisocyanide (TosMIC) (Scheme 1e).
Recently, we developed a Povarov-type formal [3 + 2 + 1]

cycloaddition reaction for the direct synthesis of substituted
quinolines from methyl ketones, arylamines, and styrenes,
involving the key intermediate of C-acylimines generated in
situ.12 Inspired by these results, we attempted to use the Van
Leusen reaction, which is a formal [3 + 2] cycloaddition
reaction, between a C-acylimine and TosMIC for the
preparation of imidazoles.13 However, the Radziszewski
product was obtained as the main product instead of the Van
Leusen product. This indicated that we had discovered a new
role for the Van Leusen reagent, in which it serves as an amino
surrogate. First, we treated acetophenone (1a, 1.0 mmol), p-
toluidine (2a, 1.0 mmol), and TosMIC (3, 1.5 mmol) with I2
(1.6 mmol) in DMSO (2 mL) at 100 °C; the 1,2,5-
trisubstituted imidazole (4a) was isolated in 43% yield (Table
1, entry 1). The structure of 4a was unambiguously confirmed
using X-ray crystallography (Supporting Information, Figure
S2). This unexpected product prompted us to investigate the
reaction parameters in greater detail to evaluate their impact on
the reaction outcome. When the 1a/2a/3 molar ratios were
2:1:1, the reaction proceeded smoothly in DMSO using I2 (1.6
mmol) in 3 h at 100 °C to afford the Radziszewski product 4a
in 72% yield (Table 1, entry 3). Brønsted acids can accelerate
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Scheme 1. Radziszewski Reaction
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the hydrolyses of TosMIC,14 but a series of acids, namely
CF3SO3H, PTSA·H2O, HOAc, CH3SO3H, TFA, H2SO4, HCl,
and PhCOOH, had no positive impact on the outcome of the
reaction (Table 1, entries 5−12). These results suggest that
additional acid could not enhance the catalytic efficiency of I2.
A range of different temperatures were tested to improve the
yield (Table 1, entries 13−16), and 110 °C was identified as the
optimum temperature for this four-component reaction. The
yield of 4a increased when the amount of I2 was decreased to
0.8 mmol (Table 1, entry 19).
With the optimized conditions in hand, the generality and

scope of the I2-promoted four-component reaction were
explored. The reaction had a wide substrate scope in terms
of the aromatic ketone unit (Scheme 2). Aryl methyl ketones
bearing electron-neutral (4-H), electron-rich (e.g., 4-Me, 4-
OMe, 4-OEt, 3,4-OCH2O), and electron-deficient (e.g., 4-Ph,
3-NO2) phenyl rings were successfully converted to the
corresponding products in moderate to good yields (51−
80%; 4a−g). The optimized conditions were mild enough to be
compatible with a broad range of halogenated (e.g., 4-Cl, 4-Br,
3,4-Cl2) substrates (67−80%; 4h−j), which provided the
possibility for further functionalization. The sterically hindered
2-naphthyl methyl ketone provided the expected product 4k in
77% yield. The desired imidazole was obtained in moderate
yield from a heteroaryl methyl ketone (42%; 4l). However, no
products was observed under the standard conditions when
acetone was used as a substrate.
The scope of this reaction was then extended to a variety of

substituted anilines; the desired products were obtained in
satisfactory yields (Scheme 3). Both electron-rich and electron-
deficient anilines were smoothly converted to the desired
products (62−81%; 4m−q). In general, aromatic amines
containing electron-rich groups were more reactive than
those bearing electron-deficient groups. Substrates bearing

halogen substituents were well tolerated, and the corresponding
halo-substituted products were isolated in good yields (78−
81%; 4r−u). However, no products was observed under the
standard conditions when n-butylamine was used as a substrate.
With the scope of the method established, the reaction

mechanism was investigated. When the acetophenone substrate
was replaced with α-iodoacetophenone (1aa), the desired
product 4a was obtained in good yields, both with and without
I2 (Scheme 4a). The hydrated species 1ac also reacted with 2a
and 3 in the presence of additional I2, and 4a was obtained in
48% yield (Scheme 4b). These results clearly confirm that 1aa
and phenylglyoxal (1ab) were the key intermediates in this
transformation. The C-acylimine 5n was subjected to the
standard conditions and gave the desired product 4n in 51%
yield (Scheme 4c). This result shows that 5n was the crucial
intermediate in the process. However, the Radziszewski
product 4n was not detected when the reaction of 5n with

Table 1. Optimization of the Reaction Conditionsa

entry I2 (mmol) 3 (mmol) acid (0.5 mmol) temp (°C) yieldb (%)

1 0.8 0.75 100 43c

2 1.6 0.75 100 67
3 1.6 0.5 100 72
4 1.6 1.0 100 61
5 1.6 0.5 CF3SO3H 100 67
6 1.6 0.5 PTSA·H2O 100 69
7 1.6 0.5 HOAc 100 71
8 1.6 0.5 CH3SO3H 100 63
9 1.6 0.5 TFA 100 68
10 1.6 0.5 H2SO4 100 43
11 1.6 0.5 HCl 100 47
12 1.6 0.5 PhCOOH 100 62
13 1.6 0.5 80 48
14 1.6 0.5 90 56
15 1.6 0.5 110 76
16 1.6 0.5 120 51
17 0.3 0.5 110 51
18 0.5 0.5 110 72
19 0.8 0.5 110 80
20 1.0 0.5 110 78

aReaction conditions: 1a (1.0 mmol), 2a (0.5 mmol), DMSO (2 mL).
bIsolated yields. c1a (0.5 mmol).

Scheme 2. Scope of Methyl Ketonesa

aIsolated yield.

Scheme 3. Scope of Arylaminea

aIsolated yield.
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α-aminoacetophenone hydrochloride (5v) was performed
under the standard conditions (Scheme 4d); this excludes the
possibility of the formal [3 + 2] cycloaddition of two types of
C-acylimine.
The reaction mechanism of this transformation was

investigated in greater depth by performing D-labeling (Scheme
5a) and 13C-labeling (Scheme 5b) experiments under the

optimized conditions using acetophenone-β,β,β-d3 and aceto-
phenone-β-13C, respectively, as the substrates. The correspond-
ing desired products 4a-d1 and 4a′ were obtained in good
yields. Taken together, these experimental results show that
methyl ketones provided all the carbons of the imidazole ring.
On the basis of the above results and previous work,15 a

possible mechanism is proposed that uses the reaction of
acetophenone (1a), p-toluidine (2a), and TosMIC (3) as an
example (Scheme 6). The initial reaction of I2 with 1a results in
the formation of α-iodoacetophenone (1aa), which is then
converted to phenylglyoxal (1ab) with release of HI via
Kornblum oxidation in the presence of DMSO. The reaction of
p-toluidine (2a) with the aldehyde group of 1ab then gives the
C-acylimine 5a. Then 5a reacts with the amine 3′ formed in
situ from 3 and HI14 to afford intermediate A via an in situ
cross-trapping process.16 Finally, intermediate A participates in
cyclocondensation9 with another 1ab molecule to provide the
desired product 4a.
We investigated the cross-coupling reaction using acetophe-

none (1a, 0.5 mmol), 1-(p-tolyl)ethanone (1b, 0.5 mmol), 2a,
and 3 under the standard conditions (Supporting Information,
Scheme S2) to support our mechanism. According to our
proposed reaction mechanism, the reaction of equimolar
amounts of 1a and 1b would give three or four imidazole
products. All of the products were successfully identified by

HRMS analysis of the crude reaction extract; this clearly
confirms our proposed mechanism (Supporting Information,
Figure S1).
In summary, we have developed a novel I2-mediated formal

[2 + 1 + 1 + 1] synthesis of 1,2,5-trisubstituted imidazoles from
methyl ketones, anilines, and TosMIC in which the methyl
ketones play dual roles as α-dicarbonyl compounds and
aldehydes in the Radziszewski-type reaction. Initial studies of
the mechanism suggest that the reaction proceeds via a key C-
acylimine intermediate and I2 plays an important role in the
self-sorting tandem reaction. Further studies of applications of
this C-acylimine cycloaddition are currently underway in our
laboratory, and the results will be reported in due course.
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