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Abstract—Promoted by samarium metal in DMF and in the presence of TMSCl, 1,1-diaryl-2,2-dicyanoethylenes undergo an
unexpected kind of reductive cyclization, thus affording a new approach to the construction of indene core. Simultaneously, di-
silylation occurred at the amino moiety resulting from the reduction of the cyano group.
� 2004 Elsevier Ltd. All rights reserved.
As important synthetic intermediates, the use of indenes
have been widely exploited in pharmaceutics, catalysis,
metal complexes, polymer chemistry, and the syntheses
of natural products.1 A number of synthetic methodol-
ogies for indenes have appeared.2 Semmelback et al.
reported the cyclopropene rearrangements for benz-
annulation to synthesize indene compounds catalyzed
by Mo(CO)6 or Cr(CO)6.

2a 3-Vinylcyclopropenes were
also reported to undergo photochemical rearrangement
to form indenes.2b The addition of vinyl Grignard re-
agents with aromatic ketones followed by annulation
and dehydration catalyzed by methyl sulfonic acid is
also a useful method for indenes syntheses.2c Besides, a
variety of catalysts, such as SOCl2/AlCl3,

1a H2SO4/
AlCl3,

1b P2O5,
2d BF3/(C2H5O)2O,2e NBS,2f TiCl4,

2g

CrCl2/NiCl2,
2h and Mn(CO)n,

2i were exploited for dif-
ferent substrates for the synthesis of indenes. However,
in most cases, the formation of indene skeleton requires
laborious operational procedure and relatively harsh
reaction conditions. Therefore, further investigation to
explore new ways for the construction of indene core is
still in need.
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Recently, direct use of metallic samarium as a reducing
agent in organic transformations has attracted the
attention of many organic chemists.3 Though THF was
in most cases favored as the reaction media for the
organic reactions promoted by Sm,4;5 we have found
some drastically interesting characteristics of metallic
samarium as a reducing agent when N,N-dimethyl-
formamide (DMF) was used as a solvent.6

1-Aryl-2,2-dicyanoethylenes were reported to undergo
intermolecular reductive cyclodimerization to afford
cyclopentenamines promoted by SmI2.

7a To clarify the
effect of hindrance on the reactivity of such compounds,
we set out to investigate the reaction of the sterically
more hindered structure, namely, the structurally ana-
logues 1,1-diaryl-2,2-dicyanoethylenes, promoted by
samarium metal.

1,1-Diaryl-2,2-dicyanoethylenes, like diaryl ketones,
were reported to be able to form radical anions due to
the similarity between the C@C(CN)2 and C@O
groups.8 Based on this property, the reductive cross-
coupling reaction of 1,1-diaryl-2,2-dicyanoethylenes or
1,1-diaryl-2-cyano-2-ethoxycarbonylethylenes with aro-
matic nitriles mediated by samarium diiodide7 were
successfully realized to prepare polysubstituted 3H-
pyrroles. Herein, we wish to report that 1,1-diaryl-2,2-
dicyanoethylenes undergo intramolecular cyclization to
form indene compounds promoted by samarium metal.
When 1,1-diaryl-2,2-dicyanoethylenes (1) were treated
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with samarium metal in the presence of TMSCl
in DMF, polysubstituted indenes (2 and 3) were
obtained in moderate to excellent yields (Scheme 1 and
Table 1).

Though two kinds of indenes were produced, the reac-
tion was in fact regioselective. With all the substrates
tested, the indenes with a relatively electron-richer aro-
matic indene ring were preferentially formed and
therefore predominated in the products (the ratio of 2/3,
Table 1).9 When 2-(1-phenyl-ethylidene)-malononitrile
(1f) was used in this reaction, however, the intermolec-
Table 1. Regioselective intramolecular cyclization and disilylation of 1,1-dicy

of TMSCl11

Entry Substrate 1 Time

(min) 2

1
CN

CN

(1a)

40
CN

N
Si(CH3)3

Si(CH3)3

2

CN

CN

H3C

H3C

(1b)

35

CN

N
Si(C

Si(C

H3C

CH3

3

CN

CN

H3C

(1c)

30

CN

N
Si(CH3)

Si (CH3)

CH3

4
CN

CN

Cl

(1d)

25
CN

N
Si(CH3)3

Si (CH3)3

Cl
ular coupling cyclization product was obtained. This
may be attributed to the lower hindrance of methyl
group and thus it behaves like 1-aryl-2,2-dicyanoethyl-
enes, which undergo intermolecular coupling cyclization
when treated with SmI2.

7a Another interesting phe-
nomenon is that one of the cyano groups was eliminated
(entry 6) during the reaction process. The removal of
cyano group here is extraordinary considering that
decyanation reaction is usually difficult to occur and
only few examples are available for the successful
decyanation.10 Attempts to extend the intramolecular
cyclization to 1,1-diphenyl-2-cyano-2-ethoxycarbonyl-
ano-2,2-diarylethenes promoted by samarium in DMF in the presence

Products Yield (%)a

3

87 (2a)

H3)3

H3)3

92 (2b)

3

3

CN

N
Si(CH3)3

Si(CH3)3

H3C

90 (2c/3c¼ 74/26)b

CN

N
Si(CH3)3

Si(CH3)3

Cl

64 (2d/3d¼ 5/95)b



Table 1 (continued)

Entry Substrate 1 Time

(min)

Products Yield (%)a

2 3

5

CN

CN

(1e)

40

CN

N
Si(CH3)3

Si(CH3)3
CN

N
Si(CH3)3

Si(CH3)3

47 (2e/3e¼ 100/0)b

6
CN

CNH3C

(1f)

40

CN

N

CN

Si(CH3)3

Si(CH3)3H

81 (2f)c

7
CN

COOC2H5

(1g)

30 ––d

8
CN

CN

H3C

H3C

(1b)

40 ––d ;e

a Isolated yields based on substrates 1.
b The ratio was determined by 1H NMR.
c Isolated product.
dA complex mixture was obtained.
eDMSCl was used instead of TMSCl.

Figure 1. The crystal structure of 2a.
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ethylene (entry 7) were not successful and a complex
mixture was obtained.

It should be pointed out that the adoption of TMSCl is
necessary here since the reaction did not occur in the
absence of TMSCl. When DMSCl (entry 8) were used
instead of TMSCl, the reaction could not give any
encouraging results. The use of DMF is also important
to this reaction. When THF was used as a solvent, the
reaction failed to give the desired indenes and only the
C@C bonds in the 1,1-dicyano-2,2-diarylethenes were
reduced.

Since the NMR, IR, and MS spectral data was not
enough for the structure identification of products 2a,
single-crystal X-ray diffraction of 2a was performed. It
was determined unambiguously that product 2 has an
indene core and the two trimethylsilyl groups were
attached to the nitrogen atom (Fig. 1). The fact that all
products 2 share the same NMR patterns suggests the
stereochemistry of these compounds should be identical.

The mechanism of this reaction is not clear enough at
present stage. According to the experimental results, the
following reaction pathway is proposed as one of the
most plausible mechanisms (Scheme 2). Firstly, a radical
anion intermediate A is formed via the electron transfer
from samarium to substrate 1.8 A rearranges to inter-
mediate B, which reacts with the electrophile TMSCl
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and then accepts another electron from samarium to
afford intermediate C. Intermediate C rearranges to
intermediate D, which the carbon anion attacks the
C@N bond and subsequent silylation of the resulting
nitrogen anion by another molecule of TMSCl forms
intermediate E. Intermediate E rearranges in a 1,3-H
migration manner to give the final product 2a.

On the other hand, as an efficient ligand, indenes can
form metal complexes with transition metals.1a–c;12 Like
the cyclopentadiene–samarium complex known in pre-
vious reports,12 it is possible, due to the strong complex
ability of samarium cation, that the similar indene–
samarium complex forms during the process so as to
assist the reaction to proceed smoothly.

In conclusion, in the presence of TMSCl in DMF,
metallic samarium can promote a new kind of intra-
molecular cyclization. The reaction proceeds both effi-
ciently and regioselectively and provides an efficient
protocol for the syntheses of polysubstituted indenes.
With mild reaction conditions, short reaction time, facile
operational procedure and easily available materials, it
offers a promising method for the construction of indene
cores. The simultaneous disilylation of the resulting
amino moiety is also unexpected.
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