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Transformation of gem-Dicyanoethenes by Samarium: Direct Formation of
Indenes or Direct Decyanation with in Situ Disilylation
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Intramolecular cyclization of 1,1-diaryl-2,2-dicyanoethenes
promoted by samarium metal in DMF in the presence of
TMSCl allowed direct construction of the indene core,
whereas 1-alkyl-1-aryl-2,2-dicyanoethenes underwent inter-
molecular coupling cyclization and decyanation under the
same conditions. Simultaneously, disilylation occurred at the

Introduction

As important synthetic intermediates, more and more in-
denes and their derivatives have been widely used in phar-
maceutics, catalysis, metal complexes, polymer chemistry,
and the synthesis of natural products.[1] To date, several
synthetic methodologies towards indenes have been de-
scribed.[2–5] Recently, Gridnev et al. and Yamamoto et al.
reported Pd-catalyzed or Pt-catalyzed intramolecular carb-
alkoxylation reactions accompanied by an unprecedented
1,2-alkyl migration for the synthesis of functionalized ind-
enes.[3] Additionally, Larock et al. reported a convenient
method for the preparation of indenes by the palladium-
catalyzed carboannulation of internal alkynes with func-
tionally substituted aryl halides.[4] A very recent study re-
ported a convenient approach for the synthesis of 2,3-disub-
stituted indenes from diethyl 2-[2-(1-alkynyl)phenyl]malon-
ates and a wide variety of organic halides.[5] In most cases,
however, the formation of the indene skeleton requires la-
borious operational procedures and relatively harsh reac-
tion conditions.

In the last decade, samarium reagent promoted cycliza-
tions have been developed as an alternative synthetic meth-
odology for organic transformations, especially for the syn-
theses of natural products.[6] The direct use of metallic sa-
marium as a reducing agent in organic syntheses has re-
cently attracted the attention of a number of organic chem-
ists.[7] By virtue of the potential transformations that sa-
marium can induce in synthetic chemistry, various original
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amino moiety resulting from the reduction of the cyano
group. However, only simple reduction of the C=C bonds is
observed when a trace amount of water presented.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

means were adopted to try many organic reactions and
many unprecedented reactions were developed in the course
of these attempts.[8] The mild and selective nature of samar-
ium has led to its widespread application in target synthesis,
and an array of cyclization protocols have been employed
successfully to assemble many different ring systems.[6,9] In
some cases, an inducing reagent should be used to activate
samarium metal, for example, TMSCl, which usually acts
as an activator in reduction reactions promoted by metals
such as titanium.[10] Commonly, THF is the preferred reac-
tion medium in organic reactions containing samarium,[9]

but we have explored some drastically interesting character-
istics of metallic samarium as a reducing agent when N,N-
dimethylformamide (DMF) is used as the solvent.[11] Herein
we wish to report the interesting transformation of 1,1-dicy-
canoethenes when treated with samarium/TMSCl in DMF.

Results and Discussion

Intramolecular Cyclization and Disilylation of 1,1-Dicyano-
2,2-diarylethenes Promoted by Samarium in DMF in the
Presence of TMSCl: Construction of Indene Skeletons

As shown in Scheme 1, when 1,1-dicyano-2,2-diaryleth-
enes (1) were treated with samarium metal in the presence
of TMSCl in DMF, polysubstituted indenes 2 and 3 were
obtained in moderate-to-excellent yields. The results of the
influence of the substituents and regioselectivity are sum-
marized in Table 1.

Though two kinds of indenes were afforded, the reaction
was regioselective. With all the substrates tested, indenes
with a relatively electron-rich aromatic ring were preferen-
tially formed and, therefore, predominated in the products
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Scheme 1.

Table 1. Regioselective intramolecular cyclization and disilylation
of 1,1-dicyano-2,2-diarylethenes promoted by samarium in DMF
in the presence of TMSCl.

[a] Isolated yields based on substrates 1. [b] The ratios were deter-
mined by 1H NMR spectroscopy. [c] Isolated products. [d] A com-
plex mixture was obtained. [e] DMSCl (dimethyldichlorosilane)
was used instead of TMSCl.

(see Table 1 for ratios of 2/3). Nevertheless, attempts to ex-
tend the intramolecular cyclization to 1,1-diphenyl-2-cy-
ano-2-ethoxycarbonylethylene (Table 1, entry 6) were not
successful and only a complex mixture was obtained.

It should be pointed out that the adoption of TMSCl is
essential here, as the reaction did not proceed in the absence
of TMSCl. When DMSCl (Table 1, entry 7) was used in-
stead of TMSCl, the reaction failed. At the same time, the
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use of DMF is indispensable to this reaction. When THF
was used as the solvent, the reaction failed to give the de-
sired indenes but the C=C bonds of 1,1-dicyano-2,2-diaryl-
ethenes were reduced.

In addition to the NMR and IR spectroscopic and MS
data of products 2, a single-crystal X-ray diffraction struc-
ture of 2a was obtained. It determined unambiguously that
product 2 has an indene core and that the two trimethylsilyl
groups are attached to the nitrogen atom (Figure 1).
Furthermore, the fact that all products 2 share similar data
suggests similar structures for these compounds.

Figure 1. The crystal structure of 2a.

1,1-Dicyano-2,2-diarylethylenes, like diaryl ketones, were
reported to be able to form stable radical anions as a result
of the similarity between the C=C(CN)2 and C=O
groups.[11] On the basis of this property, the reductive cross-
coupling reaction of 1,1-diaryl-2,2-dicyanoethylenes or 1,1-
diaryl-2-cyano-2-ethoxycarbonylethylenes with aromatic ni-
triles mediated by samarium diiodide were successfully real-
ized to prepare polysubstituted 3H-pyrroles.[12] On the basis
of the previous work and the results presented in this paper,
the following tentative reaction pathway is proposed as a
rational mechanism (Scheme 2). First, radical anion inter-
mediate A is formed by electron transfer from samarium
to substrate 1.[11] Structure A would be in resonance with
structure B, which reacts with the TMSCl electrophile and
then accepts another electron from samarium to afford
anion C. Anion C would be in resonance with D, the carbon
atom of which attacks the C=C=N moiety, possibly in a
Michael-type fashion. Silylation at the N atom forms E,
which aromatizes (possibly by two 1,5-H shifts) to produce
final product 2a.

This is a rare example of an in situ silylation reaction
with the use of TMSCl in the presence of samarium rea-
gents, although TMSCl usually acts as an activator in some
reductive reactions promoted by metal, for example, samar-
ium and titanium,[7,9,13] and may constitute a potentially
alternative protocol for the synthesis of organosilanes or for
the protection of sensitive groups such as hydroxy, amino,
etc.[14,15]
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Scheme 2.

Intermolecular Cyclization, Decyanation and Disilylation of
1,1-Dicyano-2-aryl-2-alkylethylenes Promoted by Samarium
in DMF in the Presence of TMSCl

In the interest to clarify the influence of the substituent
on the dicyanoethylene, 1,1-dicyano-2-aryl-2-alkylethylenes
4 were used instead of 1 to expand the investigation. Instead
of the formation of the anticipated indene product, an
intermolecular coupling, cyclization, and unusual decyan-
ation sequence occurred to produce cyclic products in high
yields (Scheme 3).

Scheme 3.

As shown in Scheme 3, when alkylethylenes 4 were used,
another interesting phenomenon came forth, which was
that one of the cyano groups was eliminated during the re-
action process. The removal of the cyano group is extraordi-
narily considered to be a particular protocol not only for
synthetic chemistry in which reductive decyanation reac-
tions are usually difficult and only a few examples are avail-
able under reductive conditions,[16] but also for the explora-
tion and application of samarium reagents that rarely ex-
hibited the ability so far to reductively cleave a carbon–
carbon single bond in previously known reports.

To investigate the scope and generality of this disilylation
reaction, a number of 1,1-dicyano-2-aryl-2-alkylethylenes
were used in this reaction and the results are summed up in
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Table 2. Although 1,1-dicyano-2-methyl-2-(2,4-dichloro-
phenyl)ethylene (4g) reacted smoothly with good yields to
afford product 5g (Table 2, entry 7), the desired disilylation
products were not formed when the ortho positions of the
phenyl rings of substrates 4 were occupied by a methyl
group or a bromine atom, probably due to the bigger size
of the methyl group or bromine atom than that of the chlo-
rine atom (Table 2, entries 11 and 12), which may bring
enough steric hindrance to make the coupling cyclization
difficult. The rate of reduction of the nitro groups was
faster than that of the alkene–nitrile system, thereby leading
to a complex mixture of products when 4j was used
(Table 2, entry 10). The results also show that substrates at-
tached to electron-withdrawing groups (chlorine, bromine)
require longer reaction times and thus afford the corre-
sponding products in lower yields.

Table 2. Samarium-promoted intermolecular cyclization–decyan-
ation and disilylation of 1,1-dicyano-2-aryl-2-alkylethenes in the
presence of TMSCl.

Entry Ar, R in 4 Time [min] Product Yield [%][a]

1 Ph, CH3 (4a) 30 5a 92
2 4-CH3C6H4, CH3 (4b) 35 5b 87
3 4-PhC6H4, CH3 (4c) 30 5c 90
4 4-ClC6H4, CH3 (4d) 45 5d 71
5 4-BrC6H4, CH3 (4e) 45 5e 65
6 4-CH3OC6H4, CH3 (4f) 30 5f 91
7 2,4-Cl2C6H4, CH3 (4g) 45 5g 77
8 Ph, C2H5 (4h) 35 5h 85
9 4-CH3C6H4, C2H5 (4i) 30 5i 92
10 4-NO2C6H4, CH3 (4j) 45 –[b]

11 2-BrC6H4, CH3 (4k) 45 –[b]

12 2-CH3C6H4, CH3 (4l) 45 –[b]

[a] Isolated yields based on substrates 4. [b] A complex mixture was
obtained.

The decyanation was confirmed by single-crystal X-ray
diffraction analysis of 5f (Figure 2), which unambiguously
shows the presence of only two cyano groups in the mole-
cule. In the HMQC spectrum (Figure 3), the only hydrogen
atom (δ = 4.48 ppm in 1H NMR) located in the five-mem-
ber ring is correlated with the carbon atom (δ = 48.9 ppm
in 13C NMR). The series of compounds 5 share similar
spectroscopic data, which suggests that the structures of
these compounds are similar.

The characteristic process of disilylation is also smoothly
realized here by following a pathway similar to that in
Scheme 2. However, with only one aryl group, intermediate
F (Scheme 4) is much less stable than A in Scheme 2; there-
fore, the radical dimerization reaction occurs rapidly as
soon as F is produced. Intermediate G undergoes disilyl-
ation in the presence of TMSCl and compound 5a� is thus
formed. One of the cyano groups of 5a� is removed in situ
by samarium, possibly in a β-elimination manner by two
single-electron transfer steps to the acrylonitrile fragment
of 5a�, which has been proven to be unstable in some cases
in the presence of SmI2.[16b,17] After acidification during the
workup procedure, final product 5a is afforded.
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Figure 2. The crystal structure of 5f.

Figure 3. HMQC of 5f.

Scheme 4.
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Our experimental results also show that the cyclization–
silylation of dicyanoethylenes is strongly sensitive to water,
which may react with TMSCl to form HCl to promote the
reductive ability of samarium, but on the other hand, it may
also counteract the formation of the carbon anion. As an
example (Scheme 5), when a trace amount of water was
present in the reaction mixture of 4c under the established
conditions, both the cyclization and the disilylation failed
to proceed, but the reduction of the C=C bond occurred to
afford simple reduction products 6 in low yields, whereas
only a complicated mixture was obtained when alcohol was
used instead of water.

Scheme 5.

Conclusions

In the presence of TMSCl in DMF, metallic samarium
exhibits the ability to realize the intramolecular cyclization
of 1,1-diaryl-2,2-dicyanoethenes to afford indenes or to
promote the intermolecular cyclization–decyanation of 1,1-
dicyano-2-aryl-2-alkylethylenes to afford cyclopentamines,
followed by an in situ disilylation of the amino groups. Un-
der mild reaction conditions, short reaction times, easy op-
erational procedures, and high product yields, not only does
this reaction proceed regioselectively, but it also provides a
promising protocol for either the construction of the indene
core or the silylation of an amino group. As a reasonable
result, the disilylation process is sensitive to proton sources
such as water, which make the reaction complicated, and
only the products resulting from reduction of the C=C
bond are obtained in low yields.

Experimental Section
General: All NMR spectra were measured in CDCl3 or [D6]DMSO
and recorded with a Bruker AV 500 spectrometer (500 and
125 MHz for 1H and 13C, respectively) with TMS as the internal
standard. Chemical shifts are expressed in ppm and J values are
given in Hz. IR spectra were recorded with a Nicolet FTIR Magna-
750 spectrometer. MS (EI) were determined with a HP5989B mass
spectrometer. Elemental analyses were performed with a Vario-
ELIII equipment. Single-crystal X-ray diffraction analyses were
performed with a NONIUS-CAD4. Melting points are uncor-
rected. All the reactions in this paper were performed under a nitro-
gen atmosphere. DMF was redistilled from calcium hydride before
use.

Typical Procedure for the Synthesis of Indenes: To a mixture of
samarium powder (0.3 g, 2 mmol) and 1,1-diphenyl-2,2-dicyano-
ethylene (0.46 g, 2 mmol) in freshly distilled DMF (10 mL) was
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added TMSCl (0.6 mL, 5 mmol, freshly distilled) at 30 °C with
magnetic stirring under a nitrogen atmosphere. The resulting solu-
tion turned dark brown within 5 min and an exothermic reaction
was observed. After completion of the reaction (about 40 min), di-
lute hydrochloric acid (1 , 5 mL) was added, and the resulting
mixture was extracted with ethyl acetate (3�10 mL). The com-
bined organic layer was washed with brine, dried with anhydrous
sodium sulfate, and concentrated under reduced pressure. The resi-
due was separated by column chromatography over silica gel (ethyl
acetate/hexane, 1:5) to obtain 2a (0.65 g, 87%).

Typical Procedure for the Synthesis of Compounds 5: To a mixture
of samarium powder (0.3 g, 2 mmol) and 1-methyl-1-phenyl-2,2-
dicyanoethylene (0.33 g, 2 mmol) in freshly distilled DMF (10 mL)
was added TMSCl (0.6 mL, 5 mmol, freshly distilled) at 40 °C with
magnetic stirring under a nitrogen atmosphere. The resulting solu-
tion turned dark brown within 5 min and an exothermic reaction
was observed. After completion of the reaction (about 40 min), di-
lute hydrochloric acid (1 , 5 mL) was added, and the resulting
mixture was extracted with ethyl acetate (3�10 mL). The com-
bined organic layer was washed with brine, dried with anhydrous
sodium sulfate, and concentrated under reduced pressure. The resi-
due was separated by column chromatography over silica gel (ethyl
acetate/hexane, 1:5) to obtain 5a (0.42 g, 92%).

Procedure for the Reduction of Compound 4c: To a mixture of sa-
marium powder (0.15 g, 1 mmol), and 4c (0.24 g, 1 mmol) in freshly
distilled DMF (5 mL) was added TMSCl (0.25 mL, 2 mmol, freshly
distilled) and distilled water (0.004 mL, 0.2 mmol) at room tem-
perature with magnetic stirring under a nitrogen atmosphere. The
resulting solution turned yellow within 5 min and an exothermic
reaction was observed. After completion of the reaction (about
40 min), dilute hydrochloric acid (1 , 3 mL) was added, and the
resulting mixture extracted with ethyl acetate (3�5 mL). The com-
bined organic layer was washed with brine, dried with anhydrous
sodium sulfate, and concentrated under reduced pressure. The resi-
due was separated by column chromatography over silica gel (ethyl
acetate/hexane, 1:5) to obtain 6 (0.14 g, 58%).

3-[Bis(trimethylsilyl)amino]-1-phenyl-1H-indene-2-carbonitrile (2a):
Colorless prism, m.p. 129–130 °C. IR (KBr): ν̃ = 3065, 2956, 2207,
1587, 1557, 1498 cm–1. 1H NMR ([D6]DMSO): δ = 7.29–7.49 (m,
6 H), 7.21–7.23 (m, 1 H), 7.12–7.13 (m, 2 H), 5.13 (s, 1 H), 0.22 (s,
9 H), 0.19 (s, 9 H) ppm. 13C NMR (CDCl3): δ = 164.2, 147.3,
143.0, 137.1, 129.2, 129.1, 128.1, 127.8, 127.7, 124.6, 121.6, 117.4,
113.4, 54.5, 2.5, 2.3 ppm. MS (EI): m/z (%) = 377 (5.09) [M + 1]+,
376 (13.69) [M]+, 361 (31.27), 303 (3.33), 288 (2.38), 287 (4.19), 77
(2.55), 73 (100). C22H28N2Si2 (376.64): calcd. C 70.16, H 7.49, N
7.44; found C 70.34, H 7.50, N 7.42.

3-[Bis(trimethylsilyl)amino]-5-methyl-1-p-tolyl-1H-indene-2-carboni-
trile (2b): Colorless prism, m.p. 142–143 °C. IR (KBr): ν̃ = 3064,
2955, 2205, 1557, 1513 cm–1. 1H NMR ([D6]DMSO): δ = 7.20–7.21
(m, 2 H), 7.14–7.16 (m, 2 H), 7.07–7.09 (m, 1 H), 6.97–6.99 (m, 2
H), 4.99 (s, 1 H), 2.40 (s, 3 H), 2.28 (s, 3 H), 0.21 (s, 9 H), 0.19 (s,
9 H) ppm. 13C NMR (CDCl3): δ = 164.0, 144.8, 143.2, 137.5, 137.3,
134.2, 130.0, 129.8, 127.9, 124.3, 122.0, 117.6, 113.8, 53.8, 21.9,
21.2, 2.6, 2.4 ppm. MS (EI): m/z (%) = 405 (6.66) [M + 1]+, 404
(17.85) [M]+, 389 (42.59), 331 (12.58), 316 (2.10), 301 (8.98), 91
(1.69), 73 (100) ppm. C24H32N2Si2 (404.70): calcd. C 71.23, H 7.97,
N 6.92; found C 71.31, H 7.94, N 6.95.

3-[Bis(trimethylsilyl)amino]-5-methyl-1-phenyl-1H-indene-2-carbo-
nitrile (2c): Obtained as an inseparable mixture with 3c (see
Table 1). White solid. IR (KBr): ν̃ = 3065, 2955, 2206, 1557,
1513 cm–1. 1H NMR (CDCl3): δ = 6.99–7.42 (m, 8 H), 4.75 (s, 1
H), 2.35 (s, 3 H), 0.26 (s, 9 H), 0.24 (s, 9 H) ppm. MS (EI): m/z
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(%) = 391 (9.73) [M + 1]+, 390 (26.78) [M]+, 375 (53.36), 317 (9.04),
301 (4.74), 287 (10.57), 77 (1.05), 73 (100). C23H30N2Si2 (390.67):
calcd. C 70.71, H 7.74, N 7.17; found C 70.59, H 7.88, N 7.13.

3-[Bis(trimethylsilyl)amino]-1-p-tolyl-1H-indene-2-carbonitrile (3c):
Obtained as an inseparable mixture with 2c (see Table 1). White
solid. IR (KBr): ν̃ = 3065, 2955, 2206, 1557, 1513 cm–1. 1H NMR
(CDCl3): δ = 6.99–7.42 (m, 8 H), 4.74 (s, 1 H), 2.45 (s, 3 H), 0.27
(s, 9 H), 0.25 (s, 9 H) ppm. MS (EI): m/z (%) = 391 (9.73) [M + 1]
+, 390 (26.78) [M]+, 375 (53.36), 317 (9.04), 301 (4.74), 287 (10.57),
91 (1.44), 73 (100). C23H30N2Si2 (390.67): calcd. C 70.71, H 7.74,
N 7.17; found C 70.59, H 7.88, N 7.13.

3-[Bis(trimethylsilyl)amino]-5-chloro-1-phenyl-1H-indene-2-carboni-
trile (2d): Obtained as an inseparable mixture with 3d (see Table 1).
White solid. IR (KBr): ν̃ = 3060, 2956, 2208, 1600, 1556, 1493,
1454 cm–1. 1H NMR (CDCl3): δ = 7.04–7.44 (m, 8 H), 4.78 (s, 1
H), 0.27 (s, 9 H), 0.24 (s, 9 H) ppm. MS (EI): m/z (%) = 411 (2.85)
[M + 1]+, 410 (7.44) [M]+, 397 (12.15), 395 (27.30), 337 (1.84), 73
(100). C22H27ClN2Si2 (411.09): calcd. C 64.28, H 6.62, N 6.81;
found C 64.33, H 6.67, N 6.91.

3-[Bis(trimethylsilyl)amino]-1-(4-chlorophenyl)-1H-indene-2-carbo-
nitrile (3d): Obtained as an inseparable mixture with 2d (see
Table 1). White solid. IR (KBr): ν̃ = 3060, 2956, 2208, 1600, 1556,
1493, 1454 cm–1. 1H NMR (CDCl3): δ = 7.04–7.44 (m, 8 H), 4.76
(s, 1 H), 0.28 (s, 9 H), 0.26 (s, 9 H) ppm. MS (EI): m/z (%) = 411
(2.85) [M + 1]+, 410 (7.44) [M]+, 397 (12.15), 395 (27.30), 337
(1.84), 77 (1.90), 73 (100). C22H27ClN2Si2 (411.09): calcd. C 64.28,
H 6.62, N 6.81; found C 64.33, H 6.67, N 6.91.

3-[Bis(trimethylsilyl)amino]-1,5-diphenyl-1H-indene-2-carbonitrile
(2e): White solid, m.p. 145–146 °C. IR (KBr): ν̃ = 3030, 2924, 2208,
1600, 1558, 1494, 1452 cm–1. 1H NMR (CDCl3): δ = 7.16–7.62 (m,
13 H), 4.84 (s, 1 H), 0.30 (s, 9 H), 0.28 (s, 9 H) ppm. MS (EI): m/z
(%) = 453 (9.84) [M + 1]+, 452 (16.57) [M]+, 437 (25.82), 379 (3.99),
73 (100). C28H32N2Si2 (452.74): calcd. C 71.23, H 7.97, N 6.92;
found C 71.37, H 7.93, N 6.99.

2-[Bis(trimethylsilyl)amino]-4,5-dimethyl-4,5-diphenylcyclopent-1-
ene-1,3-dicarbonitrile (5a): Colorless crystals, m.p. 180–181 °C. IR
(KBr): ν̃ = 3430, 2969, 2218, 1616, 1498, 1256 cm–1. 1H NMR
(CDCl3): δ = 7.35–7.46 (m, 6 H), 7.23–7.24 (m, 2 H), 7.13–7.15 (m,
2 H), 4.60 (s, 1 H), 1.29 (s, 3 H), 1.16 (s, 3 H), 0.51 (s, 9 H), 0.42
(s, 9 H) ppm. MS (EI): m/z (%) = 458 (3.87) [M + 1]+, 457 (9.54)
[M]+, 442 (11.74), 384 (0.74), 73 (100). C27H35N3Si2 (457.76): calcd.
C 70.84, H 7.71, N 9.18; found C 70.71, H 7.72, N 9.20.

2-[Bis(trimethylsilyl)amino]-4,5-dimethyl-4,5-di-p-tolylcyclopent-1-
ene-1,3-dicarbonitrile (5b): Colorless crystals, m.p. 171–173 °C. IR
(KBr): ν̃ = 3032, 2956, 2214, 1617, 1516, 1454 cm–1. 1H NMR
(CDCl3): δ = 7.01–7.20 (m, 8 H), 4.56 (s, 1 H), 2.40 (s, 3 H), 2.38
(s, 3 H), 1.26 (s, 3 H), 1.13 (s, 3 H), 0.51 (s, 9 H), 0.41 (s, 9 H)
ppm. C29H39N3Si2 (485.81): calcd. C 71.70, H 8.09, N 8.65; found
C 71.56, H 8.14, N 8.60.

2-[Bis(trimethylsilyl)amino]-4,5-dimethyl-4,5-bis(4-biphenyl)cyclo-
pent-1-ene-1,3-dicarbo-nitrile (5c): Colorless crystals, m.p. 225–
226 °C. IR (KBr): ν̃ = 3032, 2959, 2216, 1631, 1448 cm–1. 1H NMR
(CDCl3): δ = 7.09–7.69 (m, 18 H), 4.68 (s, 1 H), 1.27 (s, 3 H), 1.21
(s, 3 H), 0.55 (s, 9 H), 0.36 (s, 9 H) ppm. C39H43N3Si2 (609.95):
calcd. C 76.80, H 7.11, N 6.89; found C 76.52, H 7.18, N 6.81.

2-[Bis(trimethylsilyl)amino]-4,5-bis(4-chlorophenyl)-4,5-dimethylcyclo-
pent-1-ene-1,3-dicarbonitrile (5d): Colorless crystals, m.p. 236–
237 °C. IR (KBr): ν̃ = 2957, 2214, 1618, 1497, 1457 cm–1. 1H NMR
(CDCl3): δ = 7.20–7.34 (m, 3 H), 6.98–7.14 (m, 3 H), 6.61–6.89 (m,
2 H), 4.52 (s, 1 H), 1.28 (s, 3 H), 1.15 (s, 3 H), 0.49 (s, 9 H), 0.34
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(s, 9 H) ppm. C27H33Cl2N3Si2 (526.65): calcd. C 61.58, H 6.32, N
7.98; found C 61.68, H 6.40, N 7.93.

2-[Bis(trimethylsilyl)amino]-4,5-bis(4-bromophenyl)-4,5-dimethylcyclo-
pent-1-ene-1,3-dicarbonitrile (5e): Light-yellow crystals, m.p. 172–
173 °C. IR (KBr): ν̃ = 2956, 2213, 1618, 1494, 1452 cm–1. 1H NMR
(CDCl3): δ = 6.66–7.30 (m, 8 H), 4.42 (s, 1 H), 1.28 (s, 3 H), 1.15
(s, 3 H), 0.50 (s, 9 H), 0.31 (s, 9 H) ppm. C27H33Br2N3Si2 (615.55):
calcd. C 52.68, H 5.40, N 6.83; found C 52.36, H 5.48, N 6.80.

2-[Bis(trimethylsilyl)amino]-4,5-bis(4-methoxyphenyl)-4,5-dimethyl-
cyclopent-1-ene-1,3-dicarbonitrile (5f): Colorless crystals, m.p. 202–
203 °C. IR (KBr): ν̃ = 2962, 2217, 1615, 1516, 1461 cm–1. 1H NMR
(CDCl3): δ = 7.09–7.12 (m, 2 H), 7.00–7.03 (m, 2 H), 6.90–6.92 (m,
2 H), 6.86–6.90 (m, 2 H), 4.48 (s, 1 H), 3.83 (s, 3 H), 3.81 (s, 3 H),
1.21 (s, 3 H), 1.08 (s, 3 H), 0.48 (s, 9 H), 0.39 (s, 9 H) ppm. 13C
NMR: δ = (CDCl3): 158.8, 158.7, 158.6, 132.4, 130.9, 129.5, 127.1,
116.4, 116.2, 115.8, 113.6, 113.2, 57.1, 55.0, 54.7, 48.9, 25.4, 23.4,
3.0, 2.2 ppm. MS (EI): m/z (%) = 518.3 (100) [M + 1]+. DEPT
135 (CDCl3): 129.8, 127.4, 113.9, 113.5, 55.3, 49.1, 25.7, 23.6, 3.3,
2.4 ppm. C29H39N3O2Si2 (517.81): calcd. C 67.27, H 7.59, N 8.11;
found C 67.36, H 7.62, N 8.05.

2-[Bis(trimethylsilyl)amino]-4,5-bis(2,4-dichlorophenyl)-4,5-dimethyl-
cyclopent-1-ene-1,3-dicarbonitrile (5g): Light-purple crystals, m.p.
176–177 °C. IR (KBr): ν̃ = 3072, 2955, 2217, 1620, 1587, 1542,
1472 cm–1. 1H NMR (CDCl3): δ = 7.54–7.56 (m, 1 H), 7.43–7.45
(m, 1 H), 7.15–7.19 (m, 2 H), 7.04–7.06 (m, 2 H), 5.64 (s, 1 H),
1.97 (s, 3 H), 1.93 (s, 3 H), 0.45 (s, 9 H), 0.37 (s, 9 H) ppm.
C27H31Cl4N3Si2 (595.54): calcd. C 54.45, H 5.25, N 7.06; found C
54.28, H 5.17, N 6.99.

2-[Bis(trimethylsilyl)amino]-4,5-diethyl-4,5-diphenylcyclopent-1-ene-
1,3-dicarbonitrile (5h): Colorless crystals, m.p. 177–178 °C. IR
(KBr): ν̃ = 3060, 2954, 2216, 1619, 1498, 1446 cm–1. 1H NMR
(CDCl3): δ = 7.35–7.41 (m, 8 H), 7.01–7.08 (m, 2 H), 4.60 (s, 1 H),
1.91–2.08 (m, 1 H), 1.50–1.61 (m, 1 H), 1.30–1.43 (m, 1 H), 1.20–
1.29 (m, 1 H), 0.83 (t, 3 H), 0.63 (t, 3 H), 0.54 (s, 9 H), 0.42 (s, 9
H) ppm. C29H39N3Si2 (485.81): calcd. C 71.70, H 8.09, N 8.65;
found C 71.46, H 8.07, N 8.64.

2-[Bis(trimethylsilyl)amino]-4,5-diethyl-4,5-di-p-tolylcyclopent-1-
ene-1,3-dicarbonitrile (5i): Colorless crystals, m.p. 215–216 °C. IR
(KBr): ν̃ = 3031, 2953, 2213, 1622, 1515, 1454 cm–1. 1H NMR
(CDCl3): δ = 7.17–7.29 (m, 5 H), 6.93–7.00 (m, 3 H), 4.54 (s, 1 H),
2.38 (s, 3 H), 2.32 (s, 3 H), 1.94–1.98 (m, 1 H), 1.52–1.58 (m, 1 H),
1.29–1.39 (m, 1 H), 1.21–1.27 (m, 1 H), 0.80 (t, 3 H), 0.62 (t, 3 H),
0.52 (s, 9 H), 0.44 (s, 9 H) ppm. C31H43N3Si2 (513.86): calcd. C
72.46, H 8.43, N 8.18; found C 72.36, H 8.40, N 8.14.

2-[1-(4-Biphenyl)ethyl]malononitrile (6): Colorless crystals, m.p.
113–114 °C. IR (KBr): ν̃ = 3074, 2975, 2214, 1633, 1486, 1409 cm–1.
1H NMR (CDCl3): δ = 7.64–7.66 (m, 2 H), 7.60–7.62 (m, 2 H),
7.39–7.50 (m, 5 H), 3.92 (d, J = 6 Hz, 1 H), 3.54 (m, 1 H), 1.72 (d,
J = 7 Hz, 3 H) ppm. C17H14N2 (246.31): calcd. C 82.90, H 5.73, N
11.37; found C 83.01, H 5.70, N 11.35.

CCDC-234282 (for 2a) and -671772 (for 5f) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.
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