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(Z)-3-(1H-Indol-3-yl)-2-(3-thienyl)acrylonitrile, C15H10N2S,

(I), and (Z)-3-[1-(4-tert-butylbenzyl)-1H-indol-3-yl]-2-(3-thien-

yl)acrylonitrile, C26H24N2S, (II), were prepared by base-cata-

lyzed reactions of the corresponding indole-3-carboxalde-

hyde with thiophene-3-acetonitrile. 1H/13C NMR spectral data

and X-ray crystal structures of compounds (I) and (II) are

presented. The ole®nic bond connecting the indole and

thiophene moieties has Z geometry in both cases, and the

molecules crystallize in space groups P21/c and C2/c for (I) and

(II), respectively. Slight thienyl ring-¯ip disorder (ca 5.6%)

was observed and modeled for (I).

Comment

Acrylonitriles represent an interesting class of biologically

active compound. 3-Aryl-substituted 2-[1H(2H)-benzotriazol-

1(2)-yl]acrylonitriles have been shown to possess tuberculo-

static activity (Sanna et al., 2000), and (E)-3-(3-amino-4-

methoxyphenyl)-2-(3,4,5-trimethoxyphenyl)acrylonitrile and

its analogs show potent antitumor activity (Ohsumi et al.,

1998). We have synthesized a series of novel substituted aryl/

heteroaryl 2-(thiophen-3-yl)acrylonitriles and evaluated them

for antitubercular activity against Mycobacterium tuberculosis

H37Rv and for anticancer activity. X-ray crystal analysis of one

representative compound showed that the ole®nic bond had a

Z geometry (Sonar et al., 2004). The present study is aimed at

establishing the effect of bulkier substituents at the 1-position

of the indole ring on the geometry of the molecule. The title

compounds were synthesized by the base-catalyzed conden-

sation reaction of indole-3-carboxaldehyde and 1-(tert-butyl-

benzyl)indole-3-caboxaldehyde with thiophene-3-acetonitrile

to afford compounds (I) and (II), respectively. The structures

of these products were initially identi®ed by NMR spectros-

copy. In order to con®rm the ole®nic bond geometry in these

compounds and to obtain more detailed information of the

structural conformation of the molecules, their X-ray struc-

tures were determined.

X-ray analysis con®rmed the molecular structures and atom

connectivities for (I) and (II), as illustrated in Figs. 1 and 2.

Selected geometric parameters are presented in Tables 1 and
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Figure 2
A view of the molecule of (II), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level and H
atoms are shown as small spheres of arbitrary radii. The methyl groups of
the tert-butyl moiety are disordered over two orientations and only the
groups with the major occupancy [0.668 (6)] are shown.

Figure 1
A view of the molecule of (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level and H
atoms are shown as small spheres of arbitrary radii. The thienyl ring is
disordered and only the ring with the major occupancy [0.944 (2)] is
shown.



3. For each structure, the indole ring is planar, with bond

distances and angles comparable to those reported for other

indole derivatives (Mason et al., 2003). In compound (II), the

benzene ring of the 4-tert-butylbenzyl group is orthogonal to

the indole ring system, forming a dihedral angle of 75.16 (4)�,
and the tert-butyl group is disordered. In both molecules, the

ole®nic bond connecting the indole and thiophene moieties

has a Z geometry. Deviations from the ideal bond-angle

geometry around the Csp2 atoms of the double bond are

observed. In both molecules, the C9 C10ÐC15, C9 C10Ð

C11 and C14 C11ÐC10 bond angles [120.07 (19)/

119.79 (14), 124.4 (2)/124.71 (14) and 124.2 (2)/123.76 (14)�,
respectively, in (I)/(II)] are close to the ideal geometry (120�);

however, the C2 C1ÐC9, C10 C9ÐC1 and C15 C10Ð

C11 angles [130.43 (19)/130.42 (15), 130.2 (2)/129.60 (15) and

115.4 (2)/115.49 (13)�, respectively, in (I)/(II)] are distorted

because of strain induced by the double bond linking the

indole and thiophene rings. The vinyl group bearing the indole

and thiophene rings and the nitrile group in compounds (I)

and (II) has a double-bond length of 1.356 (3) AÊ and is

signi®cantly longer than that observed in the disubstituted

vinyl group of 2-styrylbenzimidazoles [1.304 (4) AÊ ; Bacelo et

al., 1997]. This fact is evidence of some delocalization in the

bridging units of these molecules. Furthermore, the C1ÐC9,

C10ÐC11 and C10ÐC15 bond lengths [1.433 (3)/1.440 (2),

1.485 (3)/1.467 (2) and 1.438 (3)/1.439 (2) AÊ , respectively, in

compounds (I)/(II)] are slightly shorter than a CarÐCsp2

single bond (Wilson, 1992). The C2 C1ÐC9 C10, C1Ð

C9 C10ÐC11 and C9 C10ÐC11 C14 torsion angles in

(I)/(II) are ÿ7.4 (4)/ÿ6.8 (3), ÿ174.7 (3)/ÿ178.88 (14) and

168.7 (3)/169.61 (16)�, respectively; these values suggest that

the indole and thiophene ring planes do not deviate much

from the plane of the double bond, facilitating continuous

conjugation between the indole and thiophene ring �-electron

systems. There is also extensive conjugation beginning at atom

C15 and extending to the indole ring. A very small amount of

thienyl ring-¯ip disorder (ca 5.6%) for (I) was observed and

modeled, but no such disorder was seen for (II).

The mode of packing of (I), along the b direction, is illu-

strated in Fig. 3. The H atom attached to atom N1 is involved

in an intermolecular hydrogen bond [2.970 (3) AÊ ] with atom

N2 of an inversion-related molecule (Table 2), thus forming an

in®nite chain. In addition to weak non-bonded interactions,

van der Waals forces contribute to the stabilization of the

crystal structures of (I) and (II).

From the present investigation, it is evident that, irrespec-

tive of the size of the substituent on the indole 1-position, the

base-catalyzed reaction between thiophene-3-acetonitrile and

indole-3-carboxaldehyde leads to the formation of the Z

isomer.

Experimental

A mixture of indole-3-carboxaldehyde (0.290 g, 2 mmol) and thio-

phene-3-acetonitrile (0.247 g, 2 mmol) was dissolved in piperidine

(5 ml) and the solution was re¯uxed for 5 h. The cooled reaction

mixture was poured on to crushed ice (50 g), and the yellow solid that

separated was collected by ®ltration, washed with water and dried.

Crystallization from methanol gave (I) as yellow ¯akes suitable for

X-ray analysis. 1H NMR (CDCl3): � 7.16±7.26 (m, 2H), 7.51 (d, 1H),

7.68±7.70 (m, 3H), 8.55 (d, 1H), 8.16 (s, 1H), 8.30 (s, 1H), 12.00 (s,

1H). 13C NMR (CDCl3): � 98.5, 110.3, 112.1, 118.6, 119.6, 120.3, 120.9,

122.5, 124.6, 126.4, 126.9, 127.8, 133.2, 135.6, 136.5. A mixture of 1-(4-

tert-butylbenzyl)indole-3-carboxaldehyde (0.583 g, 2 mmol) and thio-

phene-3-acetonitrile (0.247 g, 2 mmol) was dissolved in 5% sodium

methoxide in methanol (10 ml), and the solution was re¯uxed for 2 h.

The cooled reaction mixture was poured on to crushed ice and the

yellow solid that separated was collected by ®ltration and dried.

Crystallization from methanol afforded yellow needles of (II)

suitable for X-ray analysis. 1H NMR (CDCl3): � 1.29 (s, 9H), 5.38 (s,

2H), 7.12 (d, 2H), 7.25±7.38 (m, 5H), 7.40 (d, 2H), 7.47 (t, 1H), 7.76±

7.79 (m, 2H), 8.37 (s, 1H). 13C NMR (CDCl3): � 31.6, 34.8, 50.9, 100.3,

110.9, 118.3, 120.1, 121.2, 121.3, 123.3, 124.2, 125.9, 126.7, 127.2, 128.3,

129.9, 131.9, 133.3, 136.2, 137.1, 151.1.

Compound (I)

Crystal data

C15H10N2S
Mr = 250.31
Monoclinic, P21=c
a = 12.8530 (2) AÊ

b = 5.6020 (6) AÊ

c = 16.5980 (8) AÊ

� = 93.241 (2)�

V = 1193.19 (14) AÊ 3

Z = 4

Dx = 1.393 Mg mÿ3

Mo K� radiation
Cell parameters from 5185

re¯ections
� = 1.0±27.5�

� = 0.25 mmÿ1

T = 90.0 (2) K
Thin plate, yellow
0.40 � 0.15 � 0.02 mm

Data collection

Nonius KappaCCD diffractometer
! scans at ®xed � = 55�

Absorption correction: multi-scan
(SCALEPACK; Otwinowski &
Minor, 1997)
Tmin = 0.894, Tmax = 0.995

9660 measured re¯ections

2713 independent re¯ections
1853 re¯ections with I > 2�(I)
Rint = 0.087
�max = 27.4�

h = ÿ16! 16
k = ÿ7! 7
l = ÿ21! 21

organic compounds
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Figure 3
A packing diagram of (I), viewed down the b axis, showing hydrogen-
bonding interactions (dashed lines).



Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.116
S = 1.03
2713 re¯ections
189 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0528P)2

+ 0.2991P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.016
��max = 0.38 e AÊ ÿ3

��min = ÿ0.28 e AÊ ÿ3

Compound (II)

Crystal data

C26H24N2S
Mr = 396.53
Monoclinic, C2=c
a = 25.4535 (4) AÊ

b = 6.2152 (1) AÊ

c = 28.1787 (4) AÊ

� = 102.797 (1)�

V = 4347.10 (12) AÊ 3

Z = 8

Dx = 1.212 Mg mÿ3

Cu K� radiation
Cell parameters from 6982

re¯ections
� = 1.0±68.1�

� = 1.41 mmÿ1

T = 90.0 K
Lath, yellow
0.25 � 0.10 � 0.02 mm

Data collection

Nonius KappaCCD diffractometer
! and ' scans
Absorption correction: multi-scan

(APEX2; Bruker±Nonius, 2004)
Tmin = 0.660, Tmax = 0.972

15 461 measured re¯ections
3907 independent re¯ections

3478 re¯ections with I > 2�(I )
Rint = 0.044
�max = 68.1�

h = ÿ24! 30
k = ÿ7! 5
l = ÿ33! 31

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.043
wR(F 2) = 0.116
S = 1.04
3907 re¯ections
311 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.0599P)2

+ 3.3516P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.001
��max = 0.31 e AÊ ÿ3

��min = ÿ0.32 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.00033 (6)

H atoms were found in difference Fourier maps, and were subse-

quently positioned geometrically and treated with appropriate riding

models. For (I), distances to parent atoms of 0.95 and 0.88 AÊ for CÐ

H and NÐH bonds, respectively, were used. In (II), CÐH bonds in

the disordered tert-butyl group were ®xed at 0.98 AÊ , while for non-

disordered parts of the molecule, the H-atom positions were allowed

to re®ne along the riding-model CÐH vector.

For compound (I), data collection: COLLECT (Nonius, 1999); cell

re®nement: SCALEPACK (Otwinowski & Minor, 1997); data

reduction: DENZO±SMN (Otwinowski & Minor, 1997). For

compound (II), data collection: APEX2 (Bruker±Nonius, 2004); cell

re®nement: APEX2; data reduction: APEX2. For both compounds,

program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: XP (Sheldrick, 1995); software used to prepare

material for publication: SHELXL97 and local programs.

This investigation was supported by the National Institute

of Alcohol Abuse and Alcoholism (grant No. AA12600). The

purchase of a rotating-anode-based CCD diffractometer

system was made possible by the NSF MRI program (grant

No. 0319176).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SK1789). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �) for (I).

C1ÐC9 1.433 (3)
C2ÐN1 1.359 (3)
C9ÐC10 1.356 (3)
C10ÐC15 1.438 (3)

C10ÐC11 1.485 (3)
C13ÐS1 1.748 (3)
S1ÐC14 1.693 (2)
C15ÐN2 1.147 (3)

C2ÐC1ÐC9 130.43 (19)
C10ÐC9ÐC1 130.2 (2)
C9ÐC10ÐC15 120.07 (19)

C9ÐC10ÐC11 124.4 (2)
C15ÐC10ÐC11 115.4 (2)
C14ÐC11ÐC10 124.2 (2)

C9ÐC1ÐC2ÐN1 175.73 (19)
C2ÐC1ÐC9ÐC10 ÿ7.4 (4)

C1ÐC9ÐC10ÐC11 ÿ174.7 (3)
C9ÐC10ÐC11ÐC14 168.7 (3)

Table 2
Hydrogen-bonding geometry (AÊ , �) for (I).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �N2i 0.88 2.23 2.971 (3) 141

Symmetry code: (i) 1ÿ x; 1ÿ y; 1ÿ z.

Table 3
Selected geometric parameters (AÊ , �) for (II).

S1ÐC14 1.7117 (18)
S1ÐC13 1.7161 (18)
N1ÐC2 1.361 (2)
N2ÐC15 1.150 (2)

C1ÐC9 1.440 (2)
C9ÐC10 1.356 (2)
C10ÐC15 1.439 (2)
C10ÐC11 1.467 (2)

C2ÐC1ÐC9 130.42 (15)
C10ÐC9ÐC1 129.60 (15)
C9ÐC10ÐC15 119.79 (14)

C9ÐC10ÐC11 124.71 (14)
C15ÐC10ÐC11 115.49 (13)
C14ÐC11ÐC10 123.76 (14)

C9ÐC1ÐC2ÐN1 173.82 (14)
C2ÐC1ÐC9ÐC10 ÿ6.8 (3)

C1ÐC9ÐC10ÐC11 ÿ178.88 (14)
C9ÐC10ÐC11ÐC14 169.61 (16)


