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Synthesis, Characterization, Crystal Structure,
and Hirshfeld Surface Analysis
of (2Z)-3-(methylsulfanyl)-2,3-
diphenylprop 2-enenitrile
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The title compound, C;sH;3NS (3) was synthesized and characterized by 'H nuclear
magnetic resonance (NMR), mass spectra (MS), infrared (IR), thermogravimetric anal-
ysis, differential scanning calorimeter (DSC) and finally the structure is confirmed by
single crystal X-ray diffraction method. The compound 3 crystallizes in the monoclinic
crystal system and space group C2/c, with crystal parameters, a = 10.99364(4) A,
b = 12.3517(3) A, ¢ = 20.1045(6) A, B = 103.082(3)°, Z = 8, and V = 2647.30(14)
A3, The structure of the compound reveals that the intermolecular interactions of the
type C-H... n,C—H... N,and S. .. S. The packing diagram of the molecules in the
unit cell exhibit three-dimensional architecture. In addition inter contacts involved in
intermolecular interactions are quantified using Hirshfeld surfaces analysis.

Keywords Crystal structure; Hirshfeld surfaces; intermolecular interaction; ketene
thioacetal

1. Introduction

Ketene thioacetals are key intermediates in wide variety of organic synthesis and have
versatile synthetic intermediate properties [1]. They have been employed as precursors to
aldehydes [2], ketones [3], carboxylic acids [4], and cyclopropanes [5], also they are used
as substrates in Diels—Alder reactions [6] and as Michaels acceptors [7]. In the synthesis
of pyrrolizidine ring system ketene thioacetals acts as a cationic cyclization terminator [8],
which results in heterocyclic products such as thiophenes [9] and indoles [10]. The products
of heterocyclization compounds reveal pharmaceutical properties such as antipsychotic
[11], antidepressive [12], antithrombolytic [13], anti-inflammatory [14, 15], and they are
important in the synthesis of the potent pancreatic lipase inhibitor, Panclicin D [16]. Such

*Address correspondence to N. K. Lokanath, Department of Studies in Physics, University of
Mysore 570006, Mysore, India. E-mail: lokanath@physics.uni-mysore.ac.in
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organosulfur compounds, the presence of nonbonding interactions of the type S. .. Splay a
significant role in controlling the molecular conformation, packing of molecules in crystals
and molecular recognition. Moreover, these interactions are interested in relation to the
bioactivity of a variety of compounds containing sulfur atoms. Also these interactions
can induce high electron dimensionality in many organic superconductors [17]. Recent
trends in crystal engineering, the identification or design of molecular level building blocks
(supramolecular synthons), through intermolecular interaction exhibits some degree of
predictability [18]. In addition to chemical and biological applications, this compound is
also used as synthetic intermediate in the enhancement of photovoltaic of a novel dye T18,
for high efficiency dye sensitized solar cells [19]. With the background of above-mentioned
important properties, herein we report the synthesis, characterization and crystal structure of
(2Z)-3-(methylsulfanyl)-2,3-diphenylprop-2-enenitrile (3). The structure of the compound
3 was established with the results of H' NMR, MS, IR, thermogravimetric analysis (TGA),
DSC, and finally confirmed by X-ray diffraction method. The intermolecular interaction of
the title compound has been investigated using Hirshfeld surface computational method.

2. Experimental

2.1. Materials and Methods

"H NMR spectra were recorded on a Bruker AMX-400. Infrared spectra were recorded on
a Perkin Elmer spectrometer model spectrum two in OptKBr. Mass spectra were recorded
using electrospray ionization (ESI) mass spectrometry. The C, H, and N analysis were
performed using Elementar Vario EL III analyzer. TGA experiment was performed using
instrument TGA Q50 and Differential Scanning Calorimetry using DSCQ200.

2.2. Procedure for the Preparation of
(2Z)-3-(methylsulfanyl)-2,3-diphenylprop-2-enenitrile (3)

A mixture of methyl benzenecarbodithioate (1, 0.002 mol) and phenylacetonitrile (2,
0.002 mol) was added drop wise to the suspension of NaH (0.005 mol) in tetrahydro-
furan at 0°C under stirring. The reaction mixture was stirred at room temperature for two
hours and then added methyl iodide (0.0023 mol). Again the resulting mixture was stirred
for 3 hr and the reaction was monitored by TLC. Cold water is added to the reaction
mixture and the sample was extracted with ethyl acetate (2 x 10 mL), washed with brine
(1 x 10 mL), and dried over anhydrous Na,SOy4, The solvent was evaporated under reduced
pressure to give crude product 3. Later, it was purified by column chromatography over
silica gel (60—120 mesh) using hexane: ethyl acetate mixture in 9:1 ratio as eluent. The yield
was 96% with melting point 140-143°C. The sample is crystallized using slow evaporation
method (ethanol); red-colored single crystals were obtained. The reaction scheme for the
synthesis of the title compound 3 is as shown in Scheme I.

3. Results and Discussion

3.1. FT-IR Spectral Analysis

The FT-IR spectrum of the crystal structure is shown in Fig. 1. The absorption peaks were
found to be 2202 cm™!' (—CN), 1546.6 cm~!' (C=C), 1444.97 cm~!, 748.57 cm™!, and
695.4 cm~ !
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Scheme 1. Synthesis of compound (2Z)-3-(methylsulfanyl)-2,3-diphenylprop-2-enenitrile.

3.2.'H NMR Spectral Analysis

The 'H NMR spectrum of compound 3 was shown in Fig. 2. '"H NMR spectrum showed
sharp singlet corresponds to three protons at § 2.04 ppm due to S—CHj. The ten aromatic
protons resonated as multiplet in the region of § 7.08-7.31 ppm.

3.3. LC-MS Analysis

The formation of the compound 3 is confirmed by LC-MS analysis in Fig. 3. The peak at
m/z 252(M*+1) correspond to molecular ion peak of compound having mass 251.

3.4. Thermogravimetric Analysis

The descending green TGA thermal curve of 10 mg of (2Z)-3-(methylsulfanyl)-2,3-
diphenylprop-2-enenitrile indicates that the compound decomposes in one stage on heating
between 250 and 600°C. The blue curve has one peak and this confirms that there is only
one distinct thermal event taking place in this experiment. There was no weight loss up
to 120°C, which indicates the absence of moisture in the crystal. Between 120 and 285°C
there is gradual decrease in the weight, shows the pyrolysis of small crystalline compound
taking place by breaking of C—SMe, C=C, C-CN bond and two phenyl rings. Above 400°C
only 4% of the residue was left out, which was due to charring of carbon.
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Figure 1. FT-IR spectra.
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Figure 3. LC-MS spectra.
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Sample: §1-0 File: C:\TA\Data\TGA\MALLU'SI-0.001
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Figure 4. TGA thermogram of title compound.
Sample: SIO File: C:\TA\Data\DSCIMALLUNSI-0.001
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Instrument: DSC Q200 V24.11 Build 124
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Figure 5. DSC thermogram of the title compound.
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Table 1. Elemental analysis for C;gH3NS

Element Experimental (%) Calculated (%)
Carbon 76.49 76.46
Nitrogen 5.54 5.57
Hydrogen 5.26 5.21

3.5. Differential Scanning Calorimetry

The DSC thermogram of the title compound is shown in Fig. 5. The thermogram of
the (27)-3-(methylsulfanyl)-2,3-diphenylprop-2-enenitrile yields an endothermic peak at
141°C (Fig. 4).

3.6. Elemental Analysis

In order to confirm the chemical composition of the synthesized compound carbon (C),
hydrogen (H), and nitrogen (N) analysis was carried out. The experimental and calculated
percentages of C, H, and N were given in Table 1. The differences between experimental
and calculated percentages of C, H, and N were very close to each other and within
the experimental errors. This confirms the formation of the product in the stoichiometric
proportion.

Figure 6. Crystal of the title compound. The crystal has approximate dimensions of 0.09 x 0.12 x
0.23 mm.
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Table 2. Crystal data and structure refinement parameters of the title compound®

CCDC deposition number
Empirical formula
Formula weight
Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

Volume

z

Calculated density

Absorption coefficient

F000)

Crystal size

Theta range for data collection
Limiting indices

Unique reflections
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?
Final R indices [/>20(1)]
Largest diff. peak and hole

859959*

Cis Hz NS
251.34

296(2) K

1.5418 A
monoclinic

C2lc
a=10.9364(4) A
b=12.35173) A
¢ =20.1045(6) A
B =103.082(3) °
2645.30(14) A3

8

1.262 Mg/m?
1.993 mm~!

1056

0.23 x 0.12 x 0.09 mm
4.52° t0 66.56°

—12<=h< =12,
—14< =k< = 14,
—23<=1<=23
2585

Full-matrix least-squares on F?
2585/0/165

1.065

R; =0.0372, wR, = 0.0975
0.233 and —0.283 e.A 3

“CCDC 859959 contains the supplementary crystallographic data for this paper. These data can
be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44(0)1223-336033.

email: deposit@ccdc.cam.ac.uk

Table 3. Selected bond lengths (°)

Atoms Length Atoms Length
C1-C2 1.383(2) C8-N9 1.149(2)
C1-Co6 1.399(2) C10-C11 1.490(2)
C2-C3 1.383(3) C10-S17 1.7556(2)
C3-C4 1.386(3) C11-C12 1.389(2)
C4-C5 1.386(3) Cl11-C16 1.393(2)
C5-Co6 1.399(2) C12-C13 1.390(2)
C6-C7 1.485(2) C13-C14 1.382(3)
C7-C10 1.360(2) C14-C15 1.383(3)
C7-C8 1.446(2) C15-C16 1.384(2)
S17-C18 1.7989(2)
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Table 4. Selected bond angles (°)

Atoms Angle Atoms Angle

C2-C1-C6 121.16(16) C7-C10-C11 123.68(15)
C1-C2-C3 119.81(17) C7-C10-S17 118.31(13)
C2-C3-C4 119.75(17) C11-C10-S17 117.95(12)
C3-C4-C5 120.86(17) C12-C11-C16 119.72(16)
C4-C5-Co6 119.91(16) C12-C11-C10 120.60(15)
C5-Co6-Cl 118.50(15) C16-C11-C10 119.64(14)
C5-Co6-C7 122.17(15) C11-C12-C13 119.65(16)
C1-Co6-C7 119.29(14) C14-C13-C12 120.28(16)
C10-C7-C8 117.82(15) C13-C14-C15 120.26(16)
C10-C7-C6 127.67(15) C14-C15-C16 119.79(17)
C8-C7-C6 114.50(14) C15-Cl16-C11 120.26(16)
N9-C8-C7 177.6(2) C10-S17-C18 103.47(8)

Table 5. Hydrogen bonding geometry (A, ©)

D-H..A D-H H... A D...A D-H..A Symmetry code

CI8-HI8B... N9 0.96 2.61 3.458(3) 148 1/2—x, 32—y, 1z

Figure 7. ORTEP view of the title molecule with atom numbering scheme. Displacement ellipsoids
for non-hydrogen atoms are drawn at 50% probability level.
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Figure 8. Packing of molecules when viewed down c-axis.

3.7. Single Crystal X-Ray Diffraction Method

A single crystal of the title compound 3 with dimension 0.09 x 0.12 x 0.23 mm was chosen
for X-ray diffraction study as shown in Fig. 6. Data collection and cell refinement were
carried out using SuperNova diffractometer (Atlas CCD detector) with mirror multilayer
optic monochromated Cu K, radiation at 103 K. The crystal to detector distance is fixed
at 50 mm. Five-twenty frames of data were collected. Each frame exposure time is set to
1 sec and also the scan width set to 10. The diffraction intensities were corrected for Lorentz
and polarization factors. The numerical absorption corrections were applied to the program
CrysAlisPro [20] using analytical method [21]. All the frames could be indexed using a
primitive monoclinic lattice. The structure was solved by direct methods using SHELXS-97
[22]. All the non-hydrogen atoms were revealed in the first Fourier map itself. Full-matrix
least squares refinement using SHELXIL.-97 [23] with isotropic temperature factors for all
the atoms was done. Refinement of non-hydrogen atoms with anisotropic parameters was
started at this stage. The hydrogen atoms were placed at chemically acceptable positions
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veo

Figure 9. Trifurcated hydrogen bonding. Hydrogen bonding (dashed line) between atoms N9 to
H18B, H3, and H4 are labeled.

and were allowed to ride on the parent atoms. About 165 parameters were refined with
2585 unique reflections which saturated the residuals to R1 = 0.0372 and wR2 = 0.0975.
The ORTEP, intermolecular hydrogen bonding and packing diagrams were drawn using
MERCURY [24]. The crystal data and refinement parameters are summarized in Table 2.
Tables 3 and 4 list the selected bond distances and bond angles of non-hydrogen atoms,
respectively. Hydrogen-bond geometry is given in Table 5.

The dihedral angle between the phenyl rings is 60.87(8)°, which is larger when com-
pared to the similar structure of ethyl 2, 5-diphenylfuran-3-carboxylate [25]. The distortion
in the bond angles are observed for C6—C7—C8, C6—C7—C10, and C7—C10—Cl11 atoms
are 114.50(14)°, 127.67(14)°, and 123.68(14)°, respectively, suggests the steric hindrance
caused by an electronic effect of the double bond between the atoms C7—C10 (1.361(2) A)

E 5.5 .N.H . C.H . H..H .|Olhu'

0% 100%

Figure 10. Hirshfeld surface. Percentage of various intermolecular contacts is contributed to the
Hirshfeld surface.
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(a) (b) (c)

Figure 11. Dnorm mapped on Hirshfeld surface for visualizing the C... H, N... H,and S... S
contacts of the compound 3 Hirshfeld surface.

linking four conjugated moiety. The bond angles of 117.82(15)° and 118.32(12)°, for the
atoms C8—C7—C10 and S17—C10—C7 confirms Z-configuration [26]. The N9—C8—C7
atoms adopt linearity, which is confirmed by the bond angle of 177.57(19)°. Figure 7 rep-
resents the ORTEP [27] diagram of the molecule with thermal ellipsoids drawn at 50%
probability. The bond length of C7—C8 (1.446(2) A), is low compared to the bond length of
C6—C7(1.486(2) A) and C10—C11 (1.490(2) A), respectively indicating the delocalization

de 1.C.H 3.H.H
2.8 2.N.H 4.5.5

d;

(A 1.01.21.41.6 182022242628

Figure 12. Fingerprint plot of the 3. Close contacts are divided into four regions; 1 is C... H, 2 is
N...H,3isH... H,and4is S... S. di is the closest distance from a given point on the Hirshfeld
surface and di is the closest external contacts.
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Figure 13. Electrostatic potential mapped on Hirshfeld surface (different orientation) with +0.025
au. Blue region corresponds to positive electrostatic potential and red region to negative electrostatic
potential.

of the unsaturated connecting units. But the bond length of the atoms S17—C10 (1.755(17)
A) and S17—C18 (1.799(2) A) have usual values [28]. We observed the deviation of bond
angle of 103.47(8)° for the atoms C10-S17-C18, from ideal tetrahedral angle, which is
due to two nonbonded pairs of electrons over sulfur [29]. The molecule is stabilized by
C—H... & interactions confirmed by its distance of 3.6501(18) A from atom C12 to ring
1, where the C12 acts as a donor and the ring (1) as an acceptor. Fig. 9 represents trifurcated
C—H... N hydrogen bonds. The intermolecular hydrogen bond is given in Table 5. Also,
there is a weak S... S intermolecular interaction between sulfur atoms with the distance
3.5791(6) A suggesting elctropositiveness of the sulfur. This weak intermolecular interac-
tion plays a significant role in the stabilization of crystal structure. The molecule exhibits
supramolecular structure, which can be observed from the packing diagram down the ¢
axis, as shown in the Fig. 8. In addition to the above, compound 3, reveals the interaction
of the type C—H. .. N=C, and belongs to supramolecular synthon [30].

3.8. Hirshfeld Surface Analysis

In addition to the structural investigation of the title compound 3, the intermolecular in-
teractions in the crystal structure are quantified using Hirshfeld surface analysis [31-34].
Hirshfeld surface approach is a graphical tool for visualization and understanding of inter-
molecular interactions [35, 36]. The compound 3 exhibits intermolecular interactions of the
type S... S,C—H... m,and C—N... H. In addition to this, it is constituted with H... H
and other intermolecular contacts. Here, we estimate the intermolecular contacts, which are
shown in Fig. 10. The chart indicates that the contribution of S.. . . S contact is 2%, which is
very less compared to the contribution from other intermolecular contacts N ... H (14.7%),
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C...HQ27.4%),andH... H(47.0%). The contacts C... H,N... H,and S ... S contacts
are highlighted by conventional mapping of dnorm on molecular Hirshfeld surfaces as
shown in Fig. 11. This figure shows three orientation of the Hirshfeld surface, where the
major contacts (C... H,N... H) are indicated by the dark red spots (figures a, b, and c) and
pale red spot (bottom of the figure b) indicate the weak S... S contacts. The intercontacts
of the molecule 3 are established using fingerprint plot of Fig. 12. The contacts C... H
(label 1: Fig. 12) exhibit the characteristic wings, indicating the presence of C-H. .. & in-
teractions. H. .. H (label 3: Fig. 12) contacts are located at the far region on the finger plot.
N...HandS... S contacts are represented by label 2 and label 4 (Fig. 12), respectively.
The calculated volume inside the Hirshfeld surface is 324.24 A3. And electrostatic potential
is mapped on Hirshfeld surface using STO-3G basis set at the Hartree—Fock theory over
the range of £ 0.025 au (Fig. 13). Surface calculation is performed with the TONTO [37]
integrated with Crystal explorer [34] using crystal geometries. The positive electrostatic
potential (Blue region) over the surface indicates hydrogen donor potential, and hydrogen
bond acceptors are represented by negative electrostatic potential (Red region) [38].

4. Conclusion

The title compound (3) was synthesized and characterized by 'H NMR, MS, IR, TGA,
and DSC data. The molecular structure of this compound was determined by single crystal
XRD method. The intermolecular interactions of the type C—H... 7, C—H... N, and
S... S connect the molecules exhibiting three-dimensional architecture. In addition, the
inter contacts were analyzed using Hirshfeld surfaces analysis.
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