organic compounds

Acta Crystallographica Section E
Structure Reports
Online

ISSN 1600-5368

3’-(Methylsulfanyl)biphenyl-4-carbo-
nitrile

Zhi-Qiang Zhang,*® Zhi-Zhi Hu,” Cui-Ping Wang,’
Jing-Bo Yan® and Ren He®*

“Key Laboratory of Fine Chemical Engineering, Dalian University of Technology,
Dalian, 116012, People’s Republic of China, and bSchool of Chemical Engineering,
University of Science and Technology Liaoning, Anshan 114051, People’s Republic
of China

Correspondence e-mail: henrry1964@163.com

Received 24 October 2007; accepted 30 October 2007

Key indicators: single-crystal X-ray study; T = 113 K; mean o(C—C) = 0.003 A;
R factor = 0.045; wR factor = 0.097; data-to-parameter ratio = 18.3.

In the title compound, C4H;;NS, the two benzene rings make
a dihedral angle of 22.0 (2)°. The cyano group and the S atom
are coplanar with their corresponding benzene rings.

Related literature

For related literature, see: Gans et al. (1990); Khanna et al.
(2000); Robbins et al. (2003).

Experimental

Crystal data

C4H; NS V=11172 (4) A3
M, = 22530 Z=4
Orthorhombic, P2,2,2, Mo Ko radiation
a =172200 (14) A =026 mm™’

b =11.961 (2) A T=113 (2) K

c=12.936 (3) A 0.14 x 0.12 x 0.08 mm

Data collection

14124 measured reflections
2670 independent reflections
2539 reflections with 7 > 20(1)
Rine = 0.046

Rigaku Saturn diffractometer
Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)

Tnin = 0.965, Trax = 0.980

Refinement

R[F? > 20(F%)] = 0.045

wR(F?) = 0.097

S =1.09

2670 reflections

146 parameters

H-atom parameters constrained

APpax =022 € A3

Apuin = =025 ¢ A3

Absolute structure: Flack (1983),
with 1118 Friedel Pairs

Flack parameter: 0.04 (10)

Data collection: CrystalClear (Rigaku, 2005); cell refinement:
CrystalClear; data reduction: CrystalClear; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics: Crys-
talStructure (Rigaku/MSC, 2004); software used to prepare material
for publication: CrystalStructure.
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3'-(Methylsulfanyl)biphenyl-4-carbonitrile
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Comment

Aryl compounds with a methylthio group are of interest as pesticide and synthetic intermediates used in the preparation
of many pharmaceuticals (Robbins, ef al., 2003). The methylthio group can be easily oxidized to form sulfinyl or sulfonyl
groups, which are useful groups in pharmaceuticals (Gans, et al., 1990; Khanna, et al., 2000). Here, we report the synthesis

and crystal structure of the title compound, (I).

The title compound of (I), contains two benzene rings and they make a dihedral angle of 22.0 (2)°. the torsion angles of
C1—S1—C2—C3 and C1—S1—C2—C7 are 5.6 (2) and 174.60 (15)°, respectively, indicating that S atom don't signific-
antly deviate from the benzene ring plane (C2—C7). The p-n conjugation of S atom with the benzene ring affect the bond
distance S1—C2 [1.767 (2) A] which is shorter than S1—C1 [1.7991 (19) A].

Experimental

A mixture of 3-methylthiophenylboronic acid (1.327 mmol), 4-bromobenzonitrile (0.8845 mmol), KoCOj3 (2.657 mmol) and
POPd (0.00177 mmol, 0.2 mol %) was stirred and refluxed in 2 ml of dioxane for 3 h. The reaction mixture was allowed to
cool to room temperature, quenched with water, and extracted with EtOAc. The combined organic layers were washed with

brine and dried over MgSQOy, and the solvents were removed under vacuum. The residue was purified by chromatography on

silica gel eluting with hexane/EtOAc (60:1 v/v) to give the target product as white acicular crystal in 99.7% yield (m.p.337

K). Spectroscopic analysis: IR (KBr): 2230 em " 'THNMR (500 MHz, Chloroform-d1, TMS): 6 2.54 (s, 3H), 7.31 (d, 1H,
J=7.8 Hz), 7.34 (d, 1H, J= 7.8 Hz), 7.39-7.42 (t, 1H, J= 7.8 Hz), 7.45 (s, 1H), 7.67 (d, 2H, J= 8.4 Hz), 7.73 (d, 2H, J= 8.3

Hz). Bc NMR (125 MHz, TMS): § 15.8, 124., 125.4, 126.7, 127.9, 129.6, 139.5, 139.9, 147.2, 147.3; HRMS (EI): M",
found 225.0616. C14H NS requires 225.0612. Crystals of (I) suitable for single-crystal X-ray analysis were grown by slow

evaporation of a solution in chloroform-ethanol (1:1 v/v).

Refinement

All H atoms were positioned geometrically and refined using a riding on their parent atoms, with C—H = 0.95-0.98A and
Uiso(H) = 1.2 or 1.5Ueq(O).

Figures

s ~=.| Fig. 1. View of the molecule of (I) showing the atom-labelling scheme. Displacement ellips-
T oids are drawn at the 35% probability level.
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3'-(Methylsulfanyl)biphenyl-4-carbonitrile

Crystal data

C14H NS
M,.=225.30

Orthorhombic, P212,2;

Hall symbol: P 2ac 2ab
a=172200(14) A
b=11.961(2) A
c=12.936(3) A
V=11172 (4) A3
Z=4

Fooo =472

Data collection

Rigaku Saturn
diffractometer

Radiation source: rotating anode
Monochromator: confocal
T=1132)K

o and ¢ scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)

Tmin = 0.965, Tnax = 0.980

14124 measured reflections

Refinement

Refinement on F>

Least-squares matrix: full
R[F? > 206(F°)] = 0.045

WR(F%) = 0.097
S§=1.09
2670 reflections

146 parameters

Primary atom site location: structure-invariant direct
methods

Dy=1340 Mgm >
Melting point: 337 K

Mo Ko radiation
A=0.71073 A

Cell parameters from 3597 reflections
0=23-27.8°

p=026mm |

T=113(2)K

Prism, colourless

0.14 x 0.12 x 0.08 mm

2670 independent reflections
2539 reflections with /> 2o(/)
Rine = 0.046

Omax = 27.9°

Omin = 2.3°

h=-9-9

k=-15—-15
[=-16—17

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w = 1/[6%(Fo2) + (0.0426P)* + 0.3196P]
where P = (F,> + 2F.)/3
(A/6)max = 0.001
Apmax =022 ¢ A7
APmin=-025¢ A

Extinction correction: none

Absolute structure: Flack (1983), 1118 Friedel Pairs

Secondary atom site location: difference Fourier map Flack parameter: 0.04 (10)
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Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two 1.s. planes) are estimated using the full covariance mat-
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > 2sigma(F2) is used only for calculat-

ing R-factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice
as large as those based on F, and R— factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
Sl 0.24370 (8) 0.21096 (4) 0.38537 (4) 0.02390 (14)
C6 0.1139 (2) 0.30649 (16) 0.09659 (14) 0.0174 (4)
2 0.1735 (3) 0.29709 (17) 0.28158 (15) 0.0190 (4)
N1 0.1321 (3) 0.04988 (16) ~0.37872 (15) 0.0304 (4)
Cl13 0.1450 (3) 0.31419 (16) ~0.09653 (15) 0.0209 (4)
H13 0.1649 0.3925 —0.0914 0.025*
Cll 0.1171 (3) 0.14894 (18) ~0.20058 (15) 0.0203 (4)
Cs 0.1125 (3) 0.25204 (17) ~0.00672 (16) 0.0179 (4)
c12 0.1485 (3) 0.26366 (17) ~0.19279 (16) 0.0218 (4)
HI12 0.1721 0.3068 —0.2530 0.026*
C5 0.0609 (3) 0.41861 (16) 0.10827 (16) 0.0211 (4)
H5 0.0211 0.4604 0.0499 0.025*
C9 0.0812 (3) 0.13761 (17) ~0.01641 (16) 0.0199 (4)
H9 0.0587 0.0942 0.0438 0.024*
Cl 0.2520 (4) 0.30445 (16) 0.49421 (15) 0.0274 (4)
HIA 0.3363 0.3665 0.4789 0.041*
HI1B 0.2966 0.2639 0.5552 0.041*
HI1C 0.1277 0.3338 0.5079 0.041*
C4 0.0664 (3) 0.46838 (17) 0.20489 (16) 0.0243 (5)
H4 0.0320 0.5447 0.2119 0.029*
C7 0.1708 (3) 0.24753 (16) 0.18386 (15) 0.0184 (4)
H7 0.2086 0.1719 0.1767 0.022*
Cl4 0.1240 (3) 0.09457 (18) —0.30001 (16) 0.0231 (4)
Cl10 0.0824 (3) 0.08612 (16) ~0.11220 (16) 0.0219 (4)
H10 0.0595 0.0081 —0.1176 0.026*
C3 0.1214 (3) 0.40857 (17) 0.29177 (16) 0.0219 (4)
H3 0.1234 0.4436 0.3577 0.026*

Atomic displacement parameters (/fz )

Ul 1 U22 U33 Ul 2 Ul 3 U23
S1 0.0307 (3) 0.0233 (2) 0.0177 (2) 0.0006 (2) —0.0026 (2) —0.00141 (19)
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C6
C2
N1
Cl13
Cl11
C8
Cl12
C5
C9
Cl1
C4
C7
Cl14
C10
C3

0.0115 (9)
0.0162 (9)

0.0353 (11)
0.0210 (10)
0.0157 (10)
0.0145 (9)

0.0205 (11)
0.0192 (10)
0.0196 (10)
0.0327 (11)
0.0222 (11)
0.0146 (9)

0.0205 (10)
0.0231 (10)
0.0211 (10)

Geometric parameters (4, °)

S1—C2
S1—Cl

Cc6—C7

C6—C5

C6—C8

C2—C3

c2—C7
N1—Cl4
C13—CI2
C13—C8
C13—HI13
C11—C10
Cl1—Cl12
Cll—Cl4
C2—S1—Cl
C7—C6—C5
C7—C6—C8
C5—C6—C8
c3—C2—C7
C3—C2—Sl1
C7—C2—S1
Cl12—C13—C8
Cl2—CI13—HI13
C8—C13—HI3
C10—C11—C12
C10—C11—C14
Cl2—C11—Cl4
C9—C8—C13
C9—C8—C6
C13—C8—C6
C13—C12—Cl1

0.0194 (9)
0.0209 (9)
0.0311 (10)
0.0188 (10)
0.0247 (10)
0.0210 (9)
0.0238 (10)
0.0195 (9)
0.0203 (10)
0.0308 (11)
0.0191 (10)
0.0208 (9)
0.0247 (10)
0.0182 (9)
0.0224 (10)

1.767 (2)
1.7991 (19)
1.393 (3)
1.403 (3)
1.487 (3)
1.392 (3)
1.396 (3)
1.151 (3)
1.384 (3)
1.399 (3)
0.9500
1.391 (3)
1.394 (3)
1.442 (3)

104.00 (10)
118.50 (18)
120.58 (17)
120.91 (18)
119.26 (19)
124.36 (15)
116.39 (15)
121.20 (18)
119.4

119.4

120.09 (19)
119.72 (19)
120.18 (19)
118.33 (19)
120.83 (18)
120.83 (17)
119.45 (19)

0.0211 (10)
0.0199 (9)

0.0248 (10)
0.0230 (11)
0.0203 (10)
0.0181 (10)
0.0210 (10)
0.0247 (10)
0.0199 (10)
0.0186 (9)

0.0315 (12)
0.0198 (10)
0.0241 (11)
0.0243 (10)
0.0221 (10)

~0.0031 (7)
~0.0020 (8)
0.0022 (8)
~0.0006 (8)
0.0027 (8)
0.0003 (7)
0.0004 (8)
0.0005 (8)
0.0005 (8)
~0.0034 (11)
0.0024 (9)
~0.0017 (8)
0.0032 (8)
0.0019 (8)
0.0020 (8)

0.0002 (7)
0.0001 (7)
~0.0014 (9)
~0.0012 (8)
~0.0020 (8)
~0.0015 (8)
~0.0017 (8)
0.0001 (9)
0.0002 (8)
0.0009 (10)
~0.0004 (9)
0.0016 (7)
~0.0030 (8)
~0.0005 (9)
0.0011 (8)

~0.0002 (8)
~0.0022 (8)
~0.0029 (8)
~0.0001 (8)
~0.0014 (8)
~0.0010 (8)
0.0032 (8)

0.0012 (9)

0.0014 (8)

~0.0038 (8)
~0.0038 (9)
~0.0012 (8)
0.0009 (9)

~0.0019 (9)
~0.0055 (8)

Cc8—C9
C12—H12
C5—C4
C5—HS5
C9—C10
C9—H9
Cl1—HIA
Cl1—HIB
Cl1—HIC
C4—C3
C4—H4
C7—H7
C10—H10
C3—H3
C10—C9—C8
C10—C9—H9
C8—C9—H9
S1—C1—H1A
S1—C1—HI1B
H1A—C1—HIB
S1—C1—HI1C
H1A—C1—HIC
H1B—C1—HI1C
C5—C4—C3
C5—C4—H4
C3—C4—H4
C6—C7—C2
C6—C7—H7
C2—C7—H7
N1—C14—C11
C9—C10—C11

1.393 (3)
0.9500
1.385 (3)
0.9500
1.384 (3)
0.9500
0.9800
0.9800
0.9800
1.390 (3)
0.9500
0.9500
0.9500
0.9500

121.13 (19)
119.4

119.4

109.5

109.5

109.5

109.5

109.5

109.5
121.11 (19)
119.4

119.4
121.52 (18)
119.2

119.2

178.7 (2)
119.78 (18)

sup-4



supplementary materials

C13—CI12—H12
Cl11—C12—H]12
C4—C5—C6
C4—C5—H5
C6—C5—H5
Cl1—S1—C2—C3
Cl—S1—C2—C7
C12—C13—C8—C9
C12—C13—C8—C6
C7—C6—C8—C9
C5—C6—C8—C9
C7—C6—C8—CI13
C5—C6—C8—CI13
C8—C13—C12—C11
C10—C11—C12—C13
C14—C11—C12—C13
C7—C6—C5—C4
C8—Co6—C5—C4
C13—C8—C9—C10

120.3
120.3

120.01 (19)
120.0

120.0
-5.6(2)
174.60 (15)
-0.8(3)
178.35 (19)
30.4 (3)
~150.53 (19)
~148.74 (19)
30.3 (3)

0.7 (3)
0.1(3)
~178.76 (19)
0.3 (3)
~178.81 (18)
0.1(3)

C9—C10—HI10
C11—C10—H10
C4—C3—C2
C4—C3—H3
C2—C3—H3
C6—C8—C9—C10
C6—C5—C4—C3
C5—C6—C7—C2
C8—C6—C7—C2
C3—C2—C7—Co6
S1—C2—C7—C6
C10—C11—C14—N1
C12—C11—C14—N1
C8—C9—C10—Cl1
C12—C11—C10—C9
C14—C11—C10—C9
C5—C4—C3—C2
C7—C2—C3—C4
S1—C2—C3—C4

120.1
120.1
119.58 (19)
120.2
120.2

~179.06 (18)
-1.0(3)

0.8 (3)
179.90 (17)
-1203)
178.57 (15)
-58 (1)

121 (11)

0.7 (3)
-0.8(3)
178.1 (2)
0.6 (3)

0.5 (3)
~179.27 (16)
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Fig. 1
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