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The title compound, C;oH;(BrCIN,OS, adopts a trans—cis
conformation with respect to the position of the 3-chloro-
propanoyl and 4-bromophenyl groups, respectively, against
the thiono C=S bond across their C—N bonds. The benzene
ring makes a dihedral angle of 9.55 (16)° with the N,CS
thiourea moiety. Intramolecular N—H---O and C—H---S
hydrogen bonds occur. In the crystal, molecules are linked into
chains along the c-axis direction by N—H---S, C—H- - -S and
C—H- - -O hydrogen bonds.

Related literature
For the crystal structures of related compounds, see: Othman

et al. (2010). For bond-length data, see: Allen et al. (1987).
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Experimental

Crystal data

C10H,0BrCIN,0S
M, = 321.62

Triclinic, PT
a=53809 (4) A

b =83705 (5) A Z=2

c=13.7369 (8) A Mo Ko radiation

a =91.209 (2)° =371 mm™"

B = 96.417 (2)° T =296 K

y = 92731 (2)° 0.46 x 0.45 x 0.15 mm
V =614.96 (7) A®

Data collection

Bruker SMART APEX CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tmin = 0.280, Tyax = 0.606

11958 measured reflections
2405 independent reflections
2053 reflections with 7 > 20(1)
Rine = 0.129

Refinement

R[F? > 20(F?)] = 0.043
wR(F?) = 0.111
S=111

2405 reflections

154 parameters

2 restraints

H atoms treated by a mixture of
independent and constrained
refinement

APmax = 044 e A7

APmin = —0.67 e A

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N2—H2.--01 0.87 (3) 1.90 (3) 2,623 (4) 140 (4)
C6—H6---S1. 0.93 2.56 3.222 (4) 128
N1-H1.--S1" 0.87 (2) 2.53(2) 3.376 (3) 166 (4)
C2—H2B---S1’ 0.97 2.79 3.707 (4) 157
C9—H9---01" 0.93 2.52 3.444 (5) 172

Symmetry codes: (i) —x +1, =y +2, —z 4+ 1; (ii)) —x +2, =y +2, —z + 2.

Data collection: SMART (Bruker, 2009); cell refinement: SAINT
(Bruker, 2009); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
SHELXTL (Sheldrick, 2008); software used to prepare material for
publication: SHELXTL and PLATON (Spek, 2009).
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S1. Comment

The title compound is analogous to the previously reported N-(3-chloropropanoyl)-N'-phenylthiourea (Othman ef al.,
2010) except the bromine atom is at position-4 of the phenyl ring (Fig. 1). The molecule has trans-cis configuration with
respect to the position of the 3-chloropropanoyl and 4-bromophenyl groups, respectively, against the thiono C=S bond
across their C4-N1 and C4-N2 bonds. The whole molecule is not planar. The (S1/N1/N2/C2/C3/C4) thiourea moiety and
the benzene ring (C5-C10) are planar with maximum deviation of 0.036 (4) A for C3 atom from the least square plane of
the thiourea moiety. The benzene ring makes dihedral angle with the thiourea moiety of 9.55 (16)°, very big reduction
compared to the analog, N-(3-chloropropanoyl)-N'-phenylthiourea of 82.62 (10)°. The bond lengths and angles are in
normal ranges (Allen et al., 1987). There are N2—-H2:--O1 and C6-H6--S1 intramolecular hydrogen bonds. In the crystal
packing, the molecules are linked by N1-H1--S1i, C2-H2B---S1i and C9-H9---O1" intermolecular hydrogen bonds form
one-dimensional chains along the c axis (Fig. 2). Symmetry codes: (i) -x+1, -y+2, -z+1; (ii) -x+2, -y+2, -z+2.

S2. Experimental

An acetone solution (30 mL) of 4-bromoaniline (0.01 mol, 1.72 g) was added dropwise into a two-necked round-
bottomed flask containing 3-chloropropanoylisothiocyanate (0.01 mol). The mixture was refluxed for about 4 h, filtered
into a beaker and left to evaporate at room temperature. The filtrate gave colourless crystals after 5 days on slow

evaporation of the solvent (yield 79%).

S3. Refinement

The C based H atoms were positioned geometrically with C—H = 0.93-0.97 A and constrained to ride on their parent
atoms with Uis(H) = 1.2Uy(C). The amino H atoms ware located in difference Fourier map and refined freely with using
SHELXL instruction 'DFIX 0.87 0.01".
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Figure 1

The molecular structure of title compound with the atom numbering scheme. The displacement ellipsoids are drawn at

50% probability level. The H atoms are presented as a small spheres of arbitrary radius. The dashed lines indicate

intramolecular hydrogen bonds.

57

X
5
g

Figure 2

The crystal packing of the title compound viewed down a axis. The dashes lines indicate hydrogen bonds.

1-(4-Bromophenyl)-3-(3-chloropropanoyl)thiourea

Crystal data

CioH;0BrCIN,OS a=91.209 (2)°
M,=321.62 £=96.417 (2)°
Triclinic, P1 y=92.731(2)°
Hall symbol: -P 1 V'=614.96 (7) A3
a=5.3899 (4) A Z=2
b=8.3705(5) A F(000) =320
c=13.7369 (8) A D,=1.737 Mg m™*
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Mo Ko radiation, 2 = 0.71073 A

Cell parameters from 7910 reflections
0=2.9-259°

4=3.71 mm™!

Data collection

Bruker SMART APEX CCD
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

Detector resolution: 83.66 pixels mm™!

 scans

Absorption correction: multi-scan
(SADABS; Bruker, 2009)

Tin = 0.280, Tinax = 0.606

Refinement

Refinement on F?

Least-squares matrix: full

R[F?>20(F*)] =0.043

wR(F?)=0.111

S=1.11

2405 reflections

154 parameters

2 restraints

Primary atom site location: structure-invariant
direct methods

Secondary atom site location: difference Fourier
map

Special details

T=296K
Block, colourless
0.46 x 0.45 x 0.15 mm

11958 measured reflections
2405 independent reflections
2053 reflections with 7> 2a([)

Rin=10.129

Omax = 26.0°, Opin = 3.0°
h=—-6—6
k=-10—10
I=-16—16

Hydrogen site location: inferred from
neighbouring sites

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[6X(F,?) + (0.0381P)* + 0.5365P)]
where P = (F,2 + 2F2)/3

(A/0)max = 0.001

Apmax = 0.44 ¢ A3

Apmin =—0.67e¢A3

Extinction correction: SHELXL97 (Sheldrick,
2008), Fc"=kFc[1+0.001xFc?4¥/sin(26)] "

Extinction coefficient: 0.067 (5)

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

Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > o(F?) is used
only for calculating R-factors(gt) etc. 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 (42)

X y z Uiso™ Usq

Brl 0.28574 (8) 0.63531 (5) 1.11594 (3) 0.0559 (2)
Cll1 0.8887 (2) 1.50961 (14) 0.64873 (11) 0.0707 (4)
S1 0.40834 (18) 0.83621 (11) 0.60404 (6) 0.0447 (3)
(0) 1.0855 (5) 1.1309 (3) 0.74807 (18) 0.0481 (7)
N1 0.7900 (5) 1.0463 (3) 0.6239 (2) 0.0348 (6)
N2 0.7069 (6) 0.9295 (4) 0.7667 (2) 0.0387 (7)
Cl 1.1700 (7) 1.4130 (4) 0.6359 (3) 0.0457 (9)
H1A 1.2690 1.4749 0.5939 0.055*

HI1B 1.2667 1.4073 0.6996 0.055*

C2 1.1149 (7) 1.2461 (4) 0.5923 (3) 0.0429 (9)
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H2A 1.2689 1.2024 0.5759 0.051*
H2B 1.0022 1.2509 0.5324 0.051*
C3 0.9979 (7) 1.1373 (4) 0.6630 (3) 0.0371 (8)
C4 0.6423 (6) 0.9385 (4) 0.6716 (2) 0.0313 (7)
C5 0.5977 (6) 0.8495 (4) 0.8422 (2) 0.0332 (7)
C6 0.3732 (7) 0.7605 (5) 0.8312 (3) 0.0450 (9)
Hé6 0.2838 0.7447 0.7695 0.054*
C7 0.2820 (7) 0.6947 (5) 0.9131 (3) 0.0452 (9)
H7 0.1311 0.6347 0.9066 0.054*
C8 0.4156 (7) 0.7187 (4) 1.0035 (3) 0.0382 (8)
C9 0.6388 (7) 0.8042 (5) 1.0150 (3) 0.0485 (9)
H9 0.7287 0.8193 1.0766 0.058*
C10 0.7283 (7) 0.8680 (5) 0.9334 (3) 0.0481 (10)
H10 0.8818 0.9251 0.9405 0.058*
H1 0.742 (7) 1.058 (5) 0.5620 (10) 0.041 (10)*
H2 0.835 (5) 0.990 (4) 0.791 (3) 0.057 (13)*
Atomic displacement parameters (42)

Ull l]22 U33 U12 U13 L/'Z?;
Brl 0.0605 (3) 0.0655 (3) 0.0444 (3) —0.0072 (2) 0.0209 (2) 0.0123 (2)
Cl1 0.0667 (7) 0.0585 (7) 0.0908 (9) 0.0081 (6) 0.0226 (6) 0.0126 (6)
S1 0.0513 (6) 0.0445 (5) 0.0338 (5) —0.0216 (4) —0.0061 (4) 0.0080 (4)
(0] 0.0475 (15) 0.0584 (16) 0.0349 (14) —0.0235 (13) —0.0007 (11) 0.0039 (12)
N1 0.0375 (15) 0.0362 (14) 0.0288 (14) —0.0128 (12) 0.0007 (12) 0.0049 (12)
N2 0.0387 (16) 0.0433 (16) 0.0315 (15) —0.0178 (13) 0.0003 (12) 0.0068 (12)
Cl1 0.043 (2) 0.0406 (19) 0.052 (2) —0.0126 (16) 0.0040 (17) 0.0059 (17)
C2 0.041 (2) 0.046 (2) 0.041 (2) —0.0149 (16) 0.0104 (16) 0.0050 (16)
C3 0.0387 (19) 0.0356 (17) 0.0367 (19) —0.0070 (14) 0.0072 (15) 0.0016 (14)
C4 0.0354 (17) 0.0270 (15) 0.0308 (16) —0.0041 (13) 0.0025 (13) 0.0032 (12)
C5 0.0355 (17) 0.0333 (16) 0.0303 (16) —0.0046 (14) 0.0031 (13) 0.0057 (13)
C6 0.045 (2) 0.051 (2) 0.0366 (19) —-0.0174 (17) 0.0007 (15) 0.0018 (16)
C7 0.042 (2) 0.050 (2) 0.042 (2) —0.0175 (17) 0.0049 (16) 0.0050 (17)
C8 0.0416 (19) 0.0400 (18) 0.0353 (18) 0.0004 (15) 0.0137 (15) 0.0062 (14)
C9 0.046 (2) 0.065 (2) 0.0323 (18) —0.0089 (19) —0.0012 (16) 0.0070 (17)
C10 0.039 (2) 0.066 (2) 0.036 (2) —0.0209 (18) —0.0008 (15) 0.0054 (18)
Geometric parameters (A, ©)
Br1—C8 1.898 (3) C2—C3 1.514 (4)
Cl1—C1 1.776 (4) C2—H2A 0.9700
S1—C4 1.669 (3) C2—H2B 0.9700
01—C3 1.213 (4) C5—C10 1.369 (5)
N1—C3 1.375 (4) C5—Co6 1.382 (5)
N1—C4 1.397 (4) Cc6—C7 1.391 (5)
NI1—H1 0.869 (10) C6—H6 0.9300
N2—C4 1.319 (4) C7—C8 1.370 (5)
N2—C5 1.414 (4) C7—H7 0.9300
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N2—H2 0.864 (10) C8—C9 1.362 (5)
Cl1—C2 1.511 (5) C9—C10 1.376 (5)
C1—HIA 0.9700 C9—H9 0.9300
Cl—HIB 0.9700 C10—H10 0.9300
C3—N1—C4 128.1 (3) N2—C4—NI1 114.9 (3)
C3—NI—HI1 117 (2) N2—C4—S1 127.4 (2)
C4—N1—H1 115 (2) N1—C4—Sl1 117.7 (2)
C4—N2—C5 133.1 (3) C10—C5—C6 119.1 (3)
C4—N2—H2 116 (3) C10—C5—N2 1152 (3)
C5—N2—H2 111 (3) C6—C5—N2 125.7 (3)
C2—C1—Cl1 110.8 (3) C5—C6—C7 119.4 (3)
C2—Cl1—HIA 109.5 C5—C6—H6 120.3
Cl1—C1—HI1A 109.5 C7—C6—He6 120.3
C2—C1—HIB 109.5 C8—C7—C6 119.7 (3)
Cl1—C1—H1B 109.5 C8—C7—H7 120.1
HIA—C1—HIB 108.1 C6—C7—H7 120.1
Cl1—C2—C3 111.3 (3) Co—C8—C7 121.3 (3)
C1—C2—H2A 109.4 C9—C8—Brl 1189 (3)
C3—C2—H2A 109.4 C7—C8—DBrl 119.7 (3)
C1—C2—H2B 109.4 C8—C9—C10 118.6 (4)
C3—C2—H2B 109.4 C8—C9—H9 120.7
H2A—C2—H2B 108.0 C10—C9—H09 120.7
01—C3—N1 123.0 (3) C5—C10—C9 121.8 (3)
01—C3—C2 121.5 (3) C5—C10—H10 119.1
N1—C3—C2 115.5 (3) C9—C10—H10 119.1
Cl1—C1—C2—C3 —68.4 (4) C10—C5—C6—C7 1.4 (6)
C4—N1—C3—O01 2.0 (6) N2—C5—C6—C7 —176.8 (4)
C4—N1—C3—C2 —178.8 (3) C5—C6—C7—C8 —0.1 (6)
C1—C2—C3—O01 —47.9 (5) C6—C7T—C8—C9 —-0.9 (6)
Cl1—C2—C3—N1 132.9 (3) C6—C7—C8—Brl 177.8 (3)
C5—N2—C4—N1 173.3 (4) C7—C8—C9—C10 0.4 (6)
C5—N2—C4—S1 —6.9 (6) Br1—C8—C9—C10 —178.3 (3)
C3—N1—C4—N2 3.1(5 C6—C5—C10—C9 -1.9(7)
C3—N1—C4—S1 —-176.7 (3) N2—C5—C10—C9 176.5 (4)
C4—N2—C5—C10 178.7 (4) C8—C9—C10—C5 1.0 (7)
C4—N2—C5—C6 -3.0(7)

Hydrogen-bond geometry (4, °)

D—H-4 D—H H-4 DA D—H-4
N2—H2--01 0.87 (3) 1.90 (3) 2.623 (4) 140 (4)
C6—H6---S1 0.93 2.56 3.222 (4) 128
N1—HI1--S1i 0.87 (2) 2.53(2) 3.376 (3) 166 (4)
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C2—H2B--S1i 0.97 2.79 3.707 (4) 157
C9—H9--01i 0.93 2.52 3.444 (5) 172

Symmetry codes: (i) —x+1, —y+2, —z+1; (ii) —x+2, —y+2, —z+2.
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