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The reaction of cinnamoyl isothiocyanate and aniline gave a

the title cyclized thiourea, C13H16N2S. There are two mol-

ecules in the asymmetric unit. The pyrimidine-2-thione moiety

in each molecule is almost perpendicular to the phenyl group.

The molecules are linked by two intermolecular NÐH� � �S
hydrogen bonds to form a dimer.

Comment

Under normal condition, benzoyl isothiocyanate reacts with

aniline to give N-benzoyl-N0-phenylthiourea (Yamin & Yusof,

2003). However, the product of the reaction between cinna-

moyl isothiocyanate and aniline, (I), showed not only the

presence of the expected thiourea and phenyl chemical shifts

but also the methyl protons and the disappearance of the

carbonyl group. Therefore, an X-ray investigation was carried

out.

The asymmetric unit of (I) consists of two molecules

(Fig. 1). The 3,4-dihydro-pyrimidine-2(1H)-thione rings have

phenyl, methyl and dimethyl substituents at N1/N3, C2/C15

and C4/C17, respectively. The S1 C1, S2 C14, N1ÐC1,

N2ÐC1, N3ÐC14 and N4ÐC14 bond lengths (Table 1) are

comparable with those in other thiourea derivatives, such as

N-benzoyl-N0-phenylthiourea (Yamin & Yusof, 2003) and 1-

ethyl-5-(4-methoxybenzoyl)-4-(4-methoxyphenyl)pyrimidine-

2(1H)-thione (OÈ zcËelik et al., 2004). Other bond lengths and

angles are in normal ranges (Allen et al., 1987). The pyrimi-

dine-2-thione rings, N1/N2/C1ÐC4/S1 and N3/N4/C14ÐC17/

S2 are essentially planar with maximum deviation of

0.091 (3) AÊ for atom C4. The dihedral angle between the

benzene and pyrimidine-2-thione rings in these molecules are

89.79 (12) and 84.42 (15)�. In the crystal structure, the mol-

ecules are stabilized by intermolecular hydrogen bonds, N2Ð

H2A� � �S2 and N4ÐH4A� � �S1 (Table 2), forming dimers. The

dimers are arranged nearly parallel to (400).

Experimental

Cinnamoyl isothiocyanate was ®rst prepared by the reaction of

ammonium thiocyanate with cinnamoyl chloride. A solution of
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aniline (0.753 g, 8.10 mmol) in acetone (20 ml) was added dropwise

with stirring to the freshly prepared acetone solution of cinnamoyl

isothiocyanate. The mixture was re¯uxed for 1 h. After cooling, the

solution was poured into a beaker containing crushed ice with

vigorous stirring. The precipitate which formed was ®ltered off and

washed with distilled water and dried under vacuum. Recrystalliza-

tion from ethanol yielded colourless crystals suitable for X-ray

investigation (yield 75%; m.p. 459.3±460.4 K). 1H NMR (CDCl3,

400 MHz): � 1.36 (6H, s, 2CH3), 1.49 (3H, s, CH3), 4.83 (1H, s, CH),

11.61 (1H, s, NH), 7.06±7.50 (C6H5 ring); 13C{1H}: � 20.9 (CH3), 31.6

(2CH3), 52.6, 112.1, 132.6 (3Cquaternary), 128±131.11 (C6H5 ring) and

177.8 (C S).

Crystal data

C13H16N2S
Mr = 232.34
Orthorhombic, Pbca
a = 10.0407 (16) AÊ

b = 17.007 (3) AÊ

c = 30.197 (5) AÊ

V = 5156.6 (14) AÊ 3

Z = 16
Dx = 1.197 Mg mÿ3

Mo K� radiation
Cell parameters from 5295

re¯ections
� = 1.3±27.5�

� = 0.23 mmÿ1

T = 273 (2) K
Block, colourless
0.47 � 0.46 � 0.33 mm

Data collection

Bruker SMART APEX CCD area-
detector diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.900, Tmax = 0.928

28481 measured re¯ections

5628 independent re¯ections
4954 re¯ections with I > 2�(I)
Rint = 0.028
�max = 27.0�

h = ÿ7! 12
k = ÿ21! 21
l = ÿ38! 37

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.058
wR(F 2) = 0.164
S = 1.13
5628 re¯ections
289 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0557P)2

+ 4.7245P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.46 e AÊ ÿ3

��min = ÿ0.27 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

S1ÐC1 1.688 (2)
S2ÐC14 1.685 (2)
N1ÐC1 1.371 (3)
N1ÐC2 1.427 (3)
N1ÐC8 1.447 (3)
N2ÐC1 1.327 (3)
N2ÐC4 1.465 (3)

N3ÐC14 1.363 (3)
N3ÐC15 1.426 (3)
N3ÐC21 1.438 (3)
N4ÐC14 1.324 (3)
N4ÐC17 1.474 (3)
C2ÐC3 1.317 (3)
C15ÐC16 1.312 (4)

N4ÐC14ÐN3 117.6 (2)
N4ÐC14ÐS2 120.62 (18)

N3ÐC14ÐS2 121.76 (18)

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

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

N2ÐH2A� � �S2 0.86 2.61 3.422 (2) 158
N4ÐH4A� � �S1 0.86 2.64 3.479 (2) 167

After the location of the H atoms in a difference map, they were

positioned geometrically and ®xed at ideal positions. The H atoms

were allowed to ride on their parent C atoms [CÐH = 0.93±0.96 AÊ ,

NÐH = 0.86 AÊ , and Uiso(H) = 1.5Ueq(C) for CH3, 1.2Ueq(C) for CH

and 1.2Ueq(N) for NH groups]. The large U11 values of several atoms,

in particular C15, C16, C18, C23, C24 and C25, compared to their U22

and U33 values may indicate that the molecule suffers from dynamic

disorder or static disorder due to the librational motion of the mol-

ecule. Atom C18 was re®ned in two alternative positions with occu-

pancy factors 0.54 (2):0.46 (2) and with isotropic displacement

parameters of 0.054 (2) and 0.057 (3) AÊ 2, respectively.

Data collection: SMART (Siemens, 1996); cell re®nement: SAINT

(Siemens, 1996); data reduction: SAINT; program(s) used to solve

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

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL, PARST (Nardelli,

1995) and PLATON (Spek, 2003).
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Figure 1
The structure of the asymmetric unit of (I), shown with 50% probability
displacement ellipsoids for non-H atoms. Only one disorder component
of atom C18 is shown (C18A).

Figure 2
Packing diagram of (I), viewed down the a axis. The dashed lines denote
NÐH� � �S hydrogen bonds.
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