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N'-methyl-N'-phenylthiourea and 
N-benzoyl-N'-(3,4-dimethylphenyl)thiourea 
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Abstract 

In the title compounds, CI5HI4N2OS and CI6HI6N2OS, 
the C ~ S  bond distances are 1.670 (2) and 1.667 (2)A, 
respectively. The molecules are packed in a centrosym- 
metric manner by forming a two-dimensional array 
through N - - H . . . S  hydrogen bonding. 

Comment 

There are very few structure reports exclusively con- 
ceming substituted-thiourea derivatives, which may be 
due to the difficulty in preparing crystals for X-ray 
diffraction studies. These thiourea derivatives have 
applications as rubber accelerators and as intermediate 
materials in dye preparation, and are very useful agro- 
chemical intermediates (Ramadas et al., 1993). Recently, 
these derivatives were found to possess non-linear 
optical properties. We are particularly interested in the 
molecular structures and the N--H-. .S-type hydrogen 
bonding of these derivatives. 

The structures of N-benzoyl-N'-methyl-N'-phenylthio- 
urea, (I), and N-benzoyl-N'-(3,4-dimethylphenyl)thio- 
urea, (II), have been determined. The crystal structure 
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of (I) is composed of discrete molecules (Fig. 1), the 
bond lengths and angles being quite typical for thiourea 

CI S 5 ~ H I N I  

Fig. 1. Plot (SHELXTL; Sheldrick, 1997) of compound (I) showing 
50% probability displacement ellipsoids and the atom-numbering 
scheme. 

The short CmS distance [1.670 (2),~] clearly shows 
its double-bond character and is very close to the un- 
weighted mean value of 1.681 ,~ for the C--S distance 
in thioureas (Allen et al., 1992). This may be influenced 
by the nature of the substituent group and in particular 
by its ability to participate in 7r-conjugation. 

The methyl group and the S atom are cis with respect 
to the N2---C8 bond [torsion angle -4 .3  (2)°]. The C9- 
phenyl and the benzoyl groups are trans to S with 
respect to the C- -N thiourea bonds, which favours 
dimer formation through an almost linear [174(2) °] 
NmH. - .S  intermolecular hydrogen bond. The steric 
interaction between the C9-C14 ring and the C15 
methyl group at N2 is avoided by a twist of -57.8 (2) ° 
between them. 

The S 1 atom is 0.036 (1) ,~ out of the plane of the N - -  
C- -N thiourea bridge. The dihedral angle formed by the 
benzoyl and the thiourea bridge is 80.8 (1) °, and the C9- 
phenyl ring makes a dihedral angle of 57.8 (1) ° with the 
thiourea bridge. The distance between the centroids of 
the C1-C6 phenyl ring [ C g l . . . C g l ( - x -  1, 2 - y ,  -z)]  
is 4.31,4, and the perpendicular distance between the 
rings is 3.47,~. The structure is stabilized by van der 
Waals interactions. 

The bond lengths and angles of (II) are comparable 
with the values in the literature (Zhang et al., 1996; 
Cao et al., 1996). The dimethylphenyl moiety is cis and 
the benzoyl group trans to S with respect to the C- -N  
thiourea bonds, as observed in most substituted-thiourea 
derivatives. This is in contrast to the structure of 1,3- 
bis(3,4-dichlorophenyl)thiourea (Stankovic & Andreetti, 
1978) where the conformation is cis-cis. The trans-cis 
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conformation favours dimer formation among the mol- 
ecules. The intramolecular  N m H . . . O  hydrogen bonding 
between the amide-N and benzoyl-O atoms completes 
a nearly planar s ix-membered ring in the central part 
of  the molecule.  This group makes dihedral angles of  
24.7 (1) and 43.4(1)  ° with the benzoyl  and dimethyl-  
phenyl  rings, respectively. The max imum deviation from 
the best plane of the five non-H atoms is 0.026 (2) ,4, for 
C7, and the S atom lies almost  in the plane of the ring 
[deviation 0.055 (1) A,]. 

q 
C10 

Fig. 2. Plot (SHELXTL; Sheldrick, 1997) of compound (II) showing 
50% probability displacement ellipsoids and the atom-numbering 
scheme. 

The molecules are packed in a centrosymmetr ic  
manner  through weak N 1 - - H - - - S 1  hydrogen bonding.  
The molecules exist as dimers and the crystal  lattice 
consists of parallel layers of  these dimers. The C 10 atom 
is involved in weak C - - H . . . S  hydrogen bonding with 
the S 1 atom. 

Experimental  

For the preparation of (I), a solution of N-methylaniline 
(5.4 ml, 0.05 mol) in acetone (I 5 ml) was added dropwise with 
stirring to a solution of benzoyl isothiocyanate (0.05 mol) in 
acetone. The reaction mixture was heated under reflux for 
30 min, after which time the solvent was evaporated and 
the residue poured onto ice. The isolated solid was dried 
to give compound (I) [yield 11.6 g (86%); m.p. 400-402 K]. 
For the preparation of (II), a solution of 3,4-dimethylaniline 
(6.05 g, 0.05 mol) in acetone (15 ml) was added dropwise with 
stirring to a freshly prepared acetone solution of benzoyl iso- 
thiocyanate (0.05 mol) (prepared from NI-I4SCN and benzoyl 
chloride). Following the addition, the mixture was heated 
under reflux for 30 min and poured onto crushed ice with 
vigorous stirring. The isolated solid was filtered, washed with 
water and dried to give compound (II) [yield 13.7 g (97%); 
m.p. 407-408 K]. 

Compound (I) 
Crystal data 

CIsHI4N2OS Mo Ka radiation 
Mr - 270.34 A = 0.71073 A, 

Triclinic 

a = 8.4551 (2) ,4, 
b = 8.9044 (2) A 
c = 10.7293 (3) ,4, 
a = 91.142(1) ° 
/3 = 107.437 (1)° 
7 = 113.035 (1) ° 
V = 700.50 (3) ~3 
Z = 2  
Dx = 1.282 Mg m -3 
Dm not measured 

Data collection 
Siemens SMART CCD area- 

detector diffractometer 
scans 

Absorption correction: 
empirical ( SADABS; 
Sheldrick, 1996) 
Tmi, = 0.900, Tm~x = 0.957 

5735 measured reflections 
3325 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2o-(F2)] = 0.041 
wR(F 2) = 0.104 
S = 0.925 
3325 reflections 
229 parameters 
All H-atom parameters 

refined 
w = l/[o-2(Fo 2) + (0.0351P) 2] 

where P = (Fo 2 + 2FcZ)/3 
(A /O ' )max  = 0.001 

Cell parameters from 8192 
reflections 

0 = 2.01-28.29 ° 
# = 0.224 mm-i  
T = 293 (2) K 
Block 
0.48 × 0.34 × 0.20 mm 
Colourless 

2219 reflections with 
I > 2o'(/) 

Rint = 0.049 
0max = 28.32 ° 
h = - 9  --~ 11 
k = - 1 0 - - ~  11 
l = - 1 4 - - ~  13 

Apmax = 0.276 e A -3 
Apmin = -0.279 e .~-3 
Extinction correction: 

SHELXTL (Sheldrick, 
1997) 

Extinction coefficient: 
0.016(4) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Table 1. Selected geometric parameters (,4, ° ) for  (1) 
St----C8 1.670 (2) N2---C8 1.331 (2) 
O1---C7 1.2101 (2) N2----C9 1.442 (2) 
NI----C8 1.404 (2) N2---C15 1.473 (2) 

C7--N1---C8 123.5 (1) O1---C7---C 1 122.6 (2) 
C8--N2---C9 123.9 (1) N 2 - - C 8 - - N I  116.9 (1) 

Table 2. Hydrogen-bonding geometry (A, o)for (I) 

D - - H .  • . A  D - - H  H .  • . A  D .  . . A  D - - H .  • . A  

N I - - H I N I .  • .SI ~ 0.83 (2) 2.65 (2) 3.473 (1) 174 (2) 

Symmetry code: (i) -x,  2 - y, -z. 

Compound (H) 

Crystal data 

CI6HI6N2OS 
Mr = 284.37 
Monoclinic 
e2, /c  
a = 5.4664 (1) ,~, 
b = 28.0208 (4) ,~ 
c = 9.8585 (1) A 
/3 = 94.262 (1)° 
V = 1505.88 (4) A 3 
Z = 4  
Dx = 1.254 Mg m -3 
Dm not measured 

Mo Ka radiation 
A = 0.71073 ]k 
Cell parameters from 8192 

reflections 
0 = 1.45-28.33 ° 
# = 0.212 rnm -~ 
T = 293 (2) K 
Plate 
0.44 × 0.42 x 0.08 mm 
Colourless 
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Data collection 

Siemens S M A R T  CCD area- 
detector  dif f ractometer  
scans 

Absorption correction: 
empirical  ( SADABS; 
Sheldrick, 1996) 
Tmi, = 0.913, Tmax "- 0.983 

11 799 measured  reflections 
3688 independent  reflections 

Refinement 

Refinement  on F 2 
R[F 2 > 2rr(F2)] = 0.053 
wR(F 2) = 0.165 

S = 1.056 
3688 reflections 
221 parameters 
H atoms treated by a 

mixture of independent 
and constrained ref inement  

2555 reflections with 
I > 20"(/) 

Rint = 0.072 
0max = 28.28 ° 
h = - 7  ---~ 7 
k = - 2 2  ~ 37 
l = - 1 3  ~ 12 

w = l/[tr2(Fo 2) + (0.0958P) 2] 
where  P = (Fo 2 + 2F2)/3 

(A/o')max ( 0.001 
Apmax = 0.314 e ~ - 3  
Apmin = - 0 . 3 9 6  e ~ - 3  

Extinction correction: none 
Scattering factors f rom 

International Tables for 
Crystallography (Vol. C) 

Cao, Y. & Zha, O.-B., Zhang, Y.-Q. & Zhang, O.-C. (1996). Acta 
Cryst. C52, 1772-1774. 

Fletcher, D. A., McMeeking, R. F. & Parkin, D. (1996). J. Chem. Inf. 
Comput. Sci. 36, 746-749. 

Nardelli, M. (1995). J. Appl. Cryst. 28, 659. 
Ramadas, K., Srinivasan, N. & Janarthanan, N. (1993). Tetrahedron 

Lett. 34, 6447-6450. 
Ramnathan, A., Sivakumar, K., Subramanian, K., Janarthanan, N., 

Ramadas, K. & Fun, H.-K. (1996). Acta Cryst. C52, 134-136. 
Ramnathan, A., Sivakumar, K., Subramanian, K., Meerarani, D., 

Ramadas, K. & Fun, H.-K. (1996). Acta Co'st. C52, 139-142. 
Sheldrick, G. M. (1996). SADABS. Program for Empirical Absorp- 

tion Correction of Area Detector Data. University of GOttingen, 
Germany. 

Sheldrick, G. M. (1997). SHELXTL Software Reference Manual. 
Version 5.1. Bruker AXS Inc., Madison, Wisconsin, USA. 

Siemens (1996a). SMART Sofm'are Reference Manual. Siemens 
Analytical X-ray Instruments Inc., Madison, Wisconsin, USA. 

Siemens (1996b). SAINT Software Reference Manual. Version 4. 
Siemens Analytical X-ray Instruments Inc., Madison, Wisconsin, 
USA. 

Stankovic, S. & Andreetti, G. D. (1978). Acta Crvst. B34, 3787-3790. 
Zhang, O.-C., Zhang, Y.-Q., Cao, Y. & Zha, O.-B. (1996). Acta Cryst. 

C52, 1716-1718. 

T a b l e  3 .  Selected geometric parameters (A, °)for (II) 
s1- - -c8  1.667 (2) N1---428 1.391 (2) 
O1----C7 1.233 (2) N2---C8 1.330 (2) 
N 1---C7 1.380 (2) N2---C9 1.423 (2) 

C7- -N  1---C8 128.2 (2) O1---C7--C1 121.7 (2) 
C 8 - - N 2 - - C 9  127.9 (2) N2- -C8- -N1  115.6 (2) Acta Cryst. (1999). C55, 1320-1322 

Table 4. Hydrogen-bonding geometry (,4, o)for (H) 
D---H...A D---H H...A D. • .A D--H. • .A 

N2--H1N2. • -O1 0.80 (2) 1.92 (2) 2.619 (2) 145 (2) 
CI0---H10. • .SI 0.95 (2) 2.85 (2) 3.253 (2) 107 (2) 
N1--HINI. • -SI i 0.83 (2) 2.70 (2) 3.501 (2) 163 (3) 

Symmetry code: (i) 1 - x, 1 - y, 2 - z. 

For both compounds, data collection: SMART (Siemens, 
1996a); cell refinement:  SAINT (Siemens,  1996b); data reduc- 
tion: SA/NT; program(s)  used to solve structures: SHELXTL 
(Sheldrick, 1997); program(s)  used to refine structures: 
SHELXTL; molecular  graphics: SHELXTL; software used 
to prepare material  for publication: SHELXTL and PARST 
(Nardelli, 1995). 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: NAI414). Services for accessing these 
data are described at the back of the joumal. 
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Abstract 
The title compound, [SeI(C7HI4NS2)],,, was pre- 
pared by the oxidative displacement of one of 
the dithiocarbamates in bis(di-n-propyldithiocarbamato)- 
selenium(II) using iodine. This complex has a polymeric 
structure, with the central Se atoms bridged by the io- 
dine ions. The geometry around each Se atom is planar 
trapezoidal (SES212), with Se--I  distances of 3.124(2) 
and 3.232 (1)A. This is the first example of a mixed 
iodide-dithiocarbamate complex of selenium(II). 
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