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C5 0.29828 (12)  0.25755 (12)  0.65467 (7) 0.0473 (4) 
C5a 0.31675 (12) 0.34153 (11) 0.61553 (7) 0.0450 (4) 
C6 0.41400 (13) 0.38592 (13) 0.61394 (8) 0.0564 (4) 
C7 0.43416 (14) 0.46333 (14) 0.57589 (8) 0.0667 (5) 
C8 0.35769 (15) 0.49890 (14) 0.53877 (8) 0.0670 (5) 
C9 0.26072 (14) 0.45843 (13) 0.54055 (7) 0.0586 (5) 
C9a 0.23793 (I 2) 0.38034 (11) 0.57929 (7) 0.0473 (4) 
CI' 0.21374 (13) 0.09823 (12) 0.68846 (7) 0.0530 (4) 
C2' 0.2944 (2) 0.01413 (13) 0.68940 (8) 0.0656 (5) 
C21 ' 0.3033 (2) -0.0281 (2) 0.62569 (9) 0.0859 (7) 
C22' 0.3998 (2) 0.0500 (2) 0.71081 (10) 0.0874 (7) 
C23' 0.2550 (2) -0.0674 (2) 0.73148 (10) 0.1019 (8) 
O1' 0.20741 (8) 0.13609 (8) 0.74953 (5) 0.0542 (3) 
C3' 0.11859 (14) 0.17934 (13) 0.76603 (8) 0.0556 (4) 
O31 0.04901 (10)  0.19375 (12) 0.73132 (6) 0.0838 (4) 
Cip 0.11671 (12)  0.20635 (12) 0.83028 (7) 0.0525 (4) 
C2p 0.19944 (15) 0.19121 (15)  0.86803 (8) 0.0650 (5) 
C3p 0.1938 (2) 0.2198 (2) 0.92749 (9) 0.0769 (6) 
C4p 0.1059 (2) 0.2614 (2) 0.94931 (9) 0.0792 (6) 
C5p 0.0224 (2) 0.2751 (2) 0.91264 (11) 0.0865 (7) 
C6p 0.0279 (2) 0.2483 (2) 0.85303 (9) 0.0733 (6) 

Stoe & Cie (1990a). DIF4. Diffractometer Control Program. Version 
7.09/DOS. Stoe & Cie, Darmstadt, Germany. 

Stoe & Cie (1990b). REDU4. Data Reduction Program. Version 
7.03/DOS. Stoe & Cie, Darmstadt, Germany. 

Stoe & Cie (1995a). STADI4. Data Collection Program for Windows. 
Version 1.04. Stoe & Cie, Darmstadt, Germany. 

Stoe & Cie (1995b). X-RED. Data Reduction Program for Windows. 
Version 1.04. Stoe & Cie, Darmstadt, Germany. 
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Table  12. Selected geometric parameters (A,, °) for  (6) 

CI---C9a 1.493 (2) C4--C5 1.344 (2) 
CI--N2 1.494 (2) C5---C5a 1.447 (2) 
N2--N3 1.252 (2) C5a--C9a 1.402 (2) 
N3---C4 1.413 (2) 

C9a---C1--N2 105.89 (13) C4---C5~5a 126.58 (14) 
N3--N2---C 1 117.77(12) C9a---C5a---C5 121.10(14) 
N2- -N3~4  123.99 (14)  C5a~9a---CI 117.42 (14) 
C5--C4---N 3 123.20 (14) 

C9a---CI--N2--N3 78.8 (2) C~5---C5a--C9a 29.6 (2) 
CI--N2--N3---C4 -7.7 (2) C5---C5a---C9a----C1 3.7 (2) 
N2--N3---C~5 -46.1 (2) N2---CI~9a---C5a -70.5 (2) 
N3---C~5---C5a 13.5 (3) 

H atoms were placed in fixed calculated positions with U~so = 
1.5 × Ueq(C) for methyl H atoms and Uiso = 1.2 × Ueq(C) for 
others. 

Data collection and cell refinement: STADI4 (Stoe & 
Cie, 1995a) for (4), otherwise DIF4 (Stoe & Cie, 1990a). 
Data reduction: X-DATRED (Stoe & Cie, 1995b) for (4), 
otherwise REDU4 (Stoe & Cie, 1990b). Program used to solve 
structure: SHELXS86 (Sheldrick, 1985). Program used to refine 
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics: 
SHEI~TL/PC (Sheldrick, 1992). 

We thank  the  S E R C  for  p r o v i s i o n  o f  a four -c i rc le  

d i f f r a c t o m e t e r  and  for  a s t u d e n t s h i p  (to MH) .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: HAll39). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH! 2HU, England. 
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Abstract 

T h e  c y c l o h e x a n e  r ing  in the  ti t le c o m p o u n d ,  C14H20N2S, 
is in a cha i r  c o n f o r m a t i o n .  T h e r e  are N - - H . . - S  h y d r o -  
gen  b o n d s  p r e sen t  in the  s t ructure .  

Comment 

U n s y m m e t r i c a l  t h iou rea s  are f o u n d  to exh ib i t  a g r o c h e m -  
ical p rope r t i e s  and  are c o m m e r c i a l l y  in te res t ing  c o m -  
p o u n d s  (Sark is  & Faisal ,  1985; Alder ,  1989).  T h e  ti t le 

c o m p o u n d ,  (I), was  s y n t h e s i z e d  in v i e w  o f  its a g r o c h e m -  
ical i m p o r t a n c e  and  the  de ta i l s  o f  the  syn the s i s  h a v e  
been  p u b l i s h e d  e l s e w h e r e  ( R a m a d a s ,  S r in iva san  & Ja- 
na r thanan ,  1993).  T h e r e  is no t  m u c h  in the  l i te ra ture  

on the  crys ta l  s t ruc tu re  d e t e r m i n a t i o n  o f  d i s u b s t i t u t e d  

th iou reas  and  so this  p r o m p t e d  us to p e r f o r m  an X- ray  

i n v e s t i g a t i o n  on  this  ser ies  o f  c o m p o u n d s .  Also ,  this  

f o r m s  par t  o f  ou r  s tud ies  on  the  s t ruc tura l  and  insect i -  

c ida l  ac t iv i t ies  o f  this  c lass  o f  c o m p o u n d s .  

t Visiting Post Doctoral Research Fellow, School of Physics, 
Universiti Sains Malaysia, 11800 USM, Penang, Malaysia. 
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Fig. 1 shows a displacement  ellipsoid plot of the 
molecule with the numbering scheme used. The dis- 
tances N 7 - - C 8  [1.334 (2) A] and N 9 - - C 8  [1.349 (2) A] 
are shorter than their usual values, but common for 
thioureas (Allen et al., 1987). All other bond lengths 
and angles in this structure are as expected. The dihe- 
dral angles between the plane of the thiourea moiety and 
the best plane through the phenyl  ring and that through 
the cyclohexane ring are 102.88 (5) and 122.26 (6) °, re- 
spectively. The cyclohexane ring is in a chair conforma- 
tion. Both the N atoms are involved in intermolecular 
N - - H . . . S  hydrogen bonds: N 7 - - H 7  0.82 (2), N 7 . . . S  i 
3.481 (2), H 7 . . . S  ' 2.72 (2) ,A, and N 7 - - H 7 - .  "S i 156 (2)°; 
N 9 - - H 9  0.81 (2), N 9 . . . S  i 3.393 (1), H 9 - . . S  ~ 2.61 (2) ,~, 
and N 9 - - H 9 . . . S  i 163(2) ° [symmetry code: (i) l - x ,  
y - ½ ,  ½-z] .  

s c '  

Fig. 1. Structure of (I) showing 50% probability displacement 
ellipsoids. 

Experimental 

The synthesis of compound (I) is reported elsewhere (Ra- 
madas, Srinivasan & Janarthanan, 1993). Single crystals were 
obtained from an ethanol solution. 

Crystal data 

C I 4 H 2 0 N 2 S  Mo Ka radiation 
Mr = 248.38 A = 0.71073 ,~ 
Monoclinic Cell parameters from 25 
P21/ c reflections 
a = 8.153 (1)/~, 0 = 8-25 ° 
b = 8.482 (1) ,A, # = 0.209 mm- 
c = 20.638 (2) ,A, T = 293 (2) K 
/3 = 92.45 (1)° Needle 
V = 1425.9 (3),~3 0.58 x 0.52 x 0.50 mm 
Z = 4 Transparent, colourless 
Dx = 1.157 Mg m -3 

Data collection 
Siemens P4 four-circle Ri,t = 0.0175 

diffractometer 0max = 27.50 ° 
0-20 scans h = -1  ~ 9 
Absorption correction: k = - 1 ---. 11 

none l = - 2 6  ---, 26 

4376 measured reflections 
3204 independent reflections 
2275 observed reflections 

[1 > 2o-(/)1 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)] = 0.0383 
wR(F 2) = 0.1065 
S = 1.064 
3204 reflections 
234 parameters 
All H-atom parameters 

refined 
w = 1/[o-2(F 2) + (0.0717P) 2] 

where P = (Fo 2 + 2FZ)/3 

3 standard reflections 
monitored every 100 

reflections 
intensity decay: none 

(m/o. )max < 0 .001  
Apmax = 0 . 1 6 4  e ,~-3 
mpmin = -0.192 e ,~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography ( 1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (/~2) 

Y~U * * Ueq = (1/3)~i j ~ja i aj ai.aj. 

x y z Ueq 
S 0.34234 (5) 0.06892 (5) 0.18215 (2) 0.05185 (15) 
CI 0.2563 (3) -0.1139 (3) 0.38544 (8) 0.0660 (5) 
C2 0.1126 (3) -0.0521 (3) 0.42328 (9) 0.0774 (6) 
C3 -0.0507 (3) -0 .1066 (3) 0.39547 (10) 0.0723 (5) 
C4 -0.0720 (3) -0.0644 (3) 0.32442 (10) 0.0710 (5) 
C5 0.0689 (2) -0.1344 (3) 0.28688 (9) 0.0652 (5) 
C6 0.2325 (2) -0.0751 (2) 0.31383 (7) 0.0489 (4) 
N7 0.3684 (2) -0.1409 (2) 0.27850 (6) 0.0572 (4) 
C8 0.4186 (2) -0.0921 (2) 0.22119 (7) 0.0465 (3) 
N9 0.5386 (2) -0.1805 (2) 0.19659 (6) 0.0578 (4) 
C10 0.6157 (2) -0.1519 (2) 0.13713 (7) 0.0490 (4) 
CII  0.7709 (2) -0.0891 (2) 0.13953 (12) 0.0699 (5) 
C12 0.8539 (3) -0.0662 (3) 0.0838 (2) 0.0960 (8) 
C13 0.7820 (4) -0.1044 (3) 0.0260 (2) 0.1029 (10) 
C14 0.6268 (4) -0 .1666 (3) 0.02279 (10) 0.0943 (8) 
C15 0.5403 (2) -0.1952 (2) 0.07865 (8) 0.0653 (5) 
CI6 0.3729 (4) -0 .2670 (5) 0.0741 (2) 0.1112 (10) 

Table 2. Selected geometric parameters (,~,, o) 

S---C8 1.691 (2) C8--N9 1.349 (2) 
CI----C6 1.519 (2) N9----CI0 1.423 (2) 
C!---C2 1.529 (3) CIO---CII 1.372 (3) 
C2---C3 1.500 (3) C10---C15 1.381 (2) 
C3---C4 1.512 (3) C i l - -C12  1.373 (3) 
C4---C5 i.532 (3) C12---C13 1.347 (4) 
C5--C6 1.510 (3) C13---C14 1.370 (4) 
C6---N7 1.463 (2) C!4----CI5 1.398 (3) 
N7---C8 !.334 (2) C15---C16 !.494 (3) 

C6---C1--C2 110.7 (2) C8--N9--C10 125.75 (14) 
C3--C2---C1 112.7 (2) C I I - - C I 0 - - C I 5  120.7 (2) 
C2---C3--C4 !11.2 (2) CI I - -CI0- - -N9 118.4 (2) 
C3---C4---C5 109.9 (2) Ci5----Ci0---N9 120.78 (15) 
C6---C5----C4 110.8 (2) CI0----CII---CI2 120.8 (2) 
N7---C6---C5 111.42 (14) C13---C12---C11 119.8 (2) 
N7--C6--C1 109.53 (14) C!2---C13--C14 120.1 (2) 
C5- -C6- -CI  111.1 (2) C13---C14---C15 121.7 (2) 
C8--N7---C6 126.22 (15) C10--C15---C14 116.9 (2) 
N7---C8--N9 114.59 (14) C10--CI5---C16 122.4 (2) 
N7---C8---S 123.57 (12) C14---C15---C16 120.7 (2) 
N9--C8--S  121.83 ( 1 i ) 

All H atoms were located from difference Fourier maps. 
Data collection: XSCANS (Fait, 1991). Cell refinement: 

XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1990a). Program(s) used 
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
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graphics: SHELXTL/PC (Sheldrick, 1990b). Software used 
to prepare material for publication: SHELXL93. Geometric 
calculations: PARST (Nardelli, 1983). 

One of the authors (KS) thanks the Universit i  Sains 
Malaysia  for a Visiting Post Doctoral Research Fellow- 
ship. 

Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
ASll60). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CHI 
2HU, England. 
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Comment 

The thiazole ring of  the title compound,  (I), prepared in 
our laboratory, is planar and makes an angle of  1.39 (7) ° 
with the benzene plane. The phenyl  ring is twisted from 
the benzothiazole moiety about the C(1)---C(7) bond; 
the torsion angle C ( 6 ) - - C ( 1 ) - - C ( 7 ) - - S  is 19.4 (3) °. 

(I) 

A comparison between the title structure and those 
of known thiazole derivatives (Caranoni & Reboul,  
1982; Prout & Miao, 1982; Bolognesi ,  Catellani,  Destri 
& Porzio, 1987a,b) reveals no significant differences, 
either in bond lengths or in bond angles. A close 
intermolecular contact [2.759 (8)A,] exists between the 
N a n d O ( 1  - x ,  ~ + y ,  3 _ z) atoms. 

" I'4 ~_ C, t12) 

Fig. 1. View of the title compound with atomic numbering. Displace- 
ment ellipsoids are drawn at the 50% probability level. 
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Abstract 
The planar thiazole ring of the title compound,  
CI3H9NOS, makes an angle of 1.39 (7) ° with the ben- 
zene plane. The phenyl  ring is not coplanar with the 
benzothiazole moiety; the dihedral angle between the 
thiazole and phenyl  rings is 18.49 (6) °. 

t Permanent address: Department of Physics, Anna University, 
Madras 600025, India. 
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Experimental 
Crystal data 

CI3H9NOS 
Mr = 227.3 
Orthorhombic 
Pbca 
a = 13.188 (2) ,~, 
b = 7.722 (1) A 
c = 21.178 (3) A, 
V = 2156.7 (6) A, 3 
Z = 8  
Dx = 1.400 Mg m -3 
Dm = 1.391 Mg m -3 
Dm measured by flotation 

Data collection 

Siemens P4 diffractometer 
20/0 scans 
Absorption correction: 

refined from AF 
(Ugozzoli, 1987) 
Train = 0.797, T m a x  = 

0.986 
2373 measured reflections 
2373 independent reflections 
1781 observed reflections 

IF > 4or(F)] 

Mo Ka radiation 
A = 0.71069 A, 
Cell parameters from 50 

reflections 
0 = 7.5-17.5 ° 
# = 0.274 mm- 
T = 298 K 
Plate 
0.8 x 0.2 x 0.1 mm 
Colourless 

Om~x = 27.5 ° 
h = 0 ---~ 17 
k = 0---. 8 
1=0-----,27 
2 standard reflections 

monitored every 100 
reflections 

intensity decay: not 
significant 
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