
1902 [Zn(C3H502)2(CH4N2S)2] 

0(11) 0.4533 (1) 0.2301 (1) 0.3422 (2) 0.041 (1) 
O(12) 0.4089 (1) 0.2873 (1) 0.3620 (2) 0.045 (1) 
O(21) 0.3142 (1) 0.1398 (1) 0.3327 (2) 0.048 (1) 
0(22) 0.2592 (I) 0.1012 (1) 0.1978 (2) 0.060 (1) 
N(I 1) 0.3143 (2) 0.2378 (2) 0.0199 (3) 0.052 (2) 
N(12) 0.3314 (2) 0.2635 (2) 0.1816 (3) 0.051 (2) 
N(21) 0.4422 (2) 0.0324 (2) 0.3356 (3) 0.052 (2) 
N(22) 0.4642 (2) 0.1261 (2) 0.3940 (3) 0.059 (2) 
C(1) 0.3442 (3) 0.2427 (2) 0.1019 (3) 0.036 (1) 
C(2) 0.4408 (2) 0.0844 (2) 0.3244 (3) 0.043 (2) 
C(II) 0.4519 (2) 0.2762 (1) 0.3781 (2) 0.037 (1) 
C(12) 0.5050 (2) 0.3184 (2) 0.4426 (3) 0.057 (2) 
C(13) 0.5582 (3) 0.3083 (3) 0.4440 (6) 0.115 (4) 
C(21) 0.2629 (2) 0.1075 (2) 0.2882 (3) 0.046 (2) 
C(22) 0.2063 (2) 0.0752 (3) 0.3522 (4) 0.093 (3) 
C(23) 0.1489 (3) 0.0478 (4) 0.3107 (6) 0.112 (4) 

Table 2. Selected geometric parameters (A, °) 
Zn---S(1) 2.320 (1) Zn---S(2) 2.341 (2) 
Zn---O(11) 1.988 (2) Zn---O(21) 1.959 (3) 
S(1)----C(1) 1.731 (5) S(2)---C(2) 1.723 (4) 
O(ll)--C(11) 1.269 (5) O(12)----C(11) 1.260 (6) 
O(21)---C(21) 1.278 (4) O(22)----C(21) 1.236 (5) 
N(1 I)----C(1) 1.312 (5) N(12)---C(1) 1.309 (6) 
N(21)--C(2) 1.331 (7) N(22)---C(2) 1.310 (5) 
C(11)----C(12) 1.499 (5) C(12)---C(13) 1.477 (10) 
C(21)---C(22) 1.508 (6) C(22)----C(23) 1.369 (8) 

S(1)--Zn--S(2) 105.2 (1) O(ll)--Zn--O(21) I01.9 (1) 
S(1)--Zn---O(11) 108.9 (1) S(2)--Zn--O(ll) 106.2 (I) 
S(1)---Zn---4)(21) 125.4 (1) S(2)--Zn---O(21) 107.9 (1) 
Zn---S(1)----C(1) 103.3 (1) Zn---S(2)--C(2) 105.6 (2) 
Zn---4)(1 I)----C(1 I) 120.7 (3) Zn---4)(21)--C(21) 115.7 (2) 
S(1)---C(1)--N(ll) 118.3 (3) S(1)---C(1)--N(12) 121.8 (3) 
N(11)---C(1)---N(12) 119.9(5) N(21)---C(2)--N(22) 118.4(4) 
S(2)---C(2)---N(21) 117.7 (3) S(2)---C(2)---N(22) 123.9 (4) 
O(11)--C(I I)--O(12) 123.3 (3) O(21)---C(21)----O(22) 122.6 (3) 
O(1 I)----C(11)----C(12) 116.7 (4) O(21)---C(21)---C(22) 116.4 (3) 
O(12)--C(11)---C(12) 120.0 (4) O(22)---C(21)---C(22) 120.9 (3) 
C(11)--C(12)---C(13) 116.3 (5) C(21)---C(22)----C(23) 120.2 (5) 

Table 3. Hydrogen-bonding geometry (~, o) 
D - - H . . . A  D - - H  H- • -A D- • .A D--H.  • .A 

N22--H8- • -022 i 0.90 (7) 1.92 (7) 2.802 (4) 168 (2) 
N22--H7. . .Ol l  0.95 (6) 1.92 (6) 2.842 (4) 165 (3) 
N1 l--H2. • .O12 ii 0.88 (7) 1.99 (7) 2.857 (5) 171 (2) 
N12--H4. • .O12 0.77 (6) 2.23 (6) 2.996 (4) 172 (2) 
NIl--H1.  • .O21 iu 0.86 (6) 2.15 (6) 2.997 (4) 167 (2) 
N21--H6. • -O12 iv 0.85 (6) 2.23 (6) 3.028 (4) 156 (2) 
N21--H5. • .O22 i 0.77 (6) 2.32 (7) 3.029 (5) 155 (2) 

Symmetry codes: (i) ~ + y - x, } - x, } + z; (ii) ½ + y - x, ~ - x, z - ½; 
(iii) x ,  x - y ,  z - ½; ( i v )  ~ - y ,  ½ - x ,  z - ~. 

The  s t ructure  was  so lved  b y  h e a v y - a t o m  m e t h o d s  and Four ie r  
t echn iques  and ref ined  b y  b l o c k e d - c a s c a d e  fu l l -mat r ix  least  
squares  wi th  an iso t rop ic  d i s p l a c e m e n t  pa rame te r s  for  all non-  
H a toms.  The  H a toms  a t tached  to C a toms  w e r e  inc luded  
at ca lcu la ted  pos i t ions  wi th  f ixed b o n d  lengths  (0 .96 /~ )  
and cons t r a ined  angles ;  d i s p l a c e m e n t  pa rame te r s  we re  set  at 
0 .080  ,~2. The  H a toms  o f  the a m i n o  g roups  w e r e  loca ted  
f rom a A p  map .  The  ca lcu la t ions  w e r e  p e r f o r m e d  wi th  
the  SHELXTL-PIus p r o g r a m  p a c k a g e  (She ldr ick  1990).  The  
f igures  w e r e  d r a w n  wi th  the  s a m e  package .  

Lists of  structure factors, anisotropic displacement parameters, H-atom 
coordinates, complete geometry and hydrogen-bonding parameters 
have been deposited with the IUCr (Reference: AB1149). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
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Abstract 
The crystal structure of the complex 
[Zn(C2C1302)2(CH4N2S)2].H20 is reported. The structure 
consists of discrete molecules bridged by hydrogen 
bonds to form an infinite three-dimensional network. 
The first coordination sphere of the Zn atom is best 
described as a deformed tetrahedron composed of two 
Z n - - O  bonds [2.012(5) and 2.000 (5) /~] and two 
Z n - - S  bonds [2.316 (2) and 2.291 (2)/~]. The distances 
from the Zn atom to the non-bonded carboxylate O 
atoms are beyond the normal bonding distance. 

Comment 
As part of our study on the synthesis, crystallochemistry, 
properties and biological activity of zinc carboxylates, 
either with or without additional ligands, the title com- 
plex, (I), was isolated and its crystal structure deter- 
mined. The complex was prepared by mixing a freshly 
prepared suspension of zinc hydroxide with an aqueous 
solution of trichloroacetic acid and an aqueous solution 
of thiourea in a 1:2:2 molar ratio. After several days 
colourless needles of the title complex were filtered off, 
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I. POTO(21~IA, K et al. 1903 

washed with water and ethanol and dried in air. The 
expected composition of the prepared crystals was con- 
firmed by elemental analysis. 

H20 

CIc" I 

NH2 O~c/C"cI / 
o o 

"sTz n-o__ C ~. ,,,Cl 
//S C -CI  H2N--C / c1 
NH2 
(I) 

The title complex is molecular and is built up of 
[Zn(thiourea)2(Cl3CCOO)2] and n 2 0  molecules (Fig. 1). 
The uncoordinated water molecule links a carboxylate 
group with one amino group of the same molecule via 
an intramolecular hydrogen bond and one amino group 
of another molecule via an intermolecular hydrogen 
bond (Table 3). 

CI43 ( ~ ~ C I 4 2  

1 CI41 

O I ~ 2 H I I  O41~Hl12[ 
S2 / I P  

H221 ~ Z n  ( ~ H l l l  

H222 ~~'~H212 H 1 2 ~ H  £ 2 2 ~ j ~  TM C131 

H211 032 ~ ~ C133 

CI32 

Fig. 1. ORTEP (Johnson, 1965) drawing of the title compound and the 
atomic labelling scheme. Displacement ellipsoids are drawn at the 
50% probability level. 

The coordination polyhedron around the Zn atom is a 
deformed tetrahedron. The bond angles have close to 
ideal tetrahedral values with the exception of the S 1 - -  
Z n - - S 2  angle [123.3 (1) °] (Table 2). The Z n - - O  bonds 
are somewhat longer than those found in similar com- 
plexes such as [Zn(thiourea)2(Ac)2] [1.973 (6) and 
1.954 (8)A,; Cavalca, Gasparri, Andreetti & Domiano, 
1967] and the monoclinic form of [Zn(Ac)2] [in the 
range 1.949 (2)-1.965 (2)/~; Clegg, Little & Straughan, 

1986]; this may be due to the strong electron-withdraw- 
ing effect of the three CI atoms. On the other hand, the 
Z n - - S  bonds are within the range of Z n - - S  bond dis- 
tances found in the [Zn(thiourea)2(Ac)2] complex 
[2.326 (2)-2.261 (4)A,; Cavalca, Gasparri, Andreetti & 
Domiano, 1967]. 

The remaining two atoms from the carboxyl groups 
are at lon~ distances from the Zn atom [2.915 (5) and 
3.283 (7) A]. Similar values were found in the analogous 
acetato complex [2.891 (9) and 2.996 (5)A,; Cavalca, 
Gasparri, Andreetti & Domiano, 1967]. The analogous 
distances are substantially shorter in the salicylato 
complex [Zn(2-HOC6HaCOO)2(H20)2] [2.523 (4) and 
2.523 (4) A; Rissanen, Valkonen, Kokkonen & Leskel/i, 
1987] and in the nitrobenzoate complex [Zn(4- 
NO2C6H4COO)2(H20)2]  [2.522 (6) and 2.511 (6)/~.; 
Gusejnov, Musaev, Amiraslanov, Usubaliev & Mame- 
dov, 1983]. Only one weak Zn...O interaction was found 
in the complex [Zn(4-H2NC6H4COO)2(H20)1.5] 
[2.494 (8)/k; Amiraslanov, Nadzhafov, Usubaliev, 
Musaev, Movsumov & Mamedov, 1980], with the sec- 
ond Zn...O distance longer [3.395 (8)A,] than the dis- 
tances found in the title trichloroacetato complex. 

The trichloroacetate ions and the thiourea molecules 
are almost perfectly planar. The greatest distance of an 
atom from the least-square plane [0.016 (6)/~ for the 
atom C21] was found in the second thiourea molecule, 
the remaining distances being smaller than 0.005 (6) A,. 

Experimental 
Crystal data 

[Zn(CEC1302)2(CH4N2S)2].- 
H20 

Mr = 560.39 
Monoclinic 
P21/c 
a = 5.972 (2) A, 
b = 23.103 (11) A, 
c = 14.400 (5) A, 
/3 = 102.91 (3) ° 
V = 1937 (1)/~3 
Z = 4  
Dx = 1.922 Mg m -3 

Data collection 
Hilger & Watts diffractome- 

ter 
0/20 scans 
Absorption correction: 

none 
7245 measured reflections 
3678 independent reflections 
2429 observed reflections 

[Io > 3cr(lo)] 

Refinement 

Refinement on F 
R = 0.0578 

Ag Ks radiation 
A = 0.56090 A, 
Cell parameters from 30 

reflections 
0 = 6.89-11.09 ° 
# = 1.216 mm -1 
T = 293 K 
Needles 
0.3 x 0.1 × 0.1 mm 
White 
Crystal source: crystalliza- 

tion from aqueous solution 

Rint = 0.047 
0max = 20.0 ° 
h = 0---~ 7 
k = 0 ---~ 28 
l = -17- -~  17 
3 standard reflections 

monitored every 30 
reflections 

intensity variation: 5% 

(m/O')max = 0.1 
(0.3 for water O atom) 



1904 [Zn(C2C13 O2)2 (CH4N2 S)2].H20 

wR = 0.0570 
S = 4.119 
2424 reflections 
217 parameters 
H-atom parameters not 

ref ined 
w = 4.178/o-2(F) 

Apmax = 0 .80  e / ~ - 3  
Apmin = -0.72 e/~-3 
A t o m i c  scat ter ing fac tors  

f rom International Tables 
for X-ray Crystallography 
(1974,  Vol. IV)  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry, including distances involving 
H atoms, have been deposited with the IUCr (Reference: KA1068). 
Copies may be obtained through The Managing Editor, International 
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, 
England. 

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

• . .  * * Ueq = (1/3))'~i~-JjUija i a) ai.aj. 

x y z Ueq 
Zn 0.24633 (14) 0.13936 (3) 0.08967 (5) 0.0302 (2) 
SI 0.6422 (3) 0.1490 (1) 0.1216 (1) 0.0339 (6) 
Cll  0.6999 (11) 0.1829 (3) 0.2325 (4) 0.0319 (13) 
Nil  0.5533 (10) 0.2179 (3) 0.2578 (4) 0.0482 (13) 
N12 0.8970 (10) 0.1730 (3) 0.2902 (4) 0.0411 (13) 
$2 0.0371 (3) 0.0960 (1) --0.0451 (1) 0.0367 (6) 
C21 0.2472 (11) 0.0558 (3) -0.0826 (4) 0.0293 (13) 
N21 0.2280 (10) -0.0006 (2) -0.0884 (4) 0.0421 (14) 
N22 0.4172 (I0) 0.0819 (3) -0.1086 (5) 0.0434 (15) 
O31 0.1963 (8) 0.0996 (2) 0.2077 (3) 0.0338 (13) 
032 0.3552 (8) 0.0219 (2) 0.1590 (3) 0.0413 (12) 
C31 0.2811 (10) 0.0492 (3) 0.2168 (5) 0.0287 (15) 
C32 0.2869 (12) 0.0217 (3) 0.3154 (5) 0.0404 (14) 
C131 0.0137 (4) 0.0227 (1) 0.3414 (2) 0.0701 (8) 
C132 0.3908 (8) -0.0496 (1) 0.3222 (2) 0.0898 (10) 
C133 0.4756 (4) 0.0636 (1) 0.4017 (2) 0.0749 (9) 
O41 0.1347 (8) 0.2189 (2) 0.1109 (3) 0.0363 (12) 
042 0.0260 (13) 0.2525 (3) -0.0361 (4) 0.0916 (14) 
C41 0.0533 (12) 0.2560 (3) 0.0498 (5) 0.0421 (14) 
C42 -0.0216 (11) 0.3141 (3) 0.0897 (5) 0.0376 (14) 
C141 0.0587 (6) 0.3191 (1) 0.2131 (2) 0.0961 (9) 
C142  -0.3253 (4) 0.3175 (1) 0.0568 (2) 0.0795 (10) 
C143 0.0859 (5) 0.3722 (1) 0.0372 (2) 0.0782 (9) 
O1 0.4433 (11) 0.2087 (2) -0.0920 (4) 0.0673 (14) 

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

zn---s 1 2.316 (2) Zn---O31 2.012 (5) 
Zn---S2 2.291 (2) Zn---4)41 2.000 (5) 
O31--Zn---4)41 100.0 (2) S 1--Zn---4)41 104.0 (2) 
S2--Zn---O41 113.2 (2) S1--Zn---4)31 102.3 (1) 
S2--Zn----O31 111.1 (2) S1--Zn---S2 123.3 (1) 

Table 3. Hydrogen-bonding geometry (A, o) 

D - - H .  • .A D - - H  H. • .A D. • .A D- -H.  • .A 
NIl--HI12- • -O41 1.01 (1) 1.975 (4) 2.892 (7) 150 (4) 
N22--H221. • .O1 0.90 (1) 2.058 (5) 2.940 (8) 166 (5) 
O1--Hll .  • .S1 1.08 (I) 2.384 (2) 3.338 (6) 146 (3) 
O1--HI2. • .042 0.97 (1) 2.125 (8) 2.963 (10) 143 (4) 
N11--Hll l .  • .O1 i 0.77 (1) 2.197 (6) 2.936 (9) 162 (5) 
N12--H121- • .042 ii 1.03 (1) 2.049 (6) 2.992 (9) 151 (4) 
N12--H122. • .O31 iti 0.96 (1) 1.973 (5) 2.904 (8) 162 (4) 
N21--H211. • .032 ~v 1.06 (1) 1.970 (5) 2.933 (8) 149 (3) 
N22--H222. • .032 iv 0.96 (1) 2.020 (5) 2.927 (8) 156 (4) 

Symmetry codes: (i)x, ½ - y ,  ½ + z; (ii) 1 +x, ½ - y ,  ½ + z; (iii) 1 + x, y, z; 
(iv) 1 - x, - y ,  - z .  

P r o g r a m s  u s e d  to so lve  and refine the s t ructure  w e r e  SDS 
(Peff'f~ek & Mal2~, 1990)  and SHELX76 (Sheldr ick ,  1976).  
An i so t rop i c  d i s p l a c e m e n t  pa rame te r s  w e r e  ref ined  for  all non-  
H a toms .  Al l  H a toms  w e r e  loca ted  f rom the final d i f f e rence  
Four i e r  m a p  and  w e r e  not  refined.  G e o m e t r i c a l  ana lys i s  was  
p e r f o r m e d  us ing  PARST (Nardel l i ,  1983).  ORTEP ( Johnson,  
1965)  w a s  e m p l o y e d  for  d r awing  the m o l e c u l a r  s t ructure.  

This research was carded out under  grant 1/990917/ 
93 from the Slovak Ministry of  Education and Sciences. 

References 
Amiraslanov, I. R., Nadzhafov, G. N., Usubaliev, B. T., Musaev, A. 

A., Movsumov, E. M. & Mamedov, Kh. S. (1980). Zh. Strukt. 
Khim. 21, 140-145. 

Cavalca, L., Gasparri, G. F., Andreetti, G. D. & Domiano, P. (1967). 
Acta Cryst. 22, 90-98. 

Clegg, W., Little, I. R. & Straughan, B. P. (1986). Acta Cryst. C42, 
1701-1703. 

Gusejnov, G. A., Musaev, F. N., Amiraslanov, I. R., Usubaliev, B. T. 
& Mamedov, Kh. S. (1983). Koord. Khim. 9, 1687-1694. 

Johnson, C. K. (1965). ORTEP. Report ORNL-3794. Oak Ridge 
National Laboratory, Tennessee, USA. 

Nardelli, M. (1983). Comput. Chem. 7, 95-98. 
Pefff~ek, V. & Mal~, K. (1990). SDS. A System of Computer Programs 

for the Solution of Structures from X-ray Data. Institute of  Physics, 
Praha, Czech Republic. 

Rissanen, K., Valkonen, J., Kokkonen, P. & Leskel~i, M. (1987). Acta 
Chem. Scand. Ser. A, 41,299-309.  

Sheldrick, G. M. (1976). SHELX76. Program for Crystal Structure 
Determination. Univ. of  Cambridge, England. 

Acta Cryst. (1994). C50, 1904-1906 

T r i c h l o r o m e t h y l t i n ( I V )  

WALTER FRANK, GUtDO J. REISS AND D ~  KtmN 

Fachbereich Chemie, Universitiit Kaiserslautern, 
Erwin-Schrrdinger-Strasse, 67663 Kaiserslautern, 
Germany 

(Received 8 March 1994; accepted 7 July 1994) 

Abstract 
The crystal structure of trichloromethyltin(IV), [SnC13- 
(CH3)], has been solved from single-crystal X-ray 
diffraction data. The compound crystallizes isostruc- 
turally with tribromomethyltin(IV), [SnBr3(CH3)]. The 
structure consists of compressed tetrahedral molecules 
that are arranged in infinite chains along the b axis. 
The molecules exhibit point-group symmetry Cs(m) with 
only a small deviation from the higher C3v(3m) point- 
group symmetry. The molecules are linked through ex- 
tremely weak chlorine-tin interactions. 

Comment  
The structure determination of the title compound was 
undertaken in order to verify a prediction, derived from 
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