
906 [SnC12(CI8HIsOP)2]  

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

w-20  scans 
Absorption correction: 

empirical via ~ scans 
(North et al., 1968) 
Tram = 0.779, Tm.~x = 0.875 

6020 measured reflections 
5765 independent reflections 

4410 reflections with 
I > 20-(/) 

Ri,t = 0.015 
0 .... = 25 ° 
h = 0 --~ 15 
k = 0 ~  16 
l = - 2 0  ~ 20 
2 standard reflections 

every 100 reflections 
intensity decay: none 

Refinement 

Refinement on F 2 (z~/0.)max = 0.001 
R[F 2 > 20.(F2)] = 0.040 Apm~ = 0.454 e A, -3 
wR(F 2) = 0.077 Apmi~ = -0 .321  e ,~-3 
S = 1.218 Extinction correction: none 
5765 reflections Scattering factors from 
388 parameters International Tables f o r  
H atoms constrained Crystallography (Vol. C) 
w = 1110.2(F 2) + (0.0120P) 2 

+ 4.1072P] 
where P = (Fo + 2F]) /3  

Table  1. Se lec t ed  g e o m e t r i c  p a r a m e t e r s  (it, 

Sn--O2 2.364 (3) P1--C2A 
Sn--O1 2.394 (31 PI--C3A 
S n e l l  2.452(1) PI--CIA 
Sn---CI2 2.480 ( I ) P2--C5A 
O1--PI 1.489 (3) P2~C6A 
O2--P2 1.495 (3) P2--C4A 

O2--Sn--O1 164.78 (11) O1--P1--C3A 
O2--Sn~l l  85.22 (8) O1--P1--CIA 
O 1 - -Sn~ l  I 84.35 (9) O2--P2----C5A 
O2--Sn--C12 84.83 (9) O2--P2---C6A 
O I--Sn--C12 85.44 (9) O2--P2---C4A 
CI1--Sn--CI2 96.78 (5) C2F--C2A--C2B 
P1--OI--Sn 167.2 (2) C4B--C4A---C4F 
P2--O2--Sn 146.8 (2) C5D--C5E--C5F 
O1--P1--C2A 112.3 (2) 

o) 

.795 (4) 

.796 (4) 

.804 (4) 

.797 (4) 

.798 (4) 

.799 (4) 

I 1.2 (2) 
11.0 (2) 
11.8(2) 
10.9 (2) 
I0.1 (2) 
18.4 (4) 
18.2 (4) 
21.2 (51 

The title structure was solved by conventional Patterson and 
Fourier methods. The H atoms were located from a difference 
Fourier map. In the final refinement, their positions and 
isotropic displacement parameters (0.05 ,~2) were fixed. 

Data collection: CAD-4 Software (Enraf-Nonius,  1989). 
Cell refinement: CAD-4 Software. Data reduction: MoIEN 
(Fair, 1990). Program(s) used to solve structure: SHELXS86 
(Sheldrick, 1990). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: ZORTEP 
(Zsolnai, 1997). Software used to prepare material for publi- 
cation: SHELXL93. 

T h e  au thor s  t hank  the  U G C ,  N e w  Delh i ,  for  f inancia l  
a s s i s t ance  u n d e r  the  spec ia l  a s s i s t ance  p r o g r a m ,  sanc-  
t i o n e d  to the  D e p a r t m e n t  o f  C h e m i s t r y ,  B h a r a t h i d a s a n  
Unive r s i ty ,  T i ruch i r appa l l i ,  India.  O n e  o f  the  au thor s  
(RS)  t hanks  the  C S I R ,  G o v e r n m e n t  o f  India ,  for  f inan-  
cial  suppo r t  in the  f o r m  o f  an S R F  [ C S I R  a w a r d  No.  
9 /475  (44) 93 EMR-I ] .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: VJI080). Services for accessing these 
data are described at the back of the journal. 
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A b s t r a c t  

A neut ra l  Pt I1 c o m p l e x ,  d i c h l o r o ( 1 , 4 , 7 - t r i t h i a c y c l o -  

d e c a n e - S I , S T ) p l a t i n u m ,  [PtC12(CTHI4S3)],  and  a hy-  
d ra ted  salt o f  a ca t ion ic  Pt I1 c o m p l e x ,  b i s ( 1 , 4 , 7 - t r i -  

t h i a c y c l o d e c a n e - S  1, S~)p la t inum d i c h l o r i d e  h e p t a h y d r a t e ,  

[Pt(C7H14S3)2]Cb_.7H20,  have  been  s tud ied .  T h e  ten-  
m e m b e r e d  h e t e r o c y c l i c  l igand,  1 , 4 , 7 - t r i t h i acyc lodecane  
(10S3) ,  f o r m s  a s i x - m e m b e r e d  che la te  r ing in the  neu-  
tral c o m p l e x ,  w h e r e  the  ave r age  P t - - S  and  P t - - C I  b o n d  
l eng ths  are 2 .255 (5) and  2 .334  ( 4 ) A ,  respec t ive ly ,  and  
the  ave rage  w e a k  axial  P t - . - S  in te rac t ion  d i s t ance  is 
3 . 1 3 7 ( 5 ) A .  T h e  s a m e  l igand  in the ca t ion ic  c o m p l e x  
f o r m s  two  f i v e - m e m b e r e d  che la te  t ings  in w h i c h  the  
ave r age  l eng th  o f  the four  equa to r ia l  P t - - S  b o n d s  is 

2 .296  ( 2 ) A  and  the  l eng ths  o f  the two  w e a k  axial  P t . . . S  
b o n d s  are 3 .159  (2) A. 

© 1998 International Union of Crystallography 
Printed in Great Britain - all rights reserved 
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ISSN0108-2701 ©1998 



GENE-HSIANG LEE 907 

Comment 

The reaction between PtCl2 and 1,4,7-trithiacyclodecane 
in CH3CN is interesting. Complex (1) is first formed, 
in which platinum is bound to the S I and $7 atoms, 
resulting in a six-membered chelate ring. Then, complex 
(1) isomerizes to complex (1'), in which platinum is 
bound to the S 1 and $4 atoms, forming a five-membered 
chelate ring. On further reaction, cationic complex (2), 
in which platinum is coordinated by two 1,4,7-trithia- 
cyclodecane (10S3) ligands, is formed: 

PtCI2 + 1,4,7-$3C7HI4 ~ [PtCI2(10S3-S1,S7)] --~ 
(1) 

[PtC12(10S3-S~,S~)] ~ [Pt(10S3-SI,$4)212+. 
(1') (2) 

Compound (I), [PtC12(10S3)], results from the co- 
crystallization of complexes (1) and (1') in the 
ratio 70:30. There are two independent molecules of 
[PtC12(10S3)] in the asymmetric unit. One molecule 

s it j C l  

[Pt(IOS3)C12] 

/ i  / 
.2CI.7H20 

[Pt(10S3)2]CI 2.7H20 

with the atomic labelling is shown in Fig. l(a). This 
has a six-membered chelate ring around the Pt atom 
and corresponds to complex (1). The other molecule ex- 
hibits a constitutional disorder and is shown in Figs. l(b) 
and l(b'). This disorder only affects two non-H atoms, 
namely SI and C10. Fig. l(b) represents the major 
structure (60%) and corresponds to complex (I'), while 
Fig. l(b') shows the minor portion corresponding to 
complex (1). 

The coordination sphere of the Pt atom in 
[PtCI2(10S3)] can be described as distorted square pyra- 
midal with two C1 and two S atoms forming the basal 
plane; the axial S atom is 3.137 (5),~ from the Pt atom, 
closer than the distance of 3.227,~ in [Pt(9S3)C12], 
where 9S3 is 1,4,7-trithiacyclononane (Bennett et al., 
1993). The average Pt--S and Pt--CI bond lengths 
[2.255(5) and 2.334(4),~, respectively] are slightly 
longer than those in [PTC12(9S3)] (2.229 and 2.325 A). 

The molecular structure of [Pt(10S3)2] 2+ is shown in 
Fig. 2. In compound (II), [Pt(10S3)z]CIz.7H20, the Pt 
atom lies at a centre of symmetry, while 10S3 lies on a 
general position, generating another 10S3 ligand through 
1 symmetry. The O atom from one water molecule and 
a chloride ion are disordered and are treated with 50% 
occupancies (labelled as OC1 in Table 3). The Pt atom 
of [Pt(10S3)2] 2+ is in a square-bipyramidal environment 
with four Pt--S bonds in the equatorial plane. Two weak 
Pt---S interactions are located at the axial positions. 
The average length of the four Pt--S bonds and the 
two weak axial Pt . . .S interactions are 2.296(2) and 
3.159 (2) ,4,, respectively; both are longer than those 
(2.279 and 2.900A) in [Pt(10S3)2](PF6)2 (Blake et al.,  
1987). 

The structure of [Pt(10S3)2]CIz.7H20 is isomorphous 
with that of [Pd(10S3)2]C12.7H20 (Lee & Tzeng, 1996). 
The mean Pt--S bond length is °slightly shorter than 
the Pd--S bond length [2.310 (1)A], whereas the mean 
weak axial Pt-. .S bondolength is longer than the Pd. . .S 
bond length [3.051 (1) A]. 

(a) 

l - ¢  

~ ~C2b Slb Cllb 

o 
(b) 

c -  sTh 

~l .FClOh Slh CUt, 

J 

(b') 

Fig. 1. The molecular structure of [PtCl2( 10S3)], showing (a) complex ( 1 ) of one molecule of (I), and (b) and (b'), the disorder components 
of the second molecule of (I). Displacement ellipsoids are shown at the 30% probability level. 
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Fig. 2. The molecular structure of  the [Pt(10S3)2 ] 2÷ cation. Displace- 
ment ellipsoids are shown at the 30% probability level. 

Experimental 

[P tCI2(10S3)]  w a s  p r e p a r e d  b y  re f lux ing  PtCI2 and  10S3 in 

a m o l a r  ra t io  o f  1:1 in C H 3 C N  for  12h .  Ye l low c rys t a l s  

w e r e  o b t a i n e d  a f t e r  one  w e e k  b y  e v a p o r a t i n g  the so lu t ion  
in air. On  l e a v i n g  the so lu t ion  to s tand for  a fu r the r  w e e k ,  

the  y e l l o w  c rys t a l s  o f  [PtCI_~(10S3)] r e d i s s o l v e d  and  pa le  r e d -  

b r o w n  c rys t a l s  o f  [P t (10S3)2]C12 .7H20  w e r e  ob ta ined .  

Compound (I) 
Crystal data 

[PtCI2(CTHI4S3)]  M o  Ko~ rad ia t ion  

M~ = 460 .36  A = 0 .71073  

M o n o c l i n i c  Cel l  p a r a m e t e r s  f r o m  25 

P2~ re f lec t ions  

a = 8 .387 (1) ,~ 0 = 9 . 7 6 - 1 5 . 0 8  ° 

b = 12.511 (2) A # = 12.40 m m  -~ 

c = 11.806 (3) ,~ T = 298 K 

/3 = 96.11 (2) ° P la te  
V =  1231.8 (4) ,~3 0 .50  × 0.15 × 0.05 m m  

Z = 4 Ye l low 
Dx = 2 .482  M g  m -3  

Dm not  m e a s u r e d  

Data collection 
E n r a f - N o n i u s  C A D - 4  

d i f f r a c t o m e t e r  

0 /20  scans  

A b s o r p t i o n  cor rec t ion :  

e m p i r i c a l  via ~ scan  

(Nor th  et al., 1968) 

Tin,, = 0 .155,  T ~  = 0 .538  

3727  m e a s u r e d  re f lec t ions  

3727 i n d e p e n d e n t  re f lec t ions  

2741 re f lec t ions  wi th  
/,~, > 2cr(l,~,) 

0m,~ = 30 .0  ° 
h = - 1 1  ~ 11 

k = 0 ~  17 

1 = 0 ---, 16 
3 s t anda rd  re f lec t ions  

f r equency :  60 m i n  

in tens i ty  decay :  none  

2741 re f lec t ions  

253 p a r a m e t e r s  
H a t o m s  not  ref ined 

w =  l/[o--~(F) + 0 . 0 0 0 1 F  2] 

( A / a ) ~  = 0.001 

A p , , ~  = 1.32 e ,~,-~ 

~Spmi. = - 1 . 5 1  e ~ - 3  

Sca t t e r ing  f ac to r s  f r o m  Inter- 
national Tables for X-ray 
Co'stallography (Vol. IV)  

A b s o l u t e  s t ructure:  R o g e r s  

(1981)  

R o g e r s  p a r a m e t e r  = 1.000 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~: ) for  (1) 

Ucq = ( 1 / 3 ) ~ , ~ j U ' J a ' a J a i . a j .  

x y ~ Ueq 
Ptla 0.93827 (6) 11 0.40245 (51 0.0414 (3) 
Gila 0.9042 (6) -0.1342 141 0.2653 141 0.067 131 
CI2a 1.1964 (5) 0.0321 (4) 0.3554 (51 0.070 (3) 
Sla (I.6868 (5) -0.0395 (5) 0.4356 (4) 0.066 13) 
C2a 0.702(2) -0.1574(181 (I.5316(181 0.073(131 
C3a 0.815 (2) -0.1559 (15) 0.6378 (141 0.060 (10) 
S4a 1.0232 (5) -0.1299 (4) 0.6296 (4) 0.052 121 
C5a 1.0554 (18) -0.0031 (19) 0.7074 ( 141 0.060 (10) 
C6a 1.1215(171 0.080(2) 0.6418(151 0.065(111 
S7a 0.9921 (51 0.1373 (41 0.5240(4) 0.051 (2) 
CSa 0.821 (2) 0.183 (2) 0.5872 (191 0.081 (141 
Cga 0.666(2) 0.1680(181 0.5208(181 0.078(141 
CI0a 0.597 (2) 0.058 {3) 0.529 (2) 0.12 (2) 
Ptlh 0.66251 (6) 0.07837 (7) (I.88932 (5~ 0.0418 (3) 
Glib 0.4735 (5) -0.0439 (4) 0.8059 (41 0.062 (31 
CI2b 0.8425 (5) -0.0609 (4) 0.9378 (4) 0.056 (2) 
SIh (I.5149 (7) 0.2224 (6) 0.8237 (6) 0.(kll (3) 
Slh' 0.4448 ( 101 0.1860 (8) 0.8588 (9) 0.043 (5) 
C2b 0.662 (21 0.3364 ( 171 I).8333 ( 191 0.076 t 13) 
C3b 0.7846(191 0.3274 { 151 0.9388(191 I).069(131 
S4b 0.8572 (4) 0.1909 (4) 0.9582 (4) 0053 (2) 
C5b 0.8761 (18) 0.174(21 1.1140(151 0.073(131 
C6b 0.725(2) 0.1889(181 1.1723(141 0.065(121 
S7b 0.5708 (5) 0.0913 (5) 1.1383 (4) 0.066 (3) 
C8b 0.386 (2) 0.1648 (181 1.112 (2) 0.091 (171 
C9b 0.3167(181 0.1721 (17) (I.9857(191 0.072(131 
Cl0b 0.405 (3) (I.272 (3) 0.944 (3) 0.062 (181 
(" 1 Oh' 0.505 (6) 0.327 (3) 0.886 (41 0.06 ( 31 

T a b l e  2. Selected geometric parameters (,~, ° ) fo r  (I) 
pt la--Cl la  2.329 (5) p/1 b---CI2b 2.337 (4) 
Ptla~CI2a 2.327 (4) Pllb---Slb 2.275 (6) 
Pt la- -Sla  2.241 (41 Pt lh---S lb' 2.266(9) 
Pt la--S4a 3.152 (5) Pt lb---S4b 2.242 (4) 
Ptla--S7a 2.253 (5) Pt lb--S7b 3.121 (5) 
Pt 1/>---C11 b 2.343 (4) 

Clla--Ptla--C12a 90.4 (2) Cllb--Pt I b---SIb' 79.8 (3) 
Clla--Ptla--Sla 85.1 (2) Cllb--Ptlb---S4h 175.1 (2) 
Cl la--Pt la--S4a 102.7 (2) Cllb--Ptlb---S7b 101.9 (2) 
Clla--Ptla--S7a 173.7 (2) Gl2b---Ptlb--Slb 171.2 (2) 
C12a--Ptla--Sla 175.4 (2) CI2/~---I~lh---S lb' 166.1 (3) 
Cl2a--Ptla--S4a 99.2 (21 CI2~-Pt lb--S4b 87.3 (2) 
Cl2a--Pt la--S7a 83.8 (2) CI2b--PI 1 b--S7h 91.5 ( 1 ) 
S la--Pt la--S4a 82.5 (2) SIh--Ptlb--S4b 88.6 (21 
Sla- -Pt la - -S7a  100.7 (2~ Sltr--Ptll~--S7b 95.7 (2) 
S4a--Ptla--S7a 80.8 (1) Slb'--Ptlb--S4b 1(13.2 (3) 
Cllb--Ptlb---Cl2b 90.4 (2) Slb'--t~lh--S7b 81.0 (31 
Cllb--Ptlb--Slb 93.1 (21 S4b--Ptlb~S7h 82.5 ( I ) 

Refinement 

R e f i n e m e n t  on  F 

R = 0.041 

wR = 0.041 

S = 1.76 

Ex t inc t ion  cor rec t ion :  

L a r s o n  (1970)  

Ex t inc t ion  coeff ic ien t :  
2 .56  (16) × 103 

Compound (II) 
Co'stal data 

[Pt(C7 H 14 $3)_~ ]C1_~.7H20 

Mr = 780 .84  

M o  Ka rad ia t ion  

A = 0 .71073  ~, 
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Monoclinic  
C2/c 
a = 17.998 (4) ,~ 
b = 11.627 (2) ,~ 
c = 13.690 (3) A, 
/3 = 96.75 (2) ° 
V = 2844.9 (10) ,~3 

Z = 4  
Dx = 1.823 Mg m -3 

Om not measured 

Cell parameters from 25 
reflections 

0 = 11.5-14.5 ° 
/z = 5.63 m m - J  
T = 298 K 
Prism 
0.50 x 0.30 × 0.20 mm 
R e d - b r o w n  

Data collection 
Enraf -Nonius  C A D - 4  

diffractometer  
0/20 scans 
Absorpt ion correction: 

empirical via 0 scan 
(North et al., 1968) 
Tmm = 0.263, Tma~ = 0.324 

2506 measured reflections 
2506 independent reflections 

Refinement 

Refinement  on F 
R = 0.029 
wR = 0.044 
S = 2.49 
1928 reflections 
140 parameters 
H atoms not refined 
w =  1/[cr2(F) + 0 .0001F  2] 

(A/o')m.~ = 0.0002 

1928 reflections with 
I~, > 2o(l.~t) 

0m~x = 25.0 ° 
h = - 2 1  ---, 21 
k = 0 --* 13 
l = 0 --, 16 
3 standard reflections 

frequency: 60 min 
intensity decay: none 

Apm,~ = 0.79 e ,~-3 
Apmi, = - 0 . 6 5  e A, -3 
Extinction correction: 

Larson (1970) 
Extinction coefficient: 

2.7 (4) × 104 

Scat ter ing factors f r o m  Inter- 
national Tables for X-ray 
C~'stallography (Vol. IV) 

T a b l e  3. Fractional atomic coordinates and equivalent 

isotropic displacement parameters  (~2 ) f o r  (II) 

Ueq = ( l/3)~,~yU')aiaia,.ag. 

X g Z Ueq  

Pt I/4 3/4 0 0.0247 (2) 
S1 0.12444(11) 0.76196(18) -0.05278(15) 0.0350 (10) 
C2 0.0983 (5) 0.8837 (7) 0.0178 (6) 0.043 (5) 
C3 0.1291 (5) (.).8791 (7) 0.1239 (7) 0.045 (5) 
$4 0.22961 (12)  0.85135 (17)  0.13845(14) 0.0329 (10) 
C5 0.2425 (5) 0.7543 (7) 0.2417 (6) 0.040 (5 
C6 0.2019 (5) 0.6393 (8) 0.2325 (6) 0.044 (5) 
$7 0.23531 (13) 0.54148(18) 0.14441 (17) 0.0413(12) 
C8 0.1499 (5) 0.4746 (7) 0.0858 (7) 0.049 (5) 
C9 0.1132 (5) 0.5280 (8) -0.0087 (7) 0.048 (5) 
C 10 0.0770 (5) 0.6437 (8) 0.0019 (6) 0.045 (5) 
CI 0 0.3595 (4) 3/4 0.080 (3) 
OCI 0.1947 (2) 0.1620 (4) 0.0196 (3) 0.072 (3) 
02 1 1.0263 (8) 1/4 0.068 (7) 
03 0 0.3830 ( 10} 114 0.085 (8) 
04 0.0695 (4) 0.1967 (6) O. 1487 (5) 0.069 (5) 
05 0.0686 (5) O. 1482 (7) 0.8624 (6) 0.091 (6) 

T a b l e  4. Selected geometric parameters  (/t, o) f o r  (II) 
Pt-SI 2.294 (2) Pt-S7 3.159 (2) 
Pt-S4 2.298 (2) 

s l - p t - s 4  88.96 (8) s I - P t - S 7 '  84.73 (7) 
s 1 - p t - s 4 '  91.04 (8) s 4 - P t - S 7  81.03 (6) 
s 1 - p t - s 7  95.27 (7) s4- -p t -s7 '  98.97 (6) 

Symmetry code: (i) { - x, ~ - .v ,  -:.. 

The title structures were solved by the heavy-a tom method,  
subsequent  Fourier  syntheses based on the heavy atoms 
revealing the positions of  all the non-H atoms. Least-squares 

refinement, including anisotropic parameters for the non-H 
atoms, was performed.  H atoms were placed at calculated 
positions with U~,,,(H) = U~q(attached atom) + 0.01 ,~2. The 
absolute values of  Apmin and Ap,~,~ for compound  (I) were 
further than 1 e ,~,-3 from the Pt atom. 

For both compounds ,  data collection: CAD-4 EXPRESS 
(Enraf-Nonius ,  1994); cell refinement: CAD-4 EXPRESS; data 
reduction: NRCVAX DATRD2 (Gabe et al., 1989); program(s)  
used to solve structures: NRCVAX SOLVER; program(s)  used 
to refine structures: NRCVAX LSTSQ; molecular  graphics: 
NRCVAX ORTEP; software used to prepare material for 
publication: NRCVAX TABLES; computer:  DEC-3500.  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA1253). Services for accessing these 
data are described at the back of the journal. 

. . . . . . . . .  
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Abstract  

T h e  t i t le  c o m p o u n d ,  tetralds(#_cysteinato_N,S:S)tetralds_ 
[ c h l o r o p a l l a d i u m ( I I ) ] - d i m e t h y l  s u l f o x i d e - d i e t h y l  e t h e r  

( 1 / 3 / 1 ) ,  [Pd4C14 ( # - C 3  H 6 N O 2 S ) 4 ] . 3 ( C H 3 ) 2  S O . ( C H 3 -  

C H 2 ) 2 0 ,  c o n t a i n s  f o u r  n e a r l y  s q u a r e - p l a n a r  un i t s  in 

e a c h  o f  w h i c h  the  p a l l a d i u m ( I I )  ion  is b o u n d  to t w o  
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