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54(C4H8N2S)2(C18H15P)2], is reported. The compound 
contains a linear cluster core [CuS2WS2Cu]. Each Cu 
atom has a distorted tetrahedral coordination, from two 
S atoms of a tetradentate WS42- moiety, one S atom of 
tetrahydropyrimidine-2-thione (tpt) and one P atom of 
PPh3. 
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Comment 
Several linear clusters MS4M~(PPh3) 3.0. 8CH2C12 (M -- 
Mo, W; M' = Cu, Ag) have been prepared over the 
last two decades (Miller, Btgge & Schimanski, 1983). 
Additionally, the linear heterometallic trinuclear clusters 
[EtaN][(PPh3)2AgS2MS2Cu(CN)] (M = Mo, W) have 
been synthesized in recent years (Du, Zhu, Chen, Wu 
& Lu, 1992a,b). The title compound, (I), also has a 
linear core [CuS2W2Cu], but in which both Cu atoms 
are tetrahedrally coordinated by mixed ligands. 

N %  / S ~  S,~---- N 

(I) 

As shown in Fig. 1, the W atom has tetrahedral coor- 
dination, WS42-. Furthermore, each Cu atom is coordi- 
nated by a distorted tetrahedron of two S atoms of the 
tetradentate WS 2- moiety, one S atom of tpt and one P 
atom of PPh3. The average W--Cu, W--/.t-S and Cu--  
#-S distances of 2.7525 (8), 2.201 (2) and 2.321 (2),~,, 
respectively, are comparable with the corresponding val- 
ues of 2.740(3), 2.214(8) and 2 .284(8)A found in 
(PPh3)3WSnCu2.0.8CH2C12. The Cu--Stp  t bond length 
of 2.363 (3)A is longer than that of 2 .206(2)A in 
[Cu(tpt)2C1] (Bret, Castan & Jugie, 1983). 
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Abstract 
The structure determination of tetra-#-sulfido-1:2e;4S; - 
1 4 :3~; S-bis(tetrahydropyrimidine-2-thione)-2r;S,3xoS-bis- 
(triphenylphosphine)-2t~R3nP-dicoppertungsten, [CUEW- 
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~ - 4 ~  C 4 ~ 1  C ~ 2 3  

C13 

Sl "-w ~ C 3 6  ~ ~ , C 1 4  

C35 ~ 3 2  --C15 

C34 C33 

Fig. 1. The molecular structure of (I) showing 50% probability 
displacement ellipsoids. H atoms have been omitted for clarity. 
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Experimental 

The  title c o m p o u n d  was  syn thes i zed  by  reac t ion  o f  
(PPh3)3WS4Cue.0 .8CH2C12 wi th  exces s  tpt  in CH2C12. R e d -  
o range  air-s table  c rys ta l s  we re  c rys ta l l i zed  b y  a l lowing  the 
filtrate to s tand for  severa l  days  af ter  addi t ion  o f  2 -propanol .  

Crystal data 

[Cu2WS4(C4HsN2S)2-  M o  Ka radia t ion 
(CI8HIsP)2]  A = 0 .71069 ,4 ,  

Mr = 1196.15 Cel l  pa ramete r s  f rom 20  
M o n o c l i n i c  ref lec t ions  
C2/c 0 = 6 . 0 - 2 7 . 5  ° 
a = 17.427 (2) ,4, # = 3.68 m m -  l 

b = 10.021 (5) ,& T = 293 K 
c = 28 .639  (3) ,& B l o c k  
/3 = 106.71 (1) ° 0 .40  x 0 .40  x 0 .20  m m  
V 4 7 9 0  (1) ~3  R e d - o r a n g e  

Z = 4  
Dx = 1.66 M g  m -3  

Dm not  m e a s u r e d  

Data collection 
R i g a k u  A F C - 5 R  d i f f r ac tom-  

eter  
w/20 scans  
A b s o r p t i o n  correc t ion:  

empi r ica l  via ~b scans  
(Fair, 1990) 
Tmin = 0 .196,  Tma~ = 0 .479  

8944  m e a s u r e d  ref lec t ions  
4477  independen t  ref lec t ions  

Refinemeni 

R e f i n e m e n t  on  F 
R = 0 .037  
wR = 0 .037  
S =  1.04 
2511 ref lec t ions  
267 pa rame te r s  
H a toms  not  ref ined 
w = 1/o'2(F) 

2511 ref lec t ions  wi th  
I > 3 o ( / )  

Rim = 0 .039  
0max = 25 ° 
h = 0 ---~ 20 
k = 0 ---~ 12 
l = - 3 3  ~ 33 
3 s tandard  ref lec t ions  

e v e r y  300  ref lec t ions  
in tens i ty  decay :  none  

(A/o.)max = 0 .002  
A p m a x  = 0.35 e ,~ -3  
Apmin = - -0 .08  e ,~ -3  
Ex t inc t ion  correc t ion:  none  
Scat te r ing  fac tors  f rom Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters  (~2 ) 

Beq = (87r2/3)~i ~jUiJa; a; ai.a i. 

x y Z Beq 
W 1/2 0.05247 (5) 1/4 3.565 (9) 
Cu 0.37341 (6) 0.0787 (I) 0.16695 (3) 4.51 (2) 
S 0.2629 ( 1 ) 0.2243 (3) 0.15577 (8) 5.50 (6) 
SI 0.3919(1) -0.0711 (2) 0.23179(7) 5.07(5) 
$2 0.4978 (1) 0.1784 (2) 0.18617 (7) 4.94 (5) 
P 0.3360 (1) -0.0457 (2) 0.09829 (7) 3.74 (4) 
N 1 0.2350 (4) 0.4622 (8) 0.1859 (3) 6.6 (2) 
N2 0.3615 (5) 0.3916 (8) 0.2147 (3) 7.1 (2) 
CI 0.2885 (5) 0.3682 (9) 0.1883 (3) 5.0 (2) 
C2 0.2506 (6) 0.5901 (9) 0.2123 (3) 7.7 (3) 
C3 0.3240 (6) 0.581 (I) 0.2536 (4) 9.0 (3) 
C4 0.3879 (6) 0.516 (1) 0.2422 (4) 9.1 (3) 
CI 1 0.2290 (4) -0.0808 (7) 0.0806 (3) 3.9 (2) 

C12 0.1789 (4) -0.0749 (8) 0.0324 (3) 4.4 (2) 
C13 0.0986 (5) -0.1065 (9) 0.0219 (3) 5.5 (2) 
C14 0.0678 (5) -0.145 (I) 0.0588 (3) 6.3 (3) 
C15 0.1150(5) -0 . t 50 ( I )  0.1059(3) 6.1 (2) 
C16 0.1941 (4) -0.1163(9) 0.1166(3) 5.1 (2) 
C21 0.3551 (4) 0.0222 (8) 0.0442 (2) 3.8 (2) 
C22 0.3765 (6) -0.055 (I) 0.0106 (3) 6.5 (2) 
C23 0.3900 (6) 0.004 ( 1 ) -0.0306 (3) 8.2 (3) 
C24 0.3813 (5) 0.137 (1) -0.0378 (3) 6.9 (3) 
C25 0.3610 (5) 0.2152 (9) -0.0048 (3) 7.0 (3) 
C26 0.3484 (5) 0.1585 (9) 0.0365 (3) 5.8 (2) 
C3t 0.3783 (4) -0.2138 (7) 0.1048 (2) 3.7 (2) 
C32 0.3320 (5) -0.3278 (8) 0.0946 (3) 4.8 (2) 
C33 0.3657 (5) -0.4534 (9) 0.1033 (3) 6.4 (2) 
C34 0.4479 (5) -0.464 (1) 0.1211 (3) 7.5 (3) 
C35 0.4963(5) -0.353(1) 0.1300(3) 7.4(3) 
C36 0.4611 (5) -0 .226(I)  0.1228(3) 6.0(2) 

T a b l e  2. Selected geometric parameters  (A, °) 
w----Cu 2.7525 (8) Cu-S1 2.337 (2) 
W - S l  2.188 (2) Cu-S2  2.305 (2) 
w - - s 2  2.213 (2) Cu--P 2.261 (2) 
C u - S  2.363 (3) s---Cl 1.705 (9) 

Cu-W----Cu i 169.03 (4) w----Cu-s2 50.95 (5) 
c u - w - - s l  55.03 (6) w----Cu--P 131.15 (7) 
C u - - W - - S l  i 132.94(6) S------Cu--S 1 115.2(1) 
Cu--W--S2 54.00 (6) S---Cu--S2 115.99 (9) 
Cu--W--S2 i 118.61 (6) S------Cu--P 101.70 (8) 
SI--W--SI  i 111.08 (9) S I---Cu--S2 100.56 (8) 
SI--W--S2 108.44 (7) S I---Cu--P 106.03 (9) 
S 1 - - W - - S 2  i 109.22 (9) S2--Cu--P 117.59 (9) 
$2--W--$2 i 110.44 (9) Cu--S----C1 111.9 (3) 
W--Cu--S 126.55 (7) W--SI--Cu 74.85 (8) 
W--Cu--SI 50.12 (5) W--S2---Cu 75.05 (8) 

Symmetry, code: (i) 1 - x, y, ½ - z. 

The  title s t ructure  was  ref ined  b y  fu l l -mat r ix  l eas t - squares  
t echn iques  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  non-  
H a toms.  H a toms  w e r e  loca ted  in ca lcu la ted  pos i t ions  and 
not  refined.  S t ruc ture  so lu t ion  and re f inement  w e r e  car r ied  out  
on a C O M P A Q  P R O L I N E A  4 /50  c o m p u t e r  us ing  the  MoIEN 
(Fair, 1990) p r o g r a m  package .  

T h i s  r e s e a r c h  w a s  s u p p o r t e d  b y  g r a n t s  f r o m  t h e  S t a t e  

K e y  L a b o r a t o r y  o f  S t r u c t u r a l  C h e m i s t r y ,  F u j i a n  I n s t i -  

t u t e  o f  R e s e a r c h  o n  t h e  S t r u c t u r e  o f  M a t t e r ,  C h i n e s e  

A c a d e m y  o f  S c i e n c e s ,  a n d  t h e  N a t i o n a l  S c i e n c e s  F o u n -  

d a t i o n  o f  C h i n a .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KH 1106). Services for accessing these 
data are described at the back of the journal. 
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