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In the cyclic molecule (p-SPh) 3Cu3( PPh3)4 possessing a twist conformation different from the planar 
(p-SPh),Fe, ring in [Fe3(SPh)sCls]3-, the Cu-S-Cu angles vary from 87 to 124", but correlate well with 
the inclination of the S-C bonds to their Cu-S-Cu planes, a pattern which is pertinent to the conformations of 
similar cycles in metallo-cysteine proteins. 

The [(p-SPh)3Fe3C16]3- ion (1) has been recently reported,l 
with a remarkable structure in which all atoms of the (p- 
SPh),Fe, cyclic core are coplanar. This is in stark contrast to 
the non-planar cycle with chair conformation observed for the 
few known to contain the (,u-SR),M, cycle un- 

supported by additional bridging or chelating groups. Further- 
more, many metal thiolate cages are composed of condensed 
(p-SR),M, and (p-SR),(p,-S)M, cycles, all in the chair con- 
f ~ r m a t i o n , ~ - ~  and consequently the (p-SR),M, chair has been 
regarded as a paradigmatic structural unit, and has been 
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Figure 1. The (p-SPh),Cu,(PPh,), molecule (2) viewed almost 
parallel to the Cu, plane. 

incorporated into the current model for a (p-S-cys),Cd3(S- 
CyS), (cys = cysteinato) aggregate in cadmium metallothion- 
eim8 

A second unusual feature of (1) is the planar stereochem- 
istry at the sulphur atom of the doubly bridging thiolate. 
Amongst numerous instances of thiolate ligands bridging two 
metals there is only one other reported occurrence of this 
planar stereochemistry, in ( ~ - S P ~ ) , C U ~ ( P P ~ ~ ) ~ , ~  where it is 
enforced by phenyl ring crowding over the surface of the 
molecule. 

Colourless crystals of CU,(SP~),(PP~,),(CHC~~)~.~, ob- 
tained from CuSPh plus Ph,P (G1.5 equiv.) in chloroform- 
propanol, contain the cyclic (p-SPh), [(CuPPh,),Cu(PPh,),] 
molecule, (2).t Two copper atoms possess trigonal planar S p -  
CUP co-ordination while the third [Cu(3)] is tetrahedrally co- 
ordinated, i.t.., as S,CuP,. The side view in Figure 1 shows that 
the core is distinctly non-planar and not in a chair conforma- 
tion. 

The significance of this structure derives from the dissym- 
metry of the S,,Cu,P, core [see Figures 1 and 2(a)]. The major 
distortion occurs in the Cu-S-Cu angles which are all quite 
different (87, 105, and 124") despite the absence of any 
abnormality in Cu-S distances or  other dissymmetry of indivi- 
dual (pSPh)Cu, bridges. The torsional angles for the six Cu-S 
bonds, given in Figure 2(b), show that the Cu,S, ring most 
closely approximates a slightly twisted boat conformation.10 
Note, however, that the unique diagonal of this conformation 
is not Cu(3)-S(12) (as might be expected from the twofold 

Crystal &a: C,,,H,,CL~,P,S,(CHCI~),.~, M = 1758.3, space 
group P i ,  u = 13.432(4), b = 13.815(2), c = 25.164(2) A, CI 

1.36 g ~ r n - ~ ;  5984 observed, absorption corrected data (Cu-Ka) 
from two crystals; (decay 1 +0.85 each). Refinement with Cu, 
S, and P anisotropic, Ph as rigid groups, and CHCI, with site 
occupancies; R 

The atomic co-ordinates are available on request from the 
Director of the Cambridge Crystallographic Data Centre, 
University Chemical Laboratory, Lensfield Road, Cambridge 
CB2 1EW. Any request should be accompanied by the fu l l  
literature citation for this communication. 

94.80(1), p = 94.73(1), y = 111.66(1)", Z -  2, D m  1.36, Dc = 

0.071 and Rw = 0.103. 
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Figure 2. (a) Selected bond distances (A) and angles (") for 
(p-SPh),Cu,(PPh,), (2). The angles in square brackets are the 
inclinations of the S-C bonds to their Cu-S-Cu planes. (b) 
Torsional angles for the Cu3S, ring, in comparison with idealised 
values for the twist conformation (round brackets) and the boat 
conformation (square brackets). 

symmetry of the S,Cu,P4 connectivity) but Cu( 1 )-S(23), 
because this twist conformation allows isoclinalll rather than 
pseudoaxial directions for the bulky PPh, ligands on Cu(3). 

There are significant relationships between the orientations 
of the SPh ligands and the stereochemistry at sulphur. The 
angles 4 of inclination of each S-C ligand to  its Cu-S-Cu 
plane vary widely [see Figure 2(a)], but are systematically 
related to the Cu-S-Cu angles (8). This relationship is 
graphically displayed in Figure 3, which also includes mean 
values of 4 and 8 for (p-SPh)M2 bridges in condensed(p-SPh),- 
M, cycles in the cages [(CU,(SP~),]~- ,~ and [M,(SPh),,12- and 
their derivatives6 (where 4 and 8 are close to the tetrahedral 
ideal of 54.7 and 109.5"). There is clear general correlation of 

and 8 over a wide range of stereochemistry at the sulphur of 
the bridging thiolate. The wide angle ( 1  39 and 142") Fe-S-Fe 
bridges in (l) ,  with4 = 0", also follow this correlation.$ 

From these observations and patterns i t  may be postulated 
that for isolated (p-SR),M, cycles, the M-S-M angles, and 
consequently the cycle conformations, are quite variable and 

$ The wide-angle inter-cage (p-SPh)Zn, bridge in catenn-(p-SPh)- 
(p-SPh),Zn,(SPh)(MeOH),61J 6 = 140, 4 = 21", is acyclic. 
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Figure 3. The correlation between the inclination of the S-C 
bond to the M-S-M plane and 0 the M-S-M angle, for the 
cycles (p-SPh),M,: A values for (p-SPh),Cu,(PPh,),; V 
values for [(p-SPh),Fe,C16]3- (ref. 1); mean value for 
[M4(SPh)lo]2- (ref. 6) ; + mean value for Zn,(SPh) 8( MeOH) 
(ref. 6b); mean value for [ C U ~ ( S P ~ ) ~ ] ~ -  (ref. 5). 

are strongly dependent on the directions of approach of the 
C-S bonds to the cycle. These stereochemical principles 
should be pertinent to the conformations of (p-S-cys),M, 
cores in metallo-cysteine proteins, where there are constraints 
on the spatial array of the ligating cysteinyl residues. 

Note that a unique cycle stereochemistry does not necessari- 
ly obtain for a given set of C-S bond directions, and indeed a 
non-planar cycle could occur with the trigonal coplaiiar set 
of C-S bonds in (1). 

In (2) there is additional correlation of the rotational con- 
formation of the phenyl group about the S-C bond and the 
stereochemistry at sulphur. Thus the angle $ between the 

normal to the S-Ph ring plane and the bridged Cu-Cu vector 
follows 4: $, 4 data pairs are 61, 10; 53, 60; and 22, 78". The 
unusual $, $ values of 0, 90" for (1) are consistent with this 
pat tern. 

We thank the Australian Research Grants Scheme for 
support. 

Received, 28th February 1983; Corn. 266 

References 
1 K. S. Hagen and R. H. Holm, J.  Am. Chem. Soc., 1982, 104, 

5496. 
2 (p-SMe)&&; X = C1 or Br: S. Pollitz, F. Zettler, D. Forst, 

and M. Hess, 2. Naturforsch., Teil B, 1976, 31, 897. 
3 (p-SEt),Pd,(S,CSEt),: J. P. Fackler, Jr., and W. J. Zegarski, 

J .  Am. Cheni. Soc., 1973, 95, 8566. 
4 ( p-SPMe,),Cu,CI, although electronically different, is struc- 

turally similar: J .  A. Tiethof, J. K. Stalick, P. W. R. Corfield, 
and D. W. Meek, J .  Chern. Sue., Chem. Cornmun., 1972, 1141. 

5 I. G. Dance and J. C. Calabrese, It2or.g. Chim. Acta, 1976, 19, 
L41; D. Coucouvanis, N. Murphy, and S. K. Kanodia, 
Iitorg. Chern., 1980, 19, 2993; I. G. Dance, G. A. Bowmaker, 
G. R. Clark, and J. K. Seadon, PolJ4edrori, accepted for 
p u b 1 i ca t i o n . 

6 (a) I. G. Dance, J .  Am. Chem. Soc., 1979, 101, 6264; (b) I. G .  
Dance, ibid., 1980, 102, 3445; (c) 1. G .  Dance, Inorg. Chern., 
1981, 20, 2155; (d) D. Coucouvanis, M. Kanatzidis, E. 
Simhon, and N. C. Baenziger, J .  Am. Chern. Soc., 1982, 104, 
1874; (e) K. S. Hagen, D. W. Stephan, and R. H. Holm, 
Inorg. Client., 1982, 21, 3928. 

7 A.  Choy, D. Craig, I. Dance, and M. Scudder, J.  Chern. Soc., 
Chem. Coiiiiniin., 1982, 1246. 

8 J .  D. Otvos and I. M. Armitage, Proc. Natl. Acnd. Sci. USA, 
1980, 77, 7094; J .  D. Otvos, R. W. Olafson, and I. M. 
Armitage, J .  Biol. Chern., 1982, 257, 2427; M. Vasak and 
J. H. R. Kiigi, Proc. Nail. Acad. Sci. U S A ,  1981, 78, 6709. 

9 I. G. Dance, P. J .  Guerney, A. D. Rae, and M. L. Scudder, 
Irzorg. Chern., accepted for publication. 

10 R. Bucourt, Top. Stereochern., 1974, 8, 159. 
11 G.  M .  Kelliz and F. G. Riddell, Top. Srereochern., 1974, 8, 

225. 




