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Abstract 

The heterometallic cluster (Ph,P),Pt(~L,-S),Fe,(CO), (II) has been synthesized by transmetalla$on of &Fe&CO), under the 

action of (Ph3P),PtCI,. X-ray studies indicate that II contains a short Fe-Fe bond (mean 2.496(7) A for 4 independent molecules), 

but that there are no bonds between Fe and Pt. It is concluded that transmetallation takes place via a process of coordination of 

(Ph,P),PtCI, with a lone pair of the pL1-S bridge in &Fe&CO),; this is because of the absence of any analogous reaction of 

(PhN),Fe,(CO),. 
The trinuclear cluster CpRe(p-COXpL-S)2Fe,(CO), (III) has been obtained by the interfction of CpRe(CO),(THF) with 

S,Fe,(CO),. According to X-ray studies this cluster contains short Re-Fe bonds (mean 2.712(2) A), but does not contain an Fe-Fe 

bond. It was concluded that the distinctive features of the metal-core character of LM(w3-S)2Fe,(CO), clusters depend on the 

electron deficit of the LM fragments. 

1. Introduction 

The binuclear complex S,Fe,(CO), $I>, containing 
S-S and Fe-Fe bonds (2.007 and 2.552 A, respectively) 
[l] has been used by us [2] and by other authors 131 for 
the planned synthesis of LM(pu,-S),Fe,(CO), clusters. 
Here we report the synthesis and some of the features 
of the molecular structures of this type of cluster, 
where LM = (Ph,P),Pt or CpRe(C0). 

2. Results and discussion 

The process of transmetallation of S,Fe,(CO), un- 
der the action of (Ph,P),PtCl, involves exchange of 
acidic ligands between Pt” and terminal Fe” ions with 
the formation of the cluster of (Ph,P),Pt(pu,- 
S),Fe,(CO), (II). II had been previously obtained by 
reaction of S,Fe,(C0),2- with (Ph,P),PtCl, [4] and 
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Fig. 1. The structure of the cluster (Ph3P),Pt(CL3-S)ZFe,(CO), (II) 

(one from 4 independent molecules). 
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TABLE I. Bond lengths (A, for the cluster (PI> ,P)2Pt(p\- 

S),Fe,(CO), (11) 

Pt( 1 )bS( 1) 

WI )-S(Z) 

Pt(l)-P(1) 

Pt(lJ-P(2) 
fW%S(3) 

PC-S(4) 

W?)-P(3) 

PUbP(4) 

Pro-SW 

PtU-S(b) 

lwbP(5) 
P1(3)-P(h) 

Pt(il)-S(7) 

Pt(3)bScX) 

Pt(4J-P(7) 
Pt(4J-NX) 

Fe( I )-Fe(?) 
Fe(l )-SC I ) 

2.315(9) 

2.37( I) 
2.302(9) 

2.27519) 

1.37(l) 

2.X2(9) 
2.323(Y) 

‘.307(Y) 

7.32 I ) 
2.310(Y) 

2.3x I) 

2.27( 1) 
2.374(Y) 

2.326(9) 

2.7% I) 
1.237(O) 
2.3X4(7) 

2.x I) 

Fd I )-S(2) 

Fe(2)-S(I) 

Fe(Z)- S(2) 

Fe(i)-Fe(l) 

FeU-S(3) 

Fe(~)--SC-I) 

Fe(J)-S(3) 
Fe(4J-S(4) 

FeCi-Fc(6) 

Fe(S)- S(5) 

Fe(5-S(f)) 

Fe(h)-S(5) 

Fe(h)--S(h) 
Fc(7) -Fe(x) 

Fe(7)-%7J 
Fe(7)bScX) 

Fe(X)- SC’) 

FC(X)bS(X) 

‘.iO( 1) 
7.N I ) 
2.X( I) 
Il.-iWX) 
23-a 1) 
?.24( 1) 

2.x I ) 
7.2SCI) 

2.5Ofl(X) 

‘.30( ! ) 
1.x I ) 
2.ix 1 ) 
2.3( I ) 
2..~OJ(?) 
‘..iO( I 1 
‘.3I( I) 
‘..~lCI) 

7.27( I) 

TABLE 2. Bond angles (“1 for the cluster (Ph ,P),Pt(l*,-S),Fe,((‘O), 

(II) 

S(I)bPt( 1 )-S(2) 
S(I)-Pt(l)--P(l) 

S(2)-Pt(l)-P(I) 

S(I)-Pt(l)-P(2) 

S(%Pl(I )-P(2) 

PC1 )-Pt( I )-P(Z) 

S(3)-Pt(Z)M(4) 

SU-Pt(2)-P(3) 

S(4)-PtQkP(3) 

Su-Pt(Z)bP(4) 

%4)bPt(?)-PC_II 

PU-PtO-P~l) 
S(5)-PtubS(6) 

S(5)-PtU-P(5) 

S(6)-Pt(3)-PW 

S(S)-IW-P(6) 

S(h)bPt(3)-P(6) 

P(.CPt(3)-P(h) 
S(7)-Pt(4)--S(liJ 

S(7)-Pt(4)bP(7) 

S(X)-Pt(l)-P(7) 

S(7)-P1(4)-P(X) 

SC+Pl(J)bP(X) 
PU-Pt(4)-P(8) 

Fe(Z)LFe( I )--SC 1) 

Fe(2)-Fe(1 )-S(2) 

S(l)bFe(l)-S(2) 

Fe(l)-Fe(2)-S(l) 

Fe(l)-FeC-S(2) 

SC1 )-Fe(2)-%2) 

Fe(l)-Fe(3)kS(3) 
Fe(4)bFe(3 )- S(4) 

S(3)-Fe(R)-S(I) 

FeO-Fe(3)-S(3) 

Fe(3)-Fe(4)bS(J) 
S(3)-Fe(l)-S(4) 

75.5(3) 

166,X(3) 

91.3(3J 

Y5.7(3) 
171.2(3) 

Y7.5(3 1 
75.5(i) 

Yl.(93) 

147..3(3) 

lhY.S(3) 

93.9(i) 

YX.60) 

75.1(3) 

YO.7(3) 

IhS.S(4) 

16Y.O(3) 

‘U.N.?) 
9Y.3(4) 

7fl.7(3J 

170.X(3) 

Y-1.2(3) 
03.1(3) 

16X.6(3) 
07.1(J) 

57.0(3) 

K’)(3) 

76.4(1) 

57x3) 

57,5(3) 

7fl.X(J) 

.57 10) 
57.‘C.?) 

7S.8(41 

56.7(3) 

55x.3) 
77.X(4) 

Fc(6)-Fe(S)-S(5) 

Fe(h)-Fe(S)-S(h) 

SC5)-Fe(5)-S(h) 

Fe(5)-FeC6-S(5) 

Fe(5JkFeCh)--S(hJ 

S(S)-Fe(h)-S(h) 

Fe(X)bFe(7)--S(7) 

Fe(X)bFe(7)-S(X) 

S(7)-Fe(7)--SX 

Fe(7b Fe(X)-S(7) 

Fe(7)-Fe(X)kS(S) 

so- k(8)-x-4) 
rw I ) -SC 1 I-- FCC I I 

PHl)-%I JkFC(2) 

FCC I)-SC1 )--k(Z) 

w I )-S(Z)- Fd I) 
Pt( I bS(Z)-Fe(2) 

Fe(l)-SW-Fe(Z) 

PtQ-S(3)-Fc(3) 

PtC-S(3)--Fc(3) 

Fe(.?)-S(3)-- Fe(J) 
Pt(?)-S(4,--F&~ 

Pt(2)-S(S)-FC(I) 
Fe(3)--S(4)bFe(4) 

Pt(3)-S(5)kFe(S) 

Pt(3J-S(5)kFe(6) 

Fe(S)-S(5)--Fe(h) 

Pt(3J-S(6)bFeG) 

Pt(3)-S(h)-Fe(f)) 

Fe(SJ-S(6)-mFe(6J 

I’t(4)-S(7)bFe(7) 
Pt(-l)-S(7)--I-c(X) 

Fc(7)-S(i)-Fe(X) 

Pt(JJ-S(X)-Fe(?) 

Pt14)-S(X)-Fe(X) 
Fef7)bS(X)-Fe(X) 

57.fd3) 

%.8(3) 

76.2(4) 
56.7C.73 

‘6.4(3) 

75.6f4J 

57:4(i) 

56.2(?) 

7X.6(4) 
57.M3) 

i7.7(3) 

70. I(4) 
02.2Oi 

05.X(4) 

65.X(3) 

‘ll.X(‘$J 

Y5.hC-l) 

hi.7(3) 

‘JI.l(-1) 
‘)3.2(-t) 

hh.‘(.?) 

Y3.4(4) 

03,X(3) 

r,7.l(iJ 

93.7(j) 

Oi.Y(4) 

05.7C.3) 

Y3.6(4) 

YP.7(1) 

f,fl.X(.?) 

Y2.3(4) 

00.x3) 
wi.h(?) 

03,.x3) 

Y1.5(4) 

hh.l(?) 

TABLE 3. Bond lengths (A) for the cluster <‘pRe(p(‘O)(p,- 

S)IFeZ(CO),, (111) 

Re( I )-Fe(I I 
Re( I )--SC I ) 
Re( 1 )--C‘( I ) 

Rc( 1 )-C(3) 

Re( 1 )-C(5) 

KC(~)- Fe(3) 

RcCbS(3) 

Re(Z)---C”(h) 

Rr(ZJ&CYn) 

Ret?)-CC 10) 

Fei 1 )kS( I ) 
FCC I )bC‘( I 1) 
FCC 1 I-u 13) 

FeC-SC?) 
Fe(2)M’W) 

Feds’ 

F&3)-S(5) 

FeU-CK’) 

Fe(l)--S(3) 

Fe(4J-(‘(ll) 

Fe(d)-CU.:) 

<>( I I )-CT I I ) 
OCl3)-C‘i 1.3) 

C)(Z?)-~J(‘2) 

0(24)-~(24) 

(x32)--(x32) 

O(41 )-CC41 t 
0(33)---C(4.1) 

C(I)-C(2) 
(Y2)-CY3) 

(‘(li C(5) 

C‘IO)b(‘( 10) 
cum(‘(Y) 

2.736(2) 
2.340(3) 

2.2w I fi) 

7.2XbCli) 

1.777( 13 1 
7.727(3 1 
2.74X3: _ 
L.305( ! I j 
‘.21( I I) 
7.26X 12) 
7.275t-l f 

l.H10( 1.3) 

? .X05( I I ) 

1.7Xor(?) 

1.7w 1.3) 

1..383( I h) 

T “43) _._ / 

1.7Wli) 

2.17X5(1) 
I 7Y7( I ii 
l.SIJ( 17) 

i.lll(Ih) 

I 13NIl) 

l.l.37(16! 

1.2X1( 10) 

l.IUiS) 
I.l.wlO) 

l.IJl(lJ) 
I .453(2i)j 
/.55X_I) 
1 .I’MX! 
1.1M1.3) 
1 jo-q3:1 

Re( I )- FCC?) 

R&l)-SC) 

Re( 1 l-c’(2) 

Re( 1 )-C(5) 

Rr( I )- C‘(23) 

Ke(2JbFcC3) 

Ret?)--S(4) 

Re(2)bC‘(?~ 

Kc(‘)-t‘(Y) 
lie(Z) ~f‘(3-t) 

Fe(l)-.SC) 

FctlJkc(l2) 

t‘cc)~ S( 1) 
I-e(7)-(‘(71) 

FeCm ( ‘(22) 

l:e(?)--S(3) 

Fe(.iJ-(‘(i I ) 
FcU-C‘(3.3) 
Fe(S)-S(J) 

Fc(4)-C’(3?) 

1-~(4I~~‘(31) 

ot I’)- (‘(I?) 

(x21)-(‘(711 

0(2.7)--C‘(3) 

a.2 I )-C’(i I ) 
0~.33)-cy33I 
C)C42Jk1‘(42) 
0~-13)~~‘(13) 
C‘i I 1.. c‘(5) 
~‘(i~--C(-l~ 
C‘(h)--C(7) 

c(7)-(xs! 

C’CY--C‘( IO) 

?.hYS(2) 
2.33X3) 
‘.3X( 11) 

1.2lH1.7) 

1.X30(11) 
2,hY5(7) 

~..WK3~ 

7.2X9( 15) 

2.3Oh( 12) 
I YW( 1-I) 

2.176(3) 

I .7w 13) 

2.277(3) 

l.805(14) 
l.S20(12) 

‘.765(3) 

I.X17(13) 

I.XlX12j 

.3.274(3) 

I.h12(15) 

3.45’(14) 

1.13NIX) 

l.liXlX) 

l.lil)(lS) 

l.l.~Klh) 

1.125(15) 

l.l1x(l~~~ 

1.106(17) 
I.-IO.% IO) 

1.35X(15) 

I .133(ZO) 
I .340(71~ 

1 .J-l?( 19) 
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TABLE 4. Bond angles (“1 for the cluster CpRe(CL-CO)(~L-S)ZFe,(CO), (III) 

Fe(l)-Re(l)-Fe(2) 75.3(l) 52.5(l) 95.8(4) Fe(l)-Re(l)-S(1) 

231 

96.5(5) 

Fe(Z)-Re(l)-S(1) 53.2(l) 
Fe@-Re(l)-S(2) 53.4(l) 
Fe(l)-Re(l)-C(1) 99.8(3) 
S(lbRe(l)-C(1) 144.8(3) 
Fe(l)-Re(l)-C(2) 81.1(3) 
S(l)-Re(l)-C(2) 110.3(4) 
C(l)-Re(l)-C(2) 36.7(S) 
Fe@-Re(lbC(3) 148.5(4) 
S(2)-Re(l)-C(3) 146.7(3) 
C(2)-Re(l)-C(3) 36.8(5) 
Fe@-Re(l)-C(4) 141.8(4) 
S(2)-Re(lbC(4) 157.2(4) 
C(2)-Re(l)-C(4) 59.2(5) 
Fe(l)-Re(lbC(5) 137.1(4) 
S(lbRe(l)-C(5) 160.5(4) 
C(l)-Re(l)-C(5) 37.3(5) 
C(3)-Re(l)-C(5) 64.0(5) 
Fe(lbRe(l)-C(24) 135.3C.5) 
S(lbRe(lbC(24) 95.6(6) 
C(lbRe(l)-C(24) 119.0(6) 
C(3)-Re(l)-C(24) 115.8(6) 
C(5)-Re(lbC(24) 83.9(6) 
Fe(3)-Re(Z)-S(3) 52.4(l) 
Fe(3)-Re(2)-S(4) 52.60) 
S(3)-Re(2)-S(4) 80.70) 
Fe(4)-Re(2bC(6) 156.0(3) 
S(4bRe(2)-C(6) 111.3(3) 
Fe(4)-Re(2bC(7) 148.7(4) 
S(4)-Re(2)-C(7) 145.4(4) 
Fe(3)-Re(2)-C(8) 135.4(3) 
WbRe(2)-C(8) 121.4(4) 
C(6)-Re(2)-C(8) 59.3(4) 
Fe(3bRe(2)-C(9) 136.6(3) 
S(3)-Re(2)-C(9) 159.9(4) 
C(6)-Re(2)-C(9) 62.3(5) 
C(8)-Re(2bC(9) 38.5(5) 
Fe(4)-Re(2)-C(lO) 149.2(4) 
Fe(4)-ReQ-C(44) 61.6(4) 
S(4)-Re(2)-C(44) 96.5(4) 
C(7)-ReU-C(44) 117.6(5) 
C(9)-Re(2)-C(44) 82.3(5) 
Re(lbFe(l)-S(1) 54.8(l) 
S(l)-Fe(l)-S(2) 83.8(l) 
S(l)-Fe(l)-C(11) 101.4(5) 
Re(l)-Fe(l)-C(12) 105.1(4) 
S(2)-Fe(l)-C(12) 88.7(4) 
Re(l)-Fe(l)-C(13) 104.8(4) 
S(2)-Fe(lbC(13) 159.0(4) 
CW-Fe(l)-C(13) 91.5(6) 
Re(l)-Fe(2)-S(2) 55.6(l) 
Re(l)-Fe@-C(21) 109.8(4) 
!%!-Fe(2)-C(21) 165.3(4) 

Fe(l)-Re(l)-S(2) 
S(l)-Re(l)-S(2) 
Fe(2)-Re(l)-C(1) 
S(2)-Re(l)-C(1) 
FeWRe(l)-C(2) 
S(2)-Re(lbC(2) 
Fe(l)-Re(lbC(3) 
S(l)-Re(l)-C(3) 
C(l)-Re(lbC(3) 
Fe(l)-Re(l)-C(4) 
S(l)-ReU-C(4) 
C(l)-Re(l)-C(4) 
C(3)-Re(l)-C(4) 
Fe(2)-Re(l)-C(5) 
S(2)-Re(lbC(5) 
C(2)-Re(l)-C(5) 
C(4)-Re(l)-C(5) 
Fe@-Re(lbC(24) 
S(2)-Re(l)-C(24) 
CWRe(l)-C(24) 
C(J)-Re(l)-Cc241 
Fe(3)-Re(2)-Fe(4) 
Fe(4)-ReQbS(3) 
Fe(4)-ReQ-S(4) 
Fe(3)-ReQ-C(6) 
W-Re(2)-C(6) 
Fe(3)-ReQ-C(7) 
.%3)-Re(2)-C(7) 
C(6)-Re(2bC(7) 
Fe(4bRe(2)-C(8) 
S(4)-ReWC(8) 
C(7)-ReQ-C(8) 
Fe(4)-Re(2)-C(9) 
S(4)-Re(2)-C(9) 
C(7)-Re(2)-C(9) 
Fe(3)-Re(2)-C(10) 
S(3)-ReU-C(10) 
WbRe(2bCK44) 
C(6)-Re(2)-C(44) 
C(8)-ReQbC(44) 
C(lO)-ReWC(44) 
ReU-Fe(l)-S(2) 
Re(l)-Fe(l)-C(11) 
S(2bFe(l)-C(11) 
S(l)-Fe(l)-C(12) 
Ccl I)-Fe(l)-C(12) 
S(l)-Fe(lbC(13) 
C(ll)-Fe(lbC(13) 
Re(lbFeU-S(1) 
S(l)-Fe(2)-S(2) 
S(l)-Fe(2)-C(21) 
Re(l)-Fe(2)-C(22) 

52.5(l) 
80.7(l) 

149.7(4) 
99.5(4) 

156.4(3) 
111.7(4) 
101.2(3) 
99.3(4) 
61.6(5) 

135.9(3) 
121.6(4) 
60.2(5) 
35.1(4) 

138.3(3) 
118.7(4) 
63.0(5) 
38.9(6) 
60.0(5) 
97.2(5) 

143.5(6) 
85.6(6) 
75.2(l) 
53.4(l) 
53.1(l) 
80X3) 

I 10.4(4) 
99.6(4) 
98.6(4) 
36.3(5) 

142.2(3) 
157.4(4) 
36.1(5) 

139.2(4) 
119.2(4) 
64.0(6) 
99.7(3) 

144.9(4) 
98.5(4) 

142.3(5) 
85.3(5) 

116.2(5) 
55.1(l) 

145.0(4) 
101.6(4) 
158.9(4) 
99.4(6) 
88.6(4) 
99.1(5) 
55.4(l) 
83.5(l) 
89.3(4) 

138.9(4) 

S(I)-Fe(2)-C(22) 
C(21)-Fe(2)-C(22) 
S( lbFeQ-C(23) 
C(21)-Fe(2)-C(23) 
Re(l)-Fe(2)-C(24) 
S(2)-Fe@-C(24) 
C(22)-Fe(2)-C(24) 
Re(2)-Fe(3)-%3) 
S(3)-Fe@-S(4) 
S(3bFeG-C(31) 
Re(2bFe(3)-C(32) 
S(4)-Fe(3)-C(32) 
Re(2)-FeGbC(33) 
S(4)-Fe0-C(33) 
C(32)-Fe(3)-C(33) 
Re(2bFe(4)-%4) 
ReQbFe(4)-C(41) 
S(4)-Fe(4)-C(41) 
S(3)-Fe(4)-C(42) 
C(41)-Fe(4)-C(42) 
S(3)-Fe(4)-C(43) 
C(41)-Fe(4)-C(43) 
Re(2)-Fe(4)-C(44) 
S(4)-Fe(4)-C(44) 
C(42)-Fe(4)-C(44) 
Re(lbS(l)-Fe(l) 
Fe(lbS(l)-Fe(%) 
Re(l)-SQbFe(2) 
ReG-S(3)-Fe(3) 
Fe(3)-S(3)-Fe(4) 
ReG!-S(4)-Fe(4) 
Re(l)-C(l)-C(2) 
CWC(lbC(5) 
ReU-C(2)-C(3) 
Re(l)-C(3)-C(2) 
C(2)-C(3)-C(4) 
ReWC(4)-C(5) 
Re(l)-C(SbC(l) 
C(l)-C(5)-C(4) 
Re(2bC(6)-C(10) 
Re(2)-C(7bC(6) 
C(8bC@-C(10) 
Re(2bCXlO)bC(9) 
Fe(l)-C(ll)-O(11) 
Fe(l)-C(13bO(13) 
FeQ-C(22)-O(22) 
Re(l)-C(24)-Fe(2) 
Fe(2)-C(24)-O(24) 
Fe(3bC(32)-O(32) 
Fe(4)-C(41)-O(41) 
Fe(4)-C(43)-O(43) 
Re(2bC(44)-O(44) 

97.0(6) 
167.1(5) 
93.9(6) 
41.7(3) 
84.9(4) 

178.4(7) 
55.0(l) 
83.9(l) 

103.4(4) 
103.9(4) 
158.2(4) 
103.6(4) 
88.3(5) 
92.8(6) 
55.4(l) 

138.4(4) 
95.9(4) 

167.6(4) 

95.2(6) 
90.3(4) 
97.1(5) 
43.2(3) 
84.6(3) 
83.0(6) 
72.7(l) 
93.6(l) 
71.0(l) 
72.6(l) 
93.4(l) 
71.5(l) 
72.9(9) 

111.3(14) 
70.1(8) 
73.1(8) 

105.8(12) 
72.7(7) 
71.9(8) 
99.7(11) 
70.2(7) 
72.4(8) 

100.2(13) 
73.1(7) 

177.9(11) 
177.3(12) 
177.4(12) 
78.3(5) 

120.8(11) 
176.5(13) 
179X15) 
179.0(9) 
162.6(11) 

W-Fe(2)-C(22) 
Re(l)-FeU-C(23) 
S(2)-Fe(2)-C(23) 
C(22)-Fe(2)-C(23) 
S(l)-Fe(2HX24) 
C(21)-FeWC(24) 
C(23)-Fe(2bC(24) 
Re(2)-Fe(3)-S(4) 
Re(2)-Fe(3)-C(31) 
S(4)-Fe(3)-C(31) 
S(3bFe(3)-C(32) 
C(31bFeG-C(32) 
S(3bFe0-C(33) 
C(31bFeU-C(33) 
Re(2)-Fe(4)-%3) 
S(3)-Fe(4)-S(4) 
WbFe(4)-C(41) 
Re@-Fe(4)-C(42) 
S(4)-Fe(4)-C(42) 
Re(2)-Fe(4)-C(43) 
S(4)-Fe(4)-C(43) 
C(42)-Fe(4)-C(43) 
S(3bFe(4)-C(44) 
C(41)-Fe(4)-C(44) 
C(43)-Fe(4)-C(44) 
Re(lbS(l)-Fe(2) 
Re(lbSQ-Fe(l) 
Fe(l)-SWFe(2) 
Re(2bS@-Fe(4) 
Re(2)-S(4)-Fe(3) 
Fe(3)-S(4)-Fe(4) 
Re(l)-C(l)-C(5) 
Re(l)-C(2)-C(l) 
C(l)-C(2)-C(3) 
Re(lbCG-C(4) 
Re(l)-C(4)-C(3) 
C(3)-C(4)-C(5) 
Re(lbC(5)-C(4) 
Re(2bC(6bC(7) 
C(7)-C(6bC(lO) 
Re(2)-W-C(8) 
Re(2bC(lO)-C(6) 
C(6)-C(lO)-C(9) 
Fe(lbC(12b0(12) 
Fe(2bC(21)-O(21) 
Fe(2bC(23)-O(23) 
Re(lbC(24)-O(24) 
Fe(3bC(31)-O(31) 
Fe(3)-C(33)-O(33) 
Fe(4)-(X42)-O(42) 
Re(2)-C(44)-Fe(4) 
Fe(4)-C(44)-O(44) 

111.8(5) 
90.5(5) 
96.2(6) 
83.6(3) 
81.5(6) 
84.5(5) 
54.9(l) 

146.9(4) 
102.3(4) 
87.0(4) 
99.0(6) 

157.7(4) 
98.7(5) 
55.4(l) 
83.4(l) 
95.8(5) 

112.2(4) 

89.8(4) 
110.9(4) 
166.1(4) 
94.0(6) 
86.0(4) 

178.1(5) 
82.6(5) 
71.40) 
72.5(l) 
93.3(l) 
71.2(l) 
72.4(l) 
93.4(l) 
70.8(9) 
70.4(8) 

107.4(11) 
69.7(7) 
75.2(7) 

115.8(12) 
68.4(7) 
71.2(7) 

109.1(12) 
69.4(8) 
73.2(7) 

111.4(13) 
180.006) 
178.1(10) 
178.304) 
160.2(14) 
178.9(11) 
177.9(12) 
176.6(12) 
75.2(5) 

122.1(9) 



also by interaction of S,Fe,(CO), (1) with (Ph,PJIPt- 
(C2Hd) [5] or with (Ph,P),Pt (in the prescncc of methyl 
iodide, which scavenges the triphenylphosphinc climi- 
nated) [3]: 

S,Fe,(COLj -t (Ph,P),PtCI,- 

S,Fe,(CO),’ +(Ph3P),PtC11-- 

+ S,Fe,(CO),, + (Ph,l’),Pt(C’,H,)- 

SIFe,(CO),, + (Ph,P).,Pt t Mel- 

PM’,. ,A 7 --?, Fc(CO), 
,,h3p,,xpt< “‘x< I 

S /--+ Fc(COJi 

(II) 

The structure of II was solved by X-ray analysis (Fig. I. 
Tables 1 and 2). It was found to bc similar to the 
Pd-containing cluster [2]. Pt” and Pd” ions have a 
typical square-planar ligand environment bvith practi- 
cally the same Y-S bond lengths IPt-So,, 2.331). 
Pd-S;,, 2.32(l) A [S]), although Pt-P bonds (mean 
2.2’31) A) arc slightly shorter than P&P bonds (mean 
2.331) i 121). Gcornctry of the S,Fc-(CO)(, fragment 
is practically the same in both clusters (in II, Fe-Fc,,, 

and Fe-S,,, bond lengths arc 2.496(7) and 3.29(l) A 
rcspcctively for 4 independent molecules in the cell). 
Pt . . . Fe distances are more than 3.3 A and arc cvi- 
dently nonbonding. The transmetallation reaction gives 
along with II a more soluble black-brown crystalline 
product, probably (Ph3f)(CO)PtS, Fe,(C‘O),~. Its IK 
spectrum. in comparison with that of II has icss intense 
bands of phenyl groups in the region of t&O and 710 
cm-.‘. and also a supplementary I,(C‘O) band at 205.5 
cm-‘. However, the yield of this zubstancc ~vax not 
sufficient for clemental analysis. 

It is possible that transmctallation of S, Fe ,(C’O), 
begins with coordination of (PhiP)IPtCI, to the pL?-S 

bridge, by analogy with W(CO), fragment coordination 
to the bridge atom in the (CO),W(F~-S)~ Fc,(CO), 
cluster [2]. The absence of reaction between 
(Ph3P)7_PtCII, and (I*,-NPh),Fe,(C’O),, IO] cvcn in boil- 
ing toluenc or in THY under UV-irradiation could bc 
explained by the impossibility of (Ph,P), Pi Cl j coordi- 
nation with phcnylnitrcnc bridges, as they ha\,c no lone 
pairs. The abscncc of direct Pt-Fe bonds in II is in 
accordance with the stable Ihe configuration of Pt ” 
in the square-planar ligand cnvironmcnt. It means that 
the S2Fc,(CO), fragment plays the role of a 3c donor 
with retention of the Fe-Fe bond. 

Another situation arises in the reaction of 
S,Fc&CO),, (I) with CpRe(C0j2(THF) (gcncratcd un- 
dcr UV light) which gives the CpRc(k-Co)(~.;- 
S&Fe&CO), (III) cluster (Fig. 2, Tables 3 and 4): 

CpRe( CO)_, $3 C‘pRc( CO),( thf) z 
1- 

At the elimination of the CO and tetrahydrofuran 
molecules the 4c dct‘icicnt CpRe(C0) fragment for- 
mally arises. This deficit is compcnsatrd by coordina- 
tion of I a,4 a Ic don~~r uith breaking tlf the L;c--Fe 
bond and with formation of two Kc- S (mean 1.314(3) 
A) and tuo Kc-lf;e bonds (mean 1.712(?) )\I. In addi- 
tion the scmibridgc carbonyl h “I-c)L~~ appears bctucen 
the Rc atom and one of Ihe I-c atoms. showing a band 
at 1840 cm ! ii1 IK spectrum. The F-‘c,S, cycle i4 
nearly planar lia~irrf a dihedrai angle of 153.3- bctwcen 
Fe,S planes. i‘his angle is cl~ix 10 150’ for the prcvi-- 
OLISIY studied Mc,(‘,(‘~(~.;-S)~l;c: ,((‘Oj, cluxtcr. whose 
MO calculation c(!rresponds ‘to iormatictn c>f S + Co 
and (‘0 4 Fc bonds [i]. Probably the hamc type of 

bonding o~urs for III with formation of S + Rc and 
Rc ~+ F’e bonds txing $upplemcntccl by dati\#c 1-c 
CO h,,L,yc interacticjn. I‘hix nea tlpc ot‘ cocxxlination of 
S, Fe,(CO),, (as :I tormai he donor) contrast4 to the 
earlict. obxrvcd type in the CpV(OK,u ?-S), Fe .(C‘O),, 
cluster. which ttltitin< as a F<l--Fc bond and contains 

two Fc --+ \f !xmds [?I. 
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3. Experimental details pure dry argon in absolute solvents. The initial com- 

plexes (NPh),Fe,(CO), [61, S,Fe,(CO),, S,Fe,(CO), 
All operations connected with syntheses of both [7] and CpRe(CO), [8] were synthesized by published 

initial and final products were performed in a flow of procedures. The IR spectra were recorded in KE3r 

TABLE 6. Atomic coordinates (X 104) for the cluster (Ph,P),Pt(~L,-S),Fe,(CO), (II) 

Atom x Y z Atom x Y z 

W) 
PN2) 

PK3) 
PN4) 
Fe(l) 
Fe(2) 
Fe(3) 

Fe(4) 
FeW 
Fe(6) 
Fe(7) 
l+(8) 
S(1) 
S(2) 
S(3) 
S(4) 
SW 
S(6) 
S(7) 
S(8) 
P(1) 
P(2) 
P(3) 
P(4) 
P(5) 
P(6) 
P(7) 
P(8) 
O(ll) 
(x12) 
O(13) 
(x21) 
(x22) 
O(23) 
O(31) 
O(32) 
(x33) 
O(41) 
(X42) 
(x43) 
(x51) 
O(52) 
O(53) 
O(61) 
O(42) 
W63) 
(x71) 
(X72) 
O(73) 
O(81) 
(X82) 
w33) 
C(l1) 
C(l2) 

1896(l) 
5505(l) 

-3056(l) 
593(l) 
892(2) 
822(2) 

b487(2) 
6635(2) 

- 4104(2) 
- 4149(2) 

1650(2) 
1650(2) 
968(3) 

1607(3) 
5838(4) 
6424(3) 

- 3376(4) 
- 3980(4) 

909(3) 
1523(3) 
2782(4) 
2044(4) 
4627(4) 
5343(4) 

- 2177(4) 
- 2901(4) 

433(4) 
- 282(3 ) 
1418(10) 

- 201(10) 
689(12) 

1271(12) 
-311(9) 

604( 10) 
6776(18) 
5827(12) 
7476(10) 
6332(11) 
7764(10) 
6867(14) 

- 3585(10) 
-4442(12) 
-512801) 
- 5273(11) 
-4318(14) 
-3801(12) 

2755(10) 
1210(11) 
1846(11) 
1862(12) 
1132(9) 
2770(10) 
1202(16) 
227(14) 

3151(l) 
1866(l) 
1850(l) 
510(l) 

2221(3) 
2301(3) 
11 bN3) 

998(3) 
2765(3) 
2609(3) 
1325(3) 
1359(3) 
3222(5) 
2040(5) 

760(5 ) 
2011(4) 
2945(5) 
1751(5) 
1641(5) 
386W 

2820(5) 
4279(5 ) 
1476(5) 
3003(4) 
223(x5) 

718(5) 
- 609(5) 

8.51(5) 
2502(16) 
2609(21) 

808( 12) 
2692(16) 

2712(10) 

8X1(15) 

- 239( 19) 
1471(18) 
1861(16) 
1339(17) 
1376(15) 

- 403(16) 
2845(15) 
4162(14) 
2176(21) 
2236(15) 
3954(17) 
1929(20) 
91X(22) 
838(16) 

2689(14) 
2802(13) 
1013(12) 
922(15) 

2410(16) 
2394(27) 

4912(l) 
2656( 1) 
5066( 1) 
2449( 1) 
4558(l) 
5283(l) 
3186(2) 

2468(2) 

4727(2) 
5456(2) 
2058(2) 
2790(2) 
4893(3) 
4977(3) 
2771(3) 
2747(3) 
5134(3) 
502X(3) 
241 l(3) 
2448(3) 
2954(3) 
4834(3) 
2606(3) 
2563(2) 
5131(3) 
5039(3) 
2484(3) 
2418(3) 
3838(b) 
4379(8) 
4436W 
6058(7) 
5348(6) 
5432(8) 
3424(12) 
3860(7) 
3446(S) 
1666(7) 
2420(10) 
2423(13) 
3987(8) 
4753(12) 
4475(10) 
5444(X) 
5750(10) 
6180(8) 
1907(8) 
1323(9) 
191X8) 
2960(g) 
3520(7) 
2937(9) 
4142(12) 
447103) 

C(13) 

C(21) 
C(22) 
Cc231 

C(31) 
C(32) 
C(33) 
C(41) 

C(Q) 
C(43) 
CxSl) 

CC521 
C(53) 
C(61) 
C(62) 
C(63) 
C(71) 
C(72) 
C(73) 
C(M) 

C(82, 
C(83) 
C(101) 
C(lO2) 
C(103) 
C(104) 
C(105) 
C(106) 
C(107) 
C(108) 
C(109) 
cc1 10) 
C(111) 
C(112) 
C(113) 
C(114) 
C(115) 
C( (16) 
cx 117) 
C(118) 
C(201) 
C(202) 
C(203) 
C(204) 
C(205) 
C(206) 
C(207) 
C(208) 
C(2OYI 
C(210) 
C(211) 
C(212) 
C(213) 
C(214) 

7X8(17) 
1094( 12) 
142(14) 
713(12) 

6653( 17) 
6077(14) 
709X( 17) 
6458(14) 
7340(14) 
6763(15) 

- 3754( 14) 
-4321(15) 
- 4719(14) 
-4809(15) 
-4261(16) 
- 3940(22) 

2325(16) 
1370(18) 
1752(18) 
1773(12) 
1364(13) 
2349(13) 
29X0(12) 
3538(16) 
3704(15) 
3299(15) 
2764(14) 
2S8Y( 13) 
2863( 13) 
2547( 12) 
2656( 16) 
3013(17) 
3280(17) 
3200(15) 
3318(15) 
3541(15) 
3957(18) 
4239(19) 
4045(18) 
3590(17) 
2443(15) 
2618(19) 
2870(19) 
2873(20) 
2652(21) 
2393(16) 
1455(14) 
1156(18) 
672(20) 
494(15) 
hYO(21) 

1225(17) 
2377( 11) 
2223(15) 

3342(16) 
2615(16) 
2549(18) 
1425(16) 
335(21) 

1369(15) 
1596(16) 

113X22) 
1182(17) 

135(19) 
2796( 17) 
3609(16) 
2434(26) 
2398( 19) 
3405(20 ) 
2207(24) 
1120(25) 
1003(19) 
2138(22) 
2287(18) 
1137(18) 
1059(22) 
2278(15) 
2161(20) 
1817(21) 
1506(19) 
1623(18) 
2017(17) 
2291(17) 
2473(16) 
214X(21) 
1613(22) 
1397(22) 
1771(20) 
3403(1Y) 
3760(19) 
4243(23) 
4266(26) 

3909(24) 
3455(22) 
4497(22) 
5264(26) 
5184(26) 
4640(30) 
4053(29) 
3952(21) 
4769(1Y) 
4732(23) 
5103(26) 
5512(20) 
5425(26) 
5097(22) 
4677(H) 
4425(21) 

4482(9) 
5763(Y) 
5336(10) 
5375(9) 
3347(14) 
3581(11) 
3359(10) 
1984(13) 
2420(15) 
2454(12) 
4310(12) 
4758(12) 
4613(10) 
5472(Y) 
5611(11) 
5886(13) 
1969(12) 
1633(10) 
2000(18) 
2904(9) 
3251(10) 
2895(13) 
4563(9) 
4469(12) 
4160(12) 
3889(11) 
3990( 10) 
4297(10) 
5428(9) 
5707(9) 
6069( 12) 
6121(12) 
5754(14) 
5415(11) 
5046( 11) 
4654(11) 
4689(13) 
5134(15) 
5442(13) 
5385(12) 
4364(11) 
4328(14) 
3880(15) 
3659(H) 
3739( 16) 
4116(12) 
4783( 11) 
4375(13) 
4336(14) 
4659(12) 
5082(15) 
5040(12) 
5242(S) 
5618(12) 



TABLE 6. (continued) 

Atom .x 

(‘(2151 
(‘(2lh) 

ce17j 

C(7lX) 

C(30 I ) 

(‘cw) 

(X30.1) 

C(304) 

(‘(30.5 I 

(‘(306) 

U.307) 

Cc3OX) 

(‘(300) 

C(310) 

C(311) 

C(312) 

C(3l.i) 

(‘(314) 

<‘(315, 

<‘(3Ih) 

(‘(317) 

(‘(318) 

(‘(301) 

U402) 

C(3OR) 

(‘(404) 

(‘(105) 

c‘(406) 

c‘(1(17) 

C(1OX) 

(‘(40’)) 

C’(310) 

cc41 I) 

c‘(512) 

CCJI.?) 

C(414) 

c‘(-!l5) 

U4lO) 

cx-117) 

(‘(418) 

cw I ) 

c’(SO?) 

C(SO3) 

U504~ 

C(5OS) 

(‘(SOh) 

(‘1507) 

(‘(508) 

(‘(50’)) 

(‘(510) 

C(SlI) 

C(512) 

C(513) 

(‘(5 14) 

C(515) 

C(Sl6) 

!’ 

4747(37) 

571x33) 

5.wx2ii 

5030(2 I ) 

‘JXl(li-) 

?‘J.i(l’J) 

-I 1 f,( 3 I ) 

X>;(3) 

472(7(J,, 

7x.3 2.; J 

XYX If)) 

I lE(lSl 

7 I()( IY) 

I lYf12) 

M,(X) 

353 17) 

7(1f~O( 18) 

7.354(2f>i 

‘Ix I 8( 33) 

7’)01(1 I J 

752x73) 

7l?Y(lX) 

?3xv’70) 

2hYX( I 0) 

2,Sfli( 75) 

3;.u(25) 

41 IlI(3I 

NJ7(3 I 1 

354(70) 

.3YOY(‘-l) 

113fd18) 

I(Iih(?K) 

3ti25(16) 

3J26(35r 

.3?00(22) 

37hN IX) 

.3Y33( 33) 

375Y(i(l) 

33571 .i_?) 

3l4320) 

273S(70) 

i335(21) 

35htx3 J 

.3364(31 

ZR72(2hJ 

75f>M IX) 

I h(li( 22 ) 

1’;77(1Xl 

lr~lh(70~ 

N(K73) 

0X5(5(J) 

I .iYO( 16) 

2743(2(I) 

7877f20) 

3?.10(75J 

3453(?5) 

.z Atom \ 

iO77( 17) 

S~V~l( I3 1 

-;I> Ih( 17) 

i217(12) 

Il-lh(lO) 

lYJ2Cl I) 

15ON I’) 

i.lOl( 1.3) 

i(l.U( I XI 

7OOOf 14) 

.W.M ‘I) 

i.\71( IOi 

77X( IO) 

:t,oo( 1’) 

:.303 12) 

‘!Jh’J(lO) 

xiOl( I I) 

11’JM Ii) 

23OJI 17) 

2f>Oi( 13) 

7Yi3 I .3) 

IYhO( IO) 

.N’J’J( irlt 

lY7J(lI) 

IIlS(lh) 

l:71(131 

ib’l( Ml 

‘050( I?) 

7,M I I ) 

_1Sl31?) 

‘XM 16) 

X39( IS) 

2 I Ofl( IO 1 

“iil( 15) 

7’JhX( 12) 

7573 101 

37jl(Z I ) 

.35~JM IX) 

l72fV 18) 

i.I.yi( I’) 

ijO I I) 

.ihlX(Il) 

f>O?X 15) 

(J/98( 16) 

fl13S( I5 1 

isw 11 ) < 

iqi.x I-I) _. 

.5.57i( 17) 
ii50( 17) 

‘i’I3(15) 

-1~51(1YJ 

-li(OO( 10) 
.IhY7( I I ) 
J135( I’, 
-I(W 13) 

407.v 15) 
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pellets with a Specord 75 IR instrument. The X-ray 
diffraction data for II (at 20°C) and III (at - 100°C> 
were collected with Syntex P2, and Siemens P3/PC 
automatic diffractometers, respectively (A(Mo-Ka), 
0-26 scan, 20,,, 60”). Crystallographic data are listed 

TABLE 7. Atomic coordinates (X 104) and equivalent isotropic 
displacement coefficients t.&’ x 10’) for the cluster CpRe(p-COXp,- 

S),Fe,(CO), (III) 

Atom x Y Z uci,, >’ 

Re(l) 
R&9 
Fe(l) 
FeW 
Fe(3) 
k(4) 
S(1) 
S(2) 
S(3) 
S(4) 
OUl) 
002) 
O(13) 
(x21) 
O(22) 
(X23) 
O(24) 
O(31) 
(X32) 
O(33) 

O(41) 
O(42) 
O(43) 
O(44) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(11) 
C(22) 
C(23) 
C(24) 
C(30 
C(32) 
C(33) 
C(41) 
C(42) 
C(43) 
C(44) 

-2679(l) 
-2295(l) 
- 3086(2) 
- 2130(2) 
- 1929(2) 
- 2847(2) 
- 4261(3) 

- 974(3) 
- 4013(3) 

~ 727(3) 
- 3055(10) 
- 1408(11) 
- 5942(11) 
- 3929(12) 
-2157(11) 

746(12) 
- 1811(12) 
- 1948(11) 
-3694(11) 

913(12) 
-2915(11) 
- lOll(12) 
- 5738(11) 
-3034(11) 
- 1864(17) 
- 3356(17) 
- 4380(16) 
- 3528(16) 
- 1885(19) 
- 1701(16) 
- 3156(19) 
-2910(16) 
- 1312(17) 

- 622(17) 
- 3056(14) 
- 2120(15) 

- 344(16) 
- 2201(18) 
- 1942(14) 
-3014(16) 

- 168(16) 
-2891(16) 
- 1740(15) 
- 4616(15) 
- 2758(15) 

10737( 1) 
9223t 1) 

12398(2) 
8714(2) 
7639(2) 

11303(2) 
10616(3) 
10582(3) 
9445(3) 
9388(3) 

12326(11) 
14614(10) 
14672(10) 
6589( 10) 
861X(11) 
6426( 11) 
7531(9) 
7710(10) 
5507t 10) 
5349(10) 

11426(11) 
13409(10) 
13549(10) 
12392(10) 
12303(15) 
13103(15) 
12258(13) 
11075(13) 
10950(16) 
6845(13) 
7645(15) 
8826(12) 
8879(15) 
7601(14) 

12326(14) 
8671(13) 
7319(13) 
8745(16) 
7697(13) 
6332(13) 
622X14) 

11379(13) 
12620(14) 
12688(12) 
11271(14) 

9201(l) 
4302(l) 
7921(l) 
8359(l) 
3258(l) 
3165(l) 
8314(l) 
8319(l) 
3408( 1) 
3385(l) 
6446(4) 
7951(5) 
7965(5) 
8717(6) 
6897(S) 
8710(6) 
9983(4) 
1773(5) 
366X(5) 
3645(S) 
1686(S) 
3124(6) 
3225(5) 
4634(5) 
9776(7) 
9493(7) 
9785(6) 

10221(6) 
10249(h) 
4925(6) 
5102(7) 
5384(5) 
5395(5) 
5081(6) 
7019(6) 
7462(6) 
8575(7) 
9552(g) 
2343(7) 
3488(7) 
3484(6) 
2258(6) 
3155(7) 
3205(6) 
4396(7) 

19(l) 
19(l) 
20(l) 
19(l) 
20(l) 
17(l) 
19(l) 
19(l) 
19(l) 
19(l) 
35(4) 

38(4) 
39(4) 
46(4) 
40(4) 
50(4) 
40(4) 
36(4) 

39(4) 
42(4) 
39(4) 

45(4) 
38(4) 

37(4) 
35(6) 
36(6) 
29(5) 
31(S) 
38(6) 

30(S) 
42(6) 
26(5) 
3X(6) 
35(5) 

26(5) 
28(5) 
31(5) 
51(7) 
23(5) 
29W 
28W 
28(5) 
28(5) 
24(5) 
34(5) 

a Equivalent isotropic U defined as one third of the trace of the 
orthogonalized 9, tensor. 

in Table 5. The structures were solved by the direct 
method and refined in full-matrix anisotropic approxi- 
mation for all non-hydrogen atoms. Atomic coordi- 
nates are listed in Tables 6 and 7. All calculations were 
performed with the Siemens SHELXTL PLUS program 
package (PC version). 

3.1. (Ph.? Pj2 Pt(p,,-S), Fe,(CO), (II) 
A solution of 0.32 g (0.40 mmol) of (Ph,P),PtCl, in 

20 ml CH,Cl, and 15 ml toluene was doubly concen- 
trated in LYZCUO, until precipitation began. 0.20 g (0.40 
mmol) of S2Fe,(CO), was then added and the mixture 
was heated at 95°C for 10 h. The solution was filtered 
and the black solid deposited on the flask and chro- 
matographed on SiO,. The unreacted S,Fe,(CO), and 
the brown band (A) were eluted by benzene/heptane 
1: 3 mixture. The orange band (B) was then eluted by 
benzene. The solution of (B) gave on cooling thin 
orange needles II insoluble in heptane. Single crystals 
for X-ray structural analysis were obtained by crystal- 
lization from CH,Cl,/ether/heptane mixture. Yield 
0.05 g (11.5%). IR spectra (v, cm-‘>: 510s 53Ow, 560s 
605m, 68Ow, 730m, 99Ovw, 105Ovw, lOSOm, 1145vw, 
117Ovw, 1420m, 1465w, 193.5~s 196Ovs, 199&s, 203Ovs. 

The solution of (A) was concentrated in uacuo and 
after cooling black crystalline needles were formed. 
These are easily soluble even in pentane but the quan- 
tity of crystals was not sufficient for elemental analysis. 
IR spectra (v, cm-‘): 505s 56Ow, 680s 733m, 990m, 
1075m, 115Ovw, 1175vw, 1420m, 1469m, 1940-202Ovs 
multiplet, 2055~s. 

3.2. CpRe(p-CO)(p,7-S),Fe,(CO), (III) 
The colourless solution of 0.46 g (1.37 mmol) of 

CpRe(CO1, in 25 ml of THF was irradiated by UV 
light (PRK-4 lamp) in a quartz Schlenk vessel at room 
temperature for 7 h. 0.24 g (0.70 mmol) of S,Fe,(CO), 
was added to the yellow solution of CpRe(CO),(THF) 
and the mixture was stirred at 20°C without UV-irradi- 
ation. After 12 h S,Fe,(CO), disappeared (TLC data) 
and the solution was a brown colour. The mixture was 
evaporated to dryness in c’ucuo and the precipitate was 
extracted by hexane. The solution was concentrated 
and after cooling black-brown rhombic crystals of III 
were formed (yield 0.18 g, 41.2%). IR spectra (v, 
cm--‘): 425m, 455s 48Ovw, 492vw, 54Ovs, 59Ovs, 825m, 
835vw, 1005w, 105Ow, 14OOw, 184Ovs, 1952-2068~s mul- 
tiplet, 3080 wbr. 
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