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Reactions of Cp2Cr2(SCMe3)2S (!) with rhenium complexes (CO)(NO)Re(PR3)2X 2 
[R = Et, X = CI (7a); R = Et, X = O3SCF 3 (7b); R = OMe, X = O3SCF 3 (Te)l 
containing strongly bound phosphine ligands and with Pd(PPri3)2CI2 (8) containing bulky P 
donors  were studied. The reaction between compounds i and 7a does not  occur 
in various solvents within a temperature range of 22--80 ~ Interaction of  1 with 
triflat derivatives 7b and 7e yields the paramagnetic tetrahedral homonuclear  cationic 
c lus te r  Cp4Cr4S44O3SC F3 - (10) and the binuclear  methylated complex 
CP2Cr2(SCMe3)~(SMe)+O3SCF3 - ( I lL  respectively. The reaction of compound 1 with 8 
affords the antiferromagnetic heteronuclear cluster Cp2Cr2(SCMe3)S2PdCI(PPra~) (12). The 
structure of the core of 12 is analogous to the structures of the rhodium-containing 
complexes Cp2Cr,(I.t-SCMe])(p.3-S)~RhL 2. Although compound 8 reacts with Fe3S2(CO) 9 
(5), the major products are the homometallic trinuclear clusters Fe]S2(CO)8(PPri3) (14) (as 
a mixture of isomers) and Fe3S2(CO)7(PPri3)2 (15), whereas the heteronuclear complex 
(CO)6Fe2S2Pd(Ppri3)2 (16) was found only in trace amounts. The reasons for the difference 
in the reactivities of the rhenium and palladium derivatives toward compounds 1 and 5 are 
discussed. The structures of complexes 1O (two crystal modifications), 11. 12. 15. and 16 
were established by X-ray structural analysis of the single crystals. 

Key words: phosphinehalide complexes of Re I and Pd~l; sulfur-containing clusters. 
synthesis, structure; magnetic properties. 

Recen t ly ,  t.z we have  found  that  the b inuc l ea r  an t i -  
f e r r o m a g n e t i c  c o m p l e x  CP2Cr2qa-SCMe3)~(~t-S)  (1) re- 

" For Part 4. see I. L. Eremenko, S. E. Nefedov. H. Berke. 
B. 1. Kolobkov, and V M. Novotortsev. O~anometatlics. 
Iq95, 14. 1132. 

acts with ca rbony tn i t rosy l  compounds of Re t a n d  W ~ 
Re2(CO)a(NO)2Ct  4 and  W ( C O ) 4 ( N O ) I  , to f o r m  the  
a n t i f e r r o m a g n e t i c  t r i a n g u l a r  h e t e r o n u c t e a r  c l u s t e r s  
Cp2Cr2(I - t -SCMe~)2(Ia3-S)2M(NO)X IM = Re a n d  X = 
CO (2a) ;  or M = W and  X = S C M e  3 (2b)l c o n t a i n i n g  
the n o n l i n e a r  magnet ic  Cp_~Cr2(P-S) 2 system. T h e  pro-  
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cess of formation of the d u s t e r s  involves the transfer of  
a halide atom from "soft" Re or  W atoms to "harder" Cr 
a toms fnllowed by e l i m i n a t i o n  of  CpCrHal  2 and 
formation of  the heterometal l ic  reactive intermediate 
CpCr(~-SCMe3)2( la -S)M(NO)L .. The latter compound 
accepts the CpCrS particle generated from complex I 
to yield product  2. 

The analogous CI /SR exchange was also observed in 
the reaction of complex I with (Ph3P)2PdCI 2 (3). [n 
this case, stable (CpCrC1)2(Ia-SCM%)2(I%-S)Pd(PPh 3) 
(4a) and (MeCsH4CrCI2)(Ia-SCMe3)2(la-S)Pd(PPh 3) 
(4b) clusters were isolated. Unexpectedly,  these clus- 
ters appear  to be ferromagnet ics  [2J = +28 cm -I (4a), 
+11 cm -I (4b)], and they do  not contain meta l - -meta l  
bonds [4b: Cr.. .Cr,  4.079(1) A; Pd.. .Cr, 3.230(1) and 
3.380(I) A]. 3 Note that t ransmetal lat ion,  which involved 
ligand exchange, with the par t ic ipa t ion  of compound 3 
and the triangular cluster Fe3S2(CO)9 (5), yielded the 
heteronuclear  cluster (CO)6Fe2(I~s-S)2Pd(PPh3) 2 (6) 
and FeCI., precipitated f rom the reaction mixture. 4 
Therefore, the stage of  the  transfer of a halide atom 
from the "softer" metal c e n t e r  to the "harder" center is 
very important  in t r ansmeta l l a t ion  and, apparently,  
should produce stable complexes  readily removed from 
the reac t ion  med ium ( fo r  example ,  insoluble  
Cp2Cr2CI 4 I or FeCI 2 i).  However ,  the ligand exchange 
is most convenient  in the case  of  the previous forma- 
tion of an adduct,  in which  metal  centers and halide 
and sulfur atoms (of th io la te  ligands) belonging to one 
molecule are rather close to  each, other. Therefore, 
reagents can be chosen t h a t  hinder  the formation of 
adducts with compounds I or 3 and, therefore, ex- 
cludes the ligand exchange.  This prevents the subse- 
quent t ransmetal lat ion and,  therefore,  the formation of 
heteronuclear  clusters ana logous  to the compounds with 
Cr~Re and Cr2W cores i so la ted  previously, t2 In this 
work, we use the rhenium complexes,  which contain 
strongly bound phosphine i igands  Re(CO)(NO)(PR3)2X 2 
[R = Et, X = CI (7a); R ---- Et, X = O3SCF 3 (7b); and 
R = OMe,  X = O3SCF 3 (7c)l ,  and the palladium 
complex (pPri3)2PdCI2 (8) ,  in which phosphine [igands 
contain bulky substituents. In both cases the conditions 
that prevent the fo rma t ion  of  adducts are formally 
fulfilled, which makes it poss ib le  to verify the assump- 
tion made. 

Results a n d  Discussion 

Interaction of CpzCrz(~t-SCMe3)x(Iz-S)  with 
Re(CO)(NO)(PR3)2X z. A s  expected,  the mononuclear 
complex Re(CO)(NO)(PEt3)2CI  2 (7a) does not react 
with compound ! in va r i ous  solvents (benzene, MeCN, 
or THF)  within the t e m p e r a t u r e  range of  22--80 ~ 
Boiling of the reagents in  toluene resulted only in 
transformation of comp lex  I into the diamagnetic neu- 
tral tetrahedral cluster Cp4Cr4S 4 (9), which was ob- 
tained previously in the a b s e n c e  of rhenium-containing 

agents, s In this case. compound 7a remained com-  
pletely unconsumed in the react ion mixture. In com-  
plexes 7b and 7c, the triflat O 3 S C F  3 ligands are ra the r  
labile and can be replaced by N d o n o r s ,  for example, by 
molecules  of  pyridine or even a c e t o n i t r i l e .  6 However, 
complex  7b appeared to be inac t ive  toward compound 
1 in benzene (20--80 ~ w h e r e a s  when M e C N  
( M e C N  : C6H 6 = I : I) is p r e s e n t  in the react ion 
mixture,  compound 7b forms t h e  ionic  paramagnet ic  
te t ranuclear  cluster Cp4CqS4+O3SCF~ - (I0,  P-'~fr -- 
1.78 lal3 in the temperature r a n g e  of  295-78  K) 
(Scheme 1). 
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After recrystallization, mono~ l in i c  or orthorhombic 
crystals of complex I0 (as the so l~ate with CH2CI 2) were 
obtained. In both cases, the res~ults of X-ray structural 
analysis (Fig. I ,  Table I) i n c l i c a t e  to the f o rma l  
strengthening of the tetrahedrai metal Cr 4 core o f  the 
cation [the Cr- -Cr  distances a r , e  2.726(2)--2.804(2) A 
(monocl inic  modific,~rion) ancl  2.748(3)--2.780(3) A 
(orthorhombic modification)] c o m p a r e d  to the neutral  
analog 9 [Cr--Cr,  2.818(3)--2.89 1(6) A]. 7 Previously, an 
analogous effect has been observ,ed for the paramagnetic  
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Table I. Principal bond lengths (~  and bond angles (~) in 
the structures of tetranuclear cations 10 (the monoclinic and 
orthorhombic modifications) 

Bond d/A Angle m/deg 

Monoclinie modification 
Cr(I)--Cr(2) 2.750(25 Cr(I)--S(I)--Cr(2) 78.6(I) 
Cr(l)--Cr(3) 2.741(2) Cr(I)--S(1)--Cr(3) 77.5(1) 
Cr( I )~Cr(4) 2.804(2) Cr(2)--S( I )--Cr(3) 77.9( 1 ) 
Cr(2)--Cr(3) 2.726(25 Cr(2)--S(2)--Cr(3) 76.9(t) 
Cr(2)--Cr(4) 2.756(2) Cr(2)-- S(2)--Cr(4) 78.0( I ) 
Cr(3)--Cr(4) 2.754(25 Cr(3)--S(2)--Cr(4) 78.2(I ) 
Cr(I)--S(I) 2.193(4) Cr(I)--S(3)--Cr(3) 75.0(I) 
Cr(I)--S(3) 2.248(2) Cr(1 )--S(3)--Cr(4) 77.6(15 
Cr(I)--S(4) 2.246(2) Cr(3)--S(3)--Cr(4) 75,8(I) 
Cr(2)~S(I) 2.149(3) Cr(1)--S(4)--Cr(2) 75.5(1) 
Cr(25~S(2) 2.199(35 Cr(15-S(4)--Cr(4) 77.1(1) 
Cr(2)--S(4) 2.245(3) Cr(2)--S(4)--Cr(4) 75.6( 1 ) 
Cr(3)--S(I) 2.184(3) 
Cr(3)--S(2) 2.184(3) 
Cr(3)--S(3) 2.256(3) 
Cr(4)--S(2) 2.181(4) 
Cr(4)--S(3) 2.227(2) 
Cr(4)--S(4) 2.255(2) 

Orthorhombic modification 
Cr(1)--Cr(2) 2.777(3) 
Cr(1)--Cr(3) 2.748(3) 
Cr(1)--Cr(4) 2.774(3) 
Cr(2)--Cr(3) 2.766(4) 
Cr(2)--Cr(4) 2.780(4) 
Cr(3)--Cr(4) 2.777(35 
Cr(I)--S(l) 2.241(4) 
Cr(I)--S(3) 2.227(5) 
Cr(I)--S(4) 2.213(5) 
Cr(2)--S(1) 2.238(55 
Cr(2)--S(25 2.229(5) 
Cr(2)--S(3) 2.201(55 
Cr(3)--S(2) 2.242(4) 
Cr(3)--S(35 2.229(5) 
Cr(3)--S(45 2.213(6) 
Cr(4)--S(I) 2,236(5) 
Cr(4)--S(2) 2.240(5) 
Cr(4)--S(4) 2.189(5) 

Cr(l)--S(I)--Cr(2) 76.6(I) 
Cr(l)--S(l)--Cr(4) 76.6(I) 
Cr(2)--S(1)--Cr(4) 76.8(I) 
Cr(2)--S(2)--Cr(3) 76.4(I) 
Cr(2)--S(25--Cr(4) 76.8( I ) 
Cr(3)--S(2)--Cr(4) 76.6(I) 
Cr(1)--S(3)--Cr(2) 77,7(2) 
Cr(1)--S(3)--Cr(3) 76.1(2) 
Cr(2)--S(3)--Cr(3) 77.3(2) 
Cr(1)--S(4)--Cr(3) 76.7(2) 
Cr(1)--S(4)--Cr(4) 78,1(2) 
Cr(3)--S(4)--Cr(4) 78,2(2) 

cluster (MeCsH4)4Cr4S4+Sn(THF)CI5 - and the antifer- 
rom:zgnctie cluster (MeC5H~hCr4S~+(MeCsH4)CrBr3-. s 

According to the results of  calculations and the dala 
of photoelectron spectroscopy, in neutral molecule 9, 
the highest occupied level is It26. In this case, removal 
of one electron (lt~ s) results in the fact that the lone 
electron pairs of the bridging S atoms are involved in 
bonding of the metal core. 9 Therefore, the total delo- 
calization of  the electron density is enhanced, and the 
core contracts. This effect is well illustrated by the data 
of the precision determination of the difference elec- 
tron density obtained for the 60-electron cluster 
(MeCsH~)~Cr4S 4 (HOMO lt2~) 10 and the 56-electron 
vanadium analog (MeCsH.~)4V~S~ (HOMO Its2). ~t For 
example, in the electron-deficient vanadium-contain- 
ing cluster, the lone electron pairs on the S atoms are 

C(44) C(43) 
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Fig. 1. Molecular structure of the complex 
Cp4C/'4S4+O3SCF3 - (10). 

substantially delocalizied over the metal centers,  and 
the electron density on the V- -S  and V--V bonds is 
substantially increased. 

Analog of 7b, Re(CO)(NO)[P(OMe)3]z(O3SCF3)2 
(7e), also did not react with compound I in benzene 
(20--80 ~ whereas in MeCN,  the complex  
Cp2Cr2(p.-SCMe3)2(ta-SMe)§ - (I1) formed. 
According to the data o f  X-ray structural analysis 
(Fig. 2, Table 2), the cation o f  molecule 11 contains 
two tert-butylthiolate [Cr--S,  2.347(3)--2.361 (3) A] and 
one methylthiolate bridges [Cr--S,  2 .353(3)  and 
2.357(3) A1 between two equivalent CpCr fragme,us. 
The occurrence of the third SMe bridge results in 
strengthening of intramolecular nonbonded interactions 
[C(R).. .C(R'),  3.0--3.1 ,~]. The Cr--Cr bond length 
[2.766(2) AI in the cation is substantially longer than the 
analogous value in neutral complex I I2 .698(8)AI.  5 
Such weakening of the metal--metal bond manifests 
itself in the energy of spin-spin exchange interactions. 
For compound 11, the vahte o f - 2 J  (313 cm -1) calcu- 
lated within the framework of  the Heisenberg--Dirac-- 
Van Vleck dimeric model lz-13 is substantially smaller 
than the value of - 2 J  (430 crn - t )  observed for complex 
1. However, the magnetic behavior of I1 is analogous to 
the behavior of Cp2Cr2(la-SCMe3)2(~t-SMe)"I- (-2. /  = 
350 cm-I) ,  which we obtained previously j4 by the reac- 
tion of Mel with 1, and to the behavoir of the isomeric 
adducts CpzCr2(ta-SC M e3) 2(la3-S) Re(CO)2(N O)CI 2 
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Fig. 2, Structure of the binuclear ionic complex 
Cp,Cr2(~,-SCMe3)2(~t-SMe)+O3SCF3 - (IlL 

Table 2. Principal bond lengths (d) and bond angles (to) in 
the structure of binuclear methylated cation 11 

Bond d/A Angle t0/deg 

Cr(l)--Cr(2) 2.766(2) 
Cr(I)--S(2) 2.361(3) 
Cr(2)--S( I ) 2.347(2) 
Cr(2)--S(3) 2.353(3) 
Cr(I)--S(1) 2.355(3) 
Cr(I)--S(3) 2.357(37 
Cr(2)--S(2) 2.356(3) 

Cr(I)--S(I)--Cr(2) 72.1(1) 
Cr(1)--S(3)--Cr(2) 71.9(1) 
Cr(1)--S(2)--Cr(2) 71.8(1) 

( - 2 J  = 328 cm -t)  conta ining the elongated Cr--Cr 
bond [2.788(3) and 2.777(6) A. for the compounds with 
the trans- and c i s - S - - R e - - N O  fragments, respectively]. I 

In te rac t ion  of  CpzCrz( ta-SCMe3)2(~.-S)  with 
(PPri3)zPdClz. As in the case of rhenium-containing 
complexes 7a--e,  (PPri3)2PdCI2 (8) did not react with 
compound 1 in benzene o r  tolnene within the tempera- 
ture range of  20--80 ~  However, when MeCN 
(MeCN : C6H 6 = I : 1) was added, the triangular 
cluster CP2Cr2(Ia-SCMe3)( lavS)2PdCI(Ppri3)  ( I2)  
formed (Scheme 2). C o m p l e x  12 is rather stable in air 
in the solid state, but it readi ly decomposes in solution. 
According to the  data o f  X-ray structural analysis. 
this c o m p o u n d  c o n t a i n s  the binuctear fragment 
Cp~Cr2(~t-SCMe3)(~-S) 2 [Cr- -Cr ,  2 .690( t4 )A ,  the 

Scheme 2, 

(PPda)2PdCI ;, 
MaCN/C6Hs, 80 "C ) 

"-~// 

Of/Pd"  pPri3 

12 

Cpc - -C r - -C r  angle is 174.2(3)~ T w o  sulfide bridges o f  
this fragment are bonded to t h e  Pd atom [ P d - - S ,  
2.314(6) and 2.370(6)~,] ( F i g .  3, Table 3). T h e  
Pd- -Cr  distances [3.112(8) AI c o r r e s p o n d  to the o n e -  
electron bond between metal a toms ,  which occurs  
through overlapping of ha l f -occupied  orbitals o f  the 
Cr ui atoms and occupied (or u n o c c u p i e d )  orbitals o f  
the Pd atom (16-electron env i ronment ) .  As a result,  
the Pd tt atom in the cluster is in a planar-square l igand 
environment (except for the C r - -  Pd bonds). This s i tua-  
tion is similar to that observed previously for the 
Rh-containing clusters Cp2Cr2(I.t-SCMe3)(la~-S)2RhL2 
[L 2 = (CO)2 (13): C r - C r ,  2 . 7 0 8 ( 1 ) / I , ;  C r - - g h ,  
3.010(1) and 3.134(I) A IS; L2 i s  cyclooctadiene: C r - -  
Cr, 2.686(1) and 2.688(I)A,, C r - - R h ,  3 . 0 6 4 ( I ) - -  
3.009(!) A in two independent moleculestr]. The re -  
fore, it is not surprising that the magne t i c  properties of  
these compounds are also s imi la r  [ - 2 J  = 570 c m  -t  
(12), 592 and 568 cm -t (13)], I t  should be noted that  
although heterometallic cluster 1 2  with the Cr2Pd core  
forms in this case, its structural type differs from that  
found for the heterometallic t r i a n g u l a r  clusters, the 
products of the interactions of c o m p o u n d  I and rhe-  
nium-containing and tungsten-containing reagents with 
halide atoms, i,z Therefore, the preferential formation 
of cluster 12 in the reaction u n d e r  study (the yield of  
the product was 60%) indicate,  apparently, that the 
conditions for the transfer of C : I  atoms to Cr a toms,  
which are necessary for transmetnllat ion,  are absent. It 
can be suggested that, as in the c a s e  of  formation o f  the 
rhodium-containing clusters, t s ' t  6 the halide a tom is 
eliminated from compound 8 as tButCI. By contrast, the 
interaction of the triphenylph0sp hine complex of  palla- 
dium 3, which involves the l i ~ a n d  exchange, affords 
ferromagnetic ch, sters 4 in high yields (-90%). 3 

The difference in the steric: effects of phosphine 
ligands may be responsible f o r  the difference in the 
reactivity of palladium reagents 3 and 8 toward c o m -  
plex 1. Because the Tolman a n ~ l e  in the trisisopropyl- 
phosphiue molecule is substantial ly larger (160 ~ than 
that ia PPh 3 (144~ 17 the formatt ion of an intermediate 
adduct in the reaction of c0ml::~ound I with 8 is hi,a- 
dored, which more likely leads to the cleavage o f  the 
Pd--CI bond in the presence of  polar molecules of 
acetonitrile and to the outer-sl::ghere attack of the  CI-  
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Fig. 3. Structure of the heteronuclear cluster 
CP2Cr2(~-SCMe3)(I.t3-S)2 PdCI(PPri3) (12). 

ion on the tertiary C atom of the ButCl bridge. As a 
result, the tert-butylchloride is eliminated, and the 
binuclear particle Cp~Cr2(p.-SCMe3)(p.-S)2- that forms 
attacks (PPri])2PdCI(MeCN) +, followed by elimination 
of one phosphine ligand and formation of cluster 12. 

Interaction of Fe3S2(CO) 9 with (PPrl3)zPdCl2. The 
reaction of  compound 5 with 8 proceeds in benzene 
only upon heating. In this case, the major products of 
the reaction were the products of neutral ligand ex- 
change, the trinuclear iron complexes containing one 
or two phosphine ligands [Fe3S2(CO)8(PPri3) (14) and 
Fe3S2(CO)7(Ppri3)2 (15), respectivelyl, whereas the 
heteronuclear cluster (CO)6Fe2S2Pd(Ppri3)2 (16) was 

Table 3. Principal bond lengths (d) and bond angles (t~) in 
the heteronuclear core of cluster 12 

Bond d/A Angle o~/deg 

Pd(I)--S(I) 2.314(6) S(I )--Pd(I)--S(2) 82.6(2) 
Pd(I)--P(1) 2 .318(7)  S(2)--Pd(I)--P(I) 177.6(2) 
Cr(l)--Cr(2) 2.690(14) S(2)--Pd(I)--CI(I) 90.5(2) 
Cr(I)--S(2) 2.267(13) Pal(I)--S(1)--Cr(I) 85.1(3) 
Cr(2)--S(I) 2.325(14) Pd(1)--S(2)--Cr(I) 84.6(3) 
Cr(2)--S(3) 2.284(14) Cr(l )--S(1)--Cr(2) 71.0(4) 
Pd(l)--S(2) 2.370(6) Cr( I )--S(3)--Cr(2) 96.7(4) 
Pd(l)--Cl(l) 2 .350(6)  S(I)--Pd(1)--P(I) 95.0(2) 
Cr(l)--S(1) 2.305(14) S(I )--Pd(1)--Cl(I) 172.9(3) 
Cr(1)--S(3) 2.418(15) P(1 )--Pd(I)--CI(I ) 92.0(2) 
Cr(2)--S(2) 2.363(14) Pd( I )--S(I)--Cr(2) 85.8(3) 

Pd( I )--S(2)--Cr(2) 83.7(3) 
Cr( 1 )--S(2)--Cr(2) 71.0(4) 

Table 4. Principal bond lengths (d) and bond angles (0~) in 
the iron-sulfide core of diphosphine cluster 15 

Bond d/A Angle e~/deg 

Molecule A 
Fe(l)--Fe(2) 2 .566(2)  S(I)--Fe(I)--F(I) t09.0(l) 
Fe(2)--Fe(3) 2 .641(2)  S(2)--Fe(I)--P(I) 107.1(I) 
Fe(1)--S(I) 2 .263(3)  S(I)--Fe(3)--P(2) 171.2(1) 
Fe(I)--S(2) 2 .251(3)  S(2)--Fe(3)--P(2) 94.5(I) 
Fe(2)--S(1) 2 .268(3)  Fe(1)--S(I)--Fe(2) 69.0(1) 
Fe(2)--S(2) 2.282(3) Fe(I)--S(I)--Fe(3) 100.2(1) 
Fe(3)--3(I) 2 .268(3)  Fe(2)--S(I)--Fe(3) 71.2(1) 
Fe(3)--S(2) 2 .236(3)  Fe(I)--S(2)--Fe(2) 68.9(I) 
Fe(1)--P(l) 2 .255(4)  Fe(I)--S(2)--Fe(3) 101,6(I) 
Fe(I)--P(2) 2.318(3) Fe(2)--S(2)--Fe(3) 71.5(I) 

Molecule B 
Fe(4)--Fe(5) 2.630(2)  S(3)--Fe(4)--P(3) 94.6(1) 
Fe(5)--Fe(6) 2 .569(2)  S(4)--Fe(4)-P(3) 169.1(1) 
Fe(4)--S(3) 2 .238(3)  S(3)--Fe(6)--P(4) 103.8(1) 
Fe(4)--S(4) 2 .263(3)  S(4)--Fe(6)--P(4) 108.4(1) 
Fe(5)--S(3) 2 .271(3)  Fe(4)--S(3)--Fe(5) 71.4(1) 
Fe(5)--S(4) 2 .266(3)  Fe(4)--S(3)--Fe(6) t01.8(1) 
Fe(6)--S(3) 2 .255(3)  Fe(5)--S(3)--Fe(6) 69,2(1) 
Fe(6)--S(4) 2 .255(3)  Fe(4)--S(4)--Fe(5) 71.0(1) 
Fe(4)--P(3) 2 .330(3)  Fe(4)--S(4)--Fe(6) IOI.0(I) 
Fe(6)--P(4) 2 .241(4)  Fe(5)--S(4)--Fe(6) 69.3(I) 

observed only in trace amounts  (<1%) (Scheme 3). 
Compounds 14 (as a mixture of  isomers), 15, and 16 
were separated by column chromatography The  struc- 

5 + 8 ~ F%S2(CO)8(PPr'3) + 80 ~ 
14 

Scheme 3 

S 
X c ~ c o  OC co 

/ p % p . ~ e  / / ~-co \Po 

15 16 
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Fig, 4. Structure of one independent Fe3S2(CO)7(Ppri3)2 molecule (15). 
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Fig. 5. Structure of the heteronuclear cluster (CO)6Fe3S2Pd(PPrt3) 2 {16). 

tures of 15 and 16 were establ ished by X-ray structural 
analysis (Figs. 4, 5 and T a b l e s  4, 5, respectively). Simi- 
lar to the known structure of 5, Is diphosphine cluster 
15 has the triangular Fe 3 core with two metal--metal  
bonds [2.566(2), 2.641(2) A and 2.569(2), 2.630(2) /i, 
in two independent molecu les  A and B, respectivelyl, 
whereas the third F e - - F e  distance is nonbonding 
(>3.2 :i,). The tridentate S atoms are located above and 

below the plane of the metal triaitqgle [Fe--S,  2.236(3)--  
2.282(3) A and 2.238(3)--2.27 1 (3 )  A in two indepen-  
dent molecules A and B, reslel,ectively] and form an 
almost planar Fe2S 2 fragment containing Fe a toms ,  
which are not bonded to each o t h e r .  Each Fe a t o m  of  
this ring has two carbonyl g ro l Jps  and one phosphine  
ligand [Fe--P,  2.255(4), 2.31 8 (3 )~ .  and 2.241(4),  
2.3.~0(4) AI, unlike the centr~al Fe atom, which  is 
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Table 5. Principal bond lengths (d) and bond angles (~0) in 
the structure of heteronuclear cluster 16 

Bond d/;~ Angle ~o/deg 

Pd(1)--S(1) 2.332(7) S(l)--Pd(1)--S(2) 74,3(2) 
Pd(1)--P(1) 2.362(7) S(2)--Pd(1)--P(1) 89.4(2) 
Fe(1)--Fe(2) 2.508(4) S(2)--Pd(1)--P(2) 162.7(2) 
Fe(1)--S(2) 2.275(7) Pd(1)--S(1)--Fe(1) 93.9(2) 
Fe(2)--S(2) 2.264(7) Pd(1)-S(2)--Fe(1) 93.9(2) 
Pd(1)--S(2) 2.330(7) Fe(1)--S(1)--Fe(2) 66.8(2) 
Pd(1)--P(2) 2.356(7) S(1)--Pd(1)--P(1) 163.7(2) 
Fe(1)--S(1) 2.274(7) S(1)--Pd(1)--P(2) 88.5(2) 
Fe(2)--S(1) 2.281(7) P(1)--Pd(1)--P(2) 107.8(2) 

Pd(1)--S(1)--Fe(2) 94.1(2) 
Pd(1)--S(2)--Fe(2) 94.6(2) 
Pd(1)--S(2)--Fe(2) 67.1(2) 

bonded to three carbonyl  groups. The phosphine ligands 
in the molecu le  are in different  orientations: one  ligand 
lies a lmost  in the Fe2S 2 plane, and the second ligand is 
located above this plane.  Based on the structural data 
o f  disubst i tuted der iva t ive  15, the isomeric composi t ion 
of  m o n o p h o s p h i n e  c o m p l e x  14 can be suggested. As in 
the  case  o f  t h e  s e l e n i u m - c o n t a i n i n g  c lus te r  
(CO)6Fe3Se2(PR3)2,19 at least three positional isomers 
can occur  for c o m p o u n d  14: two isomers with the 
phosphine  groups,  w h i c h  are bonded to only one  termi- 
nal Fe a tom and have  different  orientations with re- 
spect  to the Fe 3 p lane  (as, for example,  in compound  
15), and the third i s o m e r  in which the PR 3 group is 
coord ina ted  to the cen t ra l  Fe atom. This agrees with 
the 31p N M R  spect ra  o f  a solution of  compound  14 in 
to luene  at - 1 0 0  ~  ( th ree  signals at 8 96.0, 79.0, and 
51.1 with the in tens i ty  ratio of  2 : I : I). 

M o l e c u l e  16 c o n t a i n s  the b inuc lea r  f ragment  
(CO)6Fe2S2 [ F e - - F e ,  2 . 5 0 8 ( 4 ) A ;  Fe- -S ,  2.264(7)--  
2 .281(7)  ,~] with t h e  ec l ipsed  or ien ta t ions  of the 
Fe (CO)  3 groups,  wh ich  manifests  themselves in the I R 
spec t rum as three v ( C O )  bands at 2043, 1998, and 
1956 cm - I .  Two  sul f ide  bridges of  the diiron disulfide 
system are bonded  to the Pd atom of the Pd(Ppri3)2 
f ragment  [ P d - - S ,  2.330(7) and 2 . 3 3 2 ( 7 ) ~ ;  Pd--P,  
2.356(7) and 2.362(7) ~.1. However ,  the Pd - -Fe  dis- 
tances are n o n b o n d i n g  (Pd . . .Fe  >3.2 A). The general 
geomet r i c  pa ramete rs  o f  molecule  16 are very close to 
those for the (CO)6Fe2(I~3-S)2Pd(PPh3)2 cluster (6) 
[ F e - - F e ,  2 .504(5) .~ , ;  F e - - S ,  2 .266(8) - -2 .299(8) ,~ ;  
P d - - S ,  2 . 3 1 1 ( 7 ) - - 2 . 3 4 8 ( 7 ) A ;  P d - - P ,  2 .305(7) - -  
2.334(7) A]. 3 

There fo re ,  s tudies o f  the reactivities of  rhenium and 
pal ladium c o m p l e x e s  with strongly bound ligands (in 
the case of  the Re complexes )  and with bulky ligands 
(the Pd c o m p o u n d )  unde r  condi t ions  that hinder  the 
fo rmat ion  of  i n t e r m e d i a t e  adducts with complexes 1 
and 5 demons t r a t ed  that  the intrarnolecular transfer of  
halide a toms  to the Cr  or  ~-c atoms does not occtlf. As 
a result ,  t r ansmeta l l a t ion  and, therefore,  tbrmation of  a 

new cluster heterometal l ic  core with the n o n l i n e a r  mag- 
netic CP2Cr2S 2 system, w h i c h  were observed previously  
for rhenium and tungsten c o m p l e x e s  with t h e  readily 
e l iminated  carbonyl groups,  a re  unfavorable, l.z 

Experimental 

The initial reagents and the final products were synthe- 
sized under an atmosphere of pure nitrogen. Benzene, tolu- 
ene, THF, and diethyl ether were purified by disti l lat ion with 
sodium benzophenone ketyl. Hexane and hept~ne were dis- 
tilled over a sodium dispersion tinder a concurrent flow of 
nitrogen or argon. MeCN and CH2CI 2 were twice distilled 
over P205. The course of the reaction was monitored by TLC 
(Merck, 5x7.5 cm, Kieselget 60, 70 F254). Wherever pos- 
sible, the mixtures of the compounds formed were separated 
by column chromatography (lVlerck, Kieselgel 60, 70--230 
ASTM). The fR spectra were recorded on a BIO-RAD FqS- 
45 instrument (as KBr pellets). The mass spectra were mea- 
sured on a Finnigan MAT ~320 spectrometer (70 eV). The 
~H and t3C NMR spectra were recorded onaVar ian  Gemini 
300 instrument Cat 300.1 and 75.5 MHz, respectively). The 
3zp NMR spectra were recorded at 121.5 MHz, the chemical 
shifts were measured relative to 85% HaPO 4 (the external 
standard). The temperature dependence of the magnetic sus- 
ceptibility was measured using the Faraday method in the 
range of 79--296 K. 

Reaction of compound I with complex 7b, A solution of 
compounds 1 (360 rag, 0.81 retool) and 7b (622 rag, 
0.80 mmol) in a I : I benzene- -MeCN mixture (50 mL) 
(violet) was boiled for 18 h. The brown solution that  formed 
was concentrated to dryness at 60 "C (0.1 Torr). The solid 
residue was extracted with a 1 : 1 benzene--CH2C12 mixture 
(40 mL). The extract was concentrated to 15 mL and cooled 
to 5 *C. The brown crystals (plates, the monoclinic modifica- 
tion) that precipitated were separated, washed with hexane, 
and dried in vacuo. The yield of  Cp4Cr4S4*O3SCF~- (10) 
obtained as a sotvate 10.CH2C12 was 280 mg (0.34 retool, 
83.9,%). Found (,%): C,  31.41; H, 3.11; S, 19.48. 
C22H22CI2C%F303S s. Calculated (%): C, 31.81; H, 2.65; 
S. 19.30. 1R, v/era-t: 3099 m, 2954 m, 2852 rn, 1460 w, 
1429 m, 1377 w, 1362 w, 1263 s, 1223 m, 1147 rn, I066 w, 
1027 m, 1007 w, 823 m, 754 w, 727 w, 636 m, 570 w, 
516 w, 475 w. 

Recrystallization of compound 10 from a CH~CI2--hep- 
lane mixture (2 : I) afforded brown prisms belonging to the 
orthorhombic system. Both crystal modifications were studied 
by X-ray structural analysis. 

Reaction of compound I with complex 7c. A solution of 
compounds 1 (190 rag, 0.44 retool) and 7c (320 rag, 
0.44 retool) in MeCN (30 mL) (violet) was boiled for t2 I1. 
The dark-violet solution, which contained no initial reagents 
(according to the TLC data), was chromatographer on a silica 
gel layer (5x20 cm, THF), and the violet zone was separated. 
The eluate was concentrated to 10 mL. Then heptane (I mL) 
was added, and the solution was cooled to - 1 0  ~ The 
needle-like black-violet crystals that formed were decanted 
from the solution, washed with hexane, and dried in vacuo. 
The yield of Cp2Cr2(lt-SCMe3)2(I~-SMe)+O3SCF3 - (11) was 
230 mg (0.38 mmol, 86.3%). Found (%): C. 39.24: H, 4.88. 
C~oH3tCr2F303S 4. Calculated (%): C. 39.47; H, 5.10. 
IR, v/cm-I: 3081 m. 2984 m. 2959 m, 2854 w 1468 w, 
I456 w, 1431 w. 1064w, t028 s. 1006 w, 821 s. 748 w. 636 s, 
591 w, 575 w, 515 m, 417w. 
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Table 7. Atomic coordinates (xl04) and isotropic 
temperature factors (Ue~) for cluster 10 (Ihe mono- 
clinic modification) 

Table 8, Atomic coordinates (x [04) and isotropic tetrlpera- 
ture factors (Ueq) for cluster 10 (the orthorhombic crystals) 

Atom x y Z U~q/ A 2 
Atom x Y Z UeQ/A 2 

Cr(I) 1 5 8 6 ( 2 )  6597(I) 9032(I) 23(I) 
Cr(l) 3039(1) 1758(1 )  6543(I) 35(I) Cr(2) 2 1 7 0 ( 3 )  7609(I) 7841(I) 33(1) 
Cr(2) 3245(I) 2552(I) 5187(1) 42(I) Cr(3) -244(2) 6692(2) 7859(1) 27([) 
Cr(3) 2621(1) - I  I(1) 5318(1) 39(I) Cr(4) 2 3 2 5 ( 3 )  5943(I) 7668(1) 29(I) 
Cr(4) 1691(1) 2335(I) 5273(t) 37(I) S(I) 3599(4) 6737(3) 8411(2) 34(I) 
S(I) 3812(2) 860(3) 5923(2) 91(I) S(2) 1290(4) 6852(3) 6929(2) 39(I) 
S(2) 2177(2) 1514(3 )  4405(2)  79(I) 8(3) 417(5) 7675(3) 8630(2) 45(I) 
S(3) 1877(15 552(2) 6081(I) 49(I) S(4) 604(5) 5599(3) 8404(3) 53(I) 
S(4) 2686(I) 3792(2) 5925(I) 46(I) C(II) 1047(17) 7040(11) 10157(8) 57(2) 
C(II) 3209(13) 2860(16) 7619(6) 154(9) C(12) 485(17) 6300(9) 10064(8) 52(2) 
C(12) 2927(7) 1517(22) 7692(5) 111(7) C(13) 1442(21) 5739(12) 9959(9) 81(2) 
C(13) 3467(8) 611(12) 7617(5) 83(4) C(14) 2728(20) 6104(14) 10008(9)  tl9(2} 
C(14) 4082(6) 1269(13) 7535(5) 77(4) C(15) 2506(15) 6968(13) 10103(8) 77(2) 
C(15) 3975(95 2625(14) 7521(6) I05(6) C(21) 3524(23) 8607(I I) 8109(13)  123(2) 
C(21) 4480(7) 3076(21) 5197(9) 120(8) C(22) 2263(25)  8913(9) 8011(11)  153(2) 
C(22) 4084(95  2454(17) 4511(9) 113(8) C(23) 1905(20) 8824r 1) 7281(11) 92(2) 
C(23) 3483(8) 3270(13) 4142(6) 85(5) C(24) 2961(18) 8466(I O) 6955(9) 67(2) 
C(24) 3456(8) 4449(11) 4561(6) 88(5) C(25) 4012(19) 8334(14) 7460(12)  120(2) 
C(25) 4087(10) 4312(18) 5229(8) 116(7) C(31) -2456(13) 6624(! 1) 8232(9) 48(2) 
C(31) 2932(85 -2196(9) 5656(6) 82(5) C(32) -2280(13) 7305(1 I) 7833(11) 59(2) 
C(32) 2129(8) -2185(10) 5347(7) 86(5) C(33) -1856(15) 6229(14) 7107(9) 82(2) 
C(33) 1945(7) -1754(11) 4614(7)  91(5) C(34) -1882(16) 7060(14) 7089(14)  114(2) 
C(34) 2641(11) -1530(11) 4421(6)  98(7) C(35) -2t78(15) 6000(1 1) 7761(12) 70(2) 
C(35) 3307(7) -1794(11) 5104(10) 106(7) C(41) 3170(20) 5349(1 5) 6661(11) 136(2) 
C(41) 432(6) 2130(13) 4486(7)  88(5) C(42) 2181(16) 4929(1 3) 6863(12) 99(2) 
C(42) 735(6) 3306(15) 4310(6)  82(5) C(43) 2727(21) 4663(9) 7616(12) 96(2) 
C(43) 899(6) 4173(11) 4940(11) 126(8) C(44) 3991(17) 5041(1 2) 7692(12) 92(2) 
C(44) 680(7) 3394(19) 5518(7) 104(6) C(45) 4177(19) 5495(! 4) 7080(13)  108(2) 
C(455 377(6) 2196(14) 5215(7) 88(5) S (55  6390(4) 5109(2) 9986(2) 38(1) 
S(5)  4777(I) -3475(2) 7588(I) 50(1) F(I) 8681(10) "4480(7) 9466(5) 70(2) 
O(Is) 4071(4) -2700(8) 7572(5) 88(3) F(2) 8559(9) 4528(6) 10648(5) 58(2) 
O(2s) 4695(5) -4248(8) 6892(4)  95(3) F(3) 7363(10) 3653(5) 10080(6) 67(2) 
O(3s) 5163(4) -4214(7) 8280(4) 71(2) O(1) 5599(10) 4917(7) 10638(6) 49(2) 
C(2s) 5508(5) -2147(9) 7578(5) 57(31 0(2) 5741(11) 4906(7) 9289(6) 60(2) 
F(4s) 5265(4) -1344(7) 6961(4)  97(3) 0(3) 7034(12) 5892(7) 10003(6) 60(2) 
F(5s) 5648(4) -1311(6) 8172(3) 94(3) C(ls) 7803(14) 4427(! O) 10039(9) 39(2) 
F(6s) 6216(3) -2717(7) 7591(4) 94(3) C(2s) 3803(20) 3270(15) 9844(11)  137(2) 
CI(I) 1 1 4 8 ( 3 )  2977(4) 2208(3) 123(2) Cl(2s) 4476(I I) 2673(8) 9239(9) 249(2) 
C1(2) 2325(2) 742(4) 2461(2) 106(I) Cl(Is) 2063(I 1) 3495(5) 9 6 1 4 ( 6 )  201(2) 
C(Is) 1315(75 I168(t2) 2353(10) 113(7) 

Crystals suitable for X-ray structural analysis were ob- 
tained by recryst.',llization of the complex from a benzene-- 
CH2C1 ~ mixture (2 : I). 

Complex Cp2Crz(p-SCMe3)(~.t3-S):,PdCI(Ppri3) (12). A 
solution of compounds 1 (880 rag, 2 retool) and 8 (960 rag. 
1.98 retool) in a I : I benzene--MeCN mixture (70 mL) 
(violet} was boiled for 5 h. The black-violet spirit[on, which 
contained only one product (according to the TLC data), was 
chromatographed on a coltxmn (5x30 cm); the black-violet 
zone was etuted with a I : I : I benzene--CHTC12-Et20 
mixture. Theelttate (50 mL) was concentrated to 10 roLand 
cooled to 5 ~ The r~eedle-like crystals of 12 that precipi- 
tated were separated from the solution, washed with hexane, 
and dried in vacuo. The yield of complex 12 was 780 mg 
(I.13 retool. 60%). Found (%): C, 40.08: H, 5.55; CI, 5.45. 
C29H4~lCICr2PPdS 3. Calculated (%): C, 40.00: H, 5.80: 
CI. 5.15. MS (FAB), re~z: 690 IM+]. IR. v /cml :  3084 m, 

2970 m, 2955 m, 2920 m, 2869 m, t467 m, 1453 m, 
1438 m, 1386 m, 1362 m, 1297 w, 1241 m, 1157 m, 1092 
w. 1060 w, 1020 m, 657 m, 530 rn, 417 w. ~.efr(292--87 K): 
1.16--0.57 ~t B. 

Reaction of compound 5 with complex 8. A sohition or 
compounds 5 (500 rag, 1.03 nlmol) and 8 (510 rag, 
t.03 retool} in benzene (50 rnL) (cherry-red) was boiled for 
5 h. The brown soltltion did  not contain initial reagents 
(according to the TLC data) and contained three products, 
which were separated by column chromatography (5x50 cm) 
by elution of three zones. 

1. The red-brown zone was elt, ted with heptane (50 mL). 
The red soltLtion that obtained was concentrated to 10 mL 
and cooled to -30 ~ The Fe3S2(CO)s(PPri3) compound 
(14) (as a mixture of isonlers) was obtained in a yield of 
360 mg (0.58 retool, 56.3%) as red-brown platetet-like crys- 
tals. Found (%): C 33.56; H, 3.52. CITH21Fe30~PS 2 Cal- 
cttlated (%): C, 33.12: H, 3.41. MS (El), re~z: 616 [M']. 
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Table 9. Atomic coordinates (x 104) and isotropic tempera- 
ture factors (Ueq) for cluster I 1 

Atom x y Z Ucq/k 2 

Cr(l) 3388(l) 3231(11 393(1) 23(I) 
Cr(2) 2074(I) 4576(1) -783(I) 26(11 
S(I) 3479(I) 4803(11 836(2) 25(11 
S(2) t691(1) 3265(2) 0(2) 27(I) 
S (31  3066(2) 3691(21  -1411(21 27(I) 
C(1) 3320(6) 5 1 5 7 ( 6 1  2t18(7) 32(41 
C(2) 2 5 0 9 ( 7 )  4634(7) 2259(8) 49(4) 
C(3) 4304(6) 4962(7) 3072(7) 44(4) 
C(4) 3 1 0 2 ( 8 1  6179(7) 2016(91 58(5) 
C(5) 906(7) 2378(7) -956(8) 46(4) 
C(6) -143(7) 2725(8) -1380(9) 63(5) 
C(71 1197(131 2183(14) -1870(151 239(181 
C(8) 1002(101 1520(71 -310(131 130(91 
C(9) 4082(7) 4412 (71  -1364(81 44(4) 
C(ll)  4003(8) 1834(71 384(8) 49(4) 
C(12) 3 6 8 1 ( 7 1  1 8 6 5 ( 6 1  1224(81 44(4) 
C(13) 4224(7) 2 5 4 1 ( 6 1  1983(71 39(4) 
C(14) 4899(7) 2 9 1 1 ( 7 1  1596(81 47(4) 
C(151 4777(7) 2472(7) 614(81 48(4) 
C(211 557(8) 5119(8) -1604(12) 73(6) 
C(22) 1 1 0 3 ( 9 )  5757(7) -867(9) 57(5) 
C(23) 1840(81  6066(7) -1134(11) 61(61 
C(24) 1759(101 5627(9) -2083(111 68(7) 
C(25) . 984(101 5039(9) -2386(9) 71(61 
S(4) 3059(2) 6052(2) 5485(2) 45(I) 
O(Is) 3 1 7 2 ( 6 1  5935(8) 6572(6) 97(5) 
O(2s) 3513 (71  6846(7) 5 2 6 6 ( 9 )  118(71 
O(3s) 3 1 8 8 ( 6 1  5225(6) 5012(81 97(5) 
F(ls) 1528 (61  7061(51 5070(101 134(71 
F(2s) 1507(81  6333(101 3738(8) 187(71 
F(3s) 1196 (51  5681(51 4953(7) 10l(41 
C(ls) 1790(81  6294(8) 4774(101 58(6) 

588 [M*-COI, 560 IM*-2COI. 504 [M*-2CO-Fel, 476 
[M+-3CO-Fel,  448 [M+-4CO-Fel ,  420 [M+-5CO-Fel,  
392 [M+-6CO-Fe], 232 [M+-6CO-Fe-PPri3].  [R, v/era-I: 
2966 w, 2934 w, 2875 w, 2068 s, 2024 sh,s, 2021 sh.s, 2006 
v.s, 1982sh.s, 1969 s, 1949 s, 1461 w, 1394w, 1370w, 1259 
w, 1241 w, 1155 w, 1082 w, 1071 w, 1052 w, 1028 w, 926 w, 
878 w, 654 w, 605 m, 568 m, 537 m, 514w, 476 w. 

2. The brown fraction was eluted with heptane (50 mL). 
The brown solution obtained was concentrated to 10 mL and 
cooled to -10 "C. The Fe3S2(CO)7(Ppri3)2 compound (151 
was obtained in a yield of 210 mg (0.28 retool, 27.3%) as 
brown prismatic crystals. Found (%): C, 40.41: H, 5.65. 
C25H42Fe3OTP2S2. Calculated (%): C, 40.11; H, 5.61. MS 
(El). re~Z: 748 iM*], 720 [M+-CO1, 560 IM'-CO-PPri~I.  
504 [M*-2CO-Fe-PPri3I, 476 [M*-3CO-Fe-PPr'3], 448 
[M§ 420 [M*-5CO-Fe-PPri31,  392 
[M+-6CO-Fe-pPri3I ,  232 [M*-6CO-Fe-2Ppri3I- IR, 
v/cm-I: 2999w, 2988 m. 2963 m. 2935 m, 2876 m, 2033 s. 
1990 vs. 1975 v.s. 1964vs, 1940 s. 1924 s, 1462w. 1448 m. 
1385 w, 1367 w, 1259 w, 1243 w, 1154 w, 1077 w, 1059 w, 
1032 m. 924 w, 878 m, 804 w, 660 m, 641 m, 614 w. 
592 in, 574 m. 520 w, 487 w. tH NMR (C.~D6). 6:2.16 (m. 
6 H. CH); 1.09 (dd. 32 H, CH 3, 3JH_H = 7.t Hz. 
3Jp_ H = 14.0 HzL 13C{~H} NMR (C6D~), 6: 219.3 (d, 2 CO. 

Table 10. Atomic coordinates (x 104) and isotropic tempera- 
ture factors (Ueq) for cluster 12 

Atom x y t, Ueq/,~ 2 

Pd(|) 1 7 6 3 ( 1 )  5455(I) 200 62(11 
Cr(l) 2 7 0 0 ( 3 )  5897(6)  1573(I I) 55(2) 
Cr(2) 2718 ( 31  5910(7) --I 136(91 49(2) 
S(I) 2 2 4 3 ( 2 )  6 9 7 7 ( 4 )  215(181 53(2) 
S(2) 2458(2) 4 4 6 4 ( 4 )  277(17) 47(2) 
S(3) 3364(2) 5 9 4 7 ( 5 )  139(19) 55(2) 
P(I) 1101(21 6 4 9 4 ( 5 )  134(271 121(2) 
C1(I) 1 3 5 6 ( 2 )  3 7 7 7 ( 5 )  134(271 112(2) 
C(I) 3671 ( 71  7285(171 82(40) 73(3) 
C(2) 3 9 0 8 ( 9 )  7166(24) --958(34) 104(31 
C(3) 4057(I t) 74t8(201 1458(321 91(31 
C(4) 3 3 5 6 ( 8 )  8268(161 33(38) 102(31 
C(I I) 2632(I I) 5021(27) 3564(27) 99(3) 
C(12) 3051(I I) 5683(22) 3584(211 52(3) 
C(I3) 2896(111 6751(191 3661(201 52(3) 
C(14) 2423(t 4) 6748(23) 3498(31 ) ~0(31 
C(15) 2213 ( 9 )  5515(221 3308(26) 55(3) 
C(21) 2816(161 4838(211 -2995(30) 108(31 
C(22) 2381(81 5679(3t) -3067(22) 92(3) 
C(231 2572(23)  6512(271 - 3  143(311 192(31 
C(24) 3005(13)  6588(33) -2790(24) 117(31 
C(25) 3028(26) 5397(26) -2950(33) 248(3) 
C(101) 598(1 I) 5881(241 --367(36) 147(31 
C(102) 720(11)  5356(21) -1658(401 240(3) 
C(1031 165(101 6316(251 --322(44) 310(31 
C(1041 1188(121 7968(23)  174(441 182(31 
C(105) 1178(111 7839(24) -1635(421 276(3) 
C(106) 7 8 0 ( 8 )  8726(211 108(421 158(31 
C(107) 940(141 6771(331 2431(361 249(3) 
C(108) 862(171 5775(27) 3 t04(381 396(3) 
C(109) 1358(121 7403(34) 2861(371 204(3) 
C(Is) -106(231 14t3(421 I 1 315(431 223(5) 
C(2s) -394(13) 911(281 1 0654(32) 111(51 
C(3s) -268(161 664(32)  9335(36) 123(51 
C(4s) 41(t91 1401(351 8779(38) 160(51 
C(5s) 270(121 2177(251 9712(291 95(5) 
C(6s) 377(141  1777(291 I 1046(341 112(51 

2Jp_ c = 21.0 Hz); 215.0(s, CO); 211.3 (d, 2 CO, 2Jp_ c = 
16.0 Hz); 208.6 (s, CO); 207.0 (s, CO); 26.7 (d, 12 CH 3, 
IJp_ C = 17.9 HzI; 19.8 (s, 6 CH). 3tp(tH} NMR (C6D6), 8: 
9~,.2 (s, br); 77.2 (s). 

3. The brown fraction was eluted with benzene (30 mL), 
and a brown solution was obtained. Heptane (5 mL) was 
added, and the solution was concentrated to 8 mL and 
cooled to 5 "C. The (CO)6Fe3S2Pd(PPri3)2 complex (161 was 
obtained in a yield of 10 mg ( - 1 % )  as brown prismatic 
crystals Found (%): C, 37.12: H, 5-23. C24H42Fe20~,P2PdS2. 
Calculated (%):C, 37.40: H. 5.45. MS (El), re~z:770 [M+I, 
742 [M§ 714 IM*-2COI- IR, v/era-t: 2963 m, 
2927 m, 2835 m. 2853w, 2043 s, 1998 v.s, 1956v.s, 1464w, 
1449w, 1385 w. 1366 w, 126t m. IO93 m, i053 m, 1025 m, 
924 w, 879 w, 800 m, 664w, 645 '~, 617 w, 575 m, 567 m, 
526 w. 50t w. IH NMR(C~,D~,). ,5- 2.10 (m, 6 H, CH); 1.02 
(m, 32 H, CHl). 

X-ray structural study of complexes 10, 11, 12, 15, ,and 
16. The crystals of 10 (both modifications), I1, 15. and 16, 
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Table I 1. Atomic coordinates (x 104 ) and isotropic temperature factors (Ueq) for cluster 15 

Atom x y z Ucq/A 2 Atom x y z /-lcq/.~, 2 

Fe(l) 1t73(I) 6427(I) 2410(1) 48(1) S(3) -6101(2) 12647(2) 2659(2) 43(1) 
Fe(2) -317(I)  6605(I) 3381(1) 49(1) S(4) -4701(2) II159(2) 2658(2) 44(I) 
Fe(3) -1407(I) 7026(I) 2084(I) 42(1) P(3) -8179(2) 11456(2) 2952(2) 47(1) 
S(I) -352(2) 5801(2) 2312(2) 47(I) P(4) -3887(2) 12941(2) 3790(2) 53(1) 
S(2) 66(2) 7614(2) 2374(2) 45(1) 0(8) -6282(7) 10922(6) 4607(5) 90(I) 
P(I) 1965(2) 6448(2) 1228(2) 54(I) 0(9) -6394(6) 9340(5) 2665(5) 85(I) 
P(2) -2355(2) 8361(2) 2010(2) 48(I) O(10) -6529(6) 10492(5) 893(5) 81(1) 
O(I) 2197(6) 4726(5) 2912(6) 103(1) O(11) -6433(7) 13417(6) 654(5) 92(1) 
0(2) 2576(7) 7445(6) 3247(6) 106(I) O(12) -3738(7) 11669(6) 624(5) 97(I) 
0(3) 653(7) 5071(6) 4287(5) 106(1) O(13) -4462(7) 14351(6) 1 7 4 7 ( 6 )  105(1) 
0(4) 322(7) 7875(6) 4459(5) 100(I) O(14) -2289(7) 12255(5) 2046(5) 93(I) 
0(5) -2308(7) 6322(6) 4088(5) 96(t) C(8) -6346(8) 11073(7) 3926(6) 57(I) 
0(6) -1324(6) 6883(5) 402(5) 82(I) C(9) -6443(8) 10077(7) 2755(6) 62(I) 
0(7) -3251(6) 6027(5) 2314(5) 93(I) C(10) -6181(8) 11037(7) 1226(6) 56(1) 
C(I) 1795(8) 5413(7) 2704(7) 65(I) C(II) -6092(8) 12796(7) i031(6) 60(I) 
C(2) 2046(8) 7038(7) 2885(7) 65(I) C(12) -4438(8) 11792(7) 1015(7) 63(I) 
C(3) 300(9) 5688(8) 3925(7) 77(I) C(13) -4401(8) 13683(7) 2115(7) 72(I) 
C(4) 66(9) 7375(7) 4051(7) 70(I) C(14) -3092(9) 12400(7) 2271(7) 67(I) 
C(5) -1571(8) 6462(7) 3756(7) 66(1) C(301) -8548(8) 12588(7) 3235(7) 62(I) 
C(6) -1363(8) 6969(6) 1056(6) 53(I) C(302) -8225(9) 12736(7) 4079(7) 85(I) 
C(7) -2533(8) 6463(7) 2224(7) 64(I) C(303) -9630(9) 12963(8) 3 0 7 3 ( 8 )  103(I) 
C(101) 3301(8) 5953(8) 1280(7) 77(I) C(304) -8799(8) 10732(7) 3734(7) 77(1) 
C(102) 3935(9) 6107(9) 528(8) 112(1) C(305) -8435(t0) 9807(8) 3 8 2 0 ( 8 )  115(I) 
C(I03) 3943(9) 6204(8) 1 9 6 7 ( 8 )  104(1) C(306) -9951(9) 10781(8) 3730(8) 105(1) 
C(104) 1287(9) 5767(7) 548(6) 75(I) C(307) -8940(9) 11374(7) 2048(7) 75(1) 
C(105) 1265(9) 4804(7) 841(7) 97(1) C(308) -8674(9) 12043(8) 1404(7) 89(t) 
C(106) 1632(10) 5838(9) -324(8) 129(1) C(309) -8880(9) 10429(7) 1777(7) 89(l) 
C(107) 2050(8) 7536(6) 670(6) 60(1) C(401) -351l(11) 11937(9) 4452(9) 121(I) 
C(108) 1029(8) 7951(8) 37t(7) 89(t) C(402) -2303(16) 11611(15) 4116(14) 148(1) 
C(I09) 2561(9) 8174(7) 1141(7) 87(1) C(42a) -2914(13) 11258(1l) 4157(11) 58(1) 
C(201) -2877(8) 8783(8) 2931(7) 72(1) C(403) -3771(15) I2011(14) 5343(13)  105(I) 
C(202) -3708(9) 8243(8) 3294(8) 108(1) C(43a) -4021(13) 11284(12) 4762(12) 75(I) 
C(203) -2054(9) 8873(8) 3548(7) 84(I) C(404) -4858(12) 13600(10) 4327(9) 136(1) 
C(204) -3446(9) 8399(8) 1 3 4 5 ( 8 )  103(1) C(405) -4844(15) 13236(14) 5393(14)  128(1) 
C(205) -4121(9) 925l(7) 1244(7) 91(1) C(45a) -5690(13) 13323(12) 4498(11) 63(1) 
C(206) -3735(10) 7787(9) 917(8) 136(1) C(406) -5687(15) 14123(14) 4116(13) 104(1) 
C(207) -1367(9) 9271(7) 706(7) 83(1) C(46a) -4875(13) 14652(11) 3763(Iii 65(1) 
C(208) -1915(9) 10212(6) 1804(7) 77(1) C(407) -2464(15) 13339(14) 3728(14)  124(1) 
C(209) -1569(8) 9273(6) 1617(6) 60(I) C(47a) -2949(13) 13772(12) 3889(12) 69([) 
Fe(4) -6403(I) t1219(I) 2912(I) 42(1) C(408) -2345(11) 13826(10) 4627(9) 124(I) 
Fe(5) -5538(I) 11900(I) 1621(I) 46(1) C(409) -2307(9) 14042(8) 3123(7) 84(1) 
Fe(6) -4376(1) 12603(1) 2589(1) 47(1) 

which were used for X-ray structural analysis, were mounted 
on g!:ss sticks with the use of epoxide resin. Unstable 
compound 12 was mounted under an atmosphere of argon. 
The unit cell parameters were determined and refined tzsing 
24 equivalent reflections, which were measured in the range 
20 = 22-26 ~ on an automated four-circle Nicolet R3 
diffractometer (the orthorhombic modification of 10. 12. 15. 
and 16) or on a Siemens R3m/v diffractometer (the mono- 
clinic modification of 10 and !1) (Mo-Kc~ radiation, 
L = 0.710703 .~,). All structures were solved by the direct 
methods, which revealed the positions of the Pd, Fe, Cr, 
S, P, and CI atoms. The positions of other nonhydrogen 
atoms were revealed from the subsequent difference Fourier 
maps. All nonhydrogen atoms were refined anisotropically by 

the ful l-matrix least-squares method. For the structures of 12 
and 16, absorption correct ions were applied using the 
DIFABS program. 2~ The hydrogen atoms of the Cp rings, 
tert-butyl substituents o f  t i le thiolate g roups ,  and 
isopropyl fragments were generated geometrically, and their 
positions were not refined. In the structure of 15, the PPri3 
ligand of one independent  molecule was d isordered.  
Both positions of this group were revealed, and the i r  occupa- 
tion factors were close to 0.5. Al l  calctdations were carried 
out on a Pentium I00/8/860 computer with the use of the 
SHELXTL PLUS program package. 21 The crystal lographic 
parameters of the compounds and the details of" the refine- 
ment are given in Table 6. The  atomic coordinates .'*re given 
in Tables 7--12. 
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Table 12. Atomic coordinates (x 104) and isotropic tempera- 
ture factors (Ueq) for cluster 16 

Atom x y Z U~q/ A ~" 

Pd(I) 1 8 4 3 ( 2 )  2714(I) 7890(I) 48(1) 
Fe(I) 2557(3) 2500(2) 6252(2) 62(1) 
Fe(2) 4422(3) 2897(2) 7324(2) 65(1) 
S(I) 3113(5) 1 9 2 5 ( 3 )  7415(3) 58(2) 
S(2) 2542(5) 3482(3) 7065(3) 55(2) 
P(1) 750(5) 3779(3) 8168(3) 52(2) 
P(2) 1453(6) 1 6 5 2 ( 3 )  8580(3) 57(2) 
O(I) 2427(17) 3560(11) 5024(10)  116(3) 
0(2) 33(18) 1913(11) 5720(10)  121(3) 
0(3) 3858(18) 1367(11) 5626(11)  134(3) 
0(4) 6250(18) 1805(12) 7106(13) 149(3) 
0(5) 5410(16) 4085(9) 6566(t0) 100(3) 
0(6) 5594(15) 3361(11) 8897(10)  116(3) 
C(1) 2517(21) 3137(14) 5501(14) 87(3) 
C(2) 1074(22)  2167(14) 5932(13) 86(3) 
C(3) 3280(22) 1814(15) 5866(14) 97(3) 
C(4) 5536(23) 2226(15) 7223(15)  105(3) 
C(5) 5010(20) 3617(14) 6868(13) 75(3) 
C(6) 5109(22) 3167(14) 8253(14) 89(3) 
C(7) -23(21) 4309(13) 7293(13) 85(3) 
C(8) -839(20) 3815(13) 6647(12) 97(3) 
C(9) -585(24) 5049(14) 7322(15)  139(3) 
C(10) -404(20) 3677(13) 8695(13) 79(3) 
C(II) -1557(20) 3257(15) 8259(14)  120(3) 
C(12) -807(22) 4398(13) 9014(13)  106(3) 
C(t3) 1791(23) 4463(15) 8777(15)  108(3) 
C(14) 2611(25) 4170(16) 9525(15) 159(3) 
C(15) 2695(28) 4789(19) 8531(19)  203(3) 
C(16) 2915(21) t090(14) 9052(15) 101(3) 
C(17) 2844(28) 358(16) 9264(17)  183(3) 
C(18) 3953(19) 1661(14) 9460(13)  103(3) 
C(19) 562(23) 976(15) 7946(15)  111(3) 
C(20) -767(22) 1223(15) 7420(14)  132(3) 
C(21) 635(30) 601(19) 7376(18)  210(3) 
C(22) 609(20) 1703(14) 9291(13) 84(3) 
C(23) 1319(23)  2109(15) 9980(13)  130(3) 
C(24) 70(23) 949(15) 9484(14)  127(3) 
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