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Summary 

The reaction of the binuclear complex Cp,Cr,(SCMe,),S (I) with C,H,Cr(CO), 
in a benzene/heptane (l/2) mixture under UV irradiation yields black crystals of 
the cluster [Cp,Cr,(SCMe,)S,],Cr (II), which, according to X-ray data, contains a 
pentanuclear “bow-tie” frame with a central Cr” atom, the angle between the Cr, 
triangle planes being 90 ‘. The bonds between the central and peripheral chromium 
atoms are oridinary (2.933(l) and 2.889(l) A), while two pairs of Cr’n atoms are 

double-bonded (Cr-Cr 2.655(l) A). Above and below each Cr, triangle is a 

pc,-sulphide bridge (average Cr(cen,rJ-S 2.333(3), average Cr(per,ph.j-S 2.305(3) A). 
Moreover, the peripheral Cr”’ atoms are bonded in pairs with a pz-SCMe, bridge 

(average Cr-S 2.358(4) A), and every Cr”’ atom is coordinated by a p-cyclopenta- 

dienyl ligand (average Cr-C 2.26(l) A, average C-C 1.43(2) A). 

Introduction 

A series of our previous papers have shown that the binuclear complex 
(CpCrSCMe,),S (I), on coordination with metal carbonyl Lewis acids, retains its 
geometry when the metal coordination number (MCN) is 6 (M(CO),, where M = Cr, 

* For part X see ref. 8 

0022-328X/84/$03.00 0 1984 Elsevier Sequoia S.A. 
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MO, W; Mn,(CO),,, CpMn(CO),), but easily loses one or two CMe, groups with 
the formation of direct Cr-M bonds when the MCN = 5 (Fe(CO),, non-bridged 
form of Co,(CO),, [CpNi(CO)J,) [l]. It appeared interesting to study the reaction of 
I with the complex C,H,Cr(CO),. Its MCN is 6, but cleavage of the photosensitive 
C,H,-Cr bond [2] should lead to a smaller MCN and, therefore, to the formation of 
new Cr-M bonds (Cr-Cr in this case). 

Results 

It has been proved that the reaction of Cp,Cr,(SCMe,),S (I) with C,H,Cr(CO), 
in a benzene/heptane (l/2) mixture under UV irradiation leads to skeletal transfor- 
mation of I with the formation of the pentanuclear complex Cp,Cr,(SCMe,),(S), 
(II): 

The black prisms of II are gradually hydrolysed in air, easily soluble in THF and 

benzene, and moderately soluble in heptane. 
The structure of complex II was solved by an X-ray analysis. Crystals of II are 

monoclinic. C2/c space group; a 30.123(30), b 7.279(6), c 17.749(20) A: j3 122.94(7)‘, 
Y 3266.1 A3, 2 = 4. The atomic coordinates and temperature factors are given in 

Table 1, and bond lengths and angles in Tables 2 and 3. The frame of molecule II 

Fig. 1. Molecular structure of the pentanuclear cluster II. 
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TABLE 2 

BOND LENGTHS FOR II 

Bond d(A) Bond Bond {f(k) 

CF( 1)-c?(2) 
G(l)-Cr(3) 
c?(l)-S(l) 
Cr(l)-S(2) 
Cr(2)-Ct(3) 
Cr(2)-S(l) 
Cr(2)-S(2) 
G(2)-S(3) 
G(2)-C(5) 
c?(2)-C(6) 
Cr(2)-C(7) 
Cr(2}-C(8) 

2 933(2) 
2X89(2) 
2.337( 3) 
2.328(3) 
2.665(2) 
2.318(3) 
2.308(3) 
?.361(3) 
2.24(l) 
2.247(9) 
2.25(l) 
2.26(l) 

Cr(Z)-C(9) 
Cr(3)-S(1) 
Cr(3)-S(2) 
CF(3)-S(3) 
Cr(3)-C( IO) 
Cr(3)-C(ll) 
Cr(3)-C(12) 
Cr(3)-C(13) 
Cr(31-C(14) 
S(3)-C(1) 
C(1 )-C(Z) 
C(l)-C(3) 

224(l) 
2.327(3) 
2.302(3) 
2 354(4) 
2 26(l) 
2 25(l) 
2.24( 1) 
2.259(9) 
2.27(l) 
1 XX(i) 
I .54(2) 
7 53(Z) 

C(5)-C(6) 
C( 1)-C(4) - 

C(5)-(‘(9) 
C(6)-C(7) 
W-C(8) 
C(8)-C(9) 
c’(1O)-C(ll) 
C(lO)-C(14) 
c‘(Il)-C(12) 
Ct12)-C(13) 
C(13)-C(14) 

153(l) 
1.42(2) 
I 43(2) 
1.44(Z) 
143(2) 
1.45(2) 
1.45(2) 
1.41(2) 
1.42(Z) 
1.46(2) 
1 .-Q(2) 

Fig 2 Projection of the molecule of the pentanuclear cluster II along the Cr-Cr ~Y,S 
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(Fig. 1) is a pentanuclear metal spirane containing [Cr’n], . Cr” . [Cr’u], ions. The 
central Cr(1) atom is situated on the two-fold axis 2[1/2, y, l/4] and thus the planes 
of the two Cr,, triangles are normal to each other. Each metal triangle has two long 
Cr-Cr bonds (Cr(l)-Cr(2) 2.938(l) and Cr(l)-Cr(3) 2.889(l) A) and one short 
Cr-Cr bond (Cr(2)-Cr(3) 2.665(l) A). This difference in the distances between 
chromium is accompanied with corresponding changes of the CrSCr angles in the 
p,-sulphide bridges situated above and below the Cr, triangles (Fig. 2). Thus, the 
longer Cr(l)-Cr(2) and Cr(l)-Cr(3) bonds correspond to the larger CrSCr angles in 
the range 76.5(l)-78.5(1)O, while the shorter Cr(2)-Cr(3) bond corresponds to the 
smaller CrSCr angles (70.02(9)-70.62(9)“). The Cr(l)S(l)S(2) plane is, in fact, 
normal to the Cr(l)Cr(2)Cr(3) triangle and the Cr(l)S(l)‘S(2)’ plane. Thus, the Cr(1) 
atom with a d4 electronic configuration is surrounded by a tetrahedron of sulphur 
and chromium atoms Cr(2) and Cr(3). Each of the latter is additionally coordinated 
by one n5-C,H5 ligand (Cr-C 2.24(1)-2.27(l), average C-C 1.43(2) A), two p3- 
bridging sulphur atoms and a PI-bridging ligand SCMe, (Cr-S 2.361(3) and 
2.354(4), S-C 1.88(l) A, CrSCr 68.82(9)‘). 

Discussion 

Photochemical synthesis of the pentanuclear cluster II from I and C,H,Cr(CO), 
probably occurs through intermediate formation of the adduct (CpCrSCMe,),S . 
Cr(CO),C,H,. The elimination of the C,H, tridentate ligand from the latter under 
UV irradiation obviously not only leads to the conversion of coordinated I with the 
loss of one CMe, group, but also allows coordination of the second molecule of I 
with the final formation of II. On the other hand, formation of the intermediate 
(Cp,Cr,SCMe,)( pL3-S),Cr(CO), cannot be ruled out. This intermediate is analogous 
to the recently described cyclic metal cluster (Cp,Cr,SCMe,)(p)-S)2Co(C0)2 (III) 
[l], but being electron-deficient, it is disproportionated into II and the Cr(CO), 
fragment. 

The metal spirane structure of cluster II is especially interesting due to fact that 
the bond lengths between the peripheral Cr”’ atoms remain virtually unchanged 
(2.665(l) A), compared to the original molecule of I (2.689 A), despite the formation 
of ordinary bonds of ca. 2.9 A between each peripheral Cr”’ atom and the central 
Cr” atom. The lengths of these bonds are close to the ordinary Cr-Cr bond length 
(2.906 A) in the complex Cp,Crz(NO),(p-SCMe,)(p-SSCMe,) [3]. The same situa- 
tion was observed on formation of cluster III with a cyclic metal frame Cr,Co, 
where, in spite of the formation of two oridinary Co-Cr bonds (2.579 and 2.529 A), 
the Cr-Cr multiple bond was preserved and even shortened to 2.625(l) and 2.609(l) 
A in two independent molecules. A recent discussion of this problem [4] has shown 
that on the assumption of a double C’=Cr bond in I and in the (Cp,Cr,SCMe,)(p.,- 
S), fragment (Q), each chromium atom still has one half-occupied orbital capable of 
accepting one electron from the added metal-containing group. In the process 
oridinary Cr-M bonds are formed, but without affecting the oribitals of the double 
Cr=Cr bond, which therefore remains unchanged. For instance, in complex II the 
central Cr” atom requires only 4 electrons to fill the four half-occupied orbitals of 
the four Cr”’ atoms in the two (Q) fragments. This explains the formation of four 

oridinary Cr(centr.~-Cr(perlph) bonds, as well as the high symmetry of structure II. 
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Experimental 

All experiments were carried out in a pure argon atmosphere. Benzene and 
heptane were purified by distillation over Na sand in pure argon stream. Initial 
(CpCrSCMe,),S and C,H,Cr(CO), were prepared by the methods of refs. 5 and 6, 
respectively. 

IR spectra were measured with a UR-20 spectrometer in KBr pellets. Experimen- 
tal data for an X-ray structural study were obtained with a Syntex P2, autodif- 
fractometer (X = MO-K,, graphite monochromator, T - 100 OC, 8/2&scan, 28 < 

52’). The structure was solved by the direct method using a modified MULTAN 
program [7], and refined in a full-matrix anisotropic approximation for all non-hy- 
drogen atoms to R = 0.064 and R,,. = 0.080 for 2696 independent reflections with 
I&2a. 

A violet solution of 0.13 g (0.6 mmol) of C,H,Cr(CO), and 0.30 g (0.6 mmol) of 
(CpCrSCMe,),S in a mixture of 15 ml of benzene and 30 ml of heptane was exposed 
to UY radiation (PRK-4 lamp) in a quartz Schlenk vessel equipped with a water- 
cooled jacket (2O’C) and a magnetic stirrer. After 4 h the colour of the mixture 
changed to black-violet and black crystals were precipitated. After standing for 3 d 
at ca. 0’ C, the crystals were separated from the mother liquor, washed with pentane 
and dried in vacua. M.p. (dec.) 148-153OC. Yield 73%. 

IR spectrum (v, cm-‘): 810s 1018m, 106Ow, 1168m, 293Ow, 297Ow, 2985w, 
309ow. 
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