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Abstract 

Both (C,F,),Ge(HX;e(HXC,F,), and (C,Fs),GeH, react with bis-(cyclopentadienylhrickel to form 
a novel germylnickel cluster [(C,Fs),GeN~Cp],. The molecule of the $omplex contains a butterfly-like 
Ge,Ni, core with strong Ge-Ni (2.257 A) and weak Ni-Ni (2.492 A) bonds. The tetrahedral angle 
between its Ni,Ge wings is 117.6”. Interaction of nickelocene with tris(pentafluorophenyI)germane 
yields 30% of the ionic complex {[(C,F,),Gel,NiCp}-[Cp3Niz]+. The X-ray diffraction analysis has 
shown that the structure of the [(C,F,),Ge],NiCp- anion contains the 3-membered Ge-Ni-Ge chain. 
The Ni-Ge bond lengths are 2.265 and 2.263 A, the Ge-Ni-Ge angle is 127.3”. The Cp,Ni, cation is a 
triple-decker sandwich with eclipsed conformation of the Cp-rings. 

Introduction 

High reactivity of metallocenes toward different organoelement compounds 
allows Cp,M to be used for the synthesis of polynuclear compounds [l]. Thus, a 
nine-nuclear branched chain containing germanium, cadmium (mercury) and nickel 
atoms has been obtained by reaction of Cp,Ni with (Ph,Ge),M (M = Cd, Hg) [2]. 
The pet-fluorinated analogue [(C,F,),Ge],Hg in the reactions with cobaltocene, 
chromocene and Cp,Yb gives five-nuclear mercurates of the corresponding Cp*M+ 
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cations [3]. Vanadocene in a similar reaction forms an insertion product with 
Ge-V-Hg-Ge catena [4]. It is known that Cp,V easily displaces hydrogen in some 
organoelement hydrides to give d’ and d*-complexes with a vanadium-element 
bond [5-71. Earlier we have shown that the interaction of Cp,V with 
(C,F.J,Ge(H)Ge(HXC,F,), leads to Cp,VGe(C,F,),Ge(C,F,),H with the truns 
configuration of V-Ge-Ge-H [9]. Here we report on the reactions of 
(C,F,),GeH,, (C,F,),GeH and (C,F,),Ge(H)Ge(HXC,F,), with nickelocene and 
the crystal structure of the product obtained. 

Results and discussion 

Like vanadocene, nickelocene reacts with (C,F,>,Ge(H)Ge(HXC,F,), under 
mild conditions but does not give similar products, i.e. hydrogen and 
Cp,NiGe(C,F,),Ge(C,F,),H. Instead, the four-nuclear cluster [(C,F,),GeNiCp], 
(1) has been isolated and cyclopentadiene was identified among the volatile 
products. 

(C,F,),Ge(H)Ge(H)(C,F,), + 2 Cp,Ni + [(C,F,),GeNiCp],+ 2 CpH 

(I) 

The dark-red crystals of 1 have m.p. 270-272°C (decomp.) and are stable in air 
for a few hours. The compound is well soluble in THF, DME and in toluene and 
alkanes on heating. It was characterized by IR and ESR spectroscopy, element 
analysis and X-ray single crystal difraction studies. The latter reveal that the 
molecule contains a Ge,Ni, core in a 
distance of 2.4920) A, the Ge . . 

“butterfly” configuration, with Ni-Ni 
. Ge non-binding distance 3.2190) A and a 

dihedral angle of 117.6” between the Ni(l)-Ni(2)-Ge(l) and NW-Ni(2)-Ge(z) 
butterfly “wings”. The Ni-Ge bonds are significantly shorter (average 2.257(4) 4) 
than in metal-chain complexes [Ph,Ge-Ni(CpX-MGePh,)1,M (2.308 and 2.329 A 
for M = Cd and Hg, respectively) [2]. These distances merit a comparison with 
Pauling’s metallic radii (calculated for the case of valence equal to coordination 
number, i.e. for a strong single bond), being 1.223 A for Ge and 1.154 A for Ni 
[lo]. The Ni-Ni bond distances in polynuclear complexes vary widely, however 
according to [ll] even in the presence of strongly tightening bridging ligands, no 
distances shorter than 2.314 A (in the complex [(Et,P),Ni,(p-C,H,)] [12]) are 
observed; this limit is in good agreement with the double Pauling’s radius (2.308 
A). In 1 the Ni-Ni distance is much longer. On the other hand, the Ge-Ni bond is 
shorter than the sum of the covalent radii (2.377 A> by 0.12 A, probably owing to 
the donation of a d, electron of the nickel atom onto the vacant d, orbitalsoof the 
germanium atoms. A similar shortening of the Ge-Ni bond (by 0.05-0.07 A) was 
found in [Ph,Ge-Ni(CpX-MGePh,)],M [2]). Stronger shortening of these bonds 
in 1 may be explained by an increased contribution of the Ge atom 4s-orbital to 
the Ge-Ni bonding, resembling that observed for transition metal-carbon bonds 
in the complexes with CL-carbene (:CR,) ligands. The same order of Ge-Ni bond 
shortening was also found in C@PPh,)NiGeCl, (2.248 A) [13] and [(OC),NiGe- 
(OCMe,)],(p-GCMe,), (2.283 A) [14], where the Ge 4s-orbital contribution is 
increased owing to electronegative substituents attached to this atom. 
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Fig. 1. The molecular structure and atom numbering scheme for [(C,F&GeNiCp],. 

Both cyclopentadienyl ligands are coordinated to their nickel, atoms non-sym- 
metrically, i.e. in a pseudo-r-allylic fashion, two atoms in each ring (C(4) and C(5) 
in ring A, C(8b and C(9) in ring B) being more distant from Ni than the other 
three by 0.07 A on average. Such distortions are usually induced by non-equiv- 
alence of the monodentante truns-ligand in half-sandwich complexes with the 
M-C(Cp) distances lengthening in trans position to multiply bonded or strongly 
r-accepter ligand (=O, CO, etc.) [15,16]. In the present case the longer Ni-C(Cp) 
distances are pseudo-trans to the Ge-Ni bonds and the shorter ones to the Ni-Ni 
bond, in agreement with the suggestion that the order of the Ge-Ni bonds is 
increased on account of the weakening of the Ni-Ni bond. 

Both Ni atoms are situated at equal distances of 1.71 8, from the mean planes of 
their Cp-ligands, the latter forming a dihedral angle of 47.5”. Both 5-membered 
cycles are slightly non-planar. One atom of each cycle (C(4) in A, C(9) in B) is 
tilted out of the plane of the other four towards the coordinated nickel atom. 

The Ge-C bond lengths are almost equivalent (average 1.980(7) A> unlike the 
complex Cp,VGe(C,F,>,Ge(C,F,>,W where they vary over a wide range (1.98-2.05 
A) [9], probably owing to larger steric hindrances in the latter molecule. The 
perfluorophenyl cycles D and E are almost parallel (dihedral angle of 6.6”) and 
the distance between their planes (approx. 3.4 A> corresponds to a close 
Van der Waals contact. Two other C,F,-cycles are nearly normal to the former, 
with a dihedral angle of 78” between the D and G ring planes and 82” between the 
E and F planes. The molecular structure of 1 is shown in Fig. 1 (The X-ray 
investigation [(C,F,),GeNiCp], was carried out by A.S. Batsanov). The bond 
distances and angles are given in Tables 1 and 2 and the atomic coordinates in 
Table 3. 

The ESR monitoring of the reaction of (C,F,),Ge(H)Ge(HXC,F,), with nicke- 
locene has shown that within a few minutes of heating of the reaction mixture at 
6O”C, the ESR signal appears as a singlet with AH = 100 mT and gi value of 2.30. 
These parameters are characteristic for Ni(d’) complexes [17]. Most probably the 
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Table 1 

Bond distances d (A) in the molecule of 1 

NiU-Ni(2) 2.492(l) 
Ni(l)-Ge(1) 2.555(l) 
Ni(l)-Ge(2) 2.253(l) 
Ni(2)-Ge(1) 2.2630) 
Ni(2)-Ge(2) 2.2560) 
Ni(l)-C(1) 2.066(6) 
Ni(l)-C(2) 2:056(6) 
Ni(l)-C(3) 2.073(6) 
Ni(l)-C(4) 2.140(6) 
Ni(l)-C(5) 2.115(6) 
Ni(2)-C(6) 2.045(6) 
Ni(2)-C(7) 2.063(6) 

Ni(2)-C(8) 2.130(6) 
Ni(2)-C(9) 2.142(6) 
Ni(2)-C(10) 2.064(6) 

Ge(l)-C(11) 1.973(5) 

Ge(lW(21) 1.98%5) 
Ge(2)-C(31) 1.979(5) 

Ge(2)-C(41) 

C(l)-C(2) 
C(2)-C(3) 
CWC(4) 
c(4)-cw 
C(5)-C(l) 
C(6)-C(7) 
C(7)-C(8) 
C(8)-C(9) 
C(9)-C(10) 
C(lOLC(6) 
C-F 

Min 
Max 
Median 

C-C (Ph) 
Min 
Max 
Median 

1.978(5) 
1.405(l) 
1.41(l) 
1.41(l) 
1.40(l) 
1.430) 
1.390) 
1.44(l) 
1.39(l) 
1.42(l) 
1.40(l) 
1.324(7) 

1.356(6) 
1.343(7) 
1.36(l) 

1.40(l) 
1.380) 

signal belongs to the CpNiGe(C,F,),Ge(C,F,),H intermediate formed in the first 
stages of the reaction. Mixing of the reaction solution leads to a decrease of this 
signal. At the same time, a new signal appears. Its intensity achieves maximum in 
the middle reaction and then the signal decreases and completely disappears after 
10 h. The parameters of the isotropic ESR spectrum of the new signal (AH = 1 
mT, gi = 2.048) do not allow it to be connected with the definite oxidative state of 
Ni since the signal can be attributed both to Ni3+(d7) and Ni+(d’) complexes 
[18,19]. Taking into account the structure of the resulting product we suggest that 
this signal belongs to the complexes of CpNi with bis(pentafluorophenyl)germilene. 

Table 2 

Bond angles o (“) in the molecules of 1 

Ni(2)-Ni(l)-Ge(1) 
Ni(2)-NiWGe(2) 
Ni(2)-NiW-Cp(a) 
Ge(l)-Ni(l)-Ge(2) 
Ge(l)-Ni(l)-Cp(a) 
Ge(2)-Ni(l)-Cp(a) 
Ni(l)-Ni(2)-Ge(1) 
Ni(l)-Ni(2)-Ge(2) 
Ni(l)-Ni(2)-Cp(6) 
Ge(l)-Ni(2)-Ge(2) 
Ge(l)-Ni(2)-Cp(6) 
Ge(2)-Ni(2)-Cp(b) 
Ni(l)-Ge(l)-Ni(2) 
Ni(l)-Ge(l)-C(11) 

56.70) 
56.5(l) 

152.8(2) 
91.1(l) 

129.7(2) 
137.0(2) 
56.4(l) 
56.40) 

153.7(2) 
90.80) 

136.8(2) 
130.0(2) 
66.9(l) 

120.8(2) 

Ni(l)-Ge(l)-C(21) 
Ni(2)-Ge(l)-C(11) 
Ni(2)-Ge(l(C(21) 
C(ll)-Ge(l)-C(21) 
NW-Ge(2)-Ni(2) 
NiW-Ge(2)-C(31) 
Ni(2)-Ge(2)-C(41) 
Ni(2)-Ge(2)-C(31) 
Ni(2)-Ge(2)-C(41) 
C(31)-Ge(2)-C(41) 
c(cPbc(cP)-c(cP) 

Min 
Max 

117.0(2) 
116.9(2) 
125.3(2) 
106.3(2) 
67.1(l) 

116.5(2) 
124.1(2) 
120.8(2) 
121.8(2) 
104.1(2) 

106.7(6) 
108.5(5) 
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Table 3 

Atomic coordinates (X 104, for H X 103) in the structure of 1 

Atom x Y Z Atom x Y Z 

Ge(l) 
Ge(2) 
Ni(1) 
Ni(2) 

F(l2) 
F(13) 
F(l4) 
F(15) 
F(l6) 
F(22) 
F(23) 
F(24) 
F(25) 
F(26) 
F(32) 
F(33) 
F(34) 
F(35) 
F(36) 
F(42) 
F(43) 
F(44) 
F(45) 
F(46) 
cm 
C(2) 
C(3) 
C(4) 
C(5) 

16740) 
-841(l) 
-355(l) 
15690) 

- 550(4) 
- 1002(4) 

760(4) 
2977(4) 
3475(4) 
3651(4) 
5432(4) 
5888(4) 
4435(5) 
2630(4) 

612(4) 
- 166(5) 

- 2602(5) 
- 4248(4) 
- 3532(4) 
- 1621(4) 
- 3571(4) 
-5168(4) 
- 4700(4) 
- 2767(4) 

- 852(8) 
- 2167(7) 
- 2271(6) 
- 1046(7) 

- 144(7) 

1877(l) 
32370) 
2019(l) 
3089(l) 

962(2) 
1139(2) 
2158(2) 
2984(2) 
2787(2) 
1586(2) 

377(2) 
- 883(2) 
- 932(2) 

262(2) 
4071(2) 
3984(2) 
3114(3) 
2344(3) 
2475(2) 
3550(2) 
4548(2) 
5606(2) 
5685(2) 
4697(2) 

808(3) 
1259(4) 
1796(4) 
1652(4) 
1058(3) 

6230) 
745(l) 

1165(l) 
1090(l) 

-339(l) 
- 1556(2) 
-2164(l) 
- 1542(2) 

-322(l) 
1843(l) 
2219(2) 
1463(2) 

330(2) 
-550) 

- 385(2) 
- 1591(2) 
- 2000(2, 
- 1197(2) 

22(2) 
2102(l) 
2571(l) 
1832(2) 
631(2) 
146(l) 

1227(3) 
1120(3) 
1614(3) 
2039(2) 

1800(3) 

C(6) 
C(7) 
C(8) 
C(9) 
alo) 
all) 
CO2) 
C(13) 
C(14) 
cc151 
C(l6) 
a20 
cc221 
C(23) 
C(24) 
C(25) 
C(26) 
cc30 
C(32) 
C(33) 
cc341 
C(35) 
Cc361 
a40 
C(42) 
C(43) 
C(44) 

3229(7) 
2095(7) 
1948(8) 
3025(8) 
3796(7) 
1485(6) 

363(6) 
131(6) 

1016(6) 
2147(6) 
2361(6) 
3082(6) 
3816(6) 
4744(7) 
4967(6) 
4241(7) 
3315(6) 

- 1421(6) 
- 607(6) 
- 983(7) 

- 222%7) 
- 3065(7) 
- 2658(6) 
- 2148(6) 
- 2381(6) 
- 3367(6) 
- 4157(6) 

C(45) - -3923(6) 

C(46) - 2934(6) 

3865(4) 
4298(3) 
4024(4) 
3429(4) 
3317(4) 
1873(3) 
1460(3) 
1537(3) 
2044(4) 
2465(4) 
2369(3) 

992(3) 

976(3) 
354(4) 

- 285(4) 
- 304(3) 

328(3) 
3256(3) 
3639(3) 

3609(4) 
3166(4) 
2781(4) 
2841(4) 
4052(3) 
4069(3) 
457ti3) 
5122(3) 
5150(3) 
4632(3) 

1132(3) 
1748(3) 

882(3) 

1864(3) 
1324(3) 

- 281(2) 
- 622(3) 

- 1251(3) 
- 1558(2) 
- 1243(3) 

- 618(2) 
873(2) 

1451(2) 
1657(2) 
1276(3) 

703(3) 
511(2) 

- 145(2) 
- 567(3) 

- 1198(3) 
- 1397(2) 

- 993(3) 
- 373(2) 
1092(2) 
1717(2) 
1972(2) 
1602(3) 
993(3) 
748(2) 

Unfortunately the simultaneous presence of two paramagnetic compounds in the 
reaction solution prevents the study of the anisotropic ESR spectra. 

The data obtained suggest a scheme for the process. We believe that in the first 
stage (C,F,>,Ge(H)Ge(HXC,F,), reacts with Cp,Ni to give cyclopentadiene and 
the unstable three-nuclear intermediate, CpNiGe(C,FJ,Ge(C,F,),H. It should be 
noted that a similar vanadium complex, Cp,VGe(C,F,jzGe(C,FS),H, obtained 
previously [9] is quite stable and may be isolated from the reaction mixture. In the 
case of the nickel complex, the intermediate obviously reacts with the second 
Cp,Ni molecule yielding CpH and a paramagnetic complex of germilene with the 
CpNi unit, (C,F.J,Ge:NiCp. Formation of the latter may occur alternatively 
through the dinickel derivative [CpNiGe(C,F,),Ge(C,F,),NiCp], decomposition 
of which must lead to the same germilene-nickel complex. In the last stage of the 
reaction a dimerization of this complex results in the final fourenuclear cluster 1 
(Scheme 1). 

Compound 1 can be synthesized also by the reaction of nickelocene with 
(C,F,),GeH,. This reaction is completed in 3 h at 70°C in toluene with the 
formation of CpH, hydrogen and the germylnickel cluster 1 in 85% 

2 (C,F,),GeH, + + [(C,F,),GeNiCp], + + H, 
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R,Ge-GeR, + Cp,Ni 

H !I 

(R = C,F,) 

Scheme 1. 

1 + Cp,Ni 
R,Ge-Ge(R,)NiCp - 

H 

- CpH 

2 [R ,Ge : -+ NiCp] + CpNi 
,G%, 

’ GeR ,’ 
NiCp 

It should be noted that ESR spectroscopy displayed the presence in the reaction 
mixture of the same unstable intermediates (gi = 2.048 and 2.30), that were 
observed in the previous reaction. 

Different types of complex have been obtained by interaction of nickelocene 
with (C,FJ,GeH. Heating a mixture of these compounds at 70°C leads to CpH 
splitting, and formation of germylnickel ate-complexes {[(C,F,),Ge],NiCp)- 
[Cp,Ni,]+ (2) which are isolated in 30% yield as yellow-green dichroic crystals 
with m.p. 110°C. The product is stable in air and well soluble in THF, DME and 
toluene but insoluble in alkanes. 

2 (C,F,),GeH + 3 Cp,Ni + {[(C,F,),Ge],NiCp}-[Cp,Ni,]+ + 2 CPH 

(2) 

In the course of the reaction, an ESR signal was observed. Its intensity reaches 
a maximum in the middle of the reaction. The character of the ESR spectra 
(AH = 100 mT, gi = 2.47) corresponds to Ni2+(d8) configuration [17], the appear- 
ance of which may be explained by formation of the unstable complex 
[(C,F,),GeNiCp]. We believe that the formation of 2 is a result of disproportionat- 
ing of this intermediate in the presence of Cp,Ni. 

Cl521 Cl551 

I 

Fig. 2. The structure of the cation Cp,Ni:. 
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Single-crystal X-ray analysis showed that the crystal of 2 has an ionic structure 
([(C,F,),Ge],NiCp}-[Cp,Ni,]+ and contains the solvating molecule of toluene. 

The Cp,Ni, cation is a triple-decker sandwich with eclipsed conformation of 
the three C-rings (Fig. 2) (The X-ray investigation of ([(C,F,),Ge],NiCp)- 
[Cp3Ni2]+ was carried out by L.N. Zakharov). In contrast to 2, in the structure of 
[Cp,Ni,]+[BF,]-, the two Cp-ligands are approximately eclipsed, while the third 
Cp ligand is staggered with respect to the other two [20]. The relative orientation 

Table 4 

Selected bond lengths d (A) in the structure of 2 

NiW-Ge(l) 2.265(2) C(17)-Cm 
Ni(l)-Ge(2) 
Ni(lkC(37) 
Ni(lkC(38) 
Ni(l)-C(39) 
Ni(lPZ(40) 
NiWC(41) 
GeW-C(1) 
Ge(l)-C(7) 
Ge(l)-C(13) 
Ge(2MX19) 
Ge(2)-C(25) 
Ge(2HX31) 
C(l)-C(2) 
CW-C(6) 
C(2)-C(3) 
C(2)-F(2) 
C(3)-C(4) 
C(3)-F(3) 
C(4)-C(5) 
C(4)-F(4) 
c(5)-C(6) 
C(5)-F(5) 
(x6)-F(6) 
C(7)-c(8) 
c(7)-C(12) 
C(8)-c(9) 
c(8)-F(8) 
C(9)-c(10) 
C(9)-F(9) 
C(lO)-C(11) 
C(lO)-F(10) 
c(11&-c(12) 
C(ll)-F(11) 
C(12)-F(12) 
C(13)-C(14) 
C(13WX18) 
C(14Hx15) 
C(14)-F(14) 
C(15)-C(16) 
CX15)-F(15) 
C(16HX17) 
C(16)-F(16) 

2.263(3) 
2.08(2) 
2.11(2) 
2.08(2) 
2.15(2) 
2.12(2) 
1.980) 
2.02(l) 
2.030) 
2.04(l) 
2.03(l) 
2.02(2) 
1.39(3) 
1.38(2) 
1.40(3) 
1.37(2) 
1.38(3) 
1.32(3) 
1.32(3) 
1.35(2) 
1.38(2) 
1.35(2) 
1.32(2) 
1.36(2) 
1.39(2) 
1.38(2) 
1.34(2) 
1.37(3) 
1.33(2) 
1.37(2) 
1.34(2) 
1.33(2) 
1.36(2) 
1.36(2) 
1.37(2) 
1.36(2) 
1.39(2) 
1.35(2) 
1.38(2) 
1.36(2) 
1.35(3) 
1.34(2) 

1.40(2) Ni(2MX44) 2.10(3) 

c(17)-F(l7) 1.34(2) 
C(18)-F(18) 1.33(2) 
c(19)-Cc201 1.33(2) 
C(19)-CX24) 1.39(3) 
C(20)-cx21) 1.41(2) 
C(20)-F(20) 1.35(2) 

c(21bcx22) 

2.OW 
2.11(3) 
2.16(3) 
2.15(4) 
2.15(3) 
2.13(3) 
2.11(5) 
2.13(4) 
2.11(4) 
2.13(3) 
2.18(3) 
2.17(3) 
2.10(3) 
2.05(4) 
2.08(3) 
2.09(5) 
2.09(5) 
1.30(4) 
1.35(5) 
1.33(4) 
1.37(5) 
1.45(5) 
1.33(4) 
1.33(5) 
1.33(4) 
1.33(4) 
1.48(4) 
1.40(5) 
1.31(6) 
1.42(5) 
1.30(5) 
1.28(5) 



Fig. 3. The structure of the anion ([(C,F,),Ge],NiCp)-. 

of the three Cp-rings may be attributed to crystal packing forces. The maximum 
dihedral angle between the average planes of the Cp-rings is Y, i.e. the three 
Cp-rings in the Cp,Ni, cr$ion are factualIt planar. The Ni-C bond lengths in the 
i!ner Cp-ring (2.:1-2.16 A (average 2.09 A) for the Ni(2)-C bonds and 2.11-2.18 
A (average 2.14 A>) for the Ni(3)-C bonds) are somewhat longer than the Ni-C 
bond lengths in the other two Cp-rings (2.08-2.11 A (average 2.09 A> for the 
Ni(2)-C bonds and 2.05-2.11 A (average 2.08 A> for the Ni(3)-C bonds) (Table 4). 
These values fre close to similar Ni-C distances in the Cp,Ni, cation (2.17, 2.16 
A, 2.09, 2.11 A, respectively) observed in the structure of [Cp,Ni,]+[BF,]- [20]. 

The {[(C,FJ,Ge],NiCp) anion contains a 3-membered Ge-Ni-Ge chain (Fig. 
3). The Ni atom is also bonded t? the Cp-ring in T5-fashion with an average 
Ni(l)-C(Cp) bond length of 2.11 A. The Ni(1) atom is surrounded in a planar 
trigonal array by the centers of the cyclopentadienyl ligand, the Ge(l1 and Ge(2) 
atoms. The Cp(center)Ni(l)Ge(l, 2) angles are 128.0” and 126.5” (Table 5). The 
Ge(l)-Ni(l)-Ge(2) angle is 127.5”. The Ni(l1 atom deviates from the Ni(l)- 
Ge(l)-Cp(center) plane only by 0.03 A. The NW-Ge(1) (2.265(2) A>, NiWGe(2) 
(2.263(3) A> bond lengths are shorter than the sum of the covalent radii of the Ni 
and Ge atoms (2.377 A> by - 0.11 A. As in 1, this shortening is probably a 
consequence of a donation of a d, electron of the Ni atom onto the vacant d, 
orbitals of the Ge atoms. 

It is interesting to note that the changing of one of the H atoms in (C,F,),GeH, 
or (C,F,),Ge(H)Ge(HXC,F,), with a Cp,V unit dramatically decreases the reac- 
tivity of the remaining Ge-H group. Thus, Cp,VGe(C,F,),H and Cp,VGe(C,- 
FJ,Ge(C,FJ,H do not react with Cp,Ni even with prolonged heating of the 
mixture of these reagents at 80°C. Earlier we observed a similar decrease in the 
reactivity of vanadium derivatives in comparison with (C,F,),GeH, and 
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Table 5 

Selected bond angles o (“1 in the structure of 2 

120.504) Ge(l)-NiWGe(2) 
Ni(l)-Ge(l)-C(1) 
Ni(l)-GeWC(7) 
Ni(l)-Ge(l)-C(13) 
C(l)-Ge(l)-C(7) 
C(l)-Ge(l)-C(13) 
C(7)-Ge(l)-C(13) 
Ni(l)-Ge(Z)-C(19) 
NiW-Ge(2)-C(25) 
Ni(l)-Ge(2)-C(31) 
C(19)-Ge(2)-CQ5) 
C(19)-Ge(2)-CX31) 
C(25)-Ge(2)-C(31) 
GeUHXlW(2) 
GeWC(1)-C(6) 

C(2)-c(l)-C(6) 
C(l)-c(2)-C(3) 
C(l)-C(2)-F(2) 
CWCWF(2) 
C(2)-C(3)-C(4) 

C(2)-C(3)-F(3) 
C(4&-C(3)-F(3) 
C(3)-C(4)-C(5) 
C(3)-C(4)-F(4) 

c(5)-C(4)-F(4) 
C(4)-C(5)-C(6) 
C(4)-C(5)-F(5) 
C(6)-C(5)-F(5) 

CW-C(6HX5) 
cw-C(6)-F(6) 
c(5)-C(6)-F(6) 
Ge(l)-C(7)-C(8) 
Ge(l)-C(7)-C(12) 
C(8)-C(7)-C(12) 
c(7)-C(8)-C(9) 
C(7)-c(8)-F(8) 
C(9)-C(8)-F(8) 
C(8)-C(9)-C(10) 

C(8)-C(9)-F(9) 
C(lO)-C(9)-F(9) 
c(9)-c(1o)-C(11) 
C(9)-C(lO)-F(10) 
C(ll)-C(lO)-F(10) 
c(1ok-c(11)-c(12) 
C(lO)-C(ll)-F(11) 
C(12)-C(U)-F(11) 
C(7)-C(12)-C(11) 
C(7)-CX12)-F(12) 
C(ll)-C(12)-F(12) 
Ge(l)-C(13)-CX14) 
GeW-C(3)-C(18) 
C(14)-C(13)-C(18) 
c(13)-c(14)-cx15) 
C(13)-C(14)-F(14) 

105.3(l) 
102.7(4) 
117.9(4) 
129.7(5) 
105.2(6) 
104.3(5) 

94xX5) 
118.4(5) 
129.3(5) 
102.9(5) 
93.3(6) 

106.6(6) 
104.2(6) 
127.8(9) 
118.3(13) 
112.203) 
124.8(14) 
119.3(13) 
115.8(17) 
117.0(20) 
119.9(16) 
123.0(18) 
121.4(17) 
116.4(21) 
122.2(17) 
119.5(15) 
119.6(15) 
121.007) 
125.0(17) 
118.2(13) 
116.8(13) 
121.9(12) 
123.1(9) 
115.0(13) 
123.507) 
121.4(14) 
115.0(13) 
118.4(14) 
122.1(18) 
119.6(16) 
119.4(15) 
120.7(15) 
119.908) 
120.4(18) 
118.5(14) 
121.1(14) 
122.9(13) 
118.402) 
118.605) 
116.3(9) 
126.9(11) 
116.8(12) 
122.6(13) 
121.8(12) 

C(21)-C(20)-F(20) 
C(20)-C/(21)-c(22) 
C(2O)-C(21)-F(21) 
C(22)-C(21)-F(21) 
c(21)-c(22xx23) 
C(21)-C(22)-F(22) 
C(23)-C(22kM22) 
C(22)-C(23)-C(24) 
C(22)-C(23)-F(23) 
c(24)-C(23)-F(23) 
C(19)-C(24)-CQ3) 
C(19)-C(24)-F(24) 
C(23)-C(24)-F(24) 
Ge(2)-CX25)-C(26) 
Ge(2)-C(25)-C(30) 
C(26)-C(25)-Ct30) 
C(25)-C(26)-C(27) 
C(25)-C(26)-F(26) 
C(27)-C(26)-F(26) 
C(26)-C(27)-C(28) 
C(26)-C(27)-F(27) 
C(28)-C(27)-F(27) 
C(27)-C(28)-C(29) 
C(27)-C(28)-F(28) 
C(29)-C(28)-F(28) 
CQ8)-C(29)-CX30) 
CQ8)-C(29)-F(29) 
C(30)-C(29)-F(29) 
C(25)-C(3O)-c(29) 
C(25)-C(30)-F(30) 
C(29)-C(30)-F(30) 
Ge(2)-C(31)-C(32) 
Ge(2)-C(31)-C(36) 
C(32)-C(31)-c(36) 
C(31)-C(32)-C(33) 
C(31)-C(32)-F(32) 
C(33)-C(32)-F(32) 
c(32)-C(33)-C(34) 
C(32)-C(33)-F(33) 
c(34)-C(33)-F(33) 
c(33)-C(34)-Ct35) 
C(33)-C(34)-F(34) 
C(35)-C(35)-F(34) 
C(34)-C(35)-C(36) 
C(34)-C(35)-F(35) 
C(36)-C(35)-F(35) 
C(31k-C(36)-c(35) 
C(31)-C(36)-F(36) 
C(35)-C(36)-F(36) 
C(38)-C(37)-Ct41) 
C(37)-C(38)-c(39) 
C(38)-C(39)-c(40) 
C(39)-C(4O)-c(41) 

116.2(14) 
119.5(16) 
119.408) 
120.904) 
119.906) 
120.5(18) 
119.6(21) 
119.6(20) 
120.3(15) 
120.0(17) 
121.1(16) 
122.6(13) 
116.308) 
116.902) 
128.1(11) 
114.903) 
125.2(16) 
118.4(13) 
116.3(13) 
117.205) 
120.3(16) 
122.5(13) 
122.1(16) 
120.1(16) 
117.8(19) 
117.5(19) 
122.7(17) 
119.805) 
123.1(15) 
122.804) 
114.0(17) 
124.000) 
118.103) 
114.8(12) 
121.8(14) 
120.302) 
117.805) 
120.7(17) 
120.804) 
118.5(15) 
120.5(15) 
121.508) 
118.0(16) 
118.0(15) 
123.0(14) 
118.9(16) 
124.006) 
118.403) 
117.6(13) 
108.2(21) 
107.1(21) 
107.9(23) 
109.3(19) 
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Table 5 (continued) 

C(15)-C(14)-F(14) 
C(14)-C(15)-C(16) 
C(14)-C(15)-F(15) 
C(16)-C(15)-F(15) 
CW-C(16)-C(17) 
C(15)-C(16)-F(16) 
C(17)-C(16)-F(16) 
C(16)-C(17)-C(18) 
C(16)-C(17)-F(17) 
C(18)-C(17)-F(17) 
C(13h-C(18k-C(17) 
C(13)-C(18)-F(18) 
C(17)-C(18)-F(18) 
Ge(2)-C(19)-C(20) 
Ge(2)-C(19)-C(24) 
C(2Ok-CU9k-C(24) 
C(19)-C(20)-C(21) 

115.5(14) 
118.306) 
121.3(13) 
120.4(15) 
121.0(15) 
119.4(18) 
119.4(16) 
118.604) 
121.403) 
119.9(15) 
122.5(14) 
122.303) 
115.0(12) 
123.8(15) 
119.3(11) 
116.4(14) 
123.309) 

C(43)-C(42h-C(46) 
C(42)-C(43)-C(44) 
C(43)-C(44)-C(45) 
C(44)-C(45)-C(46) 
C(42)-C(46)-C(45) 
C(48)-C(47)-C(51) 
C(47)-C(48)-C(49) 
C(48)-C(49h-C(50) 
C(49)-C(50)-C(51) 
C(47)-C(51)-C(50) 
C(53)-C(52)-C(56) 
C(52)-C(53)-C(54) 
C(53)-C(54)-C(55) 
C(54)-C(55)-C(56) 
C(52)-C(56)-C(55) 
Cp(center)-Ni(l)-Ge(1) 
Cpkenterj-NiWGe(2) 

C(37)-C(41)-C(40) 107.2(26) 
110.8(26) 
111.7(29) 
106.3(24) 
107.5(27) 
103.5(29) 
108.3(23) 
110.6(26) 
110.4(23) 
103.9(22) 
106.8(25) 
105.7(27) 
106.6(30) 
103.2(24) 
114.2(33) 
110.2(33) 
126.5 
128.0 

(C,F,>,Ge(H)Ge(HXC,F,), in the reactions with R,Hg (R = Me, Et, Ph, CH,Ph, 
N(SiMe,),, GeEt,). 

Experimental 

All reactions were carried out in evacuated sealed ampoules. The pentafluo- 
rophenyl germanies were prepared by previously reported methods [21,22]. Melting 
points (given without corrections) were determined using evacuated capillaries. IR 
spectra were recorded on a Perkin-Elmer-577 spectrophotometer. ESR data were 
obtained with a Bruker ER-200 D SRC spectrometer. GLC analyses of volatile 
products were carried out on a Tsvet-104 chromatograph with a catarometer 
detector. 

X-Ray diffraction study 
The diffraction experiment was carried out on an unstable crystal of 1 at 173 K 

and on a crystal of 2 at 293 K with a fourcircle computer-controlled Siemens 
R3/PC diffractometer, using graphite-monochromated MO-K, radiation. SHELXTL 

PLUS programs were used for the calculations. 
Crystal data of 1. C,,H,,F,G%,Ni,, monoclinic, space grcup P2,/n, a = 

8.979(2), b = l&606(4), c = 21.889 A, p = 94.00(2)“, I/= 3256 A, 2 = 4, Dcalc.= 
2.165 g/cm3, ~(Mo-K,) = 30.9 cm-‘. 

Crystal data of 2. C,3H,gF3,Ge,Ni3, triclinic, space group Pi, a = 12.148(2), 
b = 14.680(3), c = 19.001(4) A, (Y = 69.89(2), Z3 = 76.82(2), y = 73.10(2)“, V= 3013 
A3, Z = 2, Dcalc,= 1.727 g/cm3, ZJ(MO-K,) = 20.2 cm-‘. 

The intensities of the unique reflections with Z > 2a(Z) (4252 for 1 and 6555 for 
2) were measured by the 8-20 scan technique (28 < 50” (1) and 52” (2)). The 
structures were solved by direct methods. Least-squares refinement of all non-hy- 
drogen atoms in an anisotropic approximation (including all hydrogen atoms as 
fixed isotropic contributions in calculated position) converged to R = 0.037, R, = 
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Table 6 

Atom coordinates (X lo41 and temperature factors (A2 x 103) in the structure of 2 

Atom x Y z U" 

Ni(1) 

GeU) 
Ge(2) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(lO) 
C(l1) 
C(12) 
C(l3) 
C(14) 
C(l5) 
Cc161 
C(l7) 
C(18) 
C(l9) 
C(20) 
C(21) 
cc221 
Cc231 
Cc241 
CW 
‘.X26) 
Cc271 
C(28) 
Cc291 
C(30) 
C(31) 
Cc321 
C(33) 
CC341 
CC351 
Cc361 
C(37) 
Cc381 
C(39) 
C(40) 
C(41) 
F(2) 
F(3) 
F(4) 
F(5) 
F(6) 
F(8) 
F(9) 
F(lOI 

- 704(2) 
8390) 

- 1223(l) 
275(11) 
44703) 

- 150(16) 
- 991(18) 

- 1236(14) 
- 602(13) 
2314Ul) 
2572(12) 
3510(16) 
4245(12) 
4054(13) 
3139(11) 
166800) 
2149(13) 
2775(13) 
286404) 
2422(12) 
1801(11) 

- 2749(12) 
- 329703) 
- 4285(14) 
- 4675(15) 
-4162(14) 
-3189(13) 

- 360(12) 
- 281(13) 

22803) 
666(15) 
607(15) 

8904) 
- 139303) 
- 2455(14) 
-2511(15) 
- 1524(19) 

- 466(17) 
- 42603) 

- 228507) 
- 1770(20) 

- 72908) 
- 662(17) 

- 1566(22) 
1251(8) 

117(12) 
- 1562(12) 
- 2116(9) 

- 881(7) 
1898(8) 
3711(9) 
5158(8) 

23770) 
3071(l) 
2034(l) 

4416(9) 
4721(11) 
5620(14) 
6227(12) 
5966(11) 
5086(10) 
2461(9) 
1490(11) 
1073(12) 
1656(14) 
2616(13) 
2991(11) 
331800) 
2493(11) 
2545(12) 
346906) 
430002) 
4212(10) 
2846Ul) 
3731(11) 
4332(11) 
403605) 
3126(14) 
2532(12) 
2057(11) 
2978(l) 
314413) 
2354(14) 
1413(15) 
1298(12) 

61till) 
352(11) 

- 542(13) 
- 1235(13) 
- 1046(12) 

- 11102) 
2436(23) 
3106(17) 
2581(16) 
1572(15) 
1469(20) 
4115(7) 
5857(9) 
7091(8) 
6555(8) 
4867(7) 

871(7) 
135(8) 

1293(8) 

3315(l) 
27650) 
23790) 

2906(7) 
3482(9) 
3632(10) 
3190(11) 
2655(9) 
2512(8) 
3241(8) 
3669(9) 
4062(9) 
3999(9) 
3530(8) 
3158(8) 
1686(7) 

1440(8) 
723(9) 

231(9) 
454(8) 

1184(8) 
1991(9) 
2082(9) 
1745(9) 
1283(10) 
1175(9) 
1525(9) 
1325(8) 

820(9) 
78(8) 

- 173(9) 
278(11) 

1042(10) 
2863(8) 
3196(8) 
3730(9) 
3930(9) 

3606(9) 
3091(8) 
4031(9) 
41OOul) 
4348(8) 
4493(9) 
4282(11) 
3948(5) 
4176(7) 
3343(8) 
2265(6) 
1967(5) 
3750(6) 
4501(6) 
4385(5) 

390) 
350) 
370) 
36(5) 
55(7) 
67(9) 
76(9) 
54(7) 
45(6) 
38(6) 
52(7) 
6ti8) 
60(8) 
5ti8) 
43(6) 
34(5) 
47(7) 
56(7) 
66(9) 
50(7) 
40(6) 
48(7) 
49(7) 
58(7) 
69(9) 
62(8) 
54(7) 
42(6) 
50(7) 
55(7) 
66(8) 
7200) 

60(8) 
46(6) 
51(7) 
59(8) 
70(9) 
67(8) 
51(7) 
9003) 
8001) 
74(10) 

72(9) 
8703) 
71(5) 

llo(7) 
116(7) 

88(5) 
58(4) 
78(5) 
92(6) 
85t5) 
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Table 6 (continued) 

Atom x Y z U” 

F(11) 
F(12) 
F(l4) 
F(l5) 
F(16) 
F(l7) 
F(l8) 
F(20) 
F(21) 
F(22) 
F(23) 
F(24) 
F(26) 
F(27) 
F(28) 
F(29) 
F(30) 
F(32) 
F(33) 
F(34) 
F(35) 
F(36) 
Ni(2) 
Ni(3) 

Cc421 
C(43) 
C(44) 
C(45) 
C(46) 
C(47) 
C(48) 
cc491 
C(50) 
C(51) 
C(52) 
C(53) 
C(54) 
C(55) 
Cc561 
C(57) 
CC581 
C(59) 
C(60) 
C(61) 
C(62) 
C(63) 

4802(8) 
2968(8) 
2090(7) 
3245(9) 
3474(10) 
2534(9) 
1415(7) 

- 2934(7) 
- 4766(8) 
- 5591(9) 
- 4552(9) 
- 2705(8) 
- 738(7) 

296(9) 
1200(11) 
1056(11) 

32(10) 
- 3453(7) 
- 3541(10) 
- 1564(12) 

53401) 
636(7) 

4821(2) 
2828(2) 
6113(27) 
5262(21) 
5024(26) 
5830(31) 
6562(20) 
4265(23) 
3369(30) 
3074(18) 
3775(27) 
4586(21) 
2253(30) 
1341(27) 
1214(22) 
1999(32) 
2615(28) 
380800) 
4967(10) 
584700) 
556700) 
4408(10) 
3528(10) 
2898(17) 

3953(7) 
3183(9) 

1563(6) 
1715(8) 
3537(9) 
5198(7) 
5058(6) 
4092(7) 
5229(8) 
4610(8) 
2820(9) 
1678(7) 
3799(6) 
4069(8) 
2463(11) 

612(9) 
356(7) 

1003(7) 
- 770(8) 

- 2113(7) 
- 1699(8) 

98(7) 
9123(2) 
7938(2) 
8942(19) 
9651(23) 

1040807) 
10179(26) 
9206(31) 
7765(15) 
8429(28) 
9221(19) 
9119(20) 
8135(26) 
6622(19) 
7418(30) 
8137(17) 
7716(29) 
6872(26) 
6066flO) 
5564UO) 
591700) 
6771(10) 
7272(10) 
692000) 
5734(15) 

2708(5) 
1897(5) 
497(6) 

- 464f5) 

- 14(5) 
1366(5) 
2529f6) 
1851(7) 
937(7) 
711(6) 

1368(5) 
1065(5) 

- 358(5) 
- 889(6) 

36(6) 
1443(6) 
3034f5) 
4054f6) 
4484(6) 
3786f6) 
2811(5) 
1813(l) 
1506(2) 
2433(18) 
2589(18) 
1973(20) 
1387(17) 
1692(27) 
2043(22) 
2265(14) 
1679f19) 
105003) 
1304(21) 
1812(22) 
1931(21) 
1209(23) 
750(18) 

1079(26) 
4014(8) 

3890(8) 
3998(8) 
423Of8) 
4354(8) 
4246(8) 
3909(11) 

88(6) 
66(4) 
56(4) 
81(5) 
93(6) 
76(5) 
54(4) 
68(5) 
88(6) 

103(6) 

93(6) 
68(5) 
57(4) 
86(5) 

li2(7) 
105(6) 

88(5) 
67(4) 
88(6) 
98(6) 
98(6) 
67(4) 
66(l) 
700) 

117(16) 
119(18) 
117(16) 
133(20) 
145(27) 
116(17) 
124(19) 
88(14) 

10604) 
133(20) 
128(18) 
14Of22) 
115(16) 
123(20) 
142(23) 
136(6) b 
130(6) b 
134(6) b 
150(6) b 
143(6) b 
122(6) b 
16%6) b 

’ Equivalent isotropic U defined as one-third of the trace of the orthogonalised qj tensor. bAtomic 
coordinates of a solvating toluene molecule refined as a rigid group (C(63), first atom in the group) with 
fiied geometty of the Ph-ring and constraints of C(57)-C(63) bond length. 
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0.036 for 1 and R = 0.090, R, = 0.090 for 2 (w = u-* weighting scheme). The 
solvating toluene molecule in 2 was refined as a rigid group (C(63), first atom in 
group) with fixed geometry of the Ph-ring and constraints on the C(Ph)-C(Me) 
(C(57)-C(63)) bond length. Atomic coordinates of 1 and 2 are listed in Tables 3 
and 6, respectively. 

Reaction (C, F,),Ge(H)Ge(H) (C, F5j2 with Cpz Ni 
To a solution of Cp,Ni (0.255 g, 0.135 mmol) in toluene (10 ml) was added a 

solution of dihydrodigermane (0.55 g, 0.067 mmol) in toluene (30 ml). After 1 h at 
80°C the reaction mixture became red and an ESR signal (AH = 100 mT, 
gi = 2.30) was detected. After 2 h, a new signal (AH = 1 mT, gi = 2.048) was 
recorded which disappeared in 10 h. The volatile products and solvent evaporated 
in uacuo. In the volatile products, cyclopentadiene (0.08 g, 90%) was found by 
GLC. Recrystallization of the solid from toluene gave 0.563 g (85%) of dark-red 
crystals of 1, m.p. 270-272°C (decomp.). Anal. Found: C, 38.45; H, 1.33. 
C,,H,,F,,Ge,Ni, talc.: C, 38.49; H, 0.95% IR (Nyjol); 308Ovw, 1640m, 15OOm, 
1280m, 108Os, 96Os, 83Os, 81Om, 8OOw, 610m, 370m cm-‘. 

The reaction of (C,F.J,GeH, with Cp,Ni was carried out in a similar way. 
From 1.25 g (3.09 mm011 of bis(pentafluorophenyl)germane and 0.582 g (3.09 
mmol) of nickelocene, 65 ml (95%) of hydrogen, 0.19 g of CpH and 1.38 g (84%) of 
1 were obtained. 

Reaction (C, F,),GeH with Cp, Ni 
To a solution of Cp,Ni (0.345 g, 1.83 mmol) in THF (10 ml) was added a 

solution of germane (0.7 g, 1.22 mmol) in THF (15 ml). After 2 h at 70°C the 
reaction mixture became brown and an ESR signal (AH = 100 mT, gi = 2.47) was 
detected. After 4 h, the signal disappeared. In the volatile products, cyclopentadi- 
ene (0.07 g, 92%) was found by GLC. CpH and THF evaporated in uacuo. The 
residue was recrystallized from toluene and 0.3 g (30%) of yellow-green crystals of 
2, m.p. llO”C, were obtained. Anal. Found: C, 44.87; H, 1.01. C,,H,,F,,Ge,Ni, 
talc.: C, 45.14; H, 1.68%. IR (Nyjol): 308Ovw, 1640m, 15OOs, 1280m, 108Os, 96Os, 
83Os, 82Om, 81Om, 800m, 61Ow, 375~ cm-‘. 
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