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Transition-metal Carbonyl Derivatives of the Germanes. Part 10.' Tetra- 
carbonyldigermanylcobalt 

By Fook Sin Wong and Kenneth M. Mackay," School of Science, University of Waikato, Hamilton, New 
Zealand 

Digermanyl chloride reacts with Na[Co(CO),] in diethyl ether to yield [Co(CO),(Ge,H,)]. The compounds 
Ge,CIH, and [Co(CO),(GeH,)] yield an equilibrium mixture which lies largely to the side [Co(CO),(Ge,H,)] plus 
GeCIH,. The l H  n.m.r. vibrational, and mass spectra of the title compound are discussed. The Co-Ge bond is 
cleaved by HgCI,, no reaction occurs with CCI, or GeCI,, and [Mn(CO),]- displaces [Co(CO),]- yielding 
[Mn(CO),(Ge,H,)J, all these reactions paralleling those of [Co(CO),(GeH,)]. 

ALTHOUGH the chemistry of digermane has been briefly to prepare [Co(CO),(Ge,H,)] indicated low stability l1 

explored 2 ~ 3  its only transition-metal derivative is in contact with the reaction mixture. We now report 
pe~tacarbonyldigerm~nylmangane~e,~ j Aln (CO),(Ge,- 
H,)]. A related c o m p ~ u n d , ~  [ (Mn(CO),),(Sn,H,)] is by 
far the most stable distannane known. A few perorgano- 
digermane ti and -disilane derivatives such as [(Fe- 
(CO),(Ge,Me,)>,] and [A4n(CO)5(Si,Me5)] have also been 
reported, although frequently the reaction of a disilane 
with a metal carbonyl results in Si-Si cleavage as in 
the formation * of [(Me,SiOs(CO),SiMe,)2] from Si,Me,H. 

Of the monogermane derivatives, [Co(CO),(GeH,)] is 
less stable than the manganese compound lo [Mn(CO),- 
(GeH,)], and most of the known reactions o f  the cobalt 
species involve Ge-Co cleavage. A preliminary at tempt 
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the preparation and characterisation of tetracarboiyl- 
digermanylcobalt and a comparison of some of its 
reactions with those of the germyl species. 

ESPEKIMEN'TAL 

All the manipulations were carried out using a vacuum 
line or in a nitrogen atmosphere with dried solvents. 
Spectroscopic measurements were made as reported @ 

previously. 
Preparation.-l)igerranyl chloride, Ge,ClH, (394.3 mg, 

2.12 mmol) prepared by the action l2 of SnCl, on digermane, 
was condensed into Sa[Co(CO),], prepared by 1 yo sodium- 
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amalgam reduction of [Co,(CO),] (1.063 g, 3.11 mmol), in 
dry diethyl ether. The mixture was shaken for 15 min at 
room temperature and then fractionated to give diethyl 
ether at -120 "C, trace amounts of Ge,ClH, and [Co- 
(CO),H] at -45 "C, and [Co(CO),(Ge,H,)] (576.4 mg, 1.79 
mmol, 84.4% based on the Ge,ClH, added) at -23 "C. The 
compound was identified as tetracarbonyldigermanylcobalt, 
by the mass of the parent ions in the mass spectrum (m/e 
315-328: 1~C41H,5~ConGe21~0, requires 328 for n = 76 to 
3 16 for n = 70 with P - H = 3% P )  . Further character- 
isation is provided by the fragmentation pattern (Table l),  
the vibrational spectrum (Table 3), by the chemical re- 
actions reported below, and by the 1H n.m.r. spectrum. 
The latter shows an A3B2 pattern with T(G~H,) 6.51, 
.r(GeH,) 6.25, and J 4.2 Hz. 

The compound is a colourless liquid which turns orange- 
brown then dark brown in daylight with slow evolution of 
digermane and CO. These changes are very slow in the 

lighting. In a similar experiment with GeCl, no change was 
observed. 

The compound [Co- 
(CO),(Ge,H,)] (337.7 mg, 1.049 mmol) was condensed onto 
a diethyl .ether solution (5 cm3) of Na[Mn(CO),], prepared 
using [Mn,(CO),,] (585.0 mg, 1.5 mmol) and sodium amal- 
gam. The reaction mixture was shaken for 15 min a t  room 
temperature and the volatiles removed. The compound 
[Mn(CO),(Ge,H,)] (340.7 mg, 0.986 mmol, 93y0), identi- 
fied by i.r. and n.m.r. spectroscopy, was found to be the 
only volatile product. All the [Co(CO),(Ge,H,)] was con- 
sumed. A slightly yellow solid was left in the reaction 
vessel. When exposed to air this turned purple, character- 
istic of the reaction of Na[Co(CO),]. 

[Co(CO),(Ge,H,)] and [Mn(CO),]-. 

RESULTS 

Mass Spectruwz.-All the mass spectra run were dominated 
by very strong [Ge,H,. I- and [GeH,] I- envelopes, which 

TABLE 1 
Mass spectrum of [Co(CO),(Ge,H,)] (6 

X X Relative intensity 

n intensityb 5 4 3 2 1 0 intensity 3 2 1 0 [Co(CO),H]+' [Co(CO),$ 
4 2.0 1 0 0 0 0 0 0  25 1 0 1  0 0  2.5 9.3 
3 56 1 0 1 0 0 0 0  68 1 0 0  1 1  n.0. 1.7 
2 100 4 2 1 0  0 0 0 90 5 1 1 0 1  0.8 31 
1 70 0 0 0 0 1 0  3 83 0 0 1 0 3  0.8 20 
0 94 0 0 0 0 1 0  8 77 1 2 1 0 8  0.8 10 

[Co(CO),(GeH,)I + 

-7 7- 7 r---pA 

Relative ,.--A-, Relative r-----.-7 

I___ 

[Co(CO),,( Ge2H,)] + 

n.o. :1 Not observcd. 
For [Ge,H,]+ and [GeH,] t see text. For m / e  28 the relative intetisity was 76 but this peak may include lN2J+ as well as [CO] +. 

Intensities for s arc lntensities are relative to  [Co(CO),(Ge,H,)]+: for germanium species the intensities are summed over .r. 
relative to  the strongest component = 10, values being rounded to  the nearest unit. 

dark. It is just volatile in the vacuum line with a vapour 
pressure of ca. 0.1 mmHg a t  20 "C :* 1-2 mmol may be 
transferred in 0.5 h at diffusion-pump pressures. 

Reactions.-Ge,C1H5 and [Co(CO),(GeH,)]. Digermanyl 
chloride (22.5 mg, 0.121 mmol) and [Co(CO),(GeH,)] (38.4 mg, 
0.155 mmol) were combined in benzene and the reaction 
followed by lH n.m.r. spectroscopy at room temperature. 
Product signals were detected after 15 min and changes 
ceased after 7 h when the reaction mixture (from relative 
intensities by integration) consisted of Ge,C1H5 (T 6.71 and 
4.98, lo%), [Co(CO),(GeH,)] (7 6.27, 31%), [Co(CO),(Ge,- 
H,)] (T 6.51 and 6.25, 31y0), and GeClH, (T 5.38, 29%). 
The tube was opened and fractionation yielded [Co(CO),- 
(Ge,H,)] (29.75 mg, 0.092 nimol, 76% of initial Ge,ClH,). 

The compound [Co(CO),- 
(Ge,H,)] (65.2 mg, 0.203 mmol) was drawn through a tube 
filled with HgC1, and the products collected at -196 "C. 
Fractionation yielded digermane with a trace amount of 
chlorogermane at -120 "C (1.5 mg, ca. 4%), Ge,ClH, 
(33.0 mg, 0.18 mmol, 91% of initial [Co(CO),(Ge,H,)]} at 
-45 "C, and unchanged [Co(CO),(Ge,H,)] (2.6 mg, ca. 4%) 
at -23 "C. A yellow layer, probably Hg[Co(CO),],, was 
left on the HgC1,. 

[Co(CO),(Ge,H,)] and CCl, or GeCl,. The compound 
[Co(CO),(Ge,H,)] (0.14 mmol) and CCl, (0.10 mmol) were 
sealed with benzene in an n.m.r. tube. No change, apart 
from a slight yellowing, was observed over 7 d in subdued 

[Co(CO),(Ge,H,)] and HgC1,. 

* Throughout this paper: 1 mmHg x 13.6 x 9.8 Pa. 
l3 K. M. Mackay and K. J. Sutton, J. Ghem. SOC. ( A ) ,  1968, 

2312. 

varied in intensity relative to  the other ions observed and 
were especially dominant with gas sampling. These ions 
thus arise mainly from decomposition, probably accelerated 
by contact with metal surfaces. The intensity pattern of 
the remaining ion envelopes remained consistent for gas- 
and liquid-sampled spectra (handled under an inert atmos- 
phere). Thus the main features of the spectrum can be 
determined, and this is shown in Table 1 .  

The parent ion is relatively weak b u t  all the other [Co- 
(CO),(Ge,H,)]+ ions are strong and 40% of the ion current 
(apart from [Ge,H,]+ and [GeH,] I- arising from fragment- 
ation) is carried by ions retaining CoGe,. Hydrogen loss 
becomes significant only after two carbonyls are lost. 
The [Co(CO),(GeH,)]+ family carries most of the remaining 
ion current and x = 3 for the ions retaining most carbonyls, 
suggesting a GeH, elimination. The pattern of CO loss 
and hydrogen retention is broadly similar to that observed 
for [Co(CO),(GeH,). In contrast, hydrogen loss occurs 
readily 13 from digermane and the other polygermanes. 

Hydrogen- 1 N . M . R .  Spectrum.-N.m.r. parameters are 
collected in Table 2. By coincidence, [Co(CO),(Ge,H,)] and 
[Mn(CO),(Ge,H,)] give almost exact mirror-image A,B, 
spectra at 60 MHz with A/J = k4.4. The GeH, shifts 
parallel the chemical shifts of [Co(CO),(GeH,)] and [Mn- 
(CO),(GeH,)] ,I@ The GeH, shifts are relatively unaffected 
by the change from cobalt to  manganese but are significantly 
to  low field of digermane, reflecting the effect of magnetic 
fields induced in the carbonyl moiety. 

Vibrational Spectrum.-The observed absorptions are 
listed in Table 3 and assigned by comparison with [Mn- 
(CO) (Ge,H,)] ,, [Co (CO),( GeH,)] ,B Ge,MeH,, and Ge,ClH,, 
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Three strong carbonyl modes are seen in the gas 
and solution spectra in positions close to those found for 

TABLE 2 
Hydrogen-l n.m.r. parameters of [Co(CO),(Ge,H,)] and 

related species in cn. 5% benzene solutions 

Compound GeH,Ge M(GeH,J J / H z  

Chemical shifts (T) 
r-------hv 

6.51 6.20 4.2 
6.27 

6.72 

LcO(c0) 4(GeJ4dJ 
ECO(C0) 4 (GeH,)I '( 
[hln(CO),(Ge,H,)] ' 6.53 6 . S  4.4 

Ge*% 6.92 
[Mn(C7),(GeH3)I ' 

a This value was incorrectly reported in ref. 9. Compare 
with values in cyclohexane: 7 6.56, 6.91, J not given. c Same 
value as in ref. 10. Compare with T 6.76 in cyclohexane 
(E. A. V. Ebsworth, S. G .  Frankiss, and A. R.  Robiette, J .  
MoZ. Spectroscopy, 1964, 12, 299). 

TABLE 3 
Vibrational spectrum (em-I) of [Cu(Co),(Ge,H,) J 

Solution in 
Gas cpclobexane 

2 104ms 2097s 

2 085mw 2 077m 

2 044s 2 035s 
2 020vs 2 0 0 8 ~ ~ ~  

2 007w 

1983w 

864v,br 

815vvw 
79lm 784m 

762vw 
740vw 

500vw,br 528w 

478vw,br 474w 

Raman of 
neat liquid 

415s,p 
269s,p 
205vs,p 

Tentakive assignment 
--7 Solid r---- -A--- 

20'37s } y(co) 
2 089m 
2 078m 
2 069mw 1 v('Jco) 
2 038m 

2 020w 
2 000s V ( C 0 )  
1989vs } v(coJ 
1982vvs 
1970w 
19tj5vw 
1960w 
1 959w 
1953w 

2 03gn1 '! v ( ~ e ~ )  

v ( ' " 0 )  

&s,n, H,) 

920vvw,br 
877m (sh) 
873m 
868w :iiE } GeH, bend 
799vvw 
784s 77gS } 8&4Ylll(Gc1'a) 

GeH, wag, twist 
(and rock?) 

669m 
667s 
658m 
649m 

549s 
512vw 
508w 
500vw 

i;iG } GeH, rocks 
459w 

(Sll)} SlCO(CO)] (6' 

[Co(CO),(GeH,)] so the spectrum is reflecting the local CW 
symmetry rather than the true C, one. The phase shift is 

l4 J. E. Griffiths and G. E. Walrafen, J .  Cham. Phys., 1964,40, 
321. 

1910. 
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more marked than for [Co(CO),(GeH,)] and the lowest band 
splits into two strong components in the solid, perhaps cor- 
responding to the a' and a'' equatorial stretches deriving 
from the C,, e mode. However, the solid-state spectrum 
shows a much larger number of bands than the gas or 
solution spectra so the splitting may arise from crystal 
effects. Two clear bands in the deformation region are 
assigned as the prominent 2*3 GeH, symmetric deformation 
near 800 cm-l and the strong GeH, wag at (700 cm-l. 
The other deformations are clear in the solid-state spec- 
trum. Since the compound is light sensitive and darkened 
rapidly in the laser beam only the low-frequency region was 
observed in the Raman. The polarised Co-C stretch at 
415 cm-1 matches the very strong mode found 9 at 420 cm-l 
for [Co(CO),(GeH,)]. The metal-metal stretches are both 
polarisecl and occur at 269 and 205 cm-l, compared with 
268 cm-1 for digermane,14 228 cm-l for [Co(CO),(GeH,)],g 
and values for [Mn(CO),(Ge,H,)] of 273 and 205 cm-l. It  
is interesting that very similar frequencies are observed for 
both the cobalt and manganese compounds, with the anti- 
symmetric stretch near v(GeGe) of the polygermanes and 
the symmetric stretch at 10-15 cm-l below the metal- 
germanium mode of the germyl compounds. 

Reactions.-Substitution of the Ge-H bond is not 
reported for [Co(CO),(GeH,)] while Co-Ge cleavage is 
character is ti^.^ The cleavage reaction with mercury(I1) 
halides is essentially quantitative for [Co(CO),(SiH,)] ,15 
[CO(CO),(G~H,)],~ and [Co(CO),(GeMeH,)] and appears to  be 
a useful analytical reaction for such species. The diger- 
mane reacts similarly with a recovery of digermanyl 

'J[Co(CO),(Ge,H,)] 4- HgCI, --+ 

cliloride corresponding to 91 % of the [Co(CO),(Ge,H,)] 
consumed. A small proportion of digermane was found, as 
expected from the relatively low stability of digermanyl 
chloride, but there was little indication of Ge-Ge cleavage. 
The colour was consistent with the formation of Hg[Co- 
(C0),l2 but this was not characterised. 

In  reactions with CCl, and GeCl,, germylmanganese 
compounds give lo extensive Ge-H substitution, but no 
reaction was observed for [Co(CO),(Ge,H,)]. 

The metal-carbonyl exchange reaction (2) follows the 

2Ge,CIH, + Hg[Co(CO),], (1 )  

1 Co(CO),(Ge2Hti)I 4- [Mn(CO)51- 
[Mn (CO) 5 (GesH,) I + [CO (CO) 41 - ( 2) 

same course as that established ltl for the GeH, analogues. 
The digermanyl group is exchanged with no evidence of 
Ge-Ge cleavage and with a somewhat higher recovery of 
the manganese compound. 

A 5 : 4 mixture of [Co(CO),(GeH,)] and Ge,C1H5 comes to 

[Co(CO),(GeH,)] + Ge2C1H5 'T- 

equilibrium (3) after a few hours with the balance lying well 
in favour of the digermanylcobalt species. 

[Co(CO)4(GezH,)] f GeCIH3 (3) 

DISCUSSION 

The spectroscopic measurements and the chemical 
reactions, particularly (1), establish the existence of 

l6 R. I;. Gerlach, B. W. L. Graham, and K. M. Mackay, J .  
rco (CO),(Ge,H,)I - 
Organometallic Chem., 1976, 118, C23. 
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While most reported reactions of Ge,H, involve Ge-Ge stable thermally than [Co(CO),(GeH,)], but both species 
cleavage, and the halides Ge,XH, all decompose at  darken when exposed to light. While the properties and 
room temperature, the metal carbonyl derivatives of reactions of [Co(CO),(GeH,)] and [Co(CO),(Ge,H,)] are 
digermane are more resistant to decomposition or Ge-Ge similar, the digermanyl system is favoured overall. 
cleavage. The compound [Co(CO),(Ge,HS)] is more [8/441 Received, 10th March, 19781 
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