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Sumary

CH3GeH3z and CH3GeH2Co(CO):, each undergo a complex reaction with
Coz2(C0)s to yield CH3GeCo3(CO)1, as the principal product. CHsGeCla and
CH3GeBra react at room temperature with NaCo(CO)u to form CHiGeX2Co(CO).

vwhich in turn give CH3GeX[Co(CO)us]2: further reaction is slight.
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Introduction

Etzrodt and Schmid reported recently’ that CH3GeCls reacts with
NaCo(CO)s to give CH3GeCo3(CO)1y : GeBrs similarly yields BrGeCos(CO)ij.
This tricobalt—undecacarbonyl germane type was first reported by
Grzham and colleagues? who isolated the phenyl species from PhGeHs
and COz(CO)a and showed crystallographically that it had the structure
(u-PhGe[Co(C0)s1) (1-C0)C02(CO)s. This group have also mentioned® the
formation of CH3G6eCo3(CO)1;: from (CHa)2GeHz with Ge—-C bond cleavage.

In contrast, CH3SiHj reacts® with Co2(C0)s to form CH3SiH2C0(CO)4
in k6% yield.

We report here an exploration of routes from hydrides and halides
to methylgermanium mono-, di-, or tri-substituted by cobalt carbonyi

groups.

* . -
Part X is reference 6.
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Results

Monocobalt Species. The synthesis and properties of CH;GeHzCo(CO)q‘closely
parallel those® of GeHaCo(CO)y. The near-gquantitative cleavagesa6 with
mercuric chloride and exchange’ with Mn(CO)s are cheracteristic of cobalt—
germanes.

The halides CH3GeX2Co(CO)y (X=CL,Br) result from the 1:1 reaction of
CH3GeXs and NaCo(CO)y for 15 minutes in ether at room temperature followed by
work-up at, or below, embient. These two heve not been reported although
CH3GeI»Co(C0)4® and 211 the halo—tin analogues are known. The properties are
consistent with this formulstion, although the dimethyl contaminant makes
the chloride data less complete.

The vibrational spectra are listed in Teble One. The characteristic
shift of vCO to higher frequencies in the order H<I<Br<Ci 1is nicely shown.
There is a clear doubling of the lowest carbonyl band comparedsa9 with
GeH3Co(CO)y or GeX3Co(CO)4 which (pace Ernstbrunner and Kilner'?) is

re

consistent with the ¢ mode of the Cay species going to a’ta in these Cs

!l ijs the same in

molecules. The freguency of the Ge-Co stretch at 22lcm
CH3GéH2Co(CO)u and® in GeH3Co(CO)y. The main a' modes in the hydride show
a lop-sided A. contour with the P-branch appearing as a shoulder.

The GeHz chemical shift of CH3GeH2Co(CO)s is 0.5ppm downfield of>
GeH3Co(CO)y, & similar shift to that found!! for the pentacarbonylmanganese
analogues. The changes among the haliées show the induced anisotropic field
in the bromide outweighing any electronegativity effects.

Di-substituted species. Under the same mild conditions, but using an

excess of NaCo(CO)4, the second halogen is substituted to give
CH3GeX[Co(Cqu]z (X=C1,Br). The mass spectra, as is common with

polycobalt carbonyls of Group IV elements, show no parent ion. However,

the observation of all the expected fragments shows the basic structure

and the species are clearly distinguished from the alternative possibilities

CH3iGeX[Co2(C0O) 7] by their carbonyl stretching modes (Table Two). All

eight frequencies predicted for the Cs symmetry are
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TARLE ONE. Vibrational Spectra of CH;GeX,Co(CD). Species (am !)

Description CH3GeH2Co(CO) . CH3GeCl1,Co(CO0)s CH3aGeBra2Co(CO)a CH3GeI2Co(CO)y
() () (e) (a) (e)
vco(a’) 2106s 2113 (8) 2110 (7-8) 2106 (9)
vco(a’) 204 Tvs 2057 (9) 2056 (8.3) 2053 (8)
veol(a'+a’") 201Tvs 2038 (10) 2036 (9.6) 2033 (9.8)
2012vs 2024 (10) 2024 (10) 2022 (10)
vlico 1982m 1989 (1) 1987 (0.Lk)
87Tm }
8CHs(a'+a'’) 873m,sh
843m } 842 (0.2)
and 838sh
GeHz bend (a') 831s
801 (2) 802 (0.8)
GeHz wmg 702m }
(e”) 691sh
SGeH2(a’') (7) 615w
vGeC(a’) 587w 599 (1) 595 (0.3)
5Lgs 550 (6) 549 (1.5)
8CoCO Sh2sh .
and 50Lm 189 (0.3)
vCoC %485m k12 (2) 473 (0.5)
L1 3vwr
6GeHz2(a'"') 393m
391sh
vG?§%+all) 383 (3)

(2) CH3 stretches snd deformations appear in the expected regions: relative
intensities in brackets

(b} Gas phase. Raman shows 582w,(pol?); L13s,pol; 221s,pol (vGeCo);

80s,pol and 38w (skeletal bends)

(c) Hexene solution: solid within Sem ' except VGeCl at 378 end 367

(d) Hexane solution: solid within 3em ™}

-{e) Cyclohexane solution, reference 8.

158w,



TARLE TWO : Carbonyl Stretches of CHGeX[Co(00)s]z{cm !).

CH3GeC1[Co(CO) 4 ]2 CHsGeBr[Co(C0)4]2 CH3sGeI[Co(CO)ul2 {CH3)2Ge[Co(€O) ]2
la) (a) () {c)
2109.2 (3.5) 2108.% {3.1) 2106 (2.9) 2099.0 (3.1)
2091.1 (10) 2090.5 (10) 2089 (10) 2081.3 (9.6)

2048.6 (5.2) 20k8.6 (5.7) 2046 (4.3)

2052.5 (5.4) 20k2.1  (5.7) 2040 (L.L) 2032sh  (7.3)
2031.3 (9.3) 2031.% (9.3) 2030 (9.0) 202k.7 (8.5)
2024.6 (9.5) 2024.8 (9.5) 202k (9.2) 2018.8 (10)
201k.k  (5.9) 201k.7 (6.1) 201k (L.9) 2006.7 (9.9)
2001.7 (3.3) 2001.% (3.5) 2000 (2.9) 1997.0 (6.1)
1980  (0.6) (}*co) 1965  (0.L)

(a) In hexane : values for nujol mull up to 2.5cm™ ! lower.
(b) In cyclohexane, reference 8.

(¢) 1In bexane under same conditions as (a).

observed, compared with the six meain bands found for C2y enalogues such
as (CH3)2Ge[Co(CO)y4]2 and the five terminal and one bridging mode of
heptacarbonyls. The frequency sequence CH3i<I<Br<Cl is very slight,
indeed the shifts among the halides are smaller than the phase shifts.
Trisubstituted Species from Balides. CH3GeX[Co(CO)uwl> react only to a
very small extent with NaCo{CO)s under the mild conditions used. The
chloride yields a small amount of product whose infrared spectrum suggests!
it is CHaGeCos(CO)1:. The minor product in the reaction of the bromide
does not show bridging carbonyl modes but shows terminal modes that are
not inconsistent with CH3Ge[Co(CO)s1ls. Moreover, the minor fraction in
the CH3GeCl([Co(CO)u]2 preparation has a mass spectrum consistent with
CH3GeCo3(CO),, for n = 11 or 12 (compare, e.g. CH35n[Co(C0)413 which
does not show!? P' but (P-c0)') end enomelous intensity in the infrared,
expecially at 201bem™ !, not inconsistent with the dodecacarbonyl.
Hydride Reactions. The 'H n.m.r. changes show that CH3GeHa reacts

with Coz2(C0)s to form CH3GeH2Co, CHaGeHCoz and CH3GeCos species. The
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reaction is rapid, and all three types were found to be present when the
signal resolution improved after the initial paramsgnetic stage. '

Only one monosubstituted compound was formed end it has parameters
identical with those of separately synthesised CH3GeH2Co(CO)s. Th;
tri-substituted product, with the 8.0TT methyl singlet, is the main
end-product of the reaction. The mass spectrum is similar to that
reported! for CH3GeCo3(CO)11 end the infrared spectrum (identiecal to
that of sample B in Table Three) also agrees with the reportedl,?
undecacarbonyls.

CH3GeE2Co{CO)y reacts similarly with Co2(CO)s but the reaction is
slower so that it is clear, after the initial steges, that a disubstituted
species is forming from CH;GeHzCo(CO)@ and is itself forming CH3GeCo3{(CO)::.
HCo(CO)y forms in all the reactions and disappears by forming Hz and Co2(CO)s.
Separate experiments show HCo(CO)s does not resct directly with the germanes.

For both the CH3GeH3 and CH3GeH,Co(CO)y reactions with Co2(CO)a,
uncertainties remain about the other species involved which are always
minor components of the mixtures. Of the two disubstituted species, the
one common to g1l runs is that giving the CH3 doublet at B.TST,-GeH signal
at 4.527 and J = 2.2Hz. The likely candidates are CH3GeH[Co(CO)4]z or
CHaGeH[Co2(C0);]. A mixture conteining the 8.75T doublet and the 8.07t
singlet of CH3GeCosz(CO);; resulted from hexane extraction of the
involatiles from one of the incomplete CH3GeHCo(CO)y resctions. The
carbonyl region is presented as sample A in Table Three, while B was
a fraction in which the doublet could not be detected.

Apart from the weak shoulder at 206kem™! (corresponding to the strongest

band in Co0,(CO):, semple B has essentially the same spectrum as
CH3GeCo3(CO)11 and PhGeCo3(CO)11- There are some discrepancies, probably

in presentation, in the 2009-38cm™ ! region. This, with the mass spectrum,
identifies the mejor product of the CHaGeH2Co(CO)y reaction as CHaGeCo3(CO)1;.

A contains an extra component giving the medium band at 2095(:1:11'_-1 and
the extra structure on the very strong band at 2030-2000cm !. The a'’ mode

from the in-phase equatorial stretches of CH3GeH[Co(CO)yl2 would account for
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TABIE THREE. Carbonyl Stretches of Involatile Fractions (cm ')

Involatiles (a) CH3GeCo3(C0) ;1) PhGeCo3(C0) 1)
A . B (b) (c)

2105w 2105w 2105m 210bw
2095m
2085s . 2082s 2082s 2082s
2070w
2065w 2064w sh
2055s 2056s 2056s 2056s
20L5w 20kTw sk 20b6sh 20bhhw
2030vs 2038vs 2030s 2036s
2020s sh 2020/5m 2025m
shoulders to 201 Tm 201km
2000 2009m 2007w

2003w sh

1998w 1998w 1998w
1850w 18Lkow 1850m : 1850w
1835w 1837w 1838w 1835w sh
{(a) A = sample showing 8.75T doublet and 8.07T singlet

B = sample showing only 8.07T singlet

(b) In hexane, ref 1

(¢) In cyclohexane, ref 2.

1

the 2095cm = bend (compare Teble Two), and its strong absorptions are

expected in the 2030-2020cm ' region. The alternative, CHaGeH[Co2(C0)],
1s expected to show a medium-strong bridging mode about 1840Ocm .
While not conclusive, the balance of evidence favours the 8.75T species
being CHaGeH[Co(CO)s12. The 8.60T methyl doublet, which appears when
Co2(C0)e is not in excess, may then be tentatively identified as the
heptacarbonyl. .

Assigmment of the weak singlets is pure speculation. However it is
noted that the 8.4t épecies appears early in the CH3GeHs3 reactions while

the 8.2T compound is orly seen after longer standing: this may indicate

CH3Ge[Co(CO)4]s and CH3GeCo3{(CO)g respectively.



Discussion

Halide Reactions. The work reported here involved short reaction times

and work-up at room temperature and below. These conditions yield mono-

and di-(cobalt—tetracarbonyl) derivetives. Etzrodt and Schmid! reacted
CH3GeCls with NaCo (C0);, (1:3) under more vigorous conditions (finally at

65°C for 3n) and recovered 80% CH3GeCo3(CO)1:. Thus it appears that mono-,
di—- or tri- substitution can be obtained all under fairly mild conditions,
and the small yield of CHaGeCo3(CO)y from our reaction of CH3GeC1l[Co(CO)us]2
is reasonable. However there are indications, albeit slight, that the open
species CH3Ge[Co(CO)y 13 forms at room temperature. Thus the undecacarbonyl
may arise as the first condensation step.

Hydride Reactions. Three hypotheses about the course of the CHiGeHs reaction
are compatible with the observations:- one, that substitution is stepwise

in succession from CHaGeHs ta CHaiGeCo3{CO);:1 : the second, that CH3GeH2Co{CO),
and a GeCoz species form in separate reactions (more likely for CH3GeH(Co2(CO)-,1)
and each reacts to form CH3GeCoa(CO);; : the third, that the GeCo:z species
forms first and disproportionates. It seems reasonably clear that when
CH3GeH2Co(CO)y is the starting material, the GeCoz species form(s) first
end CH3GeCo3(C0);, follows but the mixture cannot be converted entirely
whatever the reactant ratio. On the other hand, the report“ of about 507
yield of CH3SiHaCo{CO)y from CH3SiHs and Co2(CO0)s could indicate the third
path. Further work, especially directed to the identity of the various
di-substituted species, is needed to clerify these details. However,

the main picture is clear

CH3GeH3 + CH3GeH2C0(CO)y
Co2(C0)s + or > intermediates -+ CH3GeCoa{CQ)i;
CH3GeH2C0(CO), i + minor CH3GeCo3 species

It is inpteresting that CH3GeH3 yields the carbonyl-bridged species
CH;[Co(C0), 1Ge [Coz(CO)7] directly in reaction at room temperature,
analogous to the reaction!? of GeHs with Co2(C0)s which gives Ge[Coz(C0)7]2-

In contrast, CH3GeX; and GeXsl!d with NaCo(CO)4 give only small yields
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of fully-substituted species at room temperature but there is evidence

that the products include the non-bridged CH3Ge[Co(CO)4,13 and

GelCo(CO)u 1y species. For both CH3aGeCoz(CO)11 and GeCou(CO)14, the

carbonyl bridged species eliminate CO to give the enneacarbonyl cluster
RGeCo3{CO)e (R = CH3! or Co(C0)u3). The possible condenmsation of the

open species is already indicated!:'? end is being further explored, although

it is resisted!® for tin and lead analogues.

Experimental

Manipulations were carried out using & vacuum line or under nitrogen
and spectrpscopic measurements were made as described in eerlier®,® work.
Commercial CH3GeCli contained dimethyl contaminant which could not be
entirely removed. However, the dimethyl products could be readily

identified and their contribution to spectra sllowed for. A different

source (Laramie Chemical Co.) provided pure CHiGeBri.

CH3GeCl3 was stirred for 15 minutes at room temperature-in THF with
NaCo(CO)s (1:1 mole ratio). The solvent was removed and the residues
extracted with hexane. A pale-yellow, air sensitive solid was sublimed
from the extract at room temperature. It has a chemical shift

of B8.75T in Ce¢Hg end an infrared spectrum (Table One — absorptions

of W5%(CH3)2CeC1Co(CO0)y allowed for) compatible with CH3GeCl2Co(CO):.
Reaction in Et20 was ver& similer.

CH3GeC12Co{C0)y (formed as above) was reacted with excess NaCo(CO)s

for 15 minutes at room temperature in Et20. A similar work-up,below or

at room temperature, gave a dark yellow species with a chemical shift

of 8.64T in CeHs. This was a little less air-sensitive than the

dichloride. The infrared spectrum (Teble Two) can be assigned-on the basis
of CH3GeC1[Co(CO)4]2. The mess spectrum shows no P' but (P-nc0)* are
prominent with relative intensities 30:34:15:37:30:100:63:85 for n=1

to 8 respectively. Other significent ions were CH3GeCoz' (19), CiGeCos'(26),
GeCoz " (16), CH3GeC1Co'(9), CHiGeCo'(20), CiGeCo®(8), GeCo'(17) and Cor*(20).

A minor crop showed.some anomalous intensities in the infrared spectrum,
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especially at 201kem ', and its mass spectrum showed an additional weak
family of ions CH3GeCos(CO) ' for k = O to 11.

CH3GeC1[Co(CO)s ]z reacted under similer conditions with excess NaCo(CO)s

showed largely unchanged starting meterisl and some Co4(CO)i12. A small
emount of product had infrared bands at 2105, 2056, 1848 and 1836em '.
CH3GeBriz reacted under similar conditiors in THF with 1:1 WaCo(CO)s gave

63% pale-yellow methyldibromogermyltetracerbonylcobalt, CH3GeBraCo(CO)s

[BrZ found 39.03, 38.62 celc. 38.10 : m.pt. T8-80°C in a sezled tuﬁe];
This sublimes a2t 10°C, is unchanged after seversl weeks in N2, but reacts
slowly in air. Reaction in Et20 was similar but formed a small amount
of CH3GeBr[Co(CO)us]l2 in addition. The chemical shift is 8.437(CeHs),
and the infrared spectrum is given in Table One. The mass spectrum shows
no parent but (P-nCo)” have relative intensities 26:100:80:38 for
n=1,2,3,k. The BrzGeCo(CO)x+ series has 1:6:20:32 for x = 3,2,1,0 :
CH3GeBrCo(c0), " is 1:5:13 for x = 2,1,0 : BrGeCo(C0)," is 0.3:2:13

for x = 2,1,0. Other ions are CHaGeCo+(8), GeCO+(10), CH3GeBr2+(l),
CHsGeBr (1), CHiGe'(62), Br2Ge™(1), BrGe' (27), Ge'(5).

CH3GeBr2Co(C0):, and excess NzCo(CO)s, similarly yielded the psle orange

monobromide CH3GeBr[Co(CO)y]2 [Br found 15.55%, calc. 15.68% m.pt.
T5-77°C in sesled tube). The product sublimes sbove 30°C, reacts
slowly in air, and is less soluble in alkanes then is CH3GeBraCo(CO)4.-
The chemical shift in benzene is 8.12t. The carbonyl modes are
included in Table Two. The mass spectrum shows similar festures to
the chloro—analogue with (P—nCO)+ = 0:20:%0:23:33:25:75:60:100 for

n = 0 to 8 respectively. A weak series BrGeCoz(CO)i? is seen with
relative intensities 6:10:5:3:4:35 for x = 5 to 0. Other ions were
CH3GeCoz" (9), GeCoz' (1L), CH3GeBrCo(co)'(10), CHageBrCo (15),
CH3GeCo'(23), BrGeCo'(13), GeCo(CO) (L), GeCo (27) and Coz*(22).

CH3GeBr[Co(C0)y ]2, plus excess NaCo(CO)y at room temperature largely

returned starting materiel. A hexane extract of the mixture showed
the following carbonyl stretching modes in eddition to starting materisl

and cobalt carbonyls(em™) : 2104w, 2081m, 20k2w, 2023(2), 201bvs,
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2000w sh, compare'? CH3Sn[Co(C0)s]s 2101w, 2079s, 2040w, 2028w sh,
2020s, 2010s and 1992w sh.

Methylgermyltetracarbonylcobalt, CH3GeH2Co(CO)y. To an anion sample,

prepared from Co2(C0)e(312mg, 0.92mmole) by reduction with sodium amalgam,
was added MeGeH.Br (27img, 1.60mmole) and 2ml dry ether. The mixture was
shaken at room.temperafure for 15 minutes and then fractionated. Small
amounts of MeGeHs3, HCo{(CO)s and unreacted MeGeH,Br (all identified by

i.r. spectra) were recovered with the ether. MeGeH2Co(CO), (182mg,
0.T0mmole, LLZ based on MeGeHzBr added) was found in the -145° and -63°C
traps. In other runs, yields ranged from 37 to 45%. THF may be used

as solvent but is more difficult to separate.

The pure product is colourless but rapidly turns through yellow and
orange to dark red-brown, especially in the'light or on warming.
However, although the colour change is very marked, the rate of
decomposition at 20°C is only a few percent an hour. Vapour pressure
measuremnents are vitiated by the decomposition, but the values measured
of 5mm at 0°C and 12wm at 22°C give some indication of the handling

properties.

Refractionated methylgermyltetracarbonylcobalt was characterised

spectroscopically. In SiCly solution, the ' n.m.r. spectrum shows a
triplet at 9.16T (intensity 3), 2 quartet at 5.67t (intensity 2) and
33 = 3.5Hz. The vibretional spectrum is in Teble One. In the mass
spectrum, the parent ion envelope showed m/e = 26L4 to 256 containing
TS%P, 15%P-H, and 10%P-2H (HsCsOuGeCo requires m/e = 26k for 7°Ge
and 258 for 7%Ge). The fragmentation pattern was dominated by
CHsGeHxCo(CO)n+ ions with relative intensities 3:13:27:2L4:38:

for n = 4,3,2,1,0 respectively. x = 2>1>0 for n = 4,3 and x = 0>1>2

for n 2,1,0. GeHxCo(CO)n+ ions were all present but weak except

1 (10%) and n = 0 (35%). For these x = O dominates but

for n
T +
x = 3 is clear, showing H transfer. CH3GeHy end GeHx+ were strong

but varieble, suggesting some decomposition in the spectrometer, cfs



295

’ +
GeH3GeH2C0(CO)y . HCo(co)11 and c:o(co)n+ ions were found for all n
but are weak.

CH3GeH2Co(CO) s +HeClz (1:1 mole ratio) was followed by ‘H n.m.r. and

reacted smoothly at room temperature initially yielding CH3GeH2Cl.
CH3GeH2Co(CO)y was completely consumed after 48h., forming T3%
CH3GeH2C1, 26% CH3GeHC1, and 1% CH3GeCla : the latter mixture

continued to redistribute. From the intensities, 98% of the methyl
protons originally in CﬂaGeHzCo(CO)u appeared in the methylhalogermanes .
With Mn(CO)s . CH3GeH2Co(CO)y (52.Lmg, 0.20 mmol) was added to excess
NaMn(CO)s in THF. After 15 min. reaction, repeated refractionation
yielded purel! CHiGeHaMn(CO)s (46.9mg, 0.17 mmol, 85%). No reaction
occurred in pentane or in absence of a solvent.

-CH3GeH3 plus Co,(C0)g. Preliminary experiments showed that reaction at

room temperature was very rapid: for example, the H nmr spectrum of
a 1:2 mixture showed no further change after 5 minutes when all the
CH3GeH3 was consumed leaving mainly HCo(CO)s (21.ht) and a singlet
at 8.07t-

At —20°C, a number of reactions (r;nging from 2:1 to 1:2 ratios),
followed by ¥ n.m.r. in SiCly solution,showed a consistent pattern of
changes. Initially, the signals were very degraded suggesting e
peramegnetic intermediate. Indeed, in one run where too much Coz2(CO)e
was added, the signals degrazded every time shaking brought more
Co2(CO)s into solution. When the signals could be resolved (ca 1h
at -20°) there were present HCo(CO)s, CH3Co(CO)s and species giving a
triplet at 9.1971, (J = 3.3Hx, second component at 5.7t), a doublet
et 8.77t (7 = 2.8Hz, second component detected at a leter stage at
h-BhT),Va singlet at 8.LOT end a singlet at 8.08T. As reaction proceeded,
the main change was the increase in the 8.08r_singlet. Thus with 10%
CH3GeHs reacted the ratios of triplet : doublet : 8.4t singlet to
8.08t singlet were 6:10:2:0 and, at 80% reaction, 3:3.5:trace:10.

Further wesk signals appeared in the later stages, the most consistent

being a second doublet at 8.60T and a singlet at 5.43T. Although these
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main features were found consistently, the proportions when the
paramagnetic stage had passed were variable with sometimes the doublet
and sometimes the triplet being more pronounced. Other minor signals
appeared in some runs only. No consistent pattern of these changes with
reaction ratio could be discérned.

After completed runs, the n.m.r. tube was opened and the volatiles
removed. The involatile fraction showed only the 8.07T singlet and
solutions in cylohexane showed almost identical infrared spectra to those
observed from the product of the CH3GeH2Co(CO)y reaction with
Coz2(CO)g-cf. sample B, Teble Three.

CH3GeH2Co(CO)y plus Co2(C0)a. The 'H n.m.r. spectrum of CH3GeH2Co(CO)y

(47.6 mg, 0.18 mmol) 2nd Co2(C0)s (60.9 mg, 0.18 mmol), dissolved in
5iCls, was observed at temperatures ranging from -L40° to 0°C. Again
signal resolution was very poor in the early stages. Reaction proceeded
steadily with the consumption of CH3GeH2Co{CO)y and the formation first
of e species (8.79t dcublet, L4.52T quartet, J = 2.2Hz) which was lster
consumed giving major (B.OQT-singlet) and minor (8.%271 singlet) products.
Throughout the reaction, HCo(CO)uw was also produced (21.5T singlet). After
1%h, the temperature was raised to 0°C and all changes ceased after
2%h et 0°C. The composition of the final mixture {based on intensities)
was unreacted CHiGeH2Co(CO)y 20%, doublet species 20%, 8.h2T species 8%,
8.09T species 50% while B0% of the reacted hydrogen remained as HCo(CO)s.
Further runs followed a similar course. A ratio of 0.15 mmol
CH3GeH2Co(CO)y to 0.1 mmol Co2(CO)s formed species with doublets at
8.75T and 8.60T at -h0°, but only after 3h. st —40° and raising the
temperature to 0°C at the rate of 10° per 0.5h did the 8.07T singlet
appear. After T days at 0°C, this sample contained unreacted
CH3GeH2Co(CO)y : doublet species : 8.07TT species in the ratio 3:2:1.
The 'H n.m.r. spectrum of the separated volatiles showed the 8.60T
doublet together with CH3GeH2Co(CO),.

When the ratio was 0.05 mmol CHaGeH2Co(CO)s to 0.1 mmol Co2(CO}s,

only the 8.75T doublet appeared in the first hour at ~30°C, after
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another hour the 8.05T singlet was present and finally, after 18h at

0°C, the doublet, the 8.05T singlet, two other weak singlets at

8.42T and 8.227, and HCo(CO)s were present.: Incondensible gas (0.12 mmol)
was found when the tube was opened. Volatiles were separated and showed
CH3GeH2Co(CO)y plus a weak 8.46T signal together with a peak =t 9.82T
assigned as CHaGeHs.

The infrared épectra of various samples from the involatile
products of these rums are given in Table Three.

Mass spectra were run on extracts from the CH3GeHs; and
CH3GeH2Co(C0), reactions which showed only the 8.07T singlet. The
principal ions were assigned as (relative intensities in brackets) :
cH3Ge003(co)nf £11:13:40:38:13:50:100:62:53:74:70:50 for n = 11 to O
respectivelyl; GeCoa(CO)n+ for n = 8,7,5 to 0 [all very weak except
n=2(1), n = 1(5), n = 0(60)]; CH3GeCo2(CO)," for n = 1(8), n = 0(43)
together ﬁith coat(k), coat(9), C0+(T), CH3GECO+(10), GeCo® (15) 2nd
Co(co)*(6). These agree closely, though with some variations in

intensity, with the reported1 mass spectrum of CH3GeCo3(CO);1 and

with the Teatures? of PhGeCoa(CO)11.
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