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SUMMARY
Bis(trimethylgermyl)tetracarbonyliron (I) has been syn-
thesized by reaction of HeaGeCl with NaQFe(CO)u. Vibrational,
Iy NMR and mass spectra for 1 are compared with hydride and
methyl substituted analogues, and are best interpreted in terms

of a predominance of the cis isomer. I rearranges in vacuo,

eliminating (MeaGe)zo, Fe(CO)5 and FeS(CO)l2.

1,2 -
We have elsewhere " reported the syntheses and spectiroscopic

characterizations of the complexes (HexGeH3_x)Fe(CO)k when % = 1 and 2.

A recent 13C NMR study3 which included data for the complex when x = 3,
bis(trimethylgevmyl)tetracarbonyliron(I), has prompted this paper concerning
our independent investigation of the complex. We were interested to
examine whether I could be synthesized via the well-established alkali
metal-halide elimination route (a route which did not yield the silyl

b - . - .
analogue ), and to compare spectroscopic properties with the mixed

hydride and methyl substituted derivatives.

Part VII is ref. 1.

sh



'Experisental .

HManipulations and ﬁHR;'mass,aﬂd IR measuréments were made as -

described earlier.2 The Raman spectrum;@f I (enclosed in a thin-walled
capiliary) was recorded using a JASCO R300 spectrometer operating at

‘488 nm with 21 mW power.

Synthesis of I. In one reaction,of 21.2 mmol of Me,GeCl was allowed
to react with a pentane slurry of the anion prepareds from 17.4 mmol of
Na and 2.86 mmol of Fes(CO)lz- After U4 min. at room temperature, volatiles
were fractionated yielding 0.07 mmol of gas which was incondensable at

-195°C, unreacted Me_GeCl with (MeyGe) 0, Me GeH and Fe(CO), at -196°¢

3 3

(all identified by mass spectrometry and IR), and colourless (Hesee)QFe(CO)u

(I) contaminated with traces of (HeaGe)2O and Me Ge(H)Fe(CO)u at —15%.

3
Further I was sublimed from the reaction vessel using a cold finger. The
total yield was ca. 400 mg (ca; 1 mmol, 9% yield based on HeaGeCl taken
initially). I was characterized by mass, vibrational and lH NMR spectro-
scopy. The mass spectrum was obtained &sing a solid insertion probe and
the infra-red spectrum recorded at ca. -196°¢ using a cold cell, since
with gaseous sampling only spectra of the decomposition products Fe(CO)S6
and (Mesce)207 were obtained®*. For I, the molecular ion famil. was found
198-208

at m/e = 396-%10 (fc .H. .0~

T istent wi
10M18% (GezFe)] = 396~-410}. Consistent with

a2 cis configuration for I, the solution infra-red spectrum exhibits four

carbonyl strefching 2bsorptions with the one at highest energy matched

by a polarized Raman mode (vCO__. ., a.). One Ramen mode with a degree
= axial 1

-1
of polarization was found at 200 cm ~— (vGeFe, a, + bl). Freshly sublimed

1
I exhibited a single 1H NMR resonance at 9.39 tau in CS2 solution measured
froﬁ TMS internal reference. However, after standing at room-temperature
for several weéks in a sealed tube, a new singlet was observed at 9.74 tau
which was assigned to (HeaGe)zo {cf. 9.7u tau measured independently}.

Freshly sublimed colourless crystals of I were found to darken rapidly

during glovebox handling in an exothermic reaction which produced Fe(CO)_,

* when the IR cold cell was warmed to room temperature only the absorptions
due to Fe(CO)s and (Me3Ge)20 were observed.
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(HeaGe)zo and Fes(CO)12 (all identified by mass and IR spectroscopy).

Traces of a complex considerably more volatile than T (collected at -15%
during a short fractionation) were identified tentatively as MeaGe(H)Fe(CO)!+
on the basis of volatility and of the following infra-red spectrum (ca.

1

—lSSOC, cm ~): 3000 w, 2950 w br, 2500 w, 2850 vw (vCH), 2098 m (vCO

axial’®
a'), 2066 vw, 2059 w, 2037 w sh, 2032 m, 2023 vs (vCO, 2a' + 2a"), 13S0 w br
(vlsco), 1405 vw, 1245 vw, 1210 vw br, 1130 mw br (6CH3), ca. 935 w br,

8390 w, 832 w, 807 vw, 759 w (pCHs), 726 mw (8FeH), 647 mw, 624 mw (8FeCO),

594 w, 562 w (vGeC).

Discussion

From the route:

M 3
2Me3GeCl + NaQFe(CO)u > (neaGe)2>e(CO)u + 2NaCl

we have isolated and characterized bis(trimethylgermyl )tetracarbonyliron(I).
The relatively low yield is best explained by the particularly air-sensitive
nature of I; transfers of residues containing the bulk of I were made in

a glovebox to sublimation vessels, and we have shown that I is degraded
rapidly under these conditions. These observations for I are matched

by the earlier report that (EtSGe)zFe(CO)u {synthesized by reaction of
EtsGeH with Fe(CO)S}, is 'extremely unstable'.8 This synthesis of I via
the well-established alkali metal-halide elimination route is in contrast

to the reports that the reaction MeSSiX + Na Fe(CO)u* will not produce the

2
silyl analogue, (Hessi)zFe(CO)qu.

The pattern of vCO vibrations, relative volatility, and an IR band
at 726 cm_l (cf. vibrations attributed to 6FeH were found in this region

.
for the complexes H3M'(H)Pe(CO)u, Mr=5i® and Ge‘o) are preliminary

evidence for MeaGe(H)Pe(CO)u as a by-product with I.

*THF was used as solvent in these reactions and it is worth noting that
(Me;Si)oFe(C0O)y, synthesized via a mercurial exchange route, does react
rapidly with this ether.l16
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- Spectroscopic Properties of I

Mass Spectrum. Table 1 lists the principal ions observed for I.

As found for the complexes (HexGeﬂa_x)Fe(CO)u; x=010, ll, and various

;
halide derivatives thereof't, for (R,Sn),Fe(C0), , R=te'?, Et'°, and for

(ClsGe)zFe(CO)qlq, the parent molecular ion of I is weak. The bulk of

the ion current is carried by the even electron fragments HesGe2Fe(CO)n+,
n=4-0, and by the ions C2H6GeFe(C0)n+, n=4-0. These first two observations
are to those made for the complexes (MeSSn)2Fe(CO)u13 {for which the only
ions reported were Pt (weak)lz; [P—Me—n(CO)]+, n=0-4; MenSn+, n=0-3;

and Sanu+}, and (Efasn)QRu(CO)u where 'after a weak molecular ion there
follows loss of the 4 CO groups and the organic groups to ... leave the
Sn2Ru+ ion'la.

+- . . =
The ion MezGeFe(CO)u » is one of the strongest in the spectrum of

I and is metastable supported to arise from:

+~ +-
(MeaGe)zFe(CO)u - Me GeFe(CO)q + Me, Ge

2 L
No ions of the type MeGeHxFe(CO)u+ nor GeHxFe(CO)u+ were observed for the
o 1
complexes (MexGeHa_x)zFe(CO)u, when x=0lO and 17, but the only ion found
= + - 2
for (HezGeH)zFe(CO)q was MezGeFe(CO)q .

Vibrational Spectrum. The-pattern of vCO modes (see Table 2) makes

this spectrum best interpreted in terms of a predominance of the cisoid
isomer, where the expected four vCO vibrations (Qal + b, + b2) are active

in both the Raman and infra-red {cf. trans isomers will have Raman/IR

exclusion for the activities of these vibrations; 2ag + 2, + bu for a

C molecule, a + bl + e, for the D case}. Assignment of the highest

2h g +h
15

energy vCO mode to the axial (al) vibration is firm ~. The lowest solution

1lg

&

infra-red absorption. is attributable to vCOec(bl) since it has been established
- : 16 -

t >k £ ' 1 . f i

hat kax eq or several (R3M )2H(C0)u complexes Of the two remaining

. . N -1, . -
infra-red carbonyl absorptions, the.more intense (at 2005 cm ~) is tentatively
assigned to the b2 vibrationa. As found for (Me2GeH)2Fe(C0)u2, the low
temperature solid spectrum of I is complex in the carbonyl stretching region.

1

The single 200 cm ~— band observed in the Raman spectrum of I is alsc
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The Vibrationai Spectrum of 1 7(<;An-:-l) :

IR . o Ramané o ' Assigﬁmenf' -
So1id® . j VSolution§
2970 - vw ) ) 2680 mw vbp} vCH
2610 w 2908 w bx
2089 W vCo
2051 w sh i
2056 s 2087 s 2087 w P vCO_ soq (a.l)
2046 W sh v13co (in-phase)
2013.3 mw
1995.3 ow vCO
1880.5 w
1571.}) ow 2005 s \JCOaxial (b2)
ca. 1953 vhr sh 2006 = sh \JCOea (al)
1981 vs 1983 vs vco (b))
eq 1
1918 w v1l3co (out-of-phase)
1242 vw sh 1245 vw sh ]

&CH3

1226 W 1232 0w (symmetric)

832 vw sh

829 w br ]
I3 Ed
819 w sh pCHS
755 W br
s

625 w sh 627 wWp éFeCo (a,)

615 8FeCO

595

585 il 587 s dp veeC

558w 8FeCo

Shu w

5i2 W .
L45  ms p vFeC (a,)
200% vs vGeFe (;l + bl)
105 vvs 8CGere, 8CFeGe, and

dGeFeGe

2 Data obtained using a conventional cold cell; sample held at ca. —196°C.
b.H—pentane solution, reference 21 (carbonyl regicn only).
© pata for a liquid sample at amhjent temperature.

a A change was noted in the contour of this band during polarization studies

consistent with the superimposition of the a, and b, vGeFe modes.
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consistent with a major cis configuration; the a, and bl vGeFe vibrations
appear to superimpose and thus the contour of the resonance was altered
in polarization studies. {cf. 13 and 15 cm_l separations were found between

the a, and b, vFeGe vibrations of the complexes cis (HexGeHs_x)QFe(CO)u,

1 1
x=0lo and ll-} The rest of the vibrational spectrum assignment (Table 2)
follows earlier discussion for the complexes (MexGeHa_x)zFe(CO)q, x=ll
and 22.

lH NMR. The resonance observed at 9.39 tau for I in C82 solution
compares with data reported for (MezGeH)2Fe(C0)4 (5.36 tau, CS22), ]
(Me,S1),Fe(CO), (9.53 tau, C.D, 17, (MegGe),Ru(CO), (9.46 tau, C.H_ 18,
and other transition metal germyls (see Tzble 1 of ref. 2), and again is
consistent with the predominance of one isomer {cf. two lH NMR resonances
were reported for cis and trans (Me3Ge)205(C0)u at 9.37 and 9.27 tau
respectivelyls}.

We have observed (Meaee)QO as a product from the decomposition of
I, both in the presence of oxygen traces and in vacuo. For the latter
situation our preliminary lH NMR evidence, tcgether with observaticns
during IR spectral handing, and mass and IR spectra recorded for gaseous
samples taken from fresh samples of I, indicate that the oxygen in these
cases arises through degradation of the iron (carbonyl) moiety itself.
No evidence was found for oxide species from the complexes (MexGeHs_x)z—
Fe(CO)l‘L x=0 and 1 under similar conditions. The formation of silyl-oxides
is well estéblished for silicon analogues,l but this type of reaction for
germanium (in the exclusion of air) has been reported in only one other
instance; (thGe)zFez(CO)7 completely converts to O[GethFe(CO)u]2 in
a reaction where the only source of oxygen for the digermyl oxide linkage
appeared to be the oxygen of a carbonyl group. As with these studies, the

fate of the residual carbon atom was not established.20
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