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Reaction of bromogermane with NaMnICO), in ether or tetrahydrofuran gives germylpentacarbonylmanganese 
in up to 86% yield. Both GeH,Mn(CO)I and GeD,Mn(CO)s have been prepared and physical properties. i-r.. 
Raman, n.m.r.. and mass spectra are reported : although a molecular symmetry of only C, i s  expected, the vi bratianal 
spectrum closely follows selection rules predicted assuming local C,, and C', symmetry at  Ge and Mn respectively. 
and an assignment i s  proposed on this basis. 

GERMAN~UM-MANGANESE bonds are well-established in 
derivatives of organo- or halogeno-germanes, but until 
our recent preliminary report a of gerrnylpentacarbonyl- 
manganese, GeH,Mn(CO),, the only similar derivative 
of germane itself was GeH,[Mn(CO)&. This complex ' 
was isolated in 95% yield by direct reaction of mono- 
germane on manganese carbonyl hydride, and interest- 
ingly no evidence for the formation of the corresponding 
mono- or tri-substituted germane was found. Much 
more recently a related digermane, GeH,GeH,Mn(CO), 
has been reported by one of us. The sjlane derivative 
SiH,Mn (CO), has also been des~ribed.~ 

Analysis of the vibrational spectrum of GeH,Co(CO), 
was facilitated by its relatively high molecular sym- 
metry; however, the greater stability of GeH3Mn(CO), 
towards photochemical and thermal decomposition 
alIows it to be handed much more easily, and a duller 
study of its properties should therefore be possible. 

EXPERl MENTAL 

TeJniqeces.-Manipulations were carried out on a con- 
ventional vacuum line with taps and joints lubricated with 
Apiczon " N ' grease. Ethers were dried over sodium and 
distilled from LiAIH,. The sodium used was highly 
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purified by continuous by-pass filtration of the liquid and 
was made available by courtesy of Dr. R. J .  Pulham of this 
department: if such an exotic source of sodium is  not 
accessible, the metaI should be thoroughly f r d  from 
organic contaminants. Lr., Raman, IH n.m.r., and mass 
spectra and vapour pressures were measured as reported 1 
earlier. 

P r @ ~ r a l i m . - N ~ n ( C O ) ,  was prepared from Mn,(CO),, 
(89 1 mg ; 2-28 mmol) and an excess of 5% sodium amalgam 
by shaking in dry diethyl ether. The amalgam was 
removed and the bulk of the ether was pumped off from 
the dark green solution. Gwrnyl bromide (702 mg, 4-51 
mmol) was condensed in and the mixture was allowed to 
w m  to room temperature, when the green colour lightened 
and sodium bromide was deposited. After 15 min, when 
no further change could be discerned, the  volatile products 
were fractionat4 through traps held at -45, -125. and 
- 196 OC. Monogermane (9.2 mg, 0.12 mmol) was found 
in the liquid nitrogen trap and gmylpentacarbotayl- 
Iwangamese (902 mg, 33.3 mmmol, 74%) was held at -45 OC. 
In other successful runs, yields varied in the 55-80% 
range and tetrahydrofuran was also found to be a satis 
facterysolvent. Oc~ iona l lyupto50%of  thegermanium 
appeared as GeH, and only traces of the product wcrc 
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found. Recent work? has shown that GeH,Mn(CO), 
reacts with solid NaOH or KaOEt fom-iing 50-80% GeH, 
together with a little digermane. The occasional failure of 
the preparation is therefore attributed to the effect of 
alkaline impurities introduced from contaminated sodium. 

In preliminary experiments, CI,GeMn(CO), was treated 
with LiAM, in dry Et,O or with NaBH, in a THFlMeOH 
mixture. The reaction mixture became y e l h  and a trace 
of hydrogen was formed. but in each case the only volatile 
product detected other than the solvents was a little 
monogermane. 

[ n H ~ G ~ n a t y Z p s 7 m h ~ r h n y Z m a n ~ e  was prepared on a 
2.5 mmol scale from GeD,Er and NaMn(CO), in ether. 

Charachisdon.  For the germylpentacarbonylman- 
ganese, there was found C = 22.3%. H = 1.4: &. for 
C,H,O,&Mn: C = 22-2%,H = 1.1%. Furthercharactcr- 
isation was provided by the accurate mass determination 
of the families of parent ion peaks %C,nH,160,mGP6Mn (n = 
1 or 4: m = 70, 72, 73, 74, 70) in the mass spectra, where 
agreement of ca. 8 p.p.m. betwen observed and calculated 
values W ~ . S  obtained. 

The 'H n.m.r. resonance, measured in benzene solution, 
mas a singlek at : 6-72. 

H a d i ~ q g  $ropsrtiss. GeH&n(CO}& is a white solid 
melting at 23-8 & 0.3"C. The vspour pressure is ca. 
4 mmHg at room tempature and thus the compound may 
be readily handled in a vacuum line. Between 32 and 
81 OC, vapour pressures follow the equation log f i  (mmHg) = 
-23001T + 8.3 giving an extrapolated boiling point of - .  

150 "C. Sbw decomposition occurs at higher temperatures 
so that these figures are approximate. The pressure rose 
1.0 mmHg during I h at 60.6 "C and slight yelIowing of the 
liquid was observed. After 4 h, 3.4 mmHg pressurn re- 
mained after freezing in liquid nitrogen. In n further 
experiment, a sample in a seaIed glass tube showed only a 
trace of incondensable gas after 4 h at 100 OC in the dark, 
suggesting a mainly photochemical reaction at 60 O C .  A 
sample passed through a tube at 230 "C completely de- 
cumposed. 

Rediolas. When air (60 cmHg pressure) Was admitted 
to a sample of Ge&Mn(CO), at at mmHg pressure in an 
i.r, gas cell, CO, CO,, and GeH, were formed slowly as the 
only volatile products: ca. 50% of the sample had reacted 
after 72 h and decan~position was complete within a week. 

A sample reacted rapidly with triethylarnine to give a, 

soft, orange solid with a very broad carbonyl stretch at 
1940 cm-1. The mull decomposed in air and i.r. bands due 
to Mn,(CO), appeared. Reaction of the orange solid with 
dry HBr formed triethylammonium bromide but na 
HMn(CO), was observed. 

A sample t r e a t d  with an excess of dry HCI: in a sealed 
glass tube at 60 "C for 5 h yielded 10% unchanged 
GeH,Mn(CO), and a cram-colouwd solid part of which 
melted at 75-46 OC and part at 140 "C. The i.s. spectrum 
of the solid showed carbonyl bands together with absorptions 
at 8685, 7558, 712s, 7059, and 360 cmml 8. 

RESULTS AND DISCUSSION 

Readion htween hmogermane and sodium penta- 
carbonylmanganese proceeds according to equation (1) 
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to give in high yidd gwmylpentacarbmyhanganese, 
GeqMn(CO),. The failure to produce this or any othet 
Ge-Mn derivative of the related coupling reaction using 

GeH,K and Mn(CO),Cl has been reported dsewllere by 
Massey et al, ; likewise, our preliminary attempts at the 
reduction of Cl,GeMnl(CO), have bee11 unpromising, 
even though under similar experimental conditions 
R2Ge[Fe(C,H6) (CO)& was obtained from its dic hIom- 
germanium analogue. 

Reactions between llalogenogerrnanes and other 
anionic metal carbonyls have yieIded germyl-cobaIt,l 
-iron? and -rhenium complexes and also Ge&CeH2- 
Mn(CO),. This route may therefore be regarded as a 
useful genera1 approach to the preparation of metal- 
carbonyl substituted germanes, and in addition several 
siIane analogues have been thus obtained from silyl 
halides. 

The investigation of some preliminary reactions 
of GeH,Mn(CO), allows an initial comparison with 
GeH,Co(CO),. Markdly higher t l~emal  stability and 
resistance to oxidation by air are evident for the 
manganese complex, the former presumably accounting 
for its synthesis in up to 86% yield l1 compared with 
only 44% achieved l for the cobalt compound. In 
contrast, although a 2 : 1 reaction of Et,N with 
GeHaMn(CO), is indicated, the resultant adduct is mucI~ 
less stable than the GeH,Co(C0),,21d species examined.' 
This is in agreement with the conclusion, reached by 
Aylett,lB that SiH,Co(CO), is a stronger Lewis acid than 
its manganese analogue. Reaction with HC1 yields 
carbonyl complexes whose i.r. spectra show bands 
attributable to Ge-CI stretching and Ge-H bending 
modes, indicating reaction (2), similar to that observed 8 

Ge%Mn (CO), + xHCI+ 
GeH,_,Clfin(CO), + xH, (2) 

for SiH,Mn(C0)5, and in contrast to the cleavage of the 
Ge-Co bond in GeH,Co(CO),. A detailed examination 
of further reactions is presentfy in progress.la 

M a s  S#~frtm.-Mass spectra measured for GeH,Mn- 
(CO), and GeD,Mn(CO), were fully consistent with 
one another and-with th; assignments given in Table I ,  
which also contains peak intensity data for the hydride, 
Conspicuous features are the high proportion of the ion 
current carried by fragments containing both metal 
atoms, the families of ions arising from loss of CO 
groups, the strong tendency of ions of the type 
GeH,Mn(CO),+ to retain all three hydrogen atoms, and 
the occurrence of hydridornanganese rearrangement ions. 
These characteris&cs are similar to those-found1 for 
gerrnyltetracarbonylcobalt. One unusua1 feature is the 
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relatively low intensity of ions GeH,Mn(CQ)," compared 
with other GeH,Mn(CO),+ families, observed for both 
hydride and deuterlde; this coincides with the identific- 
ation of GeH,Mn(CO)Baf as the most abundant doubly- 
charged ions in the spectra. Loss of oxygen to give 
carbide-like ions is a common feature in the mass spectra 
of metal carbony1 derivatives; here ions due to several 
such species containing Ge as well as Mn are apparent. 

symmetry of C,, for the &)I, group and of C, for the 
Mn(C0)6 group, and is discussed on this basis. In 
particular a number of i.r. bands have conspicuously 
typed gas-phase contours, each having a prominent Q 
branch and noticeably weak P branch, and have 
polarised Raman counterparts, as expected for vibrations 
of species aL under C,, symmetry. 

GeH, GeD Mod8s.-The vibrations of the G e b  group 

TABLE I 
Mass spectrum of GeH,Mn(CO), 

Ratio of Hydrogens b 
Relative 

wle Assignment intensity x - 3  x = 2  x = l  x = O  

167 hln(ci)),*- 0-7 
162-153 GeH,RIn(CO) + 33.0 
145-137 GelI.>lnC+ 0.9 
140 HJIn(CO)$? 
139 hln(C0) ,+ 0.4 
134--126 GeH,Mn+ 100 
112 H>ln(CO}$ 0.6 
111. Mn (CO) s+ 5.9 
10%-104-5 GeH,Tvln(CO),t+ 1.1 
9G90 .6  GeH,RIn(CO)," ? 0.5 
84 HlIn(CO)+ 1.7 
83 Mn (LO) ' 9.6 
7%-70 GeH,+ 3.2 
78 EIMnC+? 
67 MnCf 0- 1 
56 H&In+ 0.2 
65 RIn - 33.1 
28 CO d 
Summed over x = 0. 1. 2, 3 and over Ge isotopes where appropriate. 6 Relative to strongest component of family = 10.0. 

Approximate values only, through overlap of peaks due to isatopes of Ge. Peaks at 276 and 247 arise from"3C. a Strong peak 
but includes N$. 

Metastable peaks confirm successive loss of CO as an are represented by 2a1 + 3e for C,, symmetry. The a, 
important fragmentation route: process (3) is followed and e stretching modes are readily assigned in the case 

of the deuteride, and show an unusually large frequency 
GeHxMn(Co)~' - GeHsMn(CQ)41 + (3) separation of ca. 33 cm-1. Assignment is less easy in the (m* = 221, 219, 217) 

case of Ithe hvdride. but two gas-whase i.r. features not 
by similar decomposition of GeH,Mn(CO),+ and present in t<e deuteride s6tr&, at 2.063 and 2W 
GeH,Mn(CO),+, with wt* w 191. and 164 respectively. cm-l, can be tentatively ascribed to e and al u(GeH) 
A further series of metastables at m* = 13&--138 may respectively. The symmetric germyl deformation (a,) 
arise from (4). Fragmentation thus occurs mainly by gives rise to a strong and characteristically typed i.E. 

band at 818 anL1, dropping in frequency to 581 cm-I for 
ceHsMn(C0)6i - Mn(CO)~' + G e H ~  (4) GeDaMn(CO),. The remaining c mode are most 

stepwise loss of CO from the relatively highly abundant 
parent ion family. Other procews, including those 
involving h i o n  of the Ge-Mn bond, are of only minor 
importance. 

Vibra t iod  S$eckun%.-1.r. and Raman spectra are 
listed in Table 2, together with tentative assignments 
which are examined more fulIy below. 

Although the most likely configuration for the 
GeH,Mn(CQ), rnolecuIe belongs to the point group C,, 
the observed vibrational spectrum above 400 cm-I 
largely obeys the selection rules predicted for a Iocal 

obvious in the solid4tate i.r. spectrum measured for the 
hydride, with deformation and rocking vibrations 
assigned at 880 and 608 cm-5 but a distinct though 
weak gas-phase i.r. band at 610 cm-I can be assigned to 

Gasprn (GeDs) - 
CO Stretcbi~g Mobs.--The gas-phase i.r. spectra are 

dominated by the extremely strong absorptions due to 
She carbonyl stretching vibrations. These divide into 
species 2a, + 6, + e, assuming local C,, symmetry, the 
b, mode being i.r.-inactive but allowed in the Raman 
effect. Following assignments for SiH,Mn(CO), and 
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HMn(CO),," as well as for a number of other y t a -  
carhnylmanganese derivatives,u the i.r. band well to 
high frequency of the main absorption and showing 
PQR structure (2114 cm-1) is attributed to the al 
equatorial stretching mode. Corresponding Raman 
bands in both hydrfde and deuteride are strongly 
polarhi ,  supporting this conclusion. The strongest i.r. 
absorption, centred at ca. 2020 cm-l, also shows PQR 
structure and is assigned to the other a, vibration, with 
the related e mode Iying under the same contour. This 

ment parallels this, rather than attributing structure of 
the strongest carbonyl. band to a separation of the two 
vibrations, as has been suggested6 for SiH,Mn(CO),. 
Identification of the strong Raman band at 2035 cm-I as 
the b, carbonyl stretch is consistent with the assignments 
made for both HMn(CO)5 and SiHaMn(CO),, where the 
b ,  frequencies were 2041 and 2036 cm-hspctively.~I4 

Other Modes.-ln the regron below 800 cm-I, in 
additlon to GeH, or GeD, modes, are found the remain- 
ing vibrations of the Gellln(CO), framework. The very 

TABLE 2 
Vibrational spectra of GeH,Mn(CO), and GeD,Mn(CO), (cm-1) 

GcH,&ln(CO), GeD,Mn(CO), 
I r 
I .  r. (gas) 1.r. (solid) R m(liquid) 1.r. (gas) '(fiquidj Tentative description 

21 10s 21 1 lvs(p) 2112ms 2 109s(p) 
2111P 

vCO(eq), a, 

1468s(p) v&D, a, 

886sh 
877m 880m 8&H,. n 

SilSQ s 
816P s2q 3 vs 810m1v IGeH,, #I 

345vw (IGeHDJ 
7 2 6 ~  751vrv 7 3 S v ~  

i363vs "IWm'? 65Ovvs 649vvw 
6 6 0 ~ s  607s 1 IMnCO, a, + s 
610w 613w BGeD,, c 
5 8 1 ~ s  5 8 5 ~ ~  BGeD,, a, 

508m pGeH,. 8 
474m 470s 473w(p) 475m~v vMnC(ax)a, 

410w 409-(P) 413vs(p) vMnC(sq.)a, 
J ~ ~ v s ( P )  22Ovs(p) vlMnGe, a, 
132w.sh 
llOvvs,br(p) IO6vvs(p) skeletal 
92sh? deformations 

Overtones and combinations, GeH,Mn(CO), (1.r. -lid) : 2900, 2680, 2605, 2440, 2405, 2360, 1208, 1095, 1076, 1018, 971, 9121, 
723, 6Q5, 608, 560. 

a Polarised bands indicated, (p). 

is confirmed by examination of the Raman spectra, 
where a low-frequency shoulder on the main band which 
does not appear to lx polarised separates into a mediurn- 
weak band at 2000 cm-I on cooling to the solid phase. 
This feature may thus be ascribed to the e mode, phase- 
shifted out of coincidence with the a, band. The 
strongest Rarnan intensity is found at a035 cmml; this 
is then assigned to the b, mode, with some (polarised) 
contribution from the a, GeR stretch in the hydride. 

In the i.r. spectrum of HMn(CO),, two strong bands 
both showing PQR structure and lying very dose 
together at 2029 and a020 cm-I have been assigned to 
the e and a, carbonyl stretches. Our proposed assign- 
" W. F. Edgell, J. W. Fisher, G. Asato, and W. M. R i m ,  

Ivwrg. C k m . ,  1969. 8. 1103. 

strong i.r. absorptions, centred near 660 cm-I and split 
into two components, are attributable l5 to two of the 
Mn-C-0 bands, probably a, + E .  The plarised Raman 
bands at 473 and 409 cm-I are assigned respectively as 
the a, Mn-C axiaI and equatorial stretches. The former 
is the more intense in the i.r. spectrum and the latter 
is prominent in the Raman spectrum as expected 
from the form of the dispIacements. In the 
SiH,Mn(COj, spectrum, polarisation of the weak 
Raman band at 476 cm'%as not observed 6 and it was 
tentatively assigned as an e mode. Reassignment as an 
a, vibration would be consistent not onIy with this work 
but also with vibrational assignments for HMII(CO)~" 

16 D. M. Adams and A. Squire. J.  Chew. Soc. ( A ) ,  1988. 2817: 
R. J. H. Clark and B. C. Crosse. ibid.. 1969, 224. 



and CIMn(CO),.lS The frequency of 409 m-I for a, 
equatorial Mn-C stretching is very dose to that of 408 
cm-I found in KKn(CO),. The difference between 
these values and that of 431 cm-I for a similar band in 
the Raman spectrum of SiH,Mn(CO), may be due to 
interaction between the two a, modes in the latter, as 
seems t o  be the case for C1Mn(CO),.l5 

A strong, sharp, and polarlsed Raman band at 219 
cm-l for the hydride has a counterpart at 220 cm-I in 
the spectrum of the m]-compound, and is confidently 
assigned to the Ge-Mn stretching vibration (al). We 
have observed the corresponding band in Cl,GeMn(CO), 
at 235 cm-1, where interaction with v ( W 1 )  is likely, 
and a similar shift occurs for the analogous cobalt 
complexes, from 228 cm-I in GeH,Co(CO), to 240 cm-I 
in GeCI,Co(CO),.16 

The remaining bands above 200 cm-I are weak and 
show no distinctive contours or polarisation properties. 
They will include three further e modes and two 4 
modes in the Raman effect. No detailed assignment is 
attempted. It must be emphasised that Mn-C stretches, 
Mn-C-0 bends and probably GeD deformations and 
GeH(D) rocks are all likely to mix and the descriptions 
given in Table 2 are not intended to exclude this. 

Finally, the skeletal deformations are represented by 
the Raman bands near I00 cm-l. For HRln(CO)6, the 
only a, skeletal mode was assigned 14 at 77 cmll while e 
modes were indicated at 106 and 120 cm-l. The massive 

band at 110 cm-2 is therefore likely t o  include CMnC and 
CMnGe bending contributions and its polarisation is the 
only clear instarm in the spectrum of the following of 
C, selection rules rather than those of the assumed higher 
local symmetries. 

Cow?w'o~.-TRe vibrational and mass spectra relate 
closely to those of G~&CQ(CO)~ ,~  and also Sil!&Mn(CO)s; 
germylpentacarbonylmanganese is considerably mare 
stable both thermally and chemicaLly than the analogous 
cobalt complex, and this is paralleled by the silyl 
analogues, 

Assignment of the vibrational spectrum of manganese 
carbonyl hydride b y  EdgeU et ak.14 has shown that for 
this molecule it is unnecessary to assume a symmetry 
lower than C,, The vibrational anaIysis given above 
for GeH,Mn(CO),, and also shown to be applicable for 
SiH8Mn(CO),, suggests that approximations based on 
local symmetry are valid for r&W metal carbonyl 
derivatives of lower symmetry, provided that extensive 
mixing of vibrational fundamentals is not likely. A 
similar approach to the spectroscopic assignment of the 
substituted tin derivatives &SnMn(CO), (X = CI, Br, 
Me or Ph) has recently been used by Onaka.17 

16 K. L. Watters, J. N. Brittain and W. M. Risen, X ~ o v g .  Chest., 
1969, 8. 1347. 

17 S. Onaka, Bull. Chem. Soc. Ja#avt, 1971, 44, 2138. 


