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ABSTRACT

The compounds GezHSNn(CD)S, GezHSCO(co)4 (cesz)zre(co)a,

Ge3H7Mn(CD)S, [GeHZMn(CO)S] have besn

, and [GeH2Co(CD)4] 2
prepared by alkali~halide elimination reactions between the
appropriate polygermanyl'halides and metal carbonyl anions,
The characterisation by infrared, Raman, n.m.r. and mass spectrometry
of these compounds is discussed in detail, The physical properties
and reactions have also been investigated and compared, in parallel
with the parent polygermanes., Reagents usad irclude hydrogen
halides, group IV metal halides, me.curic halides and Na/NH:5
solution, Most of the reacticns were studied by n.m.r., spectroscopy
and the intermediates and products further characterised,
Transition metal exchange is shown to be a useful synthetic route
to yield the unsymmetric iron compound GeZHS(GeHz)Fe(CO)4 and
possibly GeH3(SiH3)Fe(CO)4.

The polygermanyl-transition metal carbonyl derivativas are
shown to be more stable than the germyl analogues and reasons, with

spectroscopic evidence, are discussed.



CHAPTER 1. IMTRODUCTION

1.1 Definiticns

This thasis deals with di- and tri-germanes darivatives of
manganese, iron and cabalt carbonyls e.g. GeH3GaH2Mn(CD)5.

It is convenient at this point to introduce a genéral
terminologye. The symbol M' is used to denote the group IV elements
Si, Ge, Sn or Pb while M is used for a transiticen metal, R is used
specifically to dsnote an organic group. Whila tin and lead are
clearly metals, germanium and silicon are often termed metalloids:
for convenience, the term metal is sometimes usad to cover all four
elements as in the phrase "group IV metal=transition metal bond".

The group IV hydrides in tha series m'nH2n+2 (P =1,2,3 ee0)
are normally referrad to as mono-, di=-, tri-, etc, =silzne, =germana,
-gtannane, and -~-plumbane, These parant compounds form the basis of
a nomsnclaturs system similar to that of msthans and its cderivatives,
As a basic distinction, it should bes noted that ths "germyl"
derivatives refer to compcunds of the general form GeH3X while
"digermanyl" compounds ars repressented by Gsszx and "“trigermanyl"
by G93H7X. "Digermanyl' should not be confused with "digermyl" and
"¢rigermanyl" with "trigermyl" which respectively indicate (GBH3)2x
and (GeH3)3X compounds,

The following common abbreviations will be used in various

parts of the text:



Me

CH3, mathyl

Et : CZHS' ethyl
prl : (CH3)2CH, iso=-propyl
Bul : (CH3)30, iso-butyl
Ph H CﬁHS’ phanyl
Cp H CSHS’ cyclopentadienyl
diphos : (pthcuz)é
THF ¢t tetrahydrofuran
TMS ¢ tetramsthylsilane
nmr ¢ nuclear magnetic resonancs
i.r. ¢ infrared
p ¢ polarised
dp ¢ depolarised
v ¢ very
W ¢ waak
m t medium
-] ¢ strong
sh ¢ shoulder
br $ broad,
1.2 General Introduction

The new class of compounds rsferred to by the title of this
thesis links two different areas of organometallic chemistry - the
chain compoundes of the group IV slements and ths group IV-substituted
metal carbonyls, The main interest is in the hydrides so that ths
first two review sections deal principally with M' _H and

n 2n+2

Hsn'm(co)x respectively, The much more numerous organic derivatives



are dealt with only briefly with emphasis on those properties which
clarify or complemsnt tha properties of the hydrides,

The existence of compounds with chains of group IV atoms has
been well establishad for 60 years. Gilman, Atwell and Cartledgs
(1) covered work on catenated organic compounds of silicon, germanium,
tin and lead up to mid 1965. Other reports (2 = 6) on chain
compounds eppeared and were followed by a review of the physical and
chemical properties of the alkylpolysilanes (7) by Kumada and Tamao.
Attantion then focused on mixed element chains, so that when a
thorough review by Mackay and Watt (8) on the chain compounds of
group IV metals appsared in 1969, a wide array of mixed chains were
known,

Progress in tha dsvelopment of the mixed chains stimslated
interest in many other aspects of organometallic chemistry particularly
in the field of group IV-transition matal compounds, Reviews by
Vyazankin et al, (9), Brooks and Cross (10) and to a lesser asxtent
Glockling and Stobart (11) cover developments of tha groupn IV-
transition metal compounds for the pariod up to 1972, Earlier
general reviews have appeared (12, 13, 14) as havae others with more
specific reference to germanium (15, 16) and to silicon (37, 18)
derivatives. Continuing interest in recent years is reflected in
Annual Reports (19) and Spacialist Paeriodical Rasports (20, 21, 22)
of ths Chemical Socisety, Two recent books (23, 24) provids gocd

coverage of both catenatad and transition metal compounds of silicon,



1,3 Catenated Hydridas of tha Groun IY Elements

Group IV elements (M' = Si, Ga, Sn, Pb) with the exception of
lead, are capable of forming very stable chains of the sams atom or
mixed atoms provided the substitusnts are carefully chosen (1 = 8).
Chains of silicon, germanium or tin form fully organo-substituted
species R2n+2M'n’ probably of unlimited length and including straight
and branched configurations, Hydrides of chain lengths up to 10
atoms are well established for silicon and germanium. DOisilanse,
512H6, the first group IV metal hydride with a M'=M' bond to bs
discovered, was reported in 1902 by Moissan. Stock (25, 26) bacame
the first to study in detail this and higher hydrides, and
demonstrated the reaction with bydrogsn halides forming halogen-
containing derivatives, In 1924, Denris, Corsy and Moors (27)
isolated the first polygermanes 892H6 and GesHa. No new hydrides
yere raported for the naxt two decades, with improved prsparative
methods and separation techniques over ths following 20 years
compounds of silicon and germanium with chain lengths of up to
10 atoms in length were identified mainly by gas-liquid chromatography.,
The chain hydride of tin is restricted to Sn Hﬁ, first reported by

2

Jolly (28, 29) in 1960, SiH,SnH, and GeH,SnH, (30). Any chain
compounds of lead are restricted to Pb2R5 and (Rspb)an. Table 1,1
lists the silicon, germanium and tin hydrides known, including

compounds with Si - Ge tonds.



Table 1,1 Catanatsd Group IV=Matal Hydrides

Properties Proparation

! id
fydride M.p bep (°C) (See text in 1.3.1)
Silicon
SiH, (26) -185.0 =111,9
Si,Hg =132,5 - 14,5 1(26,31,32); 2(33,34)3
350(35,36); 3Py(37);
3P(38,39); 4(40);
5(41)
Si,Hy -117.4 52.9 1{264,31,32)3 35D(35,36%
3P(39); 4(40),
814H10(a) - 84,3 107.4 1(26,42,43)3 335D(36)
is0~5i,H, 4 - 99,1 101.4 1(31,32)3 3s0(35)
n-514H10 - 89,9 108,.1 1(31,32); 3s5D(35)
highar fractions (b) 1(26432,44,45)
Germanium
GaH, (27,46) -165 - 88,5
Go, H =109 29 1(27,31,44,46),
2(47,48)3 350(47)3
3Py(49); 3p(S0)s
4(51,52)3 5(41,53).
GagHg =106 110.5 1(27,44); 2(47,48);
3s5D(47,54)
GayHag (a) 17 1(5S)
1s0-Ge,H, o 1(31)5  3(47,54)
n=Ga,H, g 214 1(31); 3(47,54)
234 1(5s5
Ge M, , (a) (s5)
3(47,53,54
neo—GGSH12 (47,53,54)
1(31
iso—GaSH12 (31)
3(45,54
n-Geg H,, (45,54)
higher fractions (b) 3(47)



5b

Tin
Sn,H, Dacomposas readily above =112 2(28,48,56)
5iH;SnH, )

) Dacompose abovas =80 2(30)
GeHSSnH3 )
Silicon=Garmanium
H,SiGeH, 7.0 1(29,31,57); 350(57,5%8);

3p(59); 4(60)

HoSi,GeHy =113.4 V39.6(c) 1(31); 350(58)
(H3Si)2GeH2 (a) 35D(58)
“583251"3 350(58)
Ge,SiHg ~108,5 V19,3(c) 1(29,31)
n=-51,GeH, o - 87.1 V 4,7(c) 1(31)
n-5i,GeH, , - 715 1(31)
higher fractions (b) 3(31,45)

(a) Isomer mixtures, usually enriched in n=polymer.
(b) Mixtures of compounds 5=9 catenated matal atoms in n-, iso=-, or
neo~configurations,

(¢) V = vapour prassure at a°,



103»1 Svnthases

There are four genaral preparative routes to the catenated
hydrides:
(1) Acid hydrolysis of alloys cf M' with an electreopositive element
(usually Mg or Ca) (26,27,29,33,55)
8.9 ngce + HCl —>= Hz + GeH4 + GezH6 + GesHy  eees
16.5% 4.,5% 0.2%

(2) Raductions by complex hydrides (47,48,56,61)

IV - +
€.00 Ga" 4+ BH4 +H — GeH4 + G%PG + 883H8 o o o o
The only known polystannanas, S"ZHG’ was made by borohydride

reduction of aqueous stannite (56).
(3) Silent-Electric Discharge (SD: 35,36,47,54,57,58)3
Pyrolysis (Py) and Photolysis (P) (38,39,49,50,59),
(4)  Alkali-Halide Elimination (40,51,52,53,60)

@.0.  SiH.K + Me; SnCl —> Me,SnSiH; + KC1 (62)

3
(5) Elimination of Hg from (Rsl'l')2 Hg

8,9 (Me.,Si) Hg ——é——€> Me,.SiSiMs., + Hg

372 3 3

This route has recently been demonstrated by Ebsworth st al.
(41) and is worth more detailed comment since it is relatively new
and offers a synthesis which is potentially more specific than

1 =4, It has besn successfully used to synthesise maasiSiHS,

SizHﬁ, MassiGeH and GezH The most commonly used msrcury compsund

3 6°
is bis(trimethylsilyl)mercury, (Mazsi)zHg, and the fellowing sequsnce

ef reactions with GaH3Br was monitored with 1H and 199Hg nmr.

GeH,Br + (M9351)2Hg —> GeHy=Hg=SiMe, + Me,SiBr . . . (1)

GeH,=Hg~5iMe, + CeH.Br —— (GeHS)zHg + MesSiBr o » o (2)

3

GeH,~Hg-SiMe, —> Me,5iGeH, + Hg « « . (3)

3
(GaHS)ZHg-——> Go,H, + H o o o (4)



Tha rate o? the above sequence of reactions is temperaturs
controlled and the extent of the reaction is dsependent on the ratio
of the reactants, Germyl bromide reacts in a 1:1 ratio with
(Messi)zHg to give GeH,~Hg-SiMe, and Ma,51Br quantitativoly. This,
on standing, exposure to light, or warming, gives MsSSiGaH3
(reaction (3)). Alternatively, with excess of GeH,Br, the big=
germylmercury compound is formed. This in turn can be dacompossd
to give digermane (resaction (4)).

Although attempts at the synthesis of methyldigermanes by
this method have so far been unsuccessful (53), it is potentially a
usaful preparative route as it has several advantages over the
other methods described sarlisr, Firstly, yields calculated from
nmr sequential reactions are fairly high (70-80%) and sascondly,
hardly any by-products are observed, The Hg=coupling reaction
offers the addsd potential of synthesising unsymmetric digermanss,
Bege MescaGeHS, MBZGeHGeH3 and chains of mixed group IV atoms
8.0, GaH3-51N93 by using the appropriate reagents and conditions,
Already, this method is proving very useful. Pyrolysis or
photolysis of (Nessi)zHg or (Nesca)zHg with organic compounds give
a wide variety of products including hexamethylesubstituted disilans,
digermane, distannane (63-68) and cyclic compounds (69). The
chlorosilyl and chlorogermyl mercurials e.g. (Clsce)zHg and reaction
products have also been studied (70,71).

It has recently been found that co-condensation of thermally
evaporated germanium vapour with trimathylsilane yields bis-
trimethylsilylgermane, M935159H251M93 (72)s The first carbone

functional halo-methyldisilans XCH281H251H3 has also been recently

reported (73). It was prepared by the reaction of diazomethane with



hexachlorodisilane, followed by Lir\lH4 reduction of ths C1CH SiZCl

2 5

produced.

1.3.2 Proparties of ths M'-M' Bond

Although distannana, 5n2H6 is the only catenated tin hydride
prepared so far and it decomposes rapidly above =112 0C,
haxamathylditin Snzl"le6 is stable (b.p. ca.62°) and ocvar sixty organo-
polystannanes with chains of up %o nine tin atoms are knoun,
Similarly no lead hydrides have been characterised although partially
substituted monoplumbanas have been reportad (74). However, organc~
compounds with Pb=Pb bonds do axiste. Thus it would appsar that ths
absence of catenated hydrides of tin other than S"zHG does not arise
from the weakness of tha M'«M' bond, but is rather related to that
of the M'=H bond, In the case of lesad, howsver, ths much more
limited range of compounds suggsests that Pb--Pb bond strength is
suhstantially lower than for the other members of the groupe.
Measurements of M'=M' bond strength by various mathods ars tabulated
in Table 1.2. Tha bond dissociation energies D obtained by slectron
impact and kinstic studies (75-80) are rather variabla, depending on
the method of determination. Tha thermochemical bond enesrgiss E
(81=83) derived from ccmbustion of group IV hydrides by explosion
with stibine is a more artificial concept than D. It was originally
introduced to predict hsats of formations but fails to consider a
wide range of interactions for thase pradictiocns tc be velid, The
D and £ valuss calculated from appearance potsntials in mass
spectroscopic studies (84) are probably satisfactory and compars wsll

with some litsrature values obtained by more conventional methods



(85,86), Electron impact data frequently give high values as it
is difficult to bs surs that the fragments of the molecule have no
excess kinstic energy, and also that the fragment bsing measured
actually arisss from ths parent ion. However, in the mass

spectroscopic studies (84) assumptions that ths Me_ M'+ ions

3
resulted mainly from M'-M! bond cleavage of the parent ion MGSM'Z
(ssa Table 1.2{c)) not Maﬁ_nm'z and that the icns Mesm'+ formad

have little (< 0.1 eV) or no excess energy wers supported by
metastable peak studies and also by the sself ccnsistency of the
rosults. Although there is little comparison batween (a), (b) and
(c) in the above table, the order of bond strangth is clear and is
as expecteds

Si - S5i>S5i - Ga>Ge - Ge >Sn = Sn>Pb = Pb
In addition, neithsr chain length nor substituent sesm tec alter

these values by any significant extent,



Tables 1,2 Enargies of M'«M' Bonds (kJ,mole-1)

(a) Bond Dissociation Energy, D (X3N'-M'X3)

Compound D
H,Si-SiH, - 213.6
| 336.2
Me,Si~5iMe, ©280.2
- 359.0
81351-51013 % 353.7
H,Ge=GaH,, 1 140.1
315.2
HSGQ-SJ'.H3 416.7
(b) Thermochsmical Bona Enerqgyy £
Compound ] E
Si,Hg 199.7
Si,Hg } 201.4
Ge, Hg - 162.8
Ge,Hg 166.3
H,SiGeH, 182.1
Sn,He 124.3

Method (%)
K
EI
K
ET
ET
K
EI

EI

Method (*)

Explosicn with SbH3

"

EI

(c) Bond Dissociation, D and Tharmochemical, E

Bond Enernies hy Mass Spactroscopy (84)

Compound

NBSSiSiNa3

M6351~GBN93

N9306~69M93

M9351-5nN93

Me:,,Ge--SnNe3

Massn-SnMQ3

”93Pb-PbM93

* FI = Flectron Impact,

- 288.9

|

281.9

- 280.2

285.4

- 288.9

257.4
227.6

K = kinetics

E

283.7
264.4
246.9
234.6
224.1
154.3
138.3

Raf,
76
77
78
75
87
79
80

80

Ref,
82
3
81
81
83

88

10



Ususlly the most convenient means of demonstrating the
prasence of a M'=M' bond is by vibrational spectroscopy. Altheugh
th2sa low frequency metal-matal stratching absorptions often show
only waakly in the infrared,; they usually give rise to intense Raman
bande, This techniqua is now commonly used to study mestal-metal
bonds and some examples of M'=M' stretching freguencies together

with the force constants derived from them ara shown in Table 1.3,

Table 1.3 M'=M! Stretching fragusncies and fForce Constants

1

Bond Compound VM =Pt (cm'1) fm'm'(mdyn.3-1) Ref
5i-51 S1,H, 435p 1.81 89,90
Sizﬂes 404p 1,70 S1,91
Si=Gs H351GeH3 362p 1.70 58,58
Ge=Ge GaZHG 268p 1.60 92,90
Ge, M 273p 1.54 91,91
GBSHG 245p, 288dp 1,60 54,58
Sn=Sn Sn2H6 133 93
Sn2N06 192p 1.39 91,91
sn,Phe 138p 1.17 91,91
Pb=Pb Pb,Me 113p 1.01 91,91

Other means have also been usad to study the M'=MM' bond,
Raesults obtained from gaschromatographic study of compocunds of ths

typs Et N'N'Et3 gave the follcwing slectronic polarizability valuess

3
S5i=S5i, 15.43 Si=Ge, 15.8; Ge=Ga, 16,73 Sn=Sn, 17.03 Ge=Sn, 17.23
Sn—Sn, 20.6 (ﬂ 3) (94)., Bond langth determinations by crystal

studies and by electron diffraction or microcwave methods on gasas



have been reported, The Si=Si bond length is welleastablishad, ithe
daterminations on SiZCl6 avaraging 2,308, Thara is no markad
charnge in Si-~Si by varying ths substitusnts. The Ge=Ge bond length
is not wall=-astabhlished and scarcely any values for $n=Sn or Ph=Pb
are available, Howaver, it is worth noting the mean of tha Mw.i?
distances in disilane end digermans is 2,36 R which matches the
experimentally measured valus af 51H369H3 as shown in Table 1,4,
Thus it seems, multiple banding is unlikely, daspite earlier

suggestions (95).

Table 1.4 M'=M' Bond Lenqgths

[+]
Bond Compound Mm'=n* (A) Ref.
S4=5% S1,H, 2.32 ¥ 0,03 96
+
si,Me 2,36 £ 0,01 97
+
51,C1, 2.29 ¥ 0.05 o8
Si-Ge HS1GeH. 2,357 ¥ 0,004 95
Ge=Ge Ga, He 2.41 ¥ 0.02 99
: +
Ge ;Hg 2.41 ¥ 0,02 99
Sn=Sn Sn,Ph 2,770 ¥ 0.004 100
Pb~Pb Pb,Me, 2.88 X 0,03 10

There has bzen much work and spsculation about the nature
of tha M'=M' bond and these centre around thea possibility of
(p-p)T™ 4 (p=d)o, (p=d)n and (d=d)m bonding. Some bonding
considerations of silicon hava besn briefly rasviewed by Simpson

(102).,



Silicon end its congsners in group IY fail te form stablas
derivatives containing doubla and triple bonds analogous to those
in unsaturated carben compounds, although (p-p)T bonded intermediates
have been pcstulated in a number of reactions (4, 103), The
reasons for this failure rangs from poor Tmeovsrlap of tha moras
diffuse p-orbitals to the inhsrent strength of the o =bonds of Si,
Ge and Sn, All group IV elements have the same elsctronic
configurations in the outermost filled level., Houwever, all except
carbon have a sst of five unoccupied d-orbitals, Obsarved
differences between the chemical bahaviour of carbon and tha heavier
elements have bsan interpreted in terms of the participation of
those vacant d=orbitals in bond-formation, example, the existanca
of the fluoro-anicns SiFsz- and GeFGZ- and a numbsr of zdducts
formed by halosilanes (104) and halcgermanes (105) with various
donor moleculss. Coordination numbsrs greater than four ars rare
with carbon. The ability of silicon and gerﬁanium to expand their
coordination number, using the unoccupied d=orbitals to form
acceptor O =bonds, has been used as tha explanation,

The commonly cited example of (p-d)T bording in groun IV
chemistry is that of trisilylamine, (SiH3)3N. Burg (106) found
that (51H3)3N was an unexpectedly weak donor cempared with mathyl
analogues. In contrast to (CH3)3N which is pyramidal, its structurse
was determined by Hedburg (107) to have a planar heavy atcm skeleton,
This structure was rationalised by assuming the nitrogen atom at the
centre of a trigonal plane forming o ~bonds with tha three silicen
atoms leaving the lone pair of electrons in a pure p-orbital at

right angles to this plans. The energy of this p-orbital may bes
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lowered by donating slectron density from it into the correct
symmetry vacant d—orbitals of the adjacant silicon atom, Thus tha
weak donor ability of the nitrogen in (SiHS)SN observed by Burg,
Dgspite preliminary suggestions from vibrctional spectra to the
contrary, electron diffraction examination of trigermylamine,
(GeH3)3N also indicated a planar Ge,N skalston (108)s  (p=d)7
bonding has besn invoked to rationalise any alteration in the bond
angle at atoms adjacent to silicon relative'to the analogous carbon
compcund, or any shortening of the Si-X bond compared with the
unexpected single bond length. Tha symmetry rsquirsments for the
possibility of significant (p-d)T overlap have bsen discussed by
Ebsworth (109) who also pointad out that thers may be coneiderable
overlap between a d-~orbital on silicon and a lons pair of electrons
on an adjacent atom which occupies a tetrahedral site with respect
to a central silicon atom, thus drastic structural changes nead

not necessarily accompany (p~d)T bonding. Thus although tha angle
at phosphorus in (SiH3)3P (110) and (GeH3)3P (111) is considerably
less than the tetrahedral angle, thers is still the possibility of

T =character involving the silicon d=orbitals as inferred from the
poor donor ability of the P atom, Numercus other techniques apart
from structural studies have been used to investigate the possibility
of (p=d)m bonds, The Raman and sclidwgtate i.r. spectra of
germyl=-isocyanats, GeHSNCO, seem toc confirm a non=linear heavy atom
skeleton (112)., The inference is taken that (p-d)T™ bonding is not
as important hers as in the silyl snalogue which has a linear skeleton,
Ebsworth (109) in a comprshensive raview of the role of d-ortitals

in group IV chemistry sums up that such a bond is most likely to bs
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important batween silicon and ths first row elements N, 0 and F
while the positicn regarding heavier substituent atoms remains
uncertain,

The racent expanzicn of the chemistry of ths greoup IV bond
to transition metals has stimulated investigation into the possibility
of multiple bond character in tha M'=M bond especially (d=d)T

interaction. This is more appropriately discussad in section

1.4.2,

1433 Reactions and Derivativas

Reactions aof the group IV hydrides are wsll establishaed and
have been given a thorough review by Mackay st sl. (8). Feau new
reactions have since besn added,. In general, there are two types
of reactions:

(a) cleavage (including insartion into M'=M' bond)

and

(b) substitution.
(a) Cleavage reactions,

The metal-metal bonds of disilane (113) cr digermans (52,114)
are cleaved by KH,

840 692H6 + KH —> GqHsK + GeH4

with digermane reacting faster fhan disilane, With excess

disilane, SiszK and 513H7K are also formed probably via KSJ‘.H3 or

from disilane plus KSiHs. Potassium metal in monoglyms reacts to
cleave the Ge-Ge bond and give GeH,, not GeHK (115),
Reaction of polysilanes with sodium amalgam has also been
reporteds for example SiaH10‘gave about 20% SiH,» 104 S1,Heo
s t .
20% SiSHB’ 10% unchanged SidH10 and 15% higher silanes tegethsr with



16

solid hydride vhen roactsd for 48 hours with 1% amaloem (26),

As shown by conductimetric titrations, all the Ge-Ga links
in digermane or trigermane are cleaved by sedium in ammonia (116).
A limited amount of hydrogen is evolved which nrobably arizes by
sida reaction between Ce=H and ths solvents

Ge?_H6 + 2Na —~jﬁhL-—> 2GeH, Na

NH.5 3
Ge,H, + 4Na ———p ZGeHsNa + GsH,Na

38 2772

Jolly (117) has shown that GeH, reacts with liquid ammonia
solutions of potassium or potassium amide to form KGeHs, garmanium
imide (Ge(NH)Z: xNHs) and hydrogen gas. Ths fraction of GeH,
converted to germanium imide increases with increasing potassium
concentration but remains constant with potassium amide concentration,
Amide ion is thus an intermediate in the reaction of garmane end
vary likely, polygermanss with metal-ammonia solutions,

Pyrolysis studies by Ring et al. of Si,H. (118, 119),
Si,Hg (118), Ge,Hg (119) and SiH,GeH. (120) demonstrated M'=M' bond

cleavage with a 1,2=hydrogen migration producing sileng, SiH, and

2
germene, GeH, (in th2 latter cass) which inserta into M'=H beonds,

e.g. (119) Ge,H — t;eH2 + GeH,

Gezl-l6 + GaH2 — 603H8

There is also evidencs to suggest insertion into the M'=M' bond

in the pyrolysis of SiSHB from a good yield of 1-515H12 (121),

513H8 — HSiSiH3 + SiH4

513Ha + HSiSiH

5 —— SiH351H251}1(51H3)51H3



Phillips (45) obtained a wide range of both high molecular weight
and branched chain silicoiw-germanium hydrides in slectrical
discharges of monogermana with moncsilane and disilana.

In a solvent, iodine cleaves digsrwmans to qive garmyl iondida
as tha main product (122,123),

GoHg + 1, —solvent 2GeH, T
(b) Substitution reactions,

Stock showad that silanes were readily halogenated when
treated by hydrogen halidss or organic halegen compounds in pressnce
of ALCl, (26),

Al1C1

3
840, SizH6 + HCl > SiZHSCl 4 H2

while trisilans gave SiSHaCl4 and SisHSCIS.

MacDiarmid st al. (124-127) improved on Stock's technique and
found that the action of Hx/Alx3 converted Si H. to Si,H.X
(X = C1, Br, I) end that the disilanyl halides ware stable when

carsefully fread from traces of aluminium halides. They also found

that Si, HcX gave halide exchange with heavy matal salts (124),

5

Si,HCN was prepared by this method {124).

Disilane also substitutes with boron halides (127-130),

> si H. X (X = Cl, Br)

860, Si Hﬁ + BXS 2" Gmx "%

2
The reaction of BCl, with Si Hg reported by Orake st zl, (129,131)
Qave (SiHS)ZSiHCl, the first characterised derivative of trisilano,

and also 1,3~dichlorotrisilans,

513H8 + 3513 ——— (51H3)251Hc1 + (51H2c1)251H2
62% 38%

17
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Reaction with BBr3 resultad in the 1= and 2=bromosubstituted

isomers. Subsequent passage of tha chlorocompounds ovsr aintimony

fluoride at 25 °C yieldad SiHSSiH?SiH F from (SiHS)ZSiHCI and

2

3 . . ( rY
SlH351H251HF2 frem \SiH2C1)251H2.

Digermene deccmposas rapidly in the prasence of aluminium

halides (122). However, substitution occurs over heated AgX (122),

250 %¢c

Ga He + AgX ————=> Ge,H.X + Ag + %Hz (x = c1, Br)

2
25-40%
and as for the disilanyl halides, the digsermanyl halides are capable

of halide exchange with AgX,

Ge,H.I + AgX —> Ge,H X + Agl (x = c1, Br)
20-70%
Bromine substitutes digermans to yisld some GezHSBr (122) but
the product is usually contaminated with G9H28r2 pointirg to e
further attack with cleavage by Br2 once Gezﬂsar is formed.
Separation of GezHSBr and GeH28r2 is very difficult, Although I
in the prasence of a solvent attacksboth the Ge~Ge and Ga-H bonds

2

(122), the direct reaction of iodins with GaZH6 at low tampsratures
(132) is still the best method for preparing pure Ge H:T in high

yields,

o
-63 C
GazH6 + 12 > GszHSI + HI,

Although Ge, HglI is an unstable liquid at room temperatura, it can

be handled in a vacuum system (132) and used in reactions, for

example in the halide exchange reactions above (122) at low
temperatures. Many digermanyl derivatives have basen prepared in situ

using GezHSI as the starting material, with LiAlDa, GezHSD was
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cbtained (133). RGe,He (R = Me, Et) hava bsan preparad by the
reaction (134,;146) of Ge, H-T with RMgI and using a similsr procacure,
Ge,H-Mn(CO). (135) was obtained with NaMn(CO).

Trigermane reacts similarly with iodinas (136,137),

-63 °¢

——
Ge 893H7I + HI

g + 1o
and like the digermanyl iocdids, GasH7I is too unstable to be
characterised, It was converted in situ to Ge,H.D (136) and
MeGe,H, (137) using LiAlD, and MeMgI respectively,

o

63 C :
Ge H,I + MaMgl ————=—> 2-MeGeH, {86%)

+ 1=MoGe H, (14%)

+ mtar

The product mixture showed that substitution was maioly on the
central germanium atom. In the elemental iodirnation of trisilanas,
the preferrad monoiocdoisomer is 1=iodotrisilane which is favsursd to
the extent of 4:1 over 2-iodotrisilane (138).

Another important route to the halides is reaction with

snCl, (139). In equimolar proportions,

Ge, He + SnCl1, —— Ge,H:Cl (80%)
+ 1,2-692H4012 (20%)
+ SnCl2 + HCl
Presumably,

SnHCl3 — SnCI2 + HCl.

Reaction is rapid at room temperature. With excess digermana, the
only product is the moncchloride. HCl is nct involved in further
substitutions from the absence of Hz. Disilane, in egquimolar

proportions yields a 50:50 mixture of disilanyl chlorids, 512H501
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and the 1,2~dichlorida (140), Ge,H. vaacts very slowly with
8iCl, to give Ge,HsCL (141). A preliminary study (142) of the
SnCl4 reaction with trigarmans at =23 °c gava, upon methylation,
a mixture of mono- and di-methyltrigermane.

The stabilitises and handling propsrties of some polygermanyl

halides are listed bslow:

GBZHSI ~ distils at ca. 0 °C with ca. 10%
daecomposition
Ga,H, I, )
) = decomposes before distillation,
GeH, T )
Ge, H Cl ~ distils at 0 °C with little loss:

deccmposes at room temparature at about 0%
in 2 hours in the gas phass, faster as liguid,
accessible only via GBZHSI or in presancs of

HC1L and Sn012.

Ge,H,Cl, ) - more stable than iodides:
24772 )

GegH,CL ) little loss on distillationg

decomposition and disproportionation at
ca.10-20% in 1 hour.
The 1, (143) and snCl, (53) substitution of Ge,H, and MaGe, H

have bean compared, with the digermanes in slight excsss, Ths

5

iodides produced ware convertad to the methyl derivatives,
IZ/MeMgI

> MeGe

Ge 7
[+] (o]
=53 Cto-ds c

H HS (40=-70%)

2
+ 1,1-Me Ge,H, (0=2%)

26

+ 1,2-Me,Ge H, (4=-17%)
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SnClA/MeNgI
Ge,He R MeGe,Hg (80-100%)
+ 1,2-Mo,Ge,H, (0=20%)
IZ/MeNgI
MeGe, H, ———————2>  1,1=Me_Go,H, (38=-44%)
275 e 0c 277274
+ 1,2=Me,Ge,H, (14-18%)
+ 1,1,2=Me,Ge H, (12-19%)
SnCld/NeMgI
MeGe,H T > 1,1=MeGe H, (73%)
+ 1,2-Me,Ga,H, (14%)
SnClé/NeNgI
1,1-Me,Ga,H, . > 151, 1~Ma,Ge,H, (100%)

The results showed that SnCl4 substituted more specificallye.
The HI produced in the iodination step was found to ba rsactiva and

was involved in secondary iodinations with H, evolved, The

2
results also show the mathyl group as activating tha o ngermaﬁium
to a greater extent than the B —germanium towards furthsr
substitution,

Alkyl dsrivatives of digermane are alsc cbtained by the

addition of Ge-H to olafinic bonds (144),

o
120-160 °C
GogMg + CoMy 5270 atm, ~ CtC%Ms

However, at thase temperatures, redistribution and rearrangement
occur quite readily giving complex mixtures of alkyl mong~, di-, and
tri-germanes. Khandelwal and Pinson have found that the irradiétion
of a 0,631 mixture of digsrmane and ethylene with cobalt-60 gamma
rays produced only sthylmonogermane and ethyldigermana (145),

The reactions of digermans and trigermans are summarised in

Fige 1.1 and Fig, 1.2,



FJ'.Q' 1.1

The Reactions of Digermans

Substitution
I
1
GeszD(136) |
|

1
LiA 04 ;vEtGasz |
-63 °c ‘//,EtMgI |
o (146)
GagHgtI, (132,136) > 392”51\\\\\\ '
1: \\\\\\\\\\ -45 °c PbF CoHy |
MeMgI 2, (144,145)
143
( )\ l‘(‘leMgI GBZHSF \ :
_ 146) .
AgBr (122) . Ge,Hg
| sz !
N62682H4 + MeGesz GBZHSBr V4 !
+ 1,1,2=Ma Go,H, (122) !
AgCl |
—45% (122) AgCl(122) |
1,/MeMgI(143) ,
R,Te i
SnCL,(53)  yamg1(53) !
NG A |
- i
v(539139) / |
Ge,H. + SnCl |
26 4
‘\\\“sn1,2-cezﬁd012

121

'________.(ia(solvent)

Cleavags

4
GsH_ K + GsH
/// Ik A
K/monoglyms //////

(115)  u(s2,114)

> 2GeH., 1
2) >

Pyrolysis (119)

N

GesH + 89H4+Ga

Na/NH3(116) 8

<
2GeH3Na



Fig. 1.2 The Reactions of Trigermane

2,2-Me, Ge. H

2-Ge;H,D 2-MeGe ,H. (86%) I,/MeMgl
0 > (147) +
LiA1D,(136) 1-MeGe ,H.(14%) 2923~Me,GesH
MeMgI(137)
I, > Go H, I ——
Ge,Hg Na/NHs > 2GeH,Na + GeH,Na,
(116)
e 1
SnCl, > Ge,H,Cl
(142) +
GeH.CL,
MeMgI(142)
MeGeSH7
>+

WBZGBSHS



1.4 Group IV (Hydrida) Derivatives of Transition Metals

The first group IV transition metal compounds made were
alkyl lead derivativaes of iron carbonyl reported in 1941 by Hein
and Pobloth (148). ince then, especially over the past 20 years,
tha field of group IV transition metal bonded compounds has grown
to ona of consideratle proportions (9-22,24), The latsst revieuw
(149) is on the group IVB derivatives of the iron triad carbonyls,
The range of hydride derivatives is much less extensive but tha
number is growing steadily, Table 1.5 lists the group IV (hydride)-
transition metal complexes reported to date. Most of these
complexes contain Mn, Fe or Co, and the number decreasss towards
the left, right and douwn the transition elemants in tha periodic
table, To the left ths 18-slectron rule would requira high
coordination numbers, which may mean a decreasa in stability.
Although group IV .transition metal complexes of Re, Ru, 0s and Ir
are more stable than the first rocw congensrs, fewer compounds are
known probably bacause the heavier metal compounds are less readily
available and more expensive. Some of the more common substituents
on the transition mstal are CO, PR3 (where R = halogen or organic
group), halogen and organic 7 =ligands such as CSHS. The main
substituents accompanying hydrogen on the group IV metals are
alkyls (Me, Et, Pr, Bu), the halogens and Ph, There are many times
more non~hydride containing oroup IV transition metal complexas,.

R M'MLX, than those listed in Table 1.5 and most of these are listad

3
in the literature already mentioned, The more limited range of
hydrides probably reflects primarily the MtaH stability and

secondarily their handling properties. The small number of



Table 1.5 Groupn IV (Hydride) Derivatives of Tramsition fMetals

Mathod of
preparation Refarencss
(see text in 1.4.1)

Titanium
[HZSiTiCpZ] 2 1.2 150
Vanadium
HSSiU(CO)ﬁ 1.1 151

Chramium, Molybdenum or Tungsten

H3Sim(C0)3Cp 1.1 152

M = Cr, Mo, W

(MazsIH)N(CU)SCp 1.1 153
M=Cry W

(Ma51H01)m(c0)3Cp 1.1 154
M= Mo, W

Manqanese and Rhanium

H3SiMn(CD)5 1.1(b) 155=158
H,S1 [Mn(CO)S] 2 1.1 159,160
HZSiCan(CD)s 1.1 160
HSiCl [Mn(CD)S] [Co(CU)4] 2 160
HsceMn(co)5 1.1(byd) 161,162
H,Ge [mn(CO)s] 2 2,but using HMn(CD)5 159
MeGeHZMn(CO)5 1.1(b,d) 141
mezceHMn(CO)s 1.1 163
PhZGeHNn(CD)s 1.1(c) 164
PhZSnHMn(CD)S 1.1(c) 164



H,Sn [Nn(CO)S]

HSn  [Mn(co)

2
s! 3
H351Re(c0)5
H389R9(00)5

PhZGeHRe(CD)S

H.,Ge [Re(co)sl

2

PhZSnHRe(CU)S

Sn [Re(CO)sl

2

H

2 2

Iron and Osmium

(HSSi)zre(co)4
Hssi(H)Fe(CD)4
HssiFa(CO)ch
m9251Hra(c0)20p
(H3Ge)2Fe(CO)4
Hsca(H)Fa(CU)4
[HZGeFe(CO)4] 2
[xucers(co)4] 2

X = Cl,Br
(MeGeH2)2F9(00)4
mecanz(n)re(co)4

[(meGeX) (MeGeY)Fe(C0),1 ,

X=Y=Hor X=Hy, Y= Cl,Br
(mazcen)zre(co)4
MezseH(H)Fe(co)4
HSGeFe(CO)ZCp
(phzce)(phceﬂ)rez(cu)6
H,Ge [Fa(CU)ZCp] 2
(HSGe)zos(CO)4

H3Ge(H)Os(cu)4

11(2)
1,1(c)
1.1
101
1.1(c)
1.1
1.1(c)

1.1 (C)

1.1
1.1
1.2
161
1.1(a,b)

1.1

Te (a,b)
1.1
4

101(3)
1.1

1.1

5(e)

1.1

1.1

164
164
165
165~167
164
165=167
164

164

168,169
168,169
170
17
172-174
172174
174,175

174

176,177
176

176,177

178
178
173
179
180

181

181



Cobalt and Iridium

H351Co(co)4 161
MaSiH2Co(C0)4 2
MQZSiHCo(CO)a 1.1
PhZSiHCo(C0)4 2(8)
c1251Hr:o(c0)4 1¢1,2
H, Si [Co(C0)4] 2 101
Hscet:o(co)4 161
neGeHZCo(C0)4 101
MezceHCo(co)4 1.1
MeGeH [Co(C0)4] 2 2
HSn [Co(C0),(PBu";)1, 5
(CO)(PPhS)ZIr(X)(Cl)N'HS 3.1
(X = HyClyBr,I3 M' = Si,Ga)
(PPhs)z(CU)Ir(H)ZSiHZCI 3.1
Platinum
trans—(SinNmez)Pt- 3.2
(pst3)2c1
(Sinx)ZPt(Etsp)zHIZ 3e1
(PhZSiH)ZPt(diphos) 3.2
(PhZSiH)(H)Pt(PEtS)z 3,2
(MezsiH)(H)Pt(PEts)z 3.2
trans- [PtX(PEtz)z(Y)] 3.2

(X = Cl,Br,I; Y = HZM'ZH'HS’
ZM'H9M'C1H,, M'H,ZH,
M'ClIH,; Z = 0,5,503 M' = Si,Ge)
trans—PtI(PEtz)zY 362
(y = H251~(51H3)2, SiH,

H251P(51H3)2)
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155,156,158,199,200
201
160
202,203
160
160
182,183
184
163
185
186

187

187

1988

188,189
190
191
191

192

193



3 o
trans-XPt(PEt3)2N Ho X 342
(N' = Si’ Ga; X = Cl, Br’ I;
x = 0=3)
HPt(PEt3)2(GeH2Cl)x(GaHC12)3_x 362

(x = 1=3)

Notes$

28

194196

194,195,197

(a) These compounds are capable of self-condensation to form

cyclised 4=centred compounds.

(b) Reaction studies with Br,, M'Cl, (m'=Cc, Si; Ga, Sn) or

HgX, (x = C1, I) have bsen carried out tc produce a rangs

of halo-substituted intsrmediates, many of them still

containing M'=H bonds,

(c) In these cases, group IV=-hydrogen bonds wasre formsd aftar

reaction of halide derivatives with a reducing agant such

i
as NaBH,, (Bu )2A1H or LiAlH,.

(d) These compounds have also resulted from metal--metal

exchange reactions (198):

G.9e ceH3Co(co)4 + Naﬂn(CO)s —_— GaHSMn(CO)S + Na(:o(co)4

(o) Not isolated, seen as intermediate in (202).
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derivatives and lack of lead=hydride species follows from the
weakness of the M'=H bonds, On the other hand, the high
reactivity of Si-H to oxygen, water and bases msans that only

species volatile enough to handle in a vacuum line are readily

manipulated,

141 Syntheses

There are five genaral preparative routes to ths complexss

listed in Table 1.5,
(%) Alkali-Halide Elimination
1.1 Reaction between a group IV halide with a transition
metal snion,

8.9, (157) SiHI + Namn(CO)g —-sther SiH,Mn(CO) + Nal

This §.8 by far the most commonly used and probably ths most wsll
established route, differences arising fer individual compounds
only in the manner of preparation of thas group IV halids, and the
transition metal anion and the concitions for the reaction. Most
anions of Mn and Co ars prepared by an alkali metal amalgam
reduction of the metal carbonyls, but Fe(CU)42- is maost conveniently

prepared using metal—ammonia solution,
1.2 Reactiocn of the transiticn metal halide with the
group IV anion ¢
e.g. (170) HSIK + BrFe(C0),Cp —> H,SiFa(C0),Cp + KBr

Elimination of this sort is rars.
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(2) Reaction of a Group IV Hydride with a Metal Carbonyls

8.9, {179,204) Ph,GeH, + Coz(CO)B —_— Ph3GeC02(C0)7 + CO + H,

In many instances, althcugh (2) is an alternative route to (1),

the yislds cbtained are usually lower and thase rsactions often
produce polynuclear complexes (205)., This reaction can be speéific:
for example, in the syntﬁesis of the first known Ges=fn bondad
species between GeH, and HMn(CD)S, the only product was H,Ge [Mn(CO)sl 2
with no mono=- of tri=-substituted derivatives formed (159).

(3) Oxidative Reactions:
3.1 Oxidative addition rsactions

8¢9 (188) H

vax + trana—(Et39)29t12 —_— (N'HZX)(H)PtIZ(PEtS)z

(m* =5i, Ge3 X =1Cl, 1)

In these reactions, it is usually the transition metal that is
oxidised. Oxidative reactions are often followed by elimination
(3.2) and are commonly found for group VII and VIII transition

matals.
3,2 Oxidative addition with elimination

BeQe (196) H

) Y, )
3m'x + trans-XPt(PEts)zH ——> trans xpt(pcts)z-m HyX + H

2
(M' = s5i, Ges

X = Fy Cl, Br, I)

(4) Sself-Reaction or Condensation (176,177):

8.0, 2(r4eceH2)2Fe(co)4 — (oc)are

+ 2 NaGeHz
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Some compounds, particularly those of iron, tend to sslf=condsnse,
forming thermodynamically more stable cyclic cempounds, This
tendency seems to increasse with the numbsr of methyl groups on
the parent molecule, and is always accompanied by an slimination
process. Condensation of (Negsn)zFa(CO)4 with elimination of

Me,Sn has also bsen reported (94,205),

4

(5) Insertion of Divalent Germanium or Tin Compcunds

8.0, (180) Gel, + [Fe(CO)ZCp] o —> I,Ge [Fe(CO)2Cp] 2

This typs of reaction proceeds mors raadily in mstal carbonyls
with bridging CO's, The halide produced can then bs reduced te

the hydrides. Cl,5Sn [Fe(CO)ZCp] 2 (206) and C1,Sn [Co(C0)4] 2

2

(267) have also been produced in the same manner,

14,2 Ths Nature of the M'=M Bond

Like the M'=M' bond, this metal-metal bond has also been the
subject of a great desal of work and speculation, but its true nature
still remains unclear, Attempts mainly by physical and
spectroscopic methods have been made to correlats bond length,
bond strength, force constants and the substitusnt effects on both
the group IV metal and also on thas transition metal, but results by
different workers have often bean contradictory.

X-ray studies (208) often show a reduction from the
calculated M'=M bond lenqths, obtained as a sum of the radii of the
two metals, but such predictions fail to consider many uncertainties,
For example, the observed Sn=Mn bond length in RSSnMn(CU)5 (R = Ma,Ph)

(209,210) is 2,67 R whereas the sum of the metallic radii of
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tetrahedral tin and cctahedral manganese is 2,77 g. There is as
yet no one set of values for the radii of the transition metals
that is generally accepted so caution must bs exercised when
interpreting this reductien in bond length, Teble 1.6 shows the
metal-metal bond lengths of a section of compounds,

Substitution on M with a good 7 - acceptor ligand has been
observed to shorten the M'=M bond, Replacement of a CO in
RssnMn(CO)s by PPh, shortens the Sn-Mn bond‘by about 2%,
Substitution on M' with a strongly electronegative 1ligand causes
shortening of the Si=Co bond in the order H351C0(CU)4 (225),
c1351f:o(c0)4 (226) to FSSiCo(co)4 (227) showing O =contribution
effects (ses Table 1.6). Thus the metal-metal bend has been

discussed in the literature in terms of:

a) a O-componant and

b) a 7w=donation component from the transition metal to
the group IV metal, and

c) an elactrostatic component (i.e. the effects of

changes in M'«=M bond polarity,

m~donation is thought to derive from overlap of the filled
d=-orbitals of the transition metal with the vacant d-orbital of the
group IV metal, Evidence (228) has also been proposed in favour
of an “across-space" (p —>d) T interaction between egquatorial CO
groups and the group IV element in X3SiCo(C0)4 (X = FyCl). This
intramolecular interaction gained some support from the fact that
the equatorial carbonyl groups are in fact bent toQards the silicon

substituents (226,227).



Table 1.6 Examples of M'=M Bond Lengths

Compound
Ph3812r(Cl)Cp2

m6351Mn(CD)5

NesceMn(CU)s

thGeMn(CU)S

Br GeMn(CO)5

3

Me SnMn(CO)s

3
PhSSnNn(CO)s
Ph,Sn [Mn(CD)s] 2
ph3SnMn(co)s(ph3p)
Clsn [Mn(CO)S] 3
013SnMn(C0)5

Na3GeRe(C0)5
NBSSnRe(CO)5
(01351)2re(H)(co)Cp
C1,Ge [Fe(CD)ZCp] 2
Ph35nre(co)ZCp
c135nFe(c0)20p
Me,Sn [Fa(CD)ZCp] 2
C1,5n [Fe(CD)ZCp] 2
sn [Fe(CO),] ,
HBSiCo(CO)4
c135it:o(co)4

F SiCo(CU)4

3

)
Observed length (A)
2,81

2.50

Refsrence
21
212
213

214

209
210
216
217
218
219
213
213
220
221
222
223
218
224
205
225
226

227

33
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Vibrational spectroscopy has beesn commonly used to study
the M'=M bond, Tabla 1.7(a) shows the observed mstal-metal
stretching frequencies for a selection of compounds together with
the force constants obtained assuming simple modols. The M'=Co
bond in X3N'00(00)4 (m* = si, Gay SN} X = F, Cl, Br, I) has baen
subjected to rigorous investigations by Risen (229,230,231) and
Van den Berqg (232,233) using valence force field calculations (see
Table 1.7(b)), but still there is considerable discrepancy betwean
results obtained, Van den Berg interprsts ths bonding forces in
terms of a bonding scheme in which the metal=ligand backbonding
proves to be the most important contributor, The metal-metal
force constant decreases in the series F >Cl1 >Br = H,0> I for a
particular metal. For a specific ligand X, the sequence is
Ge > Si > Sn,

Attempts have also been made to use carbonyl modes to derive
information about M'=M bonding, by adopting the Cotton=Kraihansel
approximation (239). For systems where there is likelihood of
‘Tebonding contributions from ligands other than carbon monoxide in
substituted systems, Graham (240) has introduced Ao and AT
parameters, derived from carbonyl stretching force constants which
indicate the relative o - donor/ T=-acceptor capacities . of ligands
on the transition metal other than CO,

Surprisingly, very little work has been reported on M'-f
bonding energies. However, recently mass spsctroscopy is
increasingly being used to probe the metal-metal bond strength.
Lappert (241), Stobart (234,242,243) and Spalding (244) have derived

bond dissociation energies from appearance potentials obtained by



Table 1.7 Metal-Metal Stretching Frequencies (cm-l) and Forcs

-1
Constants (mdyn., R )

a) Simple Model Calculations
Compound V obs M=
Ne3SiMn(CU)5 297
H3Gemn(C0)5 219
NaGeHzmn(CD)s 220
NQZGBHMn(CO)S 200
NeSGeMn(CO)S 194
c138nMn(co)5 198
NeSGeRn(CO)S 165
MessnRe(CO)5 147
H3Ge(H)Fe(CO)4 226
HGGoCo(C0)4 228
szcaCo(co)4 192
Etscet:o(cu)4 188
0135300(00)4 243
ar3cet:o(co)4 200
ISGeCo(CO)4 160
I'leSSnCo(CO)4 177
(Me)2015nCo(co)4 185
Mec125nc:o(cu)4 197
c135nf:o(co)4 203

£ g0 (@) £ (POR) (1)

0,97
0.88
0.9
0.7

0,69

0,95
1.0
0.71
0.69
1.1
0.8
0.5
0,73
0,78
0.89

0,94

3.24

1.54

0.68
0.85

1.57

1.51
1.7
3.0
2,6
1.9
1.54
177
2.1

2,34
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Ref.

234
235
163
163
234
236
236
236
235
163
237
237.
163
163
163
237
238
238

238

Notes: (a) Assumes a diatomic (DA) model taking into account only

masses of the two metal atoms,

(b) Assumes the so-called pseudodiatomic (PDA) model, uses for the

effective mass of sach pssudoatom the sum of that of the metal atom

plus those of the attached ligands,



b) Valence Force Field Calculations

Compound

01351Fe(c0)4

H35100(00)4
F3SiCo(co)4
c135it:o(co)4

c1351Co(co)4

c13cere(c0)4

(:13(;et:o(c0)4

BrsceCo(co)4

ISGeCo(CU)4

HSGeCo(CD)4
FSGaCo(CO)4
013cet:o(co)4
BrSGeCo(CO)4
Iscet:o(co)4

Cl,

Br3

c135nCo(co)4

Br SnCo(CO)4

3

1 sm:o(co)4

3

cl SnCo(CU)4

3
Brsano(CO)4

Isano(CO)4

SnFe(CO)4-

SnFe(CO)a-

V 8xpPe
307
315
245
309
308
254
240
200
161
223
222
242
199
161
211
185
204
182
156
205
186

158

vecalce
312
310
234
310
309
254
240
200
161
222
218
244
203
161
211
185
205
182
156
201
188

158

£ m'm
1.35

1.50
2,00
1.32
1.45
1,29
1.05
0.96
0,52
1,30
1.70
1.52
1,30
0.85
1,36
1.10
1,23
1.05
0.64
1,30
1.20

0.85
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Raf,
233
233
233
230
232
229
230
231
231
232
232
232
232
232
229
229
230
231
231
232
232

232
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mass spectrometry and a sample of these values is given in Table 1.8.

It is quickly noticed that studies have mainly bssn on XSM'MLx

compounds, This is becausse the appearance potentials of M'X +

3
ions, on which the dissociation energies are based, are more easily

obtained than any other ion types in mass spectrescopic
fragmentation, Attempts were also made to correlate these bond
dissociation energies to the ion abundances of species with the
M'«M bond still intact, and to tha bond lengths. Although in
many instances the ion~abundances offer good supporting evidence
for conclusions reached for the dissociation energies, the
correlations are not good enough (234,241,243), Howsver, good
comparisons (244) were observed betwsen bond dissociation energies
obtained for Sn=Mn and Sn=Fe bonded compounds and previously
determined metal=-matal bond langths (sge Tables 1.8 and 1.6).
Mossbauer Studies (245,246) on tin and iron compounds,
55Mn nmr (247) and 5960 nqr (248) have all been carried out, and
the results were interpreted as indicating some m=bondirg in
these compounds. Photoelectron spectral studies on silyl and
germyl derivatives of Mn, Re and Co (249) provide evidence for the
absence of any m-interaction between the transition-metal
d-orbitals and group IV ligands. .
Spectroscopic and chemical techniques continue to be used to
probe the M'=M bond as many points about its nature remain unresolved,
More recent workers, howsver, have chosen to explain the metal-metal
bond more in terms bf a o =bond with perhaps a small 1 =component,.
It is most genera;ly accepted at present, however, that T -bonding

is relatively weak,



Table 1.8 M'=M Bond Disscciation Ensrcies and Ton Abundance of

M'=1 Bonded Species from ilass Spsctromatry

Compound

MeSGeCr(co)3Cp
NQSGeNO(CO)SCp
NaSGaw(CO)SCp

NeSSnCr(CO)scp

Ne3SnMo(CD)SCp

Massnw(CD)SCp
MBSSiMn(CO)S

Ne3GeMn(CD)5

NessnMn(CD)s
MaSSnNn(Co)s
PhSSnmn(CO)5

Me Sncmn(cn)5

2
M3351R8(00)5

Me GaRe(CO)5

3

me SnRe(co)5

3
Me351re(co)20p
MaSSiFe(CO)(PPhS)Cp
MessnFa(CO)ZCp

Ph SnFe(CO)ZCp

3
ClzsnFa(CO)ZCp
m3351r:o(co)4
nezceCo(co)4

Mesano(CO)4

D(M*'=M)
(ev)

2,03
2,60
2.81
2,32
3.08
3.28
2.64
2.40
2.51
2,04
2,09
2,24
361

3.2

3.7

1.97
2,23
2,30
2,58
3,06
2.4

362

2.8

Ion Abundance,
M'=M Bonded Species,

(%)
16
34
57
22
53
80
37
52

59

76
97

95

50
66

66
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Refe

241
241
241
241
241
241
234
234
234
244
244
244
243
243
243
244
244
244
244
244
243
243

243
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1.4.,3 PReactions

Whereas group IV=-cobalt compounds are sezn to undergo mainly
metal-matal cleavage reactions and group IV-=manganese compounds
mainly substitution reactions, most reactions of the iron complexes
usually involve both clsavage and substitution, followsd by a self=

reaction,

a) Cleavage reactions,
The metal-metal bonds in SiHSCo(CO)4 (200) and GeH3Co(C0)4
(183) are susceptible to scission by both hydrogen halides,

HX (X = Fy Cl, Br) and mercuric halides HgX, (x = c1, Br, I):
8400 ceH3Co(c0)4 + HCl ——> GeHCl + Hr:o(co)d (183)

and 251H360(00)4 + HgX, —> 2SiH.X (x = Cc1, Br, 1)

2

+ Hg [Co(CU)al 2 (200)

The intermediate XHg [Ca(CU)a] was also found{
Bromine clsaves the Si-Co bond in SiHSCo(CO)4 (199,200) but

with MeGeHéMn(CO)5 both cleavage and substitution are seen (141),

NeGeHzmn(CO)s + Br, —> MeGeBr; + MGGeBrzmn(CD)S |
HCl has also been reported to cleave tha Si-V bond in Sinv(CO)6
(151),
51H3v(co)6 + HCL —> SiH,Cl + v(co)6 + éuz.

Ammonia cleaves the Si-metal bond (156). In the manganese

case, the products are clear cut,
251H3Nn(00)5 + NHy —> 2HMn(CO)5 + (SiH3)2NH

CO does not insert into either Si=Mn or Si-Co bonds in

SiH3Mn(CD)S (157) and SiHSCo(CO)4 (200). S0,, howsver, is seen to
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attack the Si-Mm (M = Mn, Co) bonds (157,200) to give evidence of

Si-0=5i species while insertion (141) of S0, into GeHSMn(CU)5 has

been indicated,

GeHSNn(CD)S + S0, —> GeHs.SDZ.Mn(CD)S

2

b) Substitution reactions

Silyl-manganese (157) and germyl-manganese (162) compounds
undergo substitution with the hydrogen halides ‘o give a mixturs
of halo=substituted products:

A
] ) \
M'HMN(CO)g + XHCL ————> M'H,_ Cl Mn(CO). + XH,

MBGeHzmn(CO)s (141) yielded only Ma69012mn(C0)5.
with mercuric halides (141) similar results were cbtained

with caH3Mn(c0)5 and NeGeHZMn(CO)s,
G9H3Mn(CO)5 + Hol, —> GeHs_xIan(CO)s

while MeGeH,Mn(CO)g gave only MeGeCl Mn(CO)g with HgCl,. It is
interesting to note that the meGeHzmn(CU)5 tends to give the fully
substituted product with hydrogen and mercuric halides, suggesting
an activating effect of the methyl group.

Substitution reactions with group IV-tetrahalides as reagents
have been extensively studied with the group IV(hydride)-transition
metal compounds,

sicl, has been found to be inert to (NBXGQH3_X)M”(CD)50
x =0, 1 (141),

GeCl, reacts with GeHsmn(CD)5 (250) to give an equilibrium

mixture of the halo=substituted productse

GeH3Mn(ca)5 + GeCl, —> GeH axm:w(co)5 + GeHCl

4 3=x 3
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with NeGaH2Mn(C0)5 (141) under similar conditions theres was
complete conversion to mBGeCIZMn(CU)S.

SnCl4 is more reactivs, Although no reaction with group
1V(hydridae) manganase derivatives has been studied, roactions with
other silyl (139,140) and germyl (53,139) derivatives show SnCl,
to be a fast and specific chloriﬁating reagent,

CCl, reacts with MBGeHZNn(CO)5 to yield an equilibrium
mixturs of MeGeHCan(CO)S and MBGBCIZMn(CO)é, with ths latter
dominating. CHCl3 and CH2012 are also observed (141),

Tha overall reactions of the group IV=tetrahalides follow

the order:
C > SiI < Gag <<<¢ Sn

The reversal in reactivity of M'Cld when M! = C may possibly bs
attributable to a different mechanism, Thus, for example, the
CCl4 reactions may proceed via free radical intermediates. The
order of reactivities of the other tetrahalides can be rationalised
in terms of the relative M'=X bond strengths of the respectiva
halides., Thess reaction studiss are usually complicated by the
involvement of the hydride products e.q. CHCl3 and GSHIE:l3 in further
substitutions.

Other reagents used in substitution studies are PX; (X = F, Cl)
and their reactions with NBGBHZNH(CU)S proceed stepwisse to give a
mixture of products, NaGeHz_xxan(CD)5 (141), including in the case
of PFS, products from substitution on Mn with CO displacement,

No substitution reactions of Si-H or Ge=H in cobalt
derivatives have yet been observed,. However, CO substitution of

SiH3Co(CO)4 (200) and GeHSCo(CO)4 (183) by PPh, have been observed,

8.0 51}1300(c0)4 + PPh; —> smsco(co)zpphs + Co
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c) Reactions of Fe compounds,

The reactions of group IV(hydride)=iron derivatives are
more complicated, as both clesavage and substitution may occur,

usually followed by self=reaction.

(SiHs)zFe(CO)4 reacts with HCl with cleavage of the Si-fe
bonds (169),

(51H3)2re(c0)4 + 2HC1 —> 25iH,Cl + H2Fe(C0)4.

However, a similar reaction of (GeHs)zFe(CU)4 with HC1 (173,174)
or HgCl2 (173) also produced GeHa. Reaction studies by Mackay and

Bonny (174,177) show the reaction to procsed via the rcutess
(ceus)zre(co)4 + HCL —> H, + (GBH3)(G6H2C1)F9(C0)4 eee (1)

(ceus)(ceH2c1)re(co)4 + HCl —> GeH,Cl + {Fe(co)a(H)(GeHZCl)]

L XX (2)

Also,

(seﬂz)(cenzm)re(co)4 —> GeH, + [(GeHCl)Fe(C0)4] g eee (3)

The reactions of (MeGaHz)Fa(C0)4 (177) with HX (X = C1, Br)
and HgCl2 were even more complicated with substitution and cleavage
occurring stepwise, with slimination of methylchlorogermanes,
Condensation products wers also observed.

(GeH3)2F9(00)4 undergoss substitution with both Sicl4 and

snCl, (174), very slowly with the formers:

(GeHs)zFe(CO)a + sicl, —> GeHS(GeHZCI)Fe(CU)4 + SiHCl,

There is also simple polychlorination with SnC14:

(GeH3)2F9(00)4 + 25nCl, —> (caﬂzm)zre(co)4 + 25nCl, + 2HCl,
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Reaction with SnCl4 is complicated by the HCl produced by initial
substitution, as sesen earlier. Self=-reaction from tha chloro=-
substituted products results in the formation of cyclised

products,

8eQe 2(GeHYZ)2Fe(CD)4-——-> 1

X
N ///
////,ce X=H, Y=H, Z=Cl
(co),Fe \\\\ j:::-ra(c0)4 X=H, Y=Cl Z=20C1
Ge X=1C, Y=Cl, Z=Cl
,/’ ‘\\
I

Reactions of (MeGeHz)ZFe(CD)4 with CCl,, SiX, (x = €1, Br) and
SnCld have also been studied (177). Polysubstitutions are even
more extensive than in (GeH3)2FB(CU)4. The reactions of

(GeH Fe(CD)4 are summarised in Fig. 1.3,

3)2
d) Adduct formation
M'HSN(CO)x (m* = si, Ge; M = Mn, Co) have all been observed

to form adducts with R,N (R = Me, Et) in a 1:2 ratio,
@.Qe 51H3Co(co)4 + 2NMe, —> 51H3Co(co)4.2NMe3 (158)

(SiH3)2Fe(CD)4 also forms an adduct with NMe, in a 1:2 ratio,
not 1:4, Cleavage reaction with HCl shows the adduct complex to

be the symmetrical ons, (SiHs.Nme3)2Fe(CO)4.



Fige 1.3 Reactions of (GBH3)2

re(co)4

[H,GeFe(CO),)
A

hiv

+ GeH

2 4

(H369)2F9(00)4 (174)

/ AN

HC1 sicl SnCl4

4

i V

(Hzcec1)(caH3)re(c0)4 (Hzcer:l)(Hace)ra(co)4 + (a)

HC1

e

(Hzcer:l)(ﬂ)re(co}4 + GeH;Cl

(a) Higher molecular weight compounds, [(XZGe)(YZGe)Fe(C0)4] 9
X=Hy, Y=H, Z=Cl

Cl

x
il
X

<
<
K

c1, Z

cl

i

X=Cly, Y=Cl, Z

N

(HZGeCl)(HSGe)Fe(C0)4

AN

SnCl4

N\

(Hzcem)zre(co)4 + {(a)

V4%
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) Transition~metal exchange.

It has recently been established by Mackay et al. (198) that

one matal carbonyl anion is capable of displacing another cn a

germane in the order

Co —> e

Y

Mn
Thus, using equimolar quantities,

CH,GeH,Co(CO), + mn(co)s' —> CHgGeH,Mn(CO)  + Co(CO)d-
and

(o) + (GeH,),Fa(C0), —> GeHyMn(CO)¢ + caH3re(c0)4"

Addition of HCl to the raesidue in the latter caese yislded some
HMn(CO)s together with (GeH3)Hre(c0)4 but little H2Fe(CO)4.
Preliminary studies indicate GeH3Co(C0)4 axchanges with

re(co)42' to yield (GeHz)zFe(CO)a.

Fig. 1.4 summarises the reactions of GeH3Nn(CD)5



Fig. 1.4 Tha Reactions of GeHSMn(CD)S

HZBrGeMn(CO)S

+ HBrZGeMn(CO)S

Q;H

A
HZCIGeMn(CO)5 ”3-xIxG°m”(C0)s
+ HClzceMn(CO)s A
GaH,Co(CO), +Mn(CO)g : HBr(141)
(198)
HC1(162) HoI,(141)
N
GaH3Br+mn(C0)5 s > ceusmn(cu)s GeCl,
(162) . \\\\\\\\\ (250)
- Pph3(141)
(GeHs)zFe(C0)4+mn(CD)5 \\\\\L
(198) NEt3(141) 502(141)
gf/ CO substitution
' H3GeMn(co)5.2NEt3 I
Y
HSGa.SUZ.Mn(CO)s

3

_xCleeMn(CO)s

9y
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1.5 The Catenated Group IV-Transitien Matal Comnounds

The first attempt at preparing a transition metal complax
containing a catenated group IV ligand was by MacDiarmid (251,252,
quoted in Raf,171) in 1969 who found no stable product from tha
reaction between Me_Si H and Coz(CO)B. This was attributed to
the weakness of the Si-Si bond.. Howsever, the manganese complex,
meSSiZMn(CO)5 and its rhenium analogue ware isolated from a
similar reaction with mnz(CD)10 and Rez(coi10 (252). Since then,
especially in the last few years, a number of such cecmpounds
containing a group IV=group IV metal bond have basen prepared thus
establighing a class of its own, Thasa.c;mpounds ars listed in
Table 1.9, Before work on this thesis began, all but thres ware
fully substituted with organic groups. The only hydridess
reported were GezHSMn(CO)5 (435) and the classic HZSnz[mn(CO)5 A
(2534254), The partially mathylated GeH3MazceMn(C0)5 has also
been prepared as part of the characterisation of Mo, GeClGeH, (53).
Contradicting predictions (251,252) about the low stability of
such bulky compounds, particularly the hydrides, these compounds
show little tendency to decompose, The synthesis of the three
hydride type complexas stimulated the author's interest into the
field and has led to the preparation and characterisation of a
series of polygermanium (hydride)=-transition metal carbonyls,

The methods of preparation of ths catsnated group IV=
transition metal compcunds are essentially those of ths mono-
group IV-transition metal derivatives described earlier in section

1.4.1,



Table 1,9 Catenated Group IV-~Transition Metal Compounds

Preparation(a) Characterisation(d)

mB351Me251m(c0)3Cp
N= Ct, NO, U
XSlNeZSiMezﬂ(CO)SCp
M = Cry Mo, W}
X = F’ Cl, Br
M3351N92
(NB3Si)nN93_nSiNn(C0)5

51mn(cu)5

ns= 1,2’3

(MGSSi)nNe _nSINn(CU)APPh,

3
ns= 1’2,3
MeSSiMQZSiRe(CO)S
NQSSi(Mezsi)nFa(CO)ZCp
ns= 1,2,3
(Mezsi)n [Fe(CO)ZCp] 2
n = 2,3
(NQSSi)nNez_nSLFe(CO)ZCp
n= 1,2,3

XSiMe 51m92ra(c0)20p

2
X=F, Cl, Br

[(Cs”s)sp] Pt [Si(06H5)2 ]Séi(cﬁns)2

1,2-Ph,Ge, [Mn(CO)g) ,

1,2-Ge,Cl, [Mn(CO)S] 2

2
[(GeMe, ), Fa(C0), 1,

Me,Ge [MeZGaFe(CO)d] 2

2
Phssn(PhZGa)Nn(CO)s
sn, [Ra(CO)SJ 6

0 ] C
NeQSn4 p( Ph3 2Fe p

1.1

11,2

1.1,2

1.1

Te1

161

362
1.1
1.1

1.1

(b)
101

1.2

IR, NMR,MS, EA .MU, Rx
IR,'H NMR, 'OF NMR,

MS, EA, MU ,Rx

IR, NMR

IR,NMR,MS,EA
IR,NMR,MS,EA

IR, NMR

IR,NMR,MS, EA
IR,NMR,MS , EA

IR, NMR,MS, EA

1

IR,'H NMR, 'OF NWR,

MS, EA, MW, Rx

IR,UV,EA,MW,Rx
EA

EA
IR,NMR,MS,EA,Rx
IR, NMR,MS, EA 4RxX
IR, NMR, EA, MU

EA

IR, *H NFR, 13 puR,
Rxe
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Ref,

255,256

255,256

252

257,258

257,258

252

171

171

257

255,256

259
260
260
261
261
164

262

263



Table 1.9 (cont,)

Preparation(a) Characterisation(d)

Hydrides

GBHSGBHZMn(CO)S 1.1 IR,R,NMR,MS,Rx
GeHSGeNezmn(CO)S 11 IR,R,NMR,MS
(GeHs)zGeHMn(CO)s 1.1 IR,R,NMR,MS,Rx
[GBHZMn(CO)S] 2 1.1 IR,NMR,MS
censceuz(ceus)re(co)4 (c) IR,R,NMR,MS ,Rx
(GeHsceHz)zFe(CO)4 101 IR,R,NMR,MS,Rx
GaHSGeHZCo(CD)d 1.1(c) IR,R,NMR,MS,Rx
[GeHZCo(CU)Q] 2 1.1 IR,NMR,MS,Rx
H,Sn, [Mn(CO)SJ 4 5 IR,MS,XD,EA,MW,Rx
Notess

(a) The numbers refer to the various preparative methods
described in section 1.4.1
(b) Coupling of a tin amido derivative to a group IV (hydride)-

transition metal complex,

e.g. (164)
25 °c
Et, NSnPh, + HGePh,, [Mn(CU)S] —_—>
qh
Ph35n6|e-mn(c0)5
Ph

The tin is coupled to the group IV metal with the elimination of

49

Refe

135,53
this work

53
this work
this work
this work
this work
this work

264
this work

253,254

hydrogen. The above exampla provided the only known mixed group IV

matal chain derivetive of a transition metal.



Table 1.9 (cont,)

(c) Specific preparative routes found in this work (ses text, 264)

(d) IR = Infrared

R = Raman
NMR = Nuclear Magnstic Resonance

MS = Mass Spectroscopy

ME = Mossbauer Effect Studies

XD = Xeray Diffraction studies

UV = Ultra=Violet

EA = Elemental Analysis

MWJ = Molecular Weight detsrminations.

Rx = Reaction studies.



51

1.561 The M'«M'= System

It is evident from Table 1.9 that previous workers preferrad
the use of the fully organo=substituted catenated group IV metals
with a single M'=X (X = halogen), M'~H or M'-pther functional
agroup to couple to the transiticn metals, Thie is probably
because tha organic substituents are unrsactive and the products
formed stable. This will also avoid complicatiscns leading to
cyclised compounds (see 1.4,3(c)). However, the three hydride=
derivatives reported showed remarkable statilities. The attsmptad
synthesis of Sn [mn(CD)s] , by Noltes (253,254) turned ocut to give
H28n2 [mn(CD)s] 4 instead, with stable Sn=H and Sn=Sn bonds, In
the i.r., spectrum the absorption at 1725 cd-1, 35 assigned to the
Sn=H frequency. Ths low valus of V(Sn=H), in Fact the lowsst
value so far reported for a tin hydride (265) was interpreted as
probably due to the snhanced p-character of the Sn=H Lond in the
transition metal=tin hydride, The bond length batween the tuwo
tin atoms (2.893) is somewhat greater than that in the cyclic
hexamer of diphenyltin (Sn=Sn = 2.783) (267) and that in hexaphsnyl
tin (Sn—Sn = 2.773) (100). The tin-~manganess distances (2.67 and

o
2.73A) are not considerably different from those in Me SnNn(CO)5

3

o
(sn=Mn = 2.67?\) (268) and in Ph SnMn(CG)s (sn=Mn = 2,678) (269).

3
Stobart (135) reported that GezHSNn(CO)5 showed no tendency
to decompose at room temperature in vacuo or under nitrogen, and
in air it reacted only slowly. This behaviour is in marked
contrast to that of ethylmanganess carbonyl, Czﬂsﬁn(co)s (270),

which is sensitive to oxidation and decomposss under vacuum even

at =10 °Cc. Methylmanganese carbonyl, CHsl’!n(CD)5 (271), is
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relatively stable (m.p. 95 oC). This is easily sxplained by the
B=elimination mechanism (272) in CZHSMn(CO)5 with displacement of
ethylene, CZHA’ which is not available to other group IV elemants.
In fact, Oraterman and Cross (273) have suggested that metale
carbon bonds are in no way qualitatively different from metal=
hydrogen, metal-metal, or metal=nitregen bonds, The vibrational
spectrum of Gezﬂsmn(co)s showed genseral featurss similar to those
observed for GeH3Mn(C0)5 (161,162), but two Raman bands wers
observed in the metal-metal stretching region. These bands wers
assigned to v Ge=Ge at 273 cm'"1 and to v Ge=Mn at 205 cm“1. In
digermane VGe-=(8 was found at 268 c:m-1 and vGe~lMn at 215 cm-1
in GBH3Mn(C0)5 (161,162)s The differences in these frequencies
and those found for GeZHsl“ln(CU)5 were suggested as indicating
soma interaction between thess two modes, thus mora accuratsly
described as the symmetric and asymmatric Ge=-Ge-~lMn strstches,
Interest in the polysilanyl compounds was derived from tuo
sourcase The nature of the Si-M bond in transition metal systems
has bean the subject of continued speculation, particularly with
respect to the involvement of d-orbitals on silicon in (d-d)™
interactions and also the possibility of bonding interactions
betwsen carbonyl ligands and the metal bound silicon atom (208),
There is evidence from other organosilicon systems to suggest
that electron dslocalisation can then occur through tha d-orbitals
of catenated silicon atems (274,276) and such a process could
enhance (d=d)T bonding in polysilanyl metal systems. Furthermore,
the steric requirements of the bulky ligands could markedly affect

both the geometry and the bonding in Si=M systems. Howaver, King
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and Malisch found no correlaticn bstwsen the permathylsilanyl chain
length and the v(C0) stretching frequencies, evan when a highly
electronegative slement s.q. Fp, Cl or Br were substituted on tha
B-Si, thus showing there to be very little ligand effect on the
electron distribution of the matal carbonyl group, Using the
Graham A and AT paramaters (240), derived from the carbonyl
stretching force constants, Nicholson and Simpscn (257) found the
trends with the series (Nessi)nme3_nSiMn(CD)5 were consistent with
the supposition of two conflicting effects. Starting from the
Ne3Si derivative, they found that there is an initiel increase in

0 =donor/T —acceptor ability with the first Be=silicen substitution
(n =1). They explained this effect in terms of electron release
by the N8351 group and d-orbital availability for delocalisad T =
bondinge Further substitutien (n = 2,3), however, reverses this
trend as ths steric requirements of the polysilyl ligand increase
and non=bonded interacticns lengthan the Si-Mn bond. The Si=Mn
bond in (messi)SSiMn(CO)5 has bean shown (258) to bs significantly

longer than that in NQSSiMn(CO)so

1.5.2 Reactions

The reactions of this typs of compound are less predictable
than the previous two classes already discussed. Both the M'=M!?
and M'=M bonds are available for cleavage. There are also two
types of hydrogsns available for substitution, those on the a =

group IV metal and those on the othar group IV atoms,
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a) Cleavage reactions
No claavage reactiecns of catenated group IV (hydrids)-
transition metal compcunds have yst been raported, Howaver,

iodine cleaves the Sn=Sn bond in CpFe [P(0Ph).] .Sn (SnMe,)., (277),
3 373

2

CpFe [P(OPh), 1,Sn(SnMe.), +3I, —>» CpFe [F(OPh).] ,Sni
3°2 3’3 3

2 27 "3

+ 3M935n1

b) Substitution reactions,
Preliminary reaction studies (53) of GeHsceHzmn(CO)5 uith
SnCl4 and 12 have previously been carried out by tha suthor,

Reaction with SnCl, showad substitution mainly cn the ¢ -=germanium

4

atom,

GeH GeHZMn(CU)s + sm:14 —> GeH

3 GeHCan(CO)s (78%)

3

+ GeH ClGeHCan(CO)s (14%)

2
+ GeHzclseHZMn(co)s (6%)

+ SnCl2

+ HC1
There was no evidence for the HCl produced in tha reaction being
reactive. It is interesting to note that no GeHBGaClZMn(CO)5

was found,

GeHSGeHZMn(CO)S has also been cobserved to substitute with

2’
Geuscenzmn(co)s + I, —> GeHZGeHIMn(CU)s + HI
Substitution was also at the o-—germanium atom, but tha HI

produced was reactive, Although the exact interpretation of the

metal-metal bond cleavage by HI was unclear, two possible schemes

were proposed:
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i) Ge~-Mn and Ge=Ge bond cleavages

GeHscaHIMn(CQ)S + ny —Be-tin_cleavaga

v

GeH,GeHI, + HMn(co)5
and

GeHsceHINn(CD)5 4y —C8=Ce cleavage .

GaHZIMn(CO)S + GeH,I

3
or

ii) formaticn of an equilibrium mixture
GeH,GeHIMN(CO) g + nr S8sGe cleavage GeH,IMn(CO) + GaH,T

The presence of Sn—H bonds in H,Sn, [Mn(CO)sl 4 (253,254)

was chemically confirmed by ths reactions with CCl4 and CBrd,

8.9 HSN [Mn(CO)S] 2 ——-[Nn(CO)s] 2 SnH + cer4

=3 BrsSn [Mn(CU)S] 2 ™ [Mn(CO)S] o Snér



The aims of our studies with the polygermanyl (hydride)

derivatives are four-fold:

(1) to see if tha digermanyl derivatives of Fe and Co
were stable enough to be isolated,

(ii) to study the trends and differences in the physical,
spectroscopic and reaction propertiss of the series by varying
the transition metal,

(iii) to find whether these propertiés showed any changes
by adding more gesrmyl groups to the o =germanium atom, or, as in
the M=M'=M'=M system by the addition of more metal carbonyl grnups
and

(iv) to see which metal-metal bonds, M'=M' or M'-M are
susceptible to cleavage and also which hydreogens = the
0 —germanium hydrogsens or the ones on the GeH

5 group are suscaptible
to substitution,



CHAPTER 2. GENERAL EXPERIMENTAL DETAILS

261 General

Since many of the campounds mantioned in this thesis are
volatile and most of them are air=sensitive, they are handled in a
conventional multi-purpose vacuum frame fitted with storage bulbs
and mercury manomsters,. The vacuum obtained with a rotary oil
pump was usually sufficient for normal manipuylations, but if a
lowsr pressure was required, especially for manipulations of the
less volatile polygermanyl metal carbonyl derivatives; a2 mercury
diffusion pump was availzablas, Normal greased taps were employed,
but teflon taps were used whsn compounds e.g. the germanes and the
germyl-metal carbonyls, appsared to be soluble in the tap greass
or when there was a possibility of "streaking" of the grsased taps
dus to the presence of, say, an sther solvent,

Fractional distillation was employed ta separate ths
companents of a volatile mixture. The constant low temperatures
required for fractional distillations, and in some cases for
reactions, were obtained by partially freezing a suitable compound
using liquid nitrogen to form a fluid slush; the temperature at
the melting point of the compound being maintained as long as
solid remained. Some of the more convenient compcunds and their

melting points are given bslows



ice/water/salt 0 C —>

carbon tetrachlorids
chlorobenzens
chloroform

ethyl acetate
toluens

n-propancl

-20 °c

-22.6 °c
-45.2 °c
~63,5 °C
-82,4 °¢
-95.0 °c

-127 °C

58

Manipulations with air-sensitive solids or liquids were made

in a glove box flushed rigorously with nitrogen.

Phosphorus

pantoxida was used to dry the atmosphere in the glove box znd

sodium was used to remove 020

262 Spectroscopic Techniqgues

a) Infrared Spectroscopy

Routine spectra were obtained on either a Shimadzu 1R=-27G

(range 4000 em~! - 400 cm-1) or a Beckmann 1R=20A (range 4000 cm™ ! =

250 cm-1), but definitive spectra of new compounds or intermediates
were recorded on a high resolution Perkin-Elmer 480 (rangs 4000 cm
50 cm-1). Gas samples wers recordad using 10 cm gas cells or in

cases of compounds with low vapour pressurss 8.0, GezHSCo(CO)a, a

gas cell of 20 cm path length was used.

with 5 cm diamster KBr windows, A similar empty cell was usually

Thesa cells aré fitted

placed in the reference beam to balance atmospheric and KBr

1

absorptions, As the vapour pressure of most polygermanyle-transition

metal derivatives are too low at room temperature to give a

satisfactory spectrum in the gas phase, a solid-=film and a solution

spectrum were usually recorded instead,

A cold cell was used to



run a spectrum of a solid-film,frozen on to & KBr window cooled by
liquid nitrogen, while a sclution cell was used to obtain the

solution spectrum, usually using cyclohsxane as solvent. Again,
similar empty balance cells, in the cass of solution cell containing
solvent only, were used. Attempts at recording spectra from

400 cm-1 - 50 cm-1 using high danéity polythene windows were not
satisfactory as metal-metal stretching bands appear only weakly in

the far infrared, Strong bands were obtainéd with Raman spectroscopye.

DCl or polystyrene bands were used %o calibrate spectra (278).

b) Raman Spectroscopy

Raman spsctra were recorded at the University of Auckland on a
J.A.5.,C.0, R300 spectrometer using the gresn iine (4880 g) of an Argon
Ion 'Control' Laser operating at 21 muw. The samples were contained
in a sealed tube shown in Fige. 2.1 (C) and sampled as described for
nmr below. This was very conwenient for recording the nmr spectrum
of a small amount of the neat sample and then recerding the Raman
spectrum. This also allowed for an sasy chsck for decomposition
after a Raman spsctrum had been recorded by rspeating the nmr specﬁrum.

All samples wers scarned only in the region of greatest interasst
i.e. the metal—metal stretching region from O cm-1 to 500 cm-1. This
was because of fairly rapid decomposition, especially of the cobalt
compounds in the laser beam, and the strong brown colour of the
decomposition product absorbs a considerable amount of energy so that
the spectrum obtained detericratad with time. The 1800 cm-1 - 2300 c.:m"'1

region of trigermanyipentacarbonylmanganese was also recorded.
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The strong plasma absorption at 352 cm | was used for
calibratione. It is probably worth making a note hers that
fluorescent lighting of the room produces a strong absorption at
2178 cm-1, close to the main Vv CO and Vv Gel modes betwssn 2000 cm-1

to 2100 cm-1.

c) Nuclear Magnetic Resonance Spectroscopy

All samples were run in sealed tubes (Fig. 2.1(C)) on a
60 MHz J.E.0.L. C60HL High Resolution nmr instrument. These nmr
tubes ware usually modified (53) to have a 4 cm taper of smaller
bore tubing than the normal nmr tubes, This allewed tha spectra
of small amounts of samplas to be recorded, The normal upper
length of the nmr tube allows faster condensation of sample into
the tube, but this was usually not good anough with the polygermanyle
metal derivatives. Fig. 2.1(B) shows the type of trap (279) used
to condense high molecular weight complexes, which may be openad
to the pump to facilitate "dragging", This pisce of glassware was
also often used for weighing the high molecular weight compounds.
The adaptor (Fige. 2.1(A) was used to check the purity of starting

intermediates (e.g. GeH.,Br, GaZHSCl).

3
As all the darivetives studied in this work are closealy
related, all samples were reccrded as 5~10% soluticns in benzene,
although in several reactions, dsuterobenzene or silircon tetrachloride
were used instead to allow examination of signals cccurring closs to
that of benzene. The following benzens chomical shifts (53) were

used as the basis for assigning the chemical shifts of samples

recordeds



Figurs 2.1

Modified Glasswars for NMR

(see text for dstails)
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5% TMS in CBHG = 2,8837

5% CGHG in TMS

5% TMS + 5% CGHB in CCl4

2.,83071

2,77 T

Chemical shifts of soms starting materials e.qg. GaHa, Gesz (280),
GesHB (54) previcusly reported in some other solvents were
recordad in bsnzens to provide a basis fer comparison, The solvent

affaect for similar concentrations relative to benzens was measured

for several solvents:

06H12 - 0,08 ppm
CDCJ.3 + 0,06 ppm
SiCl4 + 0,07

A fow measurements of varying concentrations of SiHSCl were mads to

demonstrate concentration effects, relativa to axternal TMS and

internal banzene:

5% 5.98T
70% 5,587
160% 5,307

Samples used for recording Raman spectra and also materials
from nmr reaction tubes were reccversed using the apparatus shoun in

Fig. 2.2 where a description of its operation ie also given.






Figure 2.2

Apparatus for Recovsery of Materials from NMR Tubes

Inset shows in greater detail the T-junction.
A fine scratch is first made with a glass-~knife at about the
point of the tube which matches the indentation (arrowed,
ses figure). The tube was then inserted into the apparatus
with point of scratch facing away from the indentation and
the system evacuated on the vacuum lins, The main tap was
then closed and the tube easily broken at point of scratch
by turning the second tap which applies a force at top end
of tube, a second equal force at bottom end of tube being
supplied by the wall of the apparatus about the pivot, which
is the indentation., If the tube contains very volatile
material or solvent, "splashing" on Openihg of tube can be
avoided by first cooling the material with liquid nitrogen
before snapping it open. This was very useful for efficient
recovery of the less volatile fraction s.g. ths polygermanyl
derivatives or decomposition residues which remain in the

nmr tube upon removal of solvent or more volatilg fraction,



64

d) Mass Spectroscopy

The spectra were recorded at Ruakura Agricultural Ressarch
Centre on a Varian CHS Spectrometer using conventional gas
sampling techniques or the sclid insertion probe.s As most of the
compourids in this work ars air-sansitive, solutions or solids
were introduced on to tha gold cup of the spectrometer probe
under the protection provided by an argon-~flushed plastic bag which
was fitted with plastic gloves fcr manipulations (279),

The presance of five naturally occurring isotopes of
gesmanium produces characteristic intensity patterns in the mass
spectrz of compounds containing this slsment. Glockling st al.
(281) have calculated tne mass and abundance combinations for the
Gez, Ge3 and Gs, cases. During these studies further calculations
wers made using the abundances {(282) of Cl, Fe and Si isotopes and
the calculated envelopes for a varisty of envelopes are reproduced
in Fige. 2.3. Thesa mass spectral patterns provided valuable
support for parent ion as well as fragment assignments, The
intensity patterns seen in Fig. 2.3 arse "gpen' structures.

However, in the germanium containing series fragmentation by loss of
H gives overlapping patterns so that tha snvalopes usually appear

as "closed" structures. Thus although there are only small
differences in the mass spectral patterns of envelopes of species
containing the same number of Ge atoms they are a usseful aid in

jdentification and calculation of hydrogen ratios.

e) Elemental Analysis

Analyses were carried out by the microanalysis service at

the University of Otago.



Figure 2.3

Calculated Mass Spactral Envelops Patterns

Natural abundances (291), %:

Germanium
Ve  20.52

260 27,43

Sge 7,76

"o  36.54

7669 7476
Chlorine

3501 75,53

3701 24,47

Iron

54 5,82

5re  91.66

Tre 2,0

8re  0.33 N
Silicon

2851 92,21

2951 4,70

30

Si 3.09
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2,3 Starting Materials

a) Germanium Hydrides

Monogermane was prepared by the acid hydrolysis of an
aqueous germanate with sodium borohydride as described by Drake

and Jolly (48). Although digermans, GezH6 and trigermane, Ge.,H

338
were also obtained, the yields were insufficient for the experiments
described hers. Monogermane was convartad to the higher hydrides

by the action of a silent-electric dischargs (47).

b) Germanium Halide Derivatives; GeH,Br, Ge,H.Cl, Ge,H,Cl,

Germyl bromide, GsHsBr was prepared by the methcd of
Geisler et al. (283) by direct bromination of GBH4 at louw
temperatures (=127 °0.

Digermanyl chloride, GezHSCI and digermanyl dichloride,
1,2-G92H4C12 were prepared by the action cof SnCl4 on Gesz
described by Ebsworth (139). Thae yield of the dichloride

improved with excess SnCl4.

c) Solvents and other materials

Diethyl ether was used as the solvent in the praparations
of the mangansse and cobalt carbonyl derivatives while r~pentane
and n-hexane were used for the iron carbonyl derivatives,. These
solvents were stored over sodium wire and distilled of?¢ lithium
aluminium hydride besfore uce. A continuous reflux-still using
sodium/benzophenone as the drying agent was also available for
drying the ether.

Solvents used for spectroscopy (vibrational and nmr) were

benzene, dsuterobenzens, and cyclohexana. All uwsre of spectroscopic



grade, as was the carbon tetrachloride used in some reactions.
The other commonly used reagents, silicon tstrachloride and
germanium tetrachloride were distilled on the vacuum line before

use with particular care being taken to remove HCl. Iodina was

resublimed, These reagsents were B.D,H. laboratory grade,

Manganese carbonyl, an(CO)10 and cobalt carbonyl wsre
supplied by Pressure Chemicals and iron carbonyl Fe(CU)5 by Mercke
Schuchardt. The manganese and iron compounds were used without
any further treatmsnt, but the cobalt compound was normally
resublimed before use, except when taksn from a freshly=~opensad
bottle. Fa(CO)5 was stored in the dark to avoid decomposition,

The sodium used for preparing sodium amalgam and sodium—
ammonia solutions was repurifisd by melting and then separating
the melt from the oxide.

All other reagents were used as supplied, althcugh volatilie
compounds were usually givan a crude fractionation on the vacuum

line before use.

2.4 Preparative Aspacts

As the anion preparation and metal-metal coupling step via
alkali-halide elimination are common in the syntheses of. tha matal
carbonyl derivatives in this work, it is convanient at this stage

to describe the general procedurs.

a) Anion preparations

In a typical preparation of the mangansse or cobalt carbonyl
anion, diethyl ether (ca. 50 ml) was distilled off LiAlH, into bulb

A of the reaction vessel (see Fig. 2.4) via bulb B and tap C on the
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vacuum linas, Tap C was then closed,. an(co)10 or COZ(CO)8 was
then introduced into A in a glove box and dissolved in the ether.

This was followed by a 1% sodium-amalgam (usually an excess) and

the reaction vessel restoppered, The stopper was held in place

with some tape as the vigorous shaking to follow of the reaction
mixture to accelerate reduction causes an increase in ether pressurs
which is liable to blow the stopper off. A‘completely reduced
anion solution is usually achieved after 20 minutas, and is
cclourless, Tha amalgam rasidues were allowsd to settle bsfora

the ethereal solution of the anion was poured into the previously
evacuated bulb B via tap C which was again closed to isolate the
amalgam from further reaction,

The volume of ether was reduced to lsave a § ml slurry of
the sodium salt in ether., Tha sodium salt prepared in this manner
has always been observed to come down as oily drcplets, light-green
for manganese and light-pink for cobalt, as the volume of ether is
reduced to form a two-phasa system. This was ussed for coupling
with the polygermanyl halide. Anions prepared in this manner have
always given yiselds in the region of 80%.

In a typical preparation of the iron cartonyl dianion
Fe(CO)dz-, a slight excess of Fe(CU)5 was condensed into a sodiume
ammonia solution (usually kept to a low concentration, ca. 0.3 m)
at =63 °C.  Reaction is much faster if tha Fe(CO)¢ is condensed on
or close to the sodium—ammonia surface as Fe(CO)s is a solid at
-63 °C and will not react if condsnsed too high up the reaction
vessel. Completion of rsaction was shown by the discharge of the

blue colour in ths Na/NH3 solution to give an orange~brown suspension.



Figure 2.4

Reaction Vessal for Anion Preparation
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All ammonia was ramoved by distillaticn at =63 °C follewed by
pumping at room temperature through a trap at =63 OC into cne at
=196 °C to leave a buff-coloured NazFe(CO)4 in the reaction vessel,
Ammonia was recovered in the trap held at liquid nitrogen
temperature and unreactad Fe(CO)5 at -63 ¢,

N-pentane or n-hagane was usually introduced as solvent for
the dianion which was then ready for coupling with the polygsrmanyl
halide.

We have evolved ths raaction vessel (see Fig. 2.4) which is
essentially a modified Schlenck tube to improve product yields,
Pravious attempts at preparing the anions gave 35-45% yields of the
product (184), compared to about 80% here. This is probably dus
to the sensitive nature of the anions, especially Co, to both air
and oxygen. The uss of this reaction vsessel allows preparation,
separation and reaction of the anion in a closed system without it
ever getting exposed to the surroundings. This apparatuz consists
of two reaction bulbs joined together by a teflon tap.

The sodium was first repurified. It has been found (184)
that basic compounds like sodium hydroxide, sthoxide or basic
organic compounds in the presence of ether promcte the dacomposition
sf GeHsmn(CO)5 with the production of GeH, and Ge,H., thus leading'
to a low yield of GeHSMn(CG)s. A sodiumeammonia solution and not
sodium amalgam was used to reduce Fa(CO)5 as uyse of the lattsr leads

to rather complex polyruclear anions.

70



71

b) Metal-metal coupling and recovery of products,

The polygsrmanyl halide, e.g. GazHSCl, was then condensed
into the anionic solution prepared above and the mixture shaken
for 15 minutes usually at room temperature during whick time sodium
halide was observed to bs deposited, The volatiles were then
fractionated through traps hesld at =23 OC, =45 DC, -127 °c into
one held at =196 °c. Solvents (ether, pentans cr hexana) were
recovered at =127 °C and the pelygermanyl~transition metal carbonyl
derivatives at =23 oC. Unreacted halide and other products were
stopped in the other traps. UWhere products, 8.g. [GeHZMn(CD)S] 2

ard [GGHZCO(CU)Q] are non-volatila, they were extracted with

2
cyclohexana from the reaction bulb 8 with a long pipette.
The matal carbonyl derivatives have strong characteristic

odourse. This was ncticed on ths grease of ground glass joints of

vacuum line equipmsnt during manipulations,

c) NMR reaction studies.

As the polygermanyl derivatives are of low volatility,
introduction of samples into nmr tubes for reaction studies is
facilitated by the trap (ses Fig. 2.1(B)) which also allouws easy
waighinge. This was followed by a solvent, usually benzenas, and
the reagent., The tube was then sealed and reaction followed under
subdued lighting by monitoring changes in the nmr signals. As
most of the reactions studied in this work were slow, the tubes

were stored in an empty vacuum flask with a screw=top between

obsservationse
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d) General lighting conditions,

All work in this thesis was carried out in an enclosed
laboratory with only fluorescent lighting, which did not sesm 1n
any way to affect the mstal carbonyl derivativss. These compounds
are sensitive to white light or sunlight, Thus, exposurs to light

in this work means exposure to sunlight.



CHAPTER 3, PREPARATION, CHARACTERISATION AND

REACTIONS ©F DIGERMANYLPENTACARBONYLMANGANESE,

GeHzGeHZNn(CD)S

Althsugh GazHSMn(CQ)5 (135) is a known compound, its
characterisation has been reported only briefly, Here, the Tull
properties and characterisation are given so that comparisons with
other compounds may be mada, The chemistry of ths polygerinznes
has baen explored to soma extent (53,132,133,134,143), Further
investigations have besen made and as the chemistry of these parent
hydrides in many ways resembles that of GBZHSMn(CD)s, particularly
in terms of substituticn reaction patterns, it was found convenient
to include most of the studies in this chapter. The discussions
to follow in the latter part cf this chapter, as in Chapters 4, 5
and 6 are in much the seme general categories in which the

axperiments are considered in the earlier part.

3.1 Preparaticn of Geszmn(CU)5

The method used for the preparation was essentially that
used by Mackay st al. for GeHSMn(CO)5 (162) and by Stebart for
ceznsm(co)s (135) except that Ge,H.Cl (139) instead of GayHgI (132)

was usede

Geszcl + Nal"zn(CD)s —_— caznsm(co)s + NaCl

This compound was prepared at various stages of the work, but a

typical preparation is as followss
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Digermanyl chloride (427.0 mg, 2,303 mnol) prepared by the
actien (139) ot SnCl, on digermane, was condensed into NaMn(CO)5
prapared from an(CD)10 (800 mg, 4,10 mmol) as describasd sarlier
(see section 2.4), The mixture was shaken for 15 minutes at
room temperaturs, in which time the originally light-green colour
disappeared and incoluble white sodium chloride deposited, The
volatilas were fractionated, Ether was recovered in the traps at
-196 °C and =127 °c, traces of Ge,HeCl at -45 °C and Ge, i Mn{Co)
(579.8 mg, 1.675 mmol, 73.0% based on initial GBZHSCI) at =23 0C,
which was purified by passing through a trap held at ice
temperaturse. Traces of unreacted an(l_‘,o)10 were removed this way.

The compound was identifisd as digarmanylpentacarbonyimanganese,

by the mass of the parent ions in the mass spactrum

(m/e = 352 to 336 : 12051H5160555Mnn692 requires 352 for n = 76 to
340 for n = 70 with P=H = 50%P, P = 2H = 20% P, P « 3H = 10% P and
P = 4H = 5% P). The 1H rmr spectrum shows an A382 pattern which
analysed to give TGeH3 = 6453, TGBH2 = 6,85 and J = 4,4 Hz

(cefe 6456 T and 6,917 in CDCl, (135)).

GezHSMn(CO)5 is a colourless liquid with a vapour prassure
of ca. 0.5 mm at 20 °c. The compound showed the stability reported
previously (135) i.e. no tendency to decompose at room temperature,
in vacuo or under nitrogen, and in air decomposed slowly, leaving
yellow involatile residues. 1In fact physical observations show
this catenated group IV complsx to bs at least as stablie if not more
stable than either Ge,Hg or GeHSMn(CO)s. GezHSMn(CO)s has a strong

odour, similar to that of digermane.

The mass and vibrational spectra are reported and discussed

in soms detail in the latter part of this chapter,.
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3.2 Reactions of Polygermanss and GeZHSMn(CO)S

3¢2¢1 Hal ior
alogenation of GezHﬁ, Ge3H8 and NeGezH5 with CCl4 and GeCl4

a) Ge,Hg + CC1,

Ge,Hg (28.4 mg, 0.187 mmol) and cci, (26.2 mg, 0,170 mmol)

were sesaled with benzene in a ninr tube and the rsaction followed by

1H nmr at room temperature. Reaction was slow and the first sign

of reaction was a triplet at 6,717 after 20 hours, Reaction was

stopped aftar 75 hours as the product Ga, H.Cl decomposes (122)

2Ms
slowly at room temperaturs (sese paga 20)., At this stage 10% of

the GezH6 had bsen consumed, The final reacticn mixture consisted

of Cche (2.8871 ), Ga,H (6.92T cofe 6.72T in CoHao (280)),

GezHSCl (triplet 6.71T , quartet 4,781 , J = 4,2 Hzj c.f. 6,377,

4.617 4 J = 4,1 Hz in cyclohexane (122)) and CH,CL, (3.71T )o Thae

presence of CHC13 was uncertain due to the strong signal of C6H6'

r
b) GeZHG + Ge.,l4

Ge,H (38.2 mg, 0,251 mmol) and GeCl, (51.8 mg, 0.240 mmol)

wers sealed with benzens in a nmr tube. The nmr spectrum observed
over 3 days at room temperature showed na change. However, a weak
signal at 6.717, presumably tha triplet signal attributable to

GezHSCl,“started to show after a weeke

c) Ge;Hg in CCl,

A sample of GQSHB in CCl4 with TMS as internal reference was
observad at room temperature. The signals dus to.GasHB

(T GBH = 6.79,T GBH2 = 6095, J = 400 HZ C.f. GQGBT 9 6.881.. ?

3
J = 4.0 Hz (54)) disappeared slouly over 2 days with a large amount
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The polysubstituted compound was not soluble in CCla. A chlorids
micro—analysis shcwed the precipitate to contain 60% Cl, which

is in excess of four chlorine atoms per molecule.

d) Ga Hg + cm4

GeHg (49,0 mg, 0,22 mmol) was reacted vith CCl4 (28.0 mqg,
0.18 mmol) at room tempefature in 0606. Tha first sign of
reaction was seen after 32 hcurs, with a small doublet at 6,53 T

and a septet at 4,65t , J = 4,0 Hz, assigned to (GeH.),GsHCl.

3)2
An equilibrium was reached after about 40 hours when 104 of the
Ge3H8 had besn consumad, with ro sign of the rasaction proceeding

any furthser for the next 26 hours.

e) Ge Hg + GeCl,
A sample of GeHg (653 mg, 0,290 mmol) and GaCl, (49.5 mg,
0.230 mmol) in 0606 were combined at room temparature, No

reaction was recorded even after 66 hours.

£) CH,Ge,He + CCl,

A 20% (ca. 0.2 mmol) CH3632H5 solution in Ge,Hg with a
trace of benzene as reference was reacted with CCl, (0.2 mmol).
Although no new signals were seen in the nmr as the reaction
procesded, the signals due to CH;Ge,Hg (~ CHy = 5461, T GeH; = 6473,

= 6.48, J(HGeCH) = 4.5 tz, J {HGeGeH) = 4.0 Hz; c.f. 9.79 T,

TGQHZ 6. 9
6479T 5 6642T 4 J(HGECH) = 4.3 Hzy J (HGaGeH) = 3,9 Hz in CeHg (134)
slowly weakened over 74 hours. First sign of reactiocn noticed

at 6% hours when traces of white deposits were observsd, This

was, prasumably, a chloro~digermane and is inscluble in GeZHG.



36202 Hal ti Ge (
342.2 Halogenation of eZHSMn\CO)S with CCl, and GeCl,»

a) Ge,HsMn(CO) ¢ + ccy,

GezHSMn(CO)s (36,30 mg, 0,1049 mmol) and cc1, (16,00 mg,
0.1035 mmcl) werc combinad in deuterobenzens and the reaction
followad by 1H nmr at room temperaturs. Product signals were
detected almost immediately. A weak doublet at 6,181 , assigned
to the GeH, signal of GeH3GeHCan(CO)5 and a singlet at 5,967 ,
assigned to GeHsseClzmn(CD)5 appeared, The doublat signal
remained waak right through the reaction whila the singlet graw
ateadily for 20 minutes when equilibrium was reached,s Tha
spectrum of the equilibrium mixture (quantities calculated from

relative intensities by integration) consisted of GeH G9H2Mn(CD)5

3

5 = 6.58, TGeH, = 691y J = 4,8 Hz; 53,3%), signals

attributable to GeHsceHCan(CU)s (T GeH, = 6,18, TGeH, = 4.08,

(T GeH

J = 4,0 Hz; 6.,67%) and GeHSGeClzmn(CO)s (T GeH, = 5.96; 40%) .
CHCl3 (2,87 ) and CH2C12 (3.8 T) were present in the ratic of 1:6 ,
No further changes were observed for the next six hours aﬁd tha
signals attributable to tha chloro-compounds did not show any
weakening. Fige 3.1 shows the nmr spectrum recordad at
equilibrium,

The tubs was opened and all the volatiles were removsd
leaving a colourless least volatile liquid (gca. 0.5 mm Hg at 23 °c)
which turns slightly yellow during normal handlinge. An infrared
spectrum of this liquid in cyclohexane was racorded and showed
absorptions assignable to a mixture of GeHSGeHZMn(CD)S,

GeH GeHCan(CD)5 and GeHSGeClzmn(CD)s. The infrared spectrum is

3
reported and discussed later on in this chapter.
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Figure 3.1

NMR Spectrum of GezHSMn(CD)S + CC1,
Reaction Mixture at Equilibrium after

2 hourse.



GeH,;GeH,Mn(CO), + CClI,
2 hours at R.T.

8L
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b) ceznsmn(co)5 + GaCl,

The reaction betwean GazHSMn(CO)S {23.9 mg, 0,069 mmol) and
GeCla (14.3 mg, 0,067 mmol) at room tamperature in deuterobenzsans
was slow, Product signals after 24 hours included a doublat at
6,21 T assigned to the GeH, resonanca of GeHBGaHCan(CO)S, about
half the intensity of the triplet‘GeH3 signal of the unreacted
GeH3GeH2I"ln(CU)s and a weak singlet at 5,93 T assigned to
GSHSGGCIZMn(CO)s which was about an eighth the intensity of the
doublet. A second singlst to lower {ield at 2,851 was assigned to
GeHCl3 (cefe 2,50 T 4in GeCl, (141)). These signals continued to
grow to reach an equilibrium at 50 hours when the dcublet was of
about the sams intensity as ths triplet. A recognisable quartet
also appeared at 4,081 . The ratio of the singlet 5,937 signal
to the doublet remained the same throughout the reaction period,
The reaction mixture at equilibrium (from relative intensities by
integration) consisted of GeHsceHZMn(CO)S (6,717 4 5,007 , 3 = 4.8 Hzg

42.4%), GeH,GeHCIMn(CO). (6.21T , 4.08T , J = 4.0 Hz; 51.5%),

3
GeHSGeCIZMn(CO)5 (5.93 1; 6.06%) and GeHCl3 (2.85T)s No signals
assignable to GeH2C12 or GeH3Cl were observed, A spectrum of the
reaction mixture recorded aiter a further 30 hours showed no changse
or weakening of the product signals. Fig. 3.2 shows the nmr spectrum
at 80 hours.

The nmr tube was opened and the mora volatils fraction
removed, to leave a colcurless lousr fraction. An infrared solution
spectrum in cyclohexane showed it to bs a mixture of the starting

material, Geszmn(CO)5 together with the mono- and di-chlorosubstituted

products as obtained in (a) ebove. Tha reaction and infrared



Figure 3,2

NMR Spectrum of Ge Mn(CO)s + GeCl

2Ms 4
Reaction Mixture at Equilibrium after

80 hours



GeH,GeH,Mn (CO)5 +GeCl,
80 hours at R.T.

I
4 6 Tau
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J

spactrum of %the product mixture are compared with (a) and discussad

togather towards the end of the chapter,

3.2.3 Reaction of GezHSMn(CU)5 and Ge,H; with Sodium=-Ammonia
J

Sclutions
a) GeHsGeHZNn(CO)S + Na/NH3

GezHSNn(CO)5 was titrated, by accurate weight measurements,
against an approximately C.24 M Na/NH3 solution (2,0 mmol Na in
9 ml NH3) in a reaction tubas. GeZHSMn(CO)5 was condensed in
porticns into ths Na/NH3 solution at liquid N2 temperature and
reaction carried out at =63 °C, with shaking, Incondensibles were
recorded and removed baefora addition of naxt lot of GeZHSMn(CO)s.
The end=-point was recorded when the blue Na/NH3 solution turned
brown and this occurred after a total of 0,470 mmol of GBZHSMn(CU)5
had been added, approximately a 4 Na: 1 Goszmn(CO)s ratio, A
total of 0.026 mmol of hydrogen was produced, fhe titratien

figures ars shown belows

GazHSMn(CO)S H,

(m.moles) (mm Hg in 140 ml) {m.moles)
0.1587 0.5 0.0038
0.1399 1.0 0.0076
0.1714 2.0 0,015
0,470 End-point 365 0.026
0.,2147 0.2 0.0015

A further 0.2147 m.moles of GBZHSMn(CO)5 was added after end=point
had been reached. No colour change was observed but a further

small amount of hydrogen was evolved although this showed a considerable

drop over earlier additions.
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With the reaction mixture kept at =63 °C, most of the NH.,

was removeds  CH,I (280+8 mg, 1,976 mmol) was then condensed into
the reaction vessel and the reaction mixture shaken for 30 minutes
at =63 OC and then 10 minutes at room temperature. The colour
changed from brown to red. The volatiles wsre fractionated
through traps held at =23 °c, =83 %c, =127 °C into one held at
=196 °C.  The =196 °C fraction contained CH,GeH, and traces of
ammonia, NH3 was completely removed by drawing the gaseous
mixture through a tube of Ca[:l2 and then further leaving it over
CaCl2 for several minutes, I.r. and nmr spectra showed the

remaining fraction to be CH GBH3 (41.6 mg, 0,45 mmol,, 96.2% of

3

Ge Nn(CO)5 at neutralisation) (T CH; = 9.98, T GeH

Mg 5 = 6459,
J = 4,2 Hz; cofe 94717, 6.55T, J = 4,22 Hz in CS, (284).

I.r. spectra of the =127 °c and =83 °c fractions showed both
to contain ammonia, (CH3)289H2 and some GeNHx containing material,
The two fractions were combined and ths ammonia removed by warming
in portions into a vessel containing 20% H,50,. The resulting
gaseous mixture was dried over CaCl2 which removed water as well as
the GeNHx by=product component present in trace amounts, tha
remaining fraction was confirmed by nmr to be _(CHS)ZGBH2 (8.5 mg,
0.08 mmol., ca. 20%) (T OHy = 9.78, T GeHy = 6,49, J = 4.2 Hz}

Cofe 9.71T 4 64277 4 J = 3,95 Hz in CCl, (285)).

The trap held at =23 9¢ contained small amounts of white

crystalline material of low vapour pressure (cas 2 mm). I.r. and

nmr spectra showed the white crystals to be CH3Mn(CD)5 (9.507T ,

Cae 2%; Cefe 995T (271))0
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b) GaHsceHzGaHs + Na/NHS

The titration procedure was similar to that in (a) above.
Ge;Hy was titrated against a 0,24 M Na/NH3 colution (3.738 mmol Na
in 18 ml NH3) at -63 °c. Several portions of GBSHB was used and
the blue=colour cf the Na/NH3 solution was discharged upon adding
between 0,S and 0,94 mmoles of GeSHB' A total cf about 0,15 mmoles
of incondensible gas (most probably hydrogen) was recorded,

Most of the ammonia was then removed, and CH.I (567.4 mg,
3,996 mmol) added, The volatiles were fractionated and the infrared
spectra showed Ge=H and (C=H containing products and traces of
ammonia in the =196 °C trap, and ammonia in the =83 °c trap.
The =196 °C fraction was purified and ammonia scrubbed cut in the
same manner as in (a2) above, The nmx spectrum of the remainder
of the fraction in banzene showed CH;GeH, (T CH, = 9.95, T GoHy =

6s56, J = 4,0 Hz) and (CH GeH,, (T CHy = 9.91, T GeH; = 6.26,

3)2
J = 3,8 Hz). Integration showed the ratio of the components in

the mixture in the ratio of 1.7:1.

363 Discussion

3.3.,1 The Mass Spectrum of Digermanylpentacarbonylmangansse

The mass spectrum of a gas sample showad no real differences
from that of a liquid sample and is listed in Table 3.1,
Assignments of the envelopes due to the fragment families and the
hydrogen ratios were obtained with the aid of calculated Ge, and 692
mass spectral envelope patterns worked out in Fige. 2.3. In
GBHsmn(CO)S (152) there is a strong tendency by fragments containing

both metal atoms to retain all three hydrogan atoms, thus suggesting
\



Table 3.1 Mass Spectrum of GeHSGaHZMn(CD)5
m/e Assignment Relative
Intensity(a)
n =

336=352 chezm(co)s+ 10.4 10,0
309-324 HXGBZMn(CU)4+ 9.20 0.5
279-296 HXGQZMn(CU)3+ 10,9 0.5
252-266 HxGezmn(CO)2+ 8.05
225238 cheznvm(co)+ 27,0
196=210 HXGGZMn+ 100
265=274 HXGQMn(CD)5+ 6703
237=246 HxGeNn(CD)4+ 54,0
208-217 HxGeMn(CO3+ 21.6
181-=190 HxGeMn(CO)2+ 6.6
153=162 HxGeNn(CU)+ 1.5
125=134 HxGeMn+ 42,3
141-155 chaz+ 15.2

70-79 che+ 4,48
196 HMn(CU)5+ 1.72
195 mn(Co) ;" 1415
168 Hmn(co),* 0,43

167 Mn(CD)a+ 0.43

140 HMn(C0)3+ 1.15

139 mn(CU)3+ 2,01

112 Hin(C0)," 0.86

111 mn(co),* 4460

84 Hmn(co)™ 1.72

83 Mn(C0)+ 5675

84

of hydrogens(b)

3
2.0
10,0
10.0
10,0
10,0

10,0

0.5

0.5

2.0
3.0

2.0

1.0

2.0

2
1.0
0.5
1.0
1.0
1.0

1.0

1.0
1.0
1.0
2,0
3.0

1.0

10,0

2,0

1

0.5

0.5

0.8

0.5

10,0
10.0
10.0
10.0
10.0

10.0

1.0

2,0

0.3

1.0
1.0
2.0
2.0
2,0

1.0

10.0



Table 3.1 (cont,)

+

56 HMn 2,01
55 mnt 10,6
28 co* (c)

Footnotes:

(a) Suﬁmed over X =5, 4, 3, 2, 1, 0O and over Ge isotopes whers
appropriate, Manganaese is monoisotopic.

(b) Strongest component of family arbitrarily assigned 10, with
other components relative to this.

c Strong peak, includes N +.
( ) P ? 2
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tha major process to bes the stspuise loss of CO0y; which is confirmed

by metastable pasaks, CO loss and hydrogen retention is also found

for GezHSMn(CO)5 but no metastables were observed. 1In fact, in

all the spectra racordcd of GeZHSMn(CD)s, the parent ions retainad
the full stoichiometric number of hydrogens i.e. five, Tha
retention of hydrogen by the manganese derivativaes is in contrast

to digermane and other polygermanes where hydrogsn loss occurs
readily (47,54), Another major process seaﬁs to be GeH, elimination
(286). In the HxGeMn(CD)4+ families, the relative intensities for

different values of x approximately parallel those of the H ,ezl*’ln(co)y+

x+2C
ions for each value of y (especially in the cass x = 1 for

y = 4,3,2 and 0), This suggests that GeH, loss is a major process

2

+
from GeszMn(CO)y ions,

The strongest envelope in the spectrum is that of HxGazmn+
i.e. [P-(CO)y} * where P is the parent ion and y the full number of
carbonyls. It now appears that this featurs is common for all
hydrido- and methyl=silyl (157,169,200), germyl (162,173,187} and
polygermanyl-transition metal derivatives, although in soms methyl
containing germanium—iron compounds (176) this does not hold. The
total intensity of ths [P-(CO)y] + family has usually been used as
the composite base peak, and such a base peak has very useful
implications as we shall ses in Chapter 6 as part of the
identification of Gesz(GeHs)Fa(CO) 4°

Rearrangsment ions Hmn(co)n+ (n = 5 to 0) were observed.

Overall, the spectrum shecuws tha domination by even-slectron ions

emphasised by Glockling (287).
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Fragmaents retaining Ge,Mn and GeMn carry 39,3% and 48.3%
respectively of the ion current, adding up to 87.5% the prnportion
of ien current carrisd by icns retaining the Ge-=Mn bond, showing

an increase ovsr GeHSMn(CD)S at 79.7% (162),

3.3.2 The Vibrational Spectrum of Digermanylpentacarbonylmanganese

The vibrational spectrum of GeH:,'IZ;eHzl"ln(CO),5 is listed in

Table 3.2, The assignments were made by compariscn with GeZHSX

compounds (X = Me (134,143), X = Cl (133)) and GeH3MH(CD)5 (162).
GezHSMn(CO)5 has, at best, Cs symmetry with 48 fundamental modes of
vibration, Only about a half of these are observed so that a

complete assignment is not possible. The two strong COeq a1

and e bands and a waaker CUax 8, band shows the metal carbonyl

moiety to reflect the local Cdv symmatry, in which three infrared

active (2a,+8) and one Raman active (b1) carbonyl strstching wodas

1

are expected, rather than the true Cs one. These bands are in
positions close to those found for GaH3Mn(C0)5 (162), SiHsmn(Co)s
(157) and HMn(CG)s (288).

As in most compounds containing the GeHs group, the

-1
asymmetric and symmetric GeH, deformations are found around 870 cm

-1
and 790 cm-1 respectively. The medium = weak band at 683 cm = in

. -1
the solution spectrum correspending to the 684 cm absorption in
the solid spsctrum was assigned to the GeH2 wag,

The two metal-matal stratches at 273 cm and 205 cm have

1

been compared by Stebart (135) to the Ge-Ge stretch at 288 cm in

1

digermane (92,289) and Ge=Mn stretch at 219 cm  in GeH3Mn(c0)5

(160) (see page 52). Differences between the respective



Table 3.2 Vibratisnal Spectrum of GeHSGeHzﬁn(CU)S (cm"1)

Solution(a)

2103
2098

2086

2067

2056

2044
2038
2032
2028
2010
2006
1974

1966

870

792

683

675

667
655
648

635

470

mw
vuw,sh
vuwysh
wesh )
)
ms )
vuw,ysh
vdysh
vuysh
wysh
vvs,sh

vvs

= S

vu

mw

muw

mw

muysh

W

Solid
2105 mw
2099 vu,csh

2080 wysh

2060 mw

1998 e,8h

1982 vvs

1970 w,sh

885 w

869 w

790 mu

684 w

673 W

668 w

646 s

624 s

605 vw

471 u

o e

N S N S o e N at P

Tentative assignment

V€O, a

13

vGeH

vCO, a,

vCO, e

13

Sasyms GeHS, a' 4+ a"

1

88

GGeHz, EY

Ssym, GeH,, a’

l'ieH2 wag

GeH2

tuwist?

(SNDCO, a'l

GeH3 rocks



Table 3.2 (cont,)

() 409 vs,p vV MnC

(b) 273 s,p Vv asym, GeGeMn, a'

(p) 205 vs,p V sym, GeGelin, a'

(8) 105 vs skaletal bending

Footnotes:

(a) 1Infrared solution spectrum in cyclohexane

(b) Raman spectrum from ref. (135),

g9
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vibrational frequancies wers interpreted as inteoraction between
these two metal=matal etratching modes in GaHaﬁeHZMn(CO)S.
Thus the description of the two observed bands as tha asymmetric

and symmetric Ge=Ge~-Mn stratches.,

30,343 Substitution Reactions

a) Polygermanss

As previously mantioned in the introductory chapter (see
pages 19 and 20), equimolar propoertions of GayH, and SnCl, (53,139)

yields a 4:1 mixture of GezHSCl and the disubstituted 1,2-G92H4012.

This reaction was rapid at rcom temperaturs arnd the HC1l produced
was non-reactive, SiCl4 has been reportsd (141) tc mono-

substituts GezH6 extremely slowly with initial reaction observed

after 2 weekse, in this work we show the inteormadiate reactivities
of CCl4 and GeCla showing initial raactions after 20 hours and

1 week respectively. As the reactions were slow and GezHSCl

decomposes at a relatively faster rata, there was little possibility

2(.‘.12 also

suggests the involvement cf CHCl3 produced in the initial reaction

of studying polychlorusubstitution. The appsarance of CH

in substitution of GBZHG’

882H6 + CCl4 —— GGZHSCI + CHCl3

GBZHG + CHCl3 — GezHSCl + CH2C12
Trigermane reacts very slowly with CCla showing initial reaction’

after 32 hourse

GesHy + cc1, ——> (GeH3)ZGeHC1 + CHCl,

3

Substitution as esxpected was on the central germanium (137) (ses page 19),
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but reaction only consumed about 10% of tha initial GosHge
In CClA, polychlorosubstitution was extensive, suggesting that

even the hydrogens on the GeH3 groups ars attackad under rigorous
conditicns, Hocwever, no reaction was recorded with GeCla.
Compared with similar reactions of digermane above, it would

appear that the slow rate and less extensive substitution in
trigermane is due to steric hindrance brought on by the introduction
of an extra GeH3 group. The rate of substitution by Gecl4 was
intermediate bsetwesan CCla and SiCla. The overall reactivity order
is thus

C>> Si < Ge <<< 5n

with substitution by SnCl4 being the fastest, This probably
reflects the relative wsakness of the Sr=Cl bond,

The reaction of CH,Gesz with CCl4 was more rapid than that
-

of Cse H6’ indicated by the precipitation of white solids after

2
6% hours. Since I, (147) and snCl, (53) have been shoun to

preferentially substitute the o -hydrogen, it is likely that the
initial product here is-CHsseHCIGeHS, though no charactarisation

of the white solid was obtained, CHCl3 reacts as well as CCla.

b) Geszmn(CD)s

The substitution chemistry of GezHSNn(CD)5 has been subject

to soms limited study and this has been reviewed in pages 54 and 55,
Reactions with SnCl4 and 12 have shown substitution mainly on the
o =germanium atom (53)s Also mentioned was the complete

substitution in [Mn(CO)S] ,SNHSNH tmn(co)gl , (253,254) by CCl, or

cBr. in which the single hydrogen on each tin atom was replaced.
4



The infrared spectrum of the less volatile fraction of the

product mixtures resulting from reaction with CCl4 and with GaCl4

were recorded and the 1950 cm”1 to 2200 cm-1 region reproduced in
Figs. 3.3, and 3.4 respectively, By comparing the i.r. spectrum
of pure GazHSMn(CU)s, part of which is shown in Fig., 3.5, with
those obtained for the product mixtures, it was found that
unreacted Geszmn(CO)5 was a component in both casss, A comparison
of the spectra of the two product mixtures sﬁowed them to contain
different proportions of two other componsnts, The relative
intensities of the absorption bands of each component in sach
reaction mixture yieldsad approximately the same ratios as observad
in the nmr whers these two product components were assigned to
GeHSGeHCan(CD)s and GeH3GeC12Mn(CO)5. The comparison of the
infrared spectra allowed the sorting out of 2 ssts of bands and
these are listed in Tables 3,3 and 3.4, The abscrption bands are
those expacted of a compound containing a GeH3 and a I'ln(CO)5 group,
and a GeCl bond, thus supporting the earlier assignments of
GeHsGeHC1Nn(CU)5 and GeHSGeCIZMn(CO)S. It is generally observed
that the VCO stretching frequencies increase with the number of
substituted halides as in XSSiCo(CO)4 (208,232) and

RACL__ sn [Co(C0),1 , . (238,290) (R = Me, Et, pr", Bu", Ph;

X = C1, Bry, I). This is the effect of electron withdrawal by ths
halide substituent thus decreasing back donation into ths carbonyl T %=
orbitalse. Thus in this cease, the set of vibrations with the

higher carbonyl frequencies ars assigned to GeHSGeClZNn(CO)s.

The spectra show all the features cbserved for GBHSGEHZNR(CO)S.



Figure 3,3

1

I.r. Spectrum of 1950 cm | to 2200 cm ! Region

of Product Mixture from GBZHSI"In(CO)5 + CCL,

Reaction
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x = GeH,GeH; Mn (CO);
y = GeH;Ge HCl Mn(CO),
z= GeH;GeCl;Mn(CO),

| 1 NI i ] 1 1 ) 1 | ! ! ) ! 1

2200 2100 2000 1950 cm’’

GeH3 Ge H2 Mn (CO)S + CCI4




Figure 3.4

-
1 to 2160 cm  Region

I.r. Spectrum of 1950 cm
of Product Mixture from G92H5Mn(CD)5 + GeCl,

Reaction
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Y| x
X
Y
L
z Yy
Y
x= GeH; GeH, Mn (CO),
y= GeH; GeHCIMn (CO),
z= GeH; Ge CI,Mn(CO);
x
X
z
Yl
1 1 1 1 1 | | 1 1 | 1 | 1 ]
2160 2100 2000 1950 cm’’

GeH;GeH, Mn(CO), +GeCl,



Figure 3.5

1 1

I.r. Spectrum of 1950 cm ' to 2160 cm

Region of ceszrqn(co)S
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l ! 1 | | I 1
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2160

2100 2000

GeH;GeH,Mn (CO),



Table 3.3 Infrared Speactrum of GaH3GeHC1Nn(C0)5(cm"1)(a)

2110 w

2061 w

2047 m

2020 vs
2015 wysh

1982 vu

858 vuw

780 w

668 w

655 m

463 w

372 uw

351 v

o N s

Assignment

\)CD’ a1

vGsH

vCO, ®

vCO, a
\ﬂ3

1
co

S asym. GeH.,
Ssym, GeH,
SGeH
dmnco

GeH3 ropk

vMnC

vGaCl

(a) Infrared solution spectrum in cyclohexans,

56



Table 3.4 Infrared Spectrum of GeHSGe012mn(CD)S(Cm-1)(a)

Assignment
2117 v VCo, 81
2061 w )
) VGeH
2052 w )
2035 vs VCOo, o
2029 wysh VCOo, a,
1984 vuw V13C0
835 vu Sasym. GeH3
780 vu )
) Ssyme GeHy
758 w )
)
722 v )
646 m Smnco
460 w GeH3 rock
372 w vmnc
351 w vGeCl

(a) Infrared solution spectrum in cyclohexanes.



98

A comparison shows interaction of both ths asymmetric and symmetric
GeH3 deformation modes with the VGeCl mode as the deformation
frequanciss decrease with increase of number of substituted chlorinas
atoms. The 668 cm | absorption in GeHSGeHCan(CO)s is assigned to
the deformation of the lone Ge-=H bond, No absorption band was
observed in this GeH deformation region for GeHsceCIZMn(CO)S.
Only one band was obsserved in the spectra of ths resulting product
mixtures from the two reactions in the region where GeCl stretches
usually occur. Analysis showed the intensity of the 351 t.:m"1 band
in the spectrum from the CCl4 reaction to that from the Gecld
reaction to bs approximately 1.4:1 relative to the other observed
bands. As the concentration of the solutions used to run the
spectra is close to being the same the ratio seems to reflect the
chloride content of the mixtures as deduced from the proporticns of
the chioro-compounds observed in the nmr spectra thus suggesting
overlap of the VGeCl mode of the twc chloro-compounds,

The composition of the product mixtures suggests polychloro-
substitution to different extent in the two reactions.
Substitution by 0014 proceeds in 2 steps:

fast
GBH309H2N|1(60)5 + CCl, ——> GeH,GeHCl - Nn(CO)s + CHCL,

- very fast
GeH,GeHC1MN(CO) g + CCl,/CHCL; YSEY 32" > GeM,GeCl,Mn(CO),

+ CHC].S/CH2C12

The second substitution step was so rapid that only a trace of the
mono-substituted GaHSGeH01Mn(CU)5 was observed at any instant of
the reaction processe. Only approximately half the CCl4 was

consumed and the CHCl3 produced in the first substitution step was
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used in the even faster second substitution step to form the

dichlorosubstituted compound, GeH3GeCIZMn(C0)5.

The substitution between GeZHSMn(CU)5 and GeCla was much
slower, more ordered, and less extensive. As only GeHCl3 and
no GeH2C12 or GeHCl3 were observsd, the trace of polychloro-

substitution was probably also due to GeCl4 :

slow
Geszmn(CO)s + GeCl, ———> GeHzGeHCan(CD)S + GeHCl,

a 1 very slow
G9H3G6HClrn(C0)5 + GeCl, ———1——~——9-GeHEGeCIZMn(CO)s

+ GeHCl3

Substitution by SnCl, (53) yielded 78% ceﬂzcenc1mn(c0)5,
14% GeH201GeHCan(CD)5 and 6% GeHZClGeHZMn(CU)S (see page 54),
No G;H3GeC12Mn(CO)5 was observed. Thus it seems substitution is
dependent on the size of the substituting reagent. Steric
hindrance at the O -germanium probably does not allow tha approach
of another SnCl4 molecule to substitute the lone hydrogen on the
¢ =germanium in GaHsceHCIMn(CO)S, but cCl, and/or CHCl3 manages
easily, and GeCl4 with some difficulty., This is also seen with
Ge,H. and CH,Ge,H

26 3772's°
and 21) to yield only the 1= and 1,2-chlorosubstituted derivatives.

These compounds react with SnCl, (see pages 19

The substitution chemistry of Geszmn(CU)5 resembles that of
CH3892H5 (53,143). Initial reaction of CCl4 was observed almost

immadiately with Ge mn(CO)5 and after 6% hours with CHaGe,H

2's 59
reaction between the former and GeClA was observed after 24 hours,
This corresponds to 20 hours and a week in Gesz with CCl4 and
59014 respectively. The results clearly support earlier
conclusions (see pages 21 and 54) that the Nn(CG)5 and CH, groups

not only activate the molecule towards substitution but also directs

the substitution mainly to the hydrogens on the O~garmanium.
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The overall reactivities of the group IV tetrahalidas
observed in ths substitution of the polygermanes and
GeHSMn(CO)5 (141) is maintainad with the catenatad group IV

derivatives, i.e,

C >> S8i < Ge <<< Sn,

Another striking feature noted in the substitution
reactions of GQZHSNn(CO)5 is the relative stability of the chloro-
substituted products, GeHsceHCan(CO)S and GeHSGeCIZMn(CO)s,
demonstrated by the little tendency of thess compounds to
decompose at room temperature through the long periods, at times
up to 80 hours, required for the reaction studies. This i3 in
marked contrast to GeHBGeHzcl (122) which shows complete
decomposition in 6% hours (see page 20), The stability of the
chloro-digermanylmanganese derivatives is very likely due to tha
garlier mentioned electron withdrawal by the halide substituent
leading to an increase in the Vv CO stretching freqguencies. An
effect of this is probably to strengthen the Ge-=Cl bond, hence
the higher stability of such compounds. Further evidsnce is drawn
from compounds of the type Cl,  Ge [Co(C0)4] n (291)e These
compounds show high stabilities and with no decomposition even

when handled in the open.
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3.3.4 Cleavage of Ge-Ge and Ge-fin Bonds by Na/NH3 Solutions

The cleavags of the Ge=Ge bonds in G8H353H269H3 is really
a repeat of the conductimetric titrations by Emelgus and Mackay
(116) where it was found that the end-point occurred at the
hydride :sodium ratio of 0,25, mesaning 4 parts of Na were required
to titrate 1 part of GBSHB' This hydride:Na ratio at end~point

was maintained in this work, thus the main rzaction was clsarly

reprasented by the squation:

GB3HB + 4Na ——> 2G9H3Na + GBH2N82

This was confirmed by the isclation of the methylated products
CH;GeH and (CHS)ZGéHZ in epproximately the stoichiometric ratio

of 2:1.

2GeH,Na + GeH, Na, + 4CH31 —> 2CH

3 2772

sG8H, + (CH3)268H2

4+ 4Nal

A similar rsaciion of sodium in ammonia was found with
GeH3GeH2mn(CO)5. The 4:1 GaZHSMn(CO)szNa ratio clearly indicates
the cleavage of each metal-mctal bonds

GeHSGaHZMn(CD)S + 4Na —> GeH Na + GeH,Na, + NaMn(co)5
This was followed by mathylation with CHSI:

GeHsNa + GakyNa, + NaMn(CO)S + 4CH;T —>

N
CH;GeH, + (CH3)263H2 + cusmn(co)s +4Nal

An almost quantitative yield was obtained for CH3GBH3, but yiselds
for (CH3)209H2 (17%) and ca3mn(co)5 (2%) were relatively low,

This is probably representative of the ralative stabilitiss of the



102

respective anions under the reaction conditions in the presence of
ammonia,

in both the experiments conducted, hydrogen was evolved during

the titrations. The H,:Ge,H_. and H2:Ge

piGegHy HSMn(CD)5 ratios at end

2
point were 0,16:1 and 0.06:1 respectively, These are significantly
lower than the 0.4:% ratio cbtained in the reported conductimetric
titration of GE3H8 (116) in which a 2.8M sodium~ammonia solution
was used. The considerably higher production of hydrogen in tha
reported work is almost certainly due to the high concentration of
the sodium—ammonia solution used. Rustad and Jolly (117) have

proposed the following mechanism to explain the low yield of KGeH3

and high production of hydrogen in the reaction of GaH, and

4
potassium—=ammonia solution:

e-+GeH4————> caH3'+H. . o (1)
H+te —> H + .. (2)
H 4+ NHy —> NH, + H, o o (3)
ZH—'> H2 e o o (4)

- . e o o 5
GeH, + NH, ——> GeH, + NH. (5)
GeH, + NH, —> GeH,NH, + H o o o (6)

GeHSNH undergoes rapid ammonolysis to give an imide. Prcduction

2
of the imide is thus catalysed by high metal concentrations
leading to excess hydrogen formed. This mechanism probably
accounted for some of the hydrogen in the titrations of GBSHB and

Ge,H Mn(CD)s. This explains why the initial sodium concentraticn
2'5

was kept to a low 0.24M. However, the reported conductimetric
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experiment showed a slight increase in specific conductivity after

end=-point had been reached on further addition of GeSHB'

with the negligible amount of hydrogen observed when arother

Taken

portion of GezHSMn(CO)5 was added to the reaction mixture after
the end=point had been reached also suggests H2 to ariss by reaction
of one or more anions with either Ge:,’HB or GeZHSMn(CO)s. This

side reaction may in part account for the deficit of MezceHz.

The reactions of GeHSGeHZMn(CD)5 are summarised in Fig. 3.6.



Ge,H Co(CO), + Mn(co)s'(a)

2

GeH
fol

met
by

3
lowed by metal=-

3

+ GaH2

al bond cleavage

"X /

1, (53) snCl, (53)

\ /

Ga HoX + mn(co)5

(x = 1(135), C1(53))

Y

(Gesz)zFa(C0)4 + Mn(co)¢ (a)

+ GeH

(a) This worke.

3

/

GeHscaHClIVln(CG)5 (6.7%)
GeClzmn(CO)s (40%)

GeHImn(co)5 GeH GeHCan(CU)s (78%)
cmeHcmm(co)s (14%)
+ GeH2c1ceH2Mn(co)5 (6%)

> GeH,GeH Mn(CO)s Na/NHS(a)
//////// 59014(a)
CCla(a)
.‘
GBHSGBHCan(CO)S (51.5%)

+ GeH3GeC12Nn(CO)5

(641%)

—_— GeHzNa + GeH,Na

2
+ NaMn(co)5

2

vol



CHAPTER 4, PREPARATION, CHARACTERISATION AND REACTIONS

OF DIGERMANYLTETRACARBONYL CORALT, GeHSGeHZCo(co)4

E

Since digermanylpentacarbonylmanganese does not dacompose
as expected from its starically strained structures = in fact
physical handling psints to even higher stability than
GeHsmn(CO)5 - it seemed likely that the cobalt analogue can also
be prepared, This proved to be the case. An earlier attemnt

at its synthesis was unsuccessful (292).

4.1 Preparation of GezHSCo(CD)4

The method used for the preparation of GezHSCo(CD)4 was that

successfully used for preparing GazHSMn(CO)S,
i.e. Ge,HCl + NaCe(C0), —> ceZHSCo(co)4 + NaCl

Digermanyl chloride {(394.3 mg, 2,12 mmol) was condensed into
NaCo(CD)a, prepared from dicobalt octacarbonyl (1.063 g, 3.11 mmol)
as described earlier in section 2.4, The reaction mixture was
shaken for 15 minutes at room temperaturs. The reaction vesssl
was wrapped with aluminium foil to minimise lighte The volatiles
were then fractionated to give ether at =127 OC, traces of

Ga,H Cl and HCo(CO), at =45 Oc (identified Ly i.r.), and

Ge,H co(co), (576.4 ma, 1.79 mmol, 84.4% based on the Ge,H.Cl

5 2'5
added) at =23 O-., The compound was identified as digermanyltatra-

carbonylcobalt, by fhe mass of the parent ions in the mass spectrum

12,1, 16, S9_ n
(m/e = 328 to 3153 C4 Hs O4 Co Ge2

316 for n = 70 with P-H = 3% P,) Further characterisation is

requires 328 for n = 76 to

105
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provided by tha fragmentation pattern, ths vibrational spectrum;
by the chemical reactions reportad below, and by the 1H nme

spectrum, This shows an A382 pattern with T GeH, = 6,51,

3
T GeH2 = 6,25, and J = 4,2 Hz, The mass and vibraticnal spectra

are reported and discussed in the latter part of this chapter.
GezHSCo(CO)4 is a colourless liquid which turns orange-
brown then dark brown in daylight with slow svolution of digermane
(identified by i.r.) and CO,. These changes are very slow in the
dark, a liquid sample showing only slight browning after a wsek,
1t is just volatile in the vacuum line with a vapour pressure
about 0,3=0,4 mm at 20 °C : 1 to 2 mmoles may be transferred in
% hour at diffusion pump pressures. It has a strong odour,

similar to that of digermane,

4,2 Reactinns

a) Ge,HCl and GeHSCo(CO)4

Go.H_Cl (22.5 mg, 0.121 mmol) and GeHSCo(CO)4 (38.4 mg,

2Ms
0.155 mmol) were combined in deuterobenzers and the reaction
followed by 1H nmr at room temperature. Product signals were

detected after 15 minutes and changes ceased after 7 hours when the

reaction mixture (from relative intensities by integrat@on)

consisted of GezHSCI ( TGeH, = 6071, TGeH, = 4,98, J 4,1 Hz,

6.51,

10%), GaH3Co(C0)4 (66277 4 31%), rseznsccu(co)4 (t GeH,

T GeH, = 6425, J = 4.2 Hzy 31%) and GeH,Cl (5.38 T4 29%)
(C.f. GQZHSCI = 6637 T 'y 4,61 T 'y J = 4,1 Hz; GBHSCI = 4,89 1 in
cyclohexane solutions (122)). Figs. 4.1 and 4,2 show the nmr

spectra recorded at the beginning and towards the end of the reaction.



Figure 4,1

NMR Spectrum of

GezHSCI + GeH3Co(CO)4 Reaction

at 15 minutes.
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Figure 4,2

NMR Spectrum of

Ge,H.Cl + GeHSCo(co)4

2Hs

Reaction at 7 hours,



Ge,H;Cl + GeH,Co(CO),
7 hours at RT.
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The tube was opened and fractionation yielded
sezHSCo(co)4 (29.75 mg, 0,052 mmol, 76% of initial cezH5c1).
b) GaszcO(co)4 and CCl, or GeCl,

GezHSCo(CD)4 (0¢14 mmol) and cc1, (0,10 mmol) were sealed
with deuterobesnzans in an nmr tube. No changs, apart from slight
yellowing, was observed over 7 days,

In a similar experiment, GBZHSCG(CU); (0,13 mmol) was
mixed with GaCl4 (0,12 mmol). No changs was observed.

The above experiments wers repeated with GeH3Co(CO)4.

Similar negative results were obtainsd,

c) Ge,HcCo(CO), and HgCl,

GazHSCo(CO)4 (65,2 mg, 0.203 mmol) was drawn through a tube
packad with HgCl2 and the products collected at =196 c.
Fracticnation yislded digermans with a trace of chlorogermana at
-120 °c (1.5 mg, ca. 4%), Ge,H.Cl (33.0 mg, 0.18 mmol, 91% of

initial Ge Co(CD)A) at =45 oC, and unreacted Ge,H Co(CO)4 (2.6 mg,

ZHS 25
ca, 4%) at =23 °C. All product components were identified by
their i.r. spectra, A yellow layer, probably Hg [Co(C0), 1,, was

left on the HgClZ.

d) G92H5C0(E0)4 and Mn(co)5

GezHSCo(CO)a (337.7 mgy, 1,049 mmol) was condensed on to 5 ml
of ether solution of NaMn(Co)5 prepared using mnz(CU)10 (585.0 mg,
1.5 mnol) in ths usual manner. The reaction mixture was shaken
for 15 minutes at room temperature and the volatiles removed.

Geszmn(co)S (340,7 mg, 0,985 mmol, 93%) identified by i.r. and



nmr spectra was found to be ths only volatile product. All the
GezHSCo(CU)4 was consumed, A slightly yellow solid was left in
the reaction vessel. When exposed to air this solid turned

purple, characteristic of the reaction of NaCo(CU)4.

4,3 Discussion

4,3,1 General

Although GeZHSCo(CG)4 is light-sensitive, decomposition is
slower and less extensive than in GeH3Co(CO)4, In the dark, the
digermanyl compound showed only slight decomposition after 1 wesk
indicated by a light brown colour, whereas a parallel reaction
with the germyl analogue gave an intense dark brown colour.

This is probably good evidence that the digermanyl dsrivative is
more stable than the garmyl one, reversing earlisr predictions,
Previous studies (183,184) showed that thes brown colour in the
decomposition of GBH3C0(C0)4 is due to the decomposition product
and that this decomposition product is intensely coloured so that
a small amount can cause a strong colouratioriy although actual
decomposition may be minimal. This was observed to be the case
with GezHSCo(CD)4 as more than 90% was recovered from a coloured

sample that had been in the laser beam of a Raman spactrometer for

saveral hours during recording of the Raman spectrum,.

4,3.,2 The Mass Spactrum of Digermanyltetracarbonylcobalt

All the mass spectra run were domirated by very strong

H Gez+ and H Ge+ envelopaes, which varied in intensity relative to
x X

the other ions observed, and were especially dominant with gas

sampling. These ions thus arise mainly from decomposition possibly



with GBZHS as a major decomposition product, This decomposition
is probably accelerated by contact with metal surfaces 2.9, ths
probe of the spectrometer,. The intensity pattarn of the
remaining inn envelcpes remained consistent for gas-samplad and
liquid=sampled spectra, Thus the main features of the spactrum
can be determined and this is shown in Table 4,1,

The assignments of familises and hydrogen ratios were made
with the aid of the calculated G92 and Ge1 envelope patterns given
in Fig. 2.2, Tha pattern of CO loss, hydrogen retenticn and GeH2
elimination is broadly similar to those nbserved for GeHSCo(CO)4
{183) and Geszmn(CU)5 (see section 3.3.1). There is a systematic
CO loss from HXGBZCO(CO)n+ and HxGeCo(CO)n+ ions (n = 4,3,2,1),
Hydrogen loss becomes significant only after two carbonyls are
lost, By comparing the relative intensities and the hydrogen
ratio pattern of chezm(co)n+ and HXGBCO(CO)n+ familisz, it is
quickly ncticed that the latter family arises by GeH2 elimination

of the former, thus
—-—-——-’
b Ga,Co(C0) | H _,GeCo(C0) ~+ GeH,

Rearrangement ions e.g. HCo(C0)4+ are also aobserved.

As there is a close similarity between this spectrum and
those of cezusmn(co)s, ceH3Mn(c0)s (162) and GeHSCo(CO)A (183) it
was found possible to approximate the relative intensities of the
H Ge," and H Ge¥ families. In Ge,HSMn(CO)g, the relative
intensities of these families (see section 3+.361) are 15,2 and 4,48

s + .
respectively, while the ralative intensities of the H Ge femily in
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GeHSMn(CD)s (162) and ceH3Co(c0)4 (183) are 7.2 and 23,6 respectively.



Table 4,1 Mass Spectrum of GeH3GeH2Co(CO)4
m/e Assignment Relative
Intensity(a) 5
315=328 chezr:o(co)4+ 2,09
235-300 HxGeZCo(C0)3+ 55,4
258-272 HxGBZCo(CO)2+ 89,6
227-241 chaZCo(co)+ 71,3
199-213 HXGBZC0+ 100
243=250 HszCo(C0)4+ 26,1
23=222 HxGeCo(C0)3+ 69,6
185=153 HxGaCo(C0)2+ 92,2
157-166 chem(cn)+ 85,2
129-138 HxGeCo+ 79.1
140-155 chez+ 25(c)
70=79 H Ge" 15(c)
172 Heo(co) ,* 2,61
171 co(co),* 9,57
143 CO(C0)3+ 1.74
116 Hca(cﬂ)2+ 0.87
115 00(00)2+ 21,7
88 teo(co)™* 0.87
a7 co(co)’ 20,0
60 HCo™ 0,87
59 cot 10.4
28 cot (d)

3

1,0 0,5

2,0 10,0

10.0
10.0
4,5
0.5

1.0

2

0.3

1e1

0.3

Ratio of hydrogens(b)

1

10.0

10.0

0.8
10,0
10.0

10,0

2,6

8.2

1.4
2.5

8.2

10,0

10,0



Tabls 4,1 (cont,)

footnotes:

(a) Summed over x = 5, 4, 3, 2, 1, 0 and over Ge isotcpes whers
appreopriate, Cobalt is mcnoisotopice.

(b) Strongest component of family arbitrarily assigned 10, with
other components reiative to this,

(c) These ars calculated values, Sea text for details,

{(d) Strong peak, includss N2+.
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Thus it is reascnable to assign ths relative intensities of 25
for HxGaz+ and 15 for'HxGe+ familiss in the mass spectrum of
Ge2H5Co(CD)4.

Characteristic o? most high molecular weight cobalt
compounds e.,Qe Br,Ge [Co(CU)a] 2 (291), the parent ion is
relatively weak but all other HxGe2Co(C0)n+ and HxGeCo(CO)n+ ions
are strong accounting for (apart from HxG°2+ and HxGe+ arising
from fragmentation) 40,9% and 45,2% of the total ion current,
which is similar to the ratio obtained for GezHSMn(CU)S. Thus
tha praportion of ion current carried by iens retaining Ge-Co
bond would add up to 86% if the estimates for Gesz+ and GeHx+ are
valid, which is significantly highser than in GeH3Co(CU)4 where ths

ion abundance of such spsaciaes ig 77.5%.

4.,3.,3 The Vibrational Spectrum of Digermanyltetracarboenylcobalt

The vibrational spectrum of GeHSGeHzt:o(CO)4 is listed in

Table 4.2 The assignment of modes dus to the digermanyl
fragment was made with. reference to Geszx compounds (123,134,143)
and also to GezHSNn(CO)S. The solid=film spectrum shows 37 bands,
Forty-two fundamental vibrations are expected of its C8 symmetry,
As with most compounds containing the Co(CD)4 moiety, GezHSCo(CO)4
exhibits a local CSv symmetry. Three strong carbonyl mcdes are
seen in the gas and solution spectra in positions close to those
found for GeHSCo(CU)4 (183) so the spactrum is reflecting the local

C symmetry rather than the trus Cs one. The phase shift is more

3v
marked than for GeHSCo(CU)4 and the lowsst band splits into two

strong components in the solid, perhaps corresponding to the a' and a"
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Table 4.2 Vibrational Spectrum of GeH309H2C0(60)4 (cm"1)

Gas

2104

2085

2074

2072

2044

2020

2C07
1990

1983

875 vu,br

864 wybr

ms

mwy

sh

vs

Vs

w

N )

Solution(a)

2097 s

2077 m

2064 m

2035 s

2008 wvvs

19711 w

872 w

Solid
2097 s )
)
2089 m )
2078 m )
)
2069 mw )
2028 m )
)
2032 m )
2020 w
2000 s )
)
1989 vs )
)
1982 vvs )
1970 w )
)
1965 vw )
)
1960 w )
)
1959 w )
)
1953 w )
920 vvu,br
877 mysh ;
873 m ;
868 w )
858 m )
)
852 m )

Tentative assignment

Vv co, a'
v1300,a'
vGaH

\)CO, al!

vCO, a' + a"

V1300

Gasym.GeHs, a' + a"

GeH, bend, a'

2
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Table 4.2 (cant,)

815 vvu 799 vvw
91 m 784 m 784 s )
) S sym, GeH,, at
778 s )
762 vu
749 vu
669 m )
) GeH2 wag,
673 m,br 667 m 667 s )
658 m )
) GeH, twist? rock?
2
649 m )
556 ms 551 m 560 mysh )
) § CoCO, a!
549 s )
512 vu )
)
500 vw,br 528 w 508 w ; GeH, twist?
500 vu )
487 w )
)
478 vw,br 474 w 475 m ; GeH, rocks
459 u )
(b)4a15 s,p 418 v v CoC, a!
(b)269 s,p Vasym., GaGeCa, a?
(b)205 vs,p Vsym. GeGeCo, a'
Footnotess

(a) 1Infrared solution spectrum in cyclohexane,

(b) Raman spectrum of neat liquid.



equatorial stretches deriving from the C3U e mcda, Howevar, the

solid spasctrum 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 (133,134) GeH; symmetric deformation near 800 en”! and
the strong GaH2 wag below 700 cm.1. The othsr deformations are
clear in the solid stats spectrum, The polarised Co~C stretch at
415 cm-1 matches the very strong mode found (183) at 420 cm-1 for
GeHSCo(CD)a. The metal-metal stretches are both polarised and
occur at 269 and 205 cm_1, compared with 258 cm-1 for digermana
(92,289), 228 cn” ' for GeH,Co(CO), (183) and values for
GeZHSMn(CO)5 of 273 and 205 cm”1. It is interesting that very
similar frequencies are observed for both the cobalt and
manganese compounds, with the asymmetric stretch near v GeGs of
the polygermanes and the symmetric stretch at 10-15 ::m'-1 below the
Ge-metal mode of the germyl compounds, As the compound is light
sensitive and darkened rapidly in the laser beam, only the low
frequency region was observed in the Raman, This problem can

perhaps be overcome by using a 'cold=-cell' type sampling method or

a rotating cell,.

4,3,4 Halide=Transition metal Exchange

A 5:4 mixturs of GeH3r:o(c0)4 and GeHzHSCl comes to

equilibrium after a few hours with the balance
GeHSCo(CD)4 + Ge, HsCl = GeZHSCo(co)4 + GeH,Cl

lying well in favour of the digermanyl cobalt species. This is

the first observed halide-transition metal exchange whare both

117
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functional groups are attached to a group IV metal, Alternatively,
this reaction can alsc be descrited as a group IV-group IV exchange.
The reaction clearly demonstratoes !392H5L':o(c0)4 and GeHscl to be
thermodynamically favoured over GeHSCU(CU)4 and Ge,HcCl thus
lending support to physical observations that ths pelygermanyl
trancsition metal compounds are more stable than their germyl
analoguss and conversely the germyl halides more stable than the
digermanyl ones, The feasibility of such a reaction is probably
dependent on the nett bond=breaking and bond-making energy changes,
Although the possible useful applications of this new reaction is
still speculative, it is likely to be restricted to reactants with
relatively weak M'=X bonds (X = halides, Co, fe).

4,3.5 Substitution and Cleavags Rsactions of GezH.Co(CO)4

5

No reaction was observed between Ge,H.Co(C0), or GeH,Co(CO),
and CCl4 or GeCl4 under similar conditions to those whers
substitutions of Mn and Gez compounds were found (see section
1.4.3(b)). In fact, no substitution at M' has yet been reported
of a cobalt derivative. The only substitution observed so far
is displacement of CO by PPhg in SiHSCo(CD)a (156,199,200) and in
GeHBCo(CO)A (141).

The more commonly observed reactions of group IV=cobalt
compounds involve cleavage of the M'=Co bond (see section 1.4.3(a)).
HgX, (X = Cl,Br,I) quantitatively cleaves the Si=Co or Ge-Co bonds
in SiHSCo(CO)4 (2c0), GeH:SCO(CO)4 (183), Me:t;emzz:o(.co)4 (184) and
Me,GaHCo(CO) 4 (163). Such a reaction with the catenated group IV

2
(hydride)=-transition metal compounds involves an extra element =
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the presence of ths M'-M' bond, Howsver, this work dsmonstrates

that only the Ge=Co bond in GQZHSCO(CO)4 is cleavsd in the reaction

with chl2

2992H5(:o(c0)4 + HgCl, ———> 2Ga,M.Cl + Hg [Co(CO)4]

2
and the reaction is essentially quantitativa, being accompanied
by a little GezH6 probably arising from G92H501. A tracs of

GeH3Cl could indicate a minor amount of Ge~Ge cleavage.

4,3.6 Metal=Metal Exchange

It has bean shcwn (198) that a transition metal anion ie
capable of displacing another bonded to a GeH3 or MeGeH2 group in

the order:
o ————> (g =———> Mn

This work shows the metal carbonyl exchange in the polygermanyl-
transition metal carbonyls follows ths same course. The

digermanyl group is exchanged

GezH5Co(C0)4 + Mn(co)s" ——> Ge,HMn(CO) + Co(CO),

with no evidence of Ge=Ge cleavage and with a somewhat higher
recovery of the manganese compound, again possibly reflecting the

better method of anion preparations
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CHAPTER 5, PREPARATION AND CHARACTERISATICN OF 2~TRIGERMANYL=

PENTACARBONYLMANGANESE (GeHz)ZGeHNn(CU)S, 1,2-BIS(PENTACARBONYL=

MANGANIO)=-DIGERMANE [GeHZMn(CD)S] 2 AND 1,2=-BIS(TETRACARBONYL=

A _ ~
COBALTD)=-DIGERMANE [GeH2Cc(C0)4] 2

The reaction chemistry of digermane and trigermane nhave been
reviewed in Chapter 1 (1.3.3). An equimolar mixture of GazH6
and SnCl, (139,140) affords a 4:1 product mixture of Ge,H.Cl and
1,2-GeH,Cl,. Iodine reacts similarly with Ge,H. (132,136) and
has been shown to substitute mainly on the central atom of
trigermane (137) at =63 Oc, yielding on methylation of tha
jodotrigermane, a mixture of 2-methyltrigarmane (80%) and the
1=substituted isomer (12%).

As the syntheses of the manganese and cobelt derivatives of
digermane had been successful, with feu complications, using the
well—established alkali-halide elimination, it was decided to
extend the transition metal carbonyl studies to the disubstituted

digermane system and also into the trigermane system using the

above known substitution routes as access to these compounds.

5.1 Preparation

5.1.1 Preparation of GaSH7Mn(CU)5

Trigermane (639.2 mg, 2.83 mmol) was condensed on to
resublimed iodine (685.3 mg, 2.70 mmol) in a vessel with a side-arm

and allowed te warm to =63 OC. Reaction took place over 7 hours
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to leave a pale-violet liquid. The volatiles at =63 °C were
fractionated to give H, (0.10 mmol), GeHg (traca) at =83 °C and
HI (283.2 mg, 2.10 mmol) at -196 °C.  An ethereal solution of
excess NaMn(CD)S, prepared from an(CD)1D (117 mg, 3.5 mmol) was
added under nitrogen to the frczen GeSH7I via a side-arm in the
reaction tubs. The reaction mixture was shaksn for 30 minutes
at room temperature after which the volatiles were fractionated
to give ether at =196 °C and Ge.H Mn(CO)5 with a trace of

37
GeZHSNn(CU)5 (identified by i.r. and nmr) at =23 °C.  Removal

of the head fraction (ca. 2%) left a pure sampls of Ge3H7Mn(c0)5
(665.3 mgy 1.534 mmol, 72% based on HI formed). The compound

was identified as 2-trigermanylpentacarbonylmanganesse by the 1H

nmr spectrum which shows a doublet signal at 6.36 T, a septet at
7.09T, and J = 4,4 Hz, integration giving their relative
intensities at approximately 6:1. These signals ars assignable

to (CeH and GeH of (GeHs)ZGaHMn(CO)5 respectively, There was

3)2

no svidence for the presence of the 1-isomer, The parent ions

in the mass spectrum are found at m/e = 409 to 430

12,1, 16, 55, n
( Cg Hy 057 Mn Ge,

with P = H=80% P, P = 2H =30% P and P = 34 = 20% P)., Further

requires 430 for n = 76 to 412 for n = 70

characterisation was provided by the fragmentation pattern, the
vibrational spectrum and by the reaction with CCla. These are
reported and discussed in later sections of this chapter,
(GeHS)ZGQHNn(CO)5 is a colourless liquid of extremely low
vapour pressure (< 0.1 mm at 23 °c) and several hours were
required to move 1.5 mmol at diffusion pump pressurss. The

compound showed no tendency to decompose in light at room temperature
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and showed remarkable thermal stability,. A sample of the
compound and another of Ge,‘H8 in sealed tubes were heated to 80 oC

for 30 minutes, Nmr and i.r. spectra showasd no signs of

decomposition in eithar case.

Se¢1+.2 Preparaticn of Mn(CU)SGeHZGeHZMn(CO)S

Digermanyl dichloride, ClGeH,GeH,Cl (150.8 mg, 0.6855 mmol)
was condensed into NaMn(CO)5 prepared in the usual mannar by the
reduction of Mn2(00)10 (424,2 mng, 1.088 mmol), The mixturs was
shaken for 15 minutes at room temperature after which all volatiles
were removed, leaving a non-=voiatile colourless liquid amongst
solid residues (NaCl and excess NaNn(CO)S) in the reaction vessel,
This was extracted with cyclohexane, The compound was identified

as 1,2-bis(pentacarbonylmanganio)digermane (yield estimated at 70%)

by the singlet resonance at 6.03T 1in the nmr spectrum taken with
the mass of the parent ions in the mass spectrum (m/e = 533=546¢
12 "1, "%0,,%%mn, e, requires 546 for n = 76 to 534 for n = 70
with P = H = 5% P). Further characterisation was obtained by the
mass spectral fragmentation pattern and by the infrared spectrum.
Attempts at recording the Raman spectrum of a solution sample in

cyclohexane were unsuccessful dus to strong fluorescence.

[GeHZMn(CD)é is a non-volatile, coluurless oil., The

2
compound showed rio tendency to decompose at room temperature
in vacuo, under nitrogen atmosphere, or in light and has the

characteristic strong digermane odour.
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5,13 Preparation of Co(CD)aGeHZGaHZCo(CD)A

The procedurs was similar to that for GeHZMn(CO)S] 2
Digermanyl dichlorids, ClGeH,GeH,Cl (163.1 mg, 0,7380 mmol) was
condensad into NaCo(CO)4 prepared using COZ(CD)8 (455.0 mg,

14331 mmol), The product was extracted in a similar manner,

using cyclohexane to yield 1,2-bis(tetracarbonylcobalto)-digermane

(estimated yield 80%). [GeHZCo(CO)J , lacks the parent ion in
the mass spectrum, but the singlet resonance at 5.69T taken uwith
the mass spectral fragmentation pattern, the infrared spectrum,
and jits reaction with HgCl2 all support the above formulatien far
the compound. These are reported and discussed later in this
chaptsr.

[GeHzco(CD)A] 2 forms non-volatile colourless crystals, but
rapidly gains a dark brown colour when exposed to light.
Decomposition is slow in the dark yielding a brown solution with
no svidence for production of Gesz. As with most digermanyl
derivatives, the compound has the typical strong odour characteristic

of digermane.

562 Reactions

5261 (GeHS)ZGeHMn(CD)5 and CCl,

a) (GeH3)zceHMn(co)5 in CC1,

Changes in the 1H nmr spectrum of a sample of‘(GaHz)zGeHMn(co)5
in CC].4 with internal TMS as reference, were observed at room
temperature. Reaction was rapid and complete in 4 hour, the parent
signals disappearing leaving a yellow precipitate, A large amount

of CHCl, (2.80 T) was observed with no evidence for CH,Cl,.
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Integration showed the CHCl3 signal toc be slightly less intense
than the original doublst signal of (GeHs)zGeHMn(CO)S. A chloride

microanalysis showed the precipitate to contain 36% Cl corresponding

to in excess of 3 chlorine atoms per molecule.

b) (G9H3)2G9HMn(C0)5 + cc14

(GeHs)zGeHMn(CU)S (23.2 mg, 0,055 mmol) and cc1, (7.3 mg,
0,047 mmol) were combined with deutsrobenzene in a nmr tube. No
reaction was observed at +5 °C for 20 minutes. Reaction, howsver,
was rapid at room temperature with immediate changses observed,
A singlet signal at 6,051 assigned to (GeHs)ZGeCan(CO)5 together
with a weaker singlet at 3.81 1 assigned to CHZCI2 appearsed and
incraased over the reaction period although not proportionally,
At no instant was the CHCl3 signal at 2.8T much stronger than the
weak overlapping dsuterobenzene resonance. These changes ceased
after 4 hours and integration showsd the assigned chloro-
compound and excess starting material, (GeHs)ZGeHNn(CO)s, to be
present in the ratic of 5.5:1 in the reacticn mixture. The sum
of the intensities of thes weak CHCl3 and CH2012 signals was

approximately a sixth the intensily of ths strong singlet dus to

(GeH GaCan(CD)S. No further changes were abserved for the

3)2
next 2% hours and the signal assigned to the chlorosubstituted
product did not show any sign of weakening. The nmr spectrum
recorded at 6% hours is shown in Fig., 5.1. The reaction tube was
opened. The solvent and excess (GeHS)ZGeHMn(CO)S.uera removed on

+he vacuum line to leave a near to involatile, colourless liquid

which slowly gained a light-orange tint during manipulations,



Figure Se.1

Nmr Spectrum of

(GeHS)ZGeHMn(CO)S + CC1,

Reaction at 63 hcurs



(GeH3)2 GeHMn (CO)5 + CC|4
6% hours at R.T.

|
7 Tau

GZl
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An i.r, spectrum of a cyclohexane solution and the mass spectrum

were recorded of this liquid and confirmed the earlier assignment

of (GeHs)ZGeCIMn(CO)S. These spectroscopic details are discussed

later on.

56262 Co(CU)AGeHZGeHZCo(CD)d and Hg(:l2

[seHZCo(co)a] 2 (ca. 0,13 mmol) and HgCl, (13.6 mg, 0,05 mmol)
were combined in benzene and reaction followed by 1H nmr at room
temperature, Changes were detected almost immediately. As the
singlet resonance at 5,697 dua to [GeHZCo(CO)4] 2 weakenad, a
new singlet at 5.09 T (same value as ref, 139) was observed,
attributed to (GeHZCl)z. Two weak triplet signals of equal
intensities were also observed towards the end of ths rsaction and

thase were assigned to the intermediate Co(CU)AGeHZGeH Cl. These

2

occurred at TGBH2C0 = 5,97, TGeHZCI = 4,75 and 3 = 4,24 Hz).

Changes ceased after 30 minutes with the product mixture composed

2GaH2C1

as a minor product. A brown-grey deposit, probably CngCo(CU)4 or

largely of (GeH201)2 and excess [GeHZCo(CO)al o with Co(CO) ,Geit

Hg [co(co)a] , was observed, but with no free Hg., After

prolonged standing at room temperature the product resonance at

5.09T weakened relative to the singlet of the excess [GeHZCo(C0)4] 2
to give rise to weak signals at 6,70T and 4,937 assigned to the

GeH., and GeH2 signals of GezHSCI.

3
The tube was opened and volatiles fractionated through traps

held at =23 O¢ into one held at =196 °c. I.r. spectra of gas

samples showed the contents in the liquid nitrogen trap to be the

solvent benzene together with a trace of GezHSCI (133), and the
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material stoppad at --23 °C to be 1,2-GezH4ﬁl2 also contaminated

with GezHSCl. As the infrared spectrum of 1,2-082H4C12 has not

been reported, the spectrum of a pure sample used as the starting

material in the preparation of [GeHZCo(CO)é , was recorded and

the spectrum obtained for the above chlorocompound compared well
with this, 1,2—GezH4Cl showed decomposition to GQZHSCI while the
i.r. spectrum was being recorded, The spectrum is reported

together with the discussion of tha reaction towards ths end of

this chapter.

5.3 Discussion

50301 Gel‘leral

The reaction of iodine with trigermane at =63 °C followed by
manganese carbonyl coupling yielded oqu 2-GesH7f’ln(C0)5 and no
1-Ge3H7Mn(CO)5 was detected,

(o]
-63 C
———
GeHg + I, GegH,I + HI

GegH, T + Naﬂn(CO)s —— (GeHS)ZGeHMn(CO)s + Nal

In contrast to the similar iodine substitution followed by
methylation of trigermane (137) which produced a 7:1 mixture of

2-MeGe. H, and 1-fMeGe.H This can be attributed to the fact that

37 37°
a slight deficit of iodine was used for the reaction in'this work
whereas an equimolar reactant mixture was used in the earlier study.
Reaction time is probably not a factor as the iodination process
in this work was allowed 7 hours compared with 2 hours in the
previous case. The 2.1 mmoles of HI resulted from I, substitution

of GegHg to give monoiodotrigermane and the 0.1 mmoles of H2 is

evolved by HI substitution of Ge.Hg or Ge;H,I to further give
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traces of monociodotrigermane or polyiodotrigermans, This leaves

0.5 of the total 2.7 mmoles of 12, probably consumed in Ge-Gs bond
cleavage of 0,5 mmoles of Ge3HB resulting in the small amount of
GezHSMn(CO)S formed on coupling., The rest of the trigermane

(2.3 mmoles) was consumed in substitution which corresponds to ths
total amount of HI and H2 obtained, Thus the HI suggests a 78%
conversion of trigermane to monoiodotrigermane, The 72% yield of
the manganese compound based on HI is therefore quite reasonable as
monoiodination forms HI, Any polymanganase compound, if formed,
from the tracss of polyiodotrigermane would not be volatile and
would have remained in the reaction vessel. The reactivity of

HI (143) has been observed elsewhere (see pages 21,22) with
digermane. No transition metal derivative of trigermane has yet
been reported. 2-trigermanylpetacarbonylmanganese is thus the
first transition metal derivative of a group IV metal (hydride)
with a catenation of three grcup IV metal atoms.

The reactions bestween 1,2-digsrmanyldichloride and excess

metal carbonyl anions yield single compounds s

ClGeH,GeH,Cl + 2m(c0)x" — m(co)xGeHzceHZM(co)x 4 2017

2

(M=mMny x=5; M= Coy x= 4)

This shous complete halide elimination to give near quantitative
yields of the productse. As the digermanyl di-transition metal
compounds are non-volatile, they had to be extracted from the
reaction vessel with a solvent involving some loss,. thus the
approximate yields. The first example of a M=M'-M'-M system was

a disilanyl di-iron compound by King et al, (171):
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61SiMe251mezc1 + 2NaFe(C0)2Cp e 3 CpFe(CD)zsiMe

ZSiMezFe(CD)ZCp

+ 2NaCl

Malisch (255) expanded this system to include the chromium,
molybdenum and tungsten analogues and also demonstrated the

guantitative nature of the reaction by isolating the partially

substituted compounds:

SiMe, X

XSiMe,SiMe, X + NaM(CO)nCp —_— Cp(CO)nM81Maz 2

2

(m = cry Mo, W, Fe; n = 3,23 X =F, Cl, Br)

Working with the dianion systea, Triplett and Curtis (261) isolated
the novel heterocyclic compounds, cyclo - 1,4=bis(tetracarbonyl-
iron) - 2,3,5,6 = tetrakis (dimethylgermanium) and cyclo =

1,3 = bis(tetracarbonyliron) = 2,4,5 -« tris - (dimethylgermanium),

I and II, respectively,

re(co)4
mgz Nez N92 M92
Gg" — Gs e ——— Ge
Ge Ge / \\
Me, Me, (co) Fa Fe(co),,
re(co)4
Ge
m92
1 II

ClMEZGeGeMBZCI + Nazre(co)4 —> I + II + 2NaCl

The three-membered ring MaZGeGeNezFe(CO)4 is not formed. This
is perhaps dua tc the angle strain as such a structure requires

the acute trimestallic angle of 60° compared with the normal
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tetrahedral angles of germanium. No attempt was made at the

reaction between C1GeH,GeH,Cl and NazFe(CD)4 in this work as it is

likely to lead to complex structures observed for ClMazcaGeMezcl

abova,

The increase in steric crowding by the introduction of
another GeH. group in (GeH3)2GeHMn(CO)5 does not seem to maks it
any less stable than GeH3GaH2Mn(CO)5. It is thermally just as
stable as trigermane to the expsrimentally conducted tempearaturs
of 80 OC, but is considerably more stable than GeHSMn(CD)5 (162)
which begins to show decomposition at 60.5 c. Thus there is
increasing evidence to suggest the catenated germanium derivatives
are more stable than their germyl analogues.

Model studies reveal considerable steric crewding in ths
M=M?'=M'=M systems, In fact these compounds containing the four
metal chain are restricted to the trans-configuration as free
rotation is not possible. Yet these compounds show stabilities
at least comparable to the M'=M'=M systems, Thus it would seem
that both the manganese and cobalt carbonyl groups confer a
certain degree of stability to the molecule containing it, snough

to overcome the strain imposed by steric crowding.
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S5¢3.2 The Mass Spectra of Trioermanylpentacarbonylmanganese,

8is(pentacarbonylmanoanio)=digermane and B8is(tetracarbonyle

cobalto)~digermane.

The mass spactrum of trigermanylpantacaribonylmanganese was
obtained by gas-sampling and is listed in Table 5.1 along with the
assignments and relative ion intensities of the various families
which were made with the aid of the calculated mass spectral
envelopes for Ge;, Ge, and Ge, given in Fig. 2.3,

The fragmentation pattern of (GeHS)ZGeHMn(CO)5 largely
resembles those cf GeH3Mn(CD)5 (162), GeHSGeHZNn(CD)5 (see section
3¢3.1) and GeH3GaH2Co(CO)4 (see section 4,3.2). The major processes
are CO loss and Ge=Ge bond cleavage by either GeH2 or GaH4 elimination,
The HxGeZMn(CO)n+ ions are formed mainly by GeH2 elimination of the
HXGe3Mn(CD)n+ species and the HxGeMn(CO)n+ ions in turn formed from
the HxGezl"\n(CO)n+ fragment ions by a similar process. However,

there is evidence also for GeH4 loss e.Q.

+ +
H7Ge3Mn(CO)5 —_— Hzcazr'm(co)5 + GeH,

Hydrogen loss in the HxGesMn(CD)n+ families becomes significant only
. +
after loss of one carbonyl with the base peak HXG83Mn largely
+ +

containing threse hydrogens. The HxGBZMn(CO)n and HxGeMn(CD)n
families tend to retain three and one hydrogen respectively,

Rearrangement ions e.9. HMn(CO)S+ ars also seen, The ion
currents carried by G93Mn, Ge2mn and GeMn containing species are
20%, 46% and 22% respectivelye. These species retaining the Ge=Mn
bond account for 88% of the total ion current,which is almost
exactly the same as that for GeZHSNn(CU)s at 87.6% but both

significantly higher than the 79.7% obtained for GeHzMn(CO) (162).



Table 5,1 Mass Spectrum of (GeH3)QGaHNn(CU)5
m/e Assignment Relative
Intensity(a)
x=7
409~430 +
HXGe3Mn(CD)5 362 10
380-40 +
2 chaSMn(co)4 4,5 10
351=372 +
1 HXGSSMn(CD)z 8.9 3
, +
324=344 chesrﬂn(co)2 4,9
296=-316 Hx893Mn(CO)+ 10.2
+
274~288 M, GeMn 100
+
335=352 HXGBZMn(CD)S 75.4
+
309-323 HXGeZMn(co)4 62.9
+
281-295 HXGBZMn(CD)3 621
+
253=267 HxGezmn(CD)z 12.5
225=239 cheZMn(co)+ 25.0
198-210  H_Ge,mn’ 73.9
x 2
265=272 HxGaMn(CD)5+ 52.3
237-244 HxGeMn(CD)4+ 37.9
209-216 HxGeMn(CU)3+ 12.9
181-189 HxGeMn(CD)2+ 5.7
153=161(c) HxGeMn(CU)+ 8.5
125-133(c) HxGeNn+ 29.2
212-230  H_Ge.’ 8.5
12= x 3 ¢
+
- o0
143-154  H Ge, 17
70=77 che+ 5,7
+
196 HMn(co)5 1.7
195 Nn(C0)5+ 1.5
168 HMn(CO)4+ 0.2
+
167 mn(co), 0.4

132

Ratio of hydrogen(b)

5

3

3

10

10

10

4

2

3

10

10
10
10
10
10

10

2

10

10

10

10

10

10

10

10

10



Table 5.1 (cont,)

Summed over x=1 - 7 and Ge isotopes where appropriatse.

Relative to strongest component of the family = 10,0

Strong peak, includes trace of hydrocarbon in background.

140 Hmn(co) .+

139 mn(co),*

112 HMn(c0)2+

111 Mn(C0)2+

84 HMn(co)t

83 mn(ca)*

56 HMnt

55 mn*

28 cot

Footnota:

(a)

(b)

(c) Metastable peaks observed.
(d)

(e) Strong peak, includes N2+.

0.4

0.4
3.2
(d)
4,2
5.3

36.0

(e)

133
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The mas T c
s spectra of LGeHZMn(CO)S] , and [GLHZCO(CU)A]

2
were obtained using the solid insertion probe and are summarised

in Tables 5.2 and 5.3. AR noticeable feature in the mass spectrum

of the latter compound is the weak peaks due ta Hx892+ and

+
H Ge . These peaks were dominant in the spectra of GezHSCo(CD)A.
This seems to support earlier suspicions that those strong peaks

were due to Ge,H., a product of decompaosition of Gaszco(Co)a‘
Earlier observations have shouwn that decomposition of
[GeHZCo(CD)Q] o, does not give rise to Ge,H.. Another feature of
the spectrum of [GeHZCo(CO)A] o is the lack of the parent ions
HxGeZCoz(CD)B+. The parent ions appeared quite strongly in
GBHSCO(C0)4 (183), as a weak envelope in GezHSCo(CO)a, and are
absent in X,__GCe [Co(CD)d] n (X = Cl,8r) (291)s Thus there are
strong indications to suggest weakening of the parent ions of a
cobalt deriuative_as it becomes more complsx, Only seven carbonyl
loss envelopes from HxGaZCoz(CD)n+ are seen, but ten in

H Ge,Mn, (c0) *.

The fragmentation patterns of [GBHZNn(CU)sl and

2
[GBHZCD(CU)A] , are very similar, Thers is complete loss of
hydrogens after loss of two or three carbonyls from the parent ions.
There is little tendency for direct Ge-Ge bond cleavage as only
weak HxGaNn(CO)n+ peaks were observed. Surprisingly, strong peaks
due to HxGeCoz(CU)n+ ion were observed instead, suggesting Ge-Ge
bond cleavage to be accompaniéd by a 142=-matal carbonyl group
rearrangemsnt. In the spectra of GezHSCo(CO)4 (see Table 4.1) and
593H7Mn(co)5 (see Table 5.1) rearrangement ions of the type Hm(co)x+

are observed as in other reported cases (162,183),
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Table 5,2 The Mass Spectrum of [GeHZNn(CU)Sl

2
m/e Assignment Relative Ratio of hydrogen(b)
Intensity(a)
x=4 3 2 1 0

533-546 W Ge an(co)10 25.0 10 0.5
503-~517 H_Ge,Mn (co) 2.4 9 10 8
475-488 H Ge an(CO)8 2.3 10 5
446-460 HXGBZNnZ(CO)7 463 2 3 10
418-429 H ceZan(co)s+ 3.3 5 10
390-402 HxGeZan(CO)S+(c) 20.0 10
362~374 H_Ge,Mn, (co),*(e) 47.1 10
334346 H Ge an(co) ( ) 46,6 10
306-318 H Ge mnz(co)z+(c) 14,6 10
279-291 H_Ge an(co) *(c) 1701 10
250-263 H G92Mn2 100 4 10

HxGezmn(C0)5+(d) trace

HXGBZMn(C0)4+(d) trace

HXGBZMn(C0)3+(d) trace

HXGBZMn(C0)2+(d) trace
225=238 HXGGZMn(CO)+ 2.2 6 10 6
195-208 HxGeMn+ 31,2 3 10
460469 H Gafin,(c0) 10" 2.9 i 5 10
432-439 chean(co)g+ 5641 1 10
404=411 HxGaan(CO)8+ 16.8 2 10
376=-383 HxGean(C0)7+ 5.9 3 10
348-355 HxGemnz(CO)6+ 3.4 2 10
320-327 chean(co)5+ 14,0 2 10

+
292-300 chean(co)4 7.7 2 2 10



Table 5.2 (cont,)

m/e

264-272
236-243
208-215

180-187

267=274
238=245
210=217
182-189
153-161

125-132

140-153

72--79

3s0
362
344
306
278
250
222
194
166
138

110

Assignment

+
HxGean(co)3

py +
che.lnz(co)2

+
H Gean(CU)

+

HxGean

Relative

Intensity(a)

22,5
31
2,3

15.1

~ + -
HXGaMn(Cu)s (c) 1.6

HXGeMn(CO)4+(c) 4.6

+
HxGeNn(C0)3 {c) 5.0

+
cherqn(co)2 (c) 8.1

HxGeNn(CD)+
H GeMn™
X

+
HxGe2
H Ge+

X

+
an(co)10

an(co)g*
an(co)a+
an(co).,+
an(cu)s+
mn,(c0)g*
mnz(co)4+
an(co)3+?
an(C0)2+

an(co)+

+

an

6.6

18.3

2,9

1.2

0.5
0.2
0.1
0.1
0.0

0.0

0.1
0.4
Q.1

3.7

X

—
=

4
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Ratio of hydrogen(b)

3

2 1
2 2
6
5
4

10
2 10
2 10
1 10
5 10
8
8

10

0

10

10

10

10

19

10
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Jable 5.2 (cont,)

m/e Assignment Relative Ratio of hydrogen(b)
Intensity(a)

X =4 3 2 1 0
196 Hin (co) .+ 1.8
195 Mn(co)s+ 5.5
168 HMn(CO)4+ 0.9
167 Mn(C0)4+ 0.5
140 Hin(co) * 1.8
139 mn(co),” 1.7
112 Hin(co),,* 1.0
111 Mn(co)2+ 3,7
84 Hmn (co)t 8.5
83 mn(co)t 4.6
56 wmnt 9.8
55 mnt 19,5
28 cot (e)

Footnotes:

(a) Summed over x = 0-4 and Ge isotopes where appropriate.

(b) Relative to strongest component of the family = 10.0
+

(c) Overlapping with envelopes dus to HxGean(CD)n

(d) Traces of these fragment ions identified by slight irreguiar
+
shape of strong overlapping envalopes of HxGezmnz(cg)n

+
(e) sStrong peak, includes N, .



Table 5.3 The Mass Spectrum of [GeHZCo(C0)4]

2
m/e Assignment Relativa Ratio of hydrogen(b)
Intensity(a)
x=4 3 2 1 0
HXGQZCOZ(CD)8+ 0
457=470 HXGBZCOZ(CO)7+ 18,3 10 0.5
428=442 HXGQZCOZ(CU)6+ 3747 0 1 1
399-414 chezt:oz(co)s+ 6603 0.5 0,5 10 0,5
370-383 HXGBZCoz(CU)4+ 21.1 0.5 10
342-355 HXGGZCOZ(CO)3+ 64,0 0.5 10
314=327 HXGBZCOZ(CO)2+ 51.4 1 10
286-299 ereZCoz(co)+ 45.1 110
258=271 Hx682C02+ 100 5 10
HXGeZCo(CU)4+(c)
chezc°(c0)3+(c)
Hx692Co(C0)2+(c)
229243 ersezt:o(co)+ 3.5 2 10 1
199-212 ch;eZCo+ 25,7 3 10
HxGeCoz(CD)B+ 0
384=391 HxGeCoz(C0)7+ 4.7 1 10
354=363 HxGeCoz(C0)6+ 5.5 1 10
328-335 HxGeCoz(CO)5+ 3.8 310
302307 HxseCoz(c0)4+ 7.0 1 '10
272~279 HxGeCoz(C0)3+ 645 1 10
244=251 HXGQCOZ(CU)2+ 0.7 2 10
216-223 HxGeCoz(CO)+ 1.0 2 10

188-195 HxGeCoz+ 5.6 5 10
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Table 5.3 (Cont,)

m/e Assignment Relative Ratio of hydrogen(b)
Intensity(a)
x=4 3 2 1 0

240246 H GeCo(co),*(d) 1.0 10
212=218 HxGeCo(CO)3+(d) 0.7 10
184=190 H Geco(c0),*(d) 1.5 10
156=162 H GeCo(C0)*(d) 4.0 10
127133 HxGaCo+(d) 11.4 10
140-153 HXG32+(d) 4.0 5 10
71=77 HxGe+(d) 0,7 10 3
342 Coz(C0)8+(d) 0.6
314 C02(60)7+(d) 0.6
286 COZ(C0)6+(d) 0.6
256 co,(c0)*(a) 0.6
230 z:oz(co)4+ 0.3
202 Co,(c0)," 7
174 coz(C0)2+(d) 0.2
146 Co,(c0)*(d) 0.9
118 Coz+(d) 0.9
171 co(c0),*(d) 0.6
143 CO(C0)3+ ?
115 Co(C0)2+ 1.7

87 co(co)* 8.6

59 cot 1.7

28 co* (e)
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Table 5,3 (Cont,)

Footnotess

(a)
(b)
()
(d)

(e)

Summed over x = O=4 and Ge isotopes where appropriate
Relative to strongest component of the family = 10

Overlapped by strong envelopes due to GQZCOZ(CD)n+, but

presumably weak,

Weak peaks and where overlap occurs identified by irreqular

shape of overlapping envelops

Strong peak, includes N2+.
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The earlier mentioned examples X 4G [Co(C0)4] n (291) alsc show
metal carbonyl rearrangement as relatively strong peaks due to

+
Coz(co)n are present, Such ions are again observed here,
The spectra of both [GeHZMn(CU)S] o and [GeHZCo(CD)4l o are
dominated by spscies retaining the Ge-Ge bond compared to

GeZHSNn(CO)S or GezHSCo(CO)4:

Sum of Sum of

Gezm2 and GeM2 and

Ge,Mm (%) GeMm (%)
Mn(CO)SGeHZGeHZMn(CO)s 55 33
Co(CO)4G8H2G8H2C0(00)4 85 1
GeHSGeHZMn(CG)S 39 48
caH3ceH2t:o(c0)4 41 45

This seems to indicate a reluctance of the Ge-Ge bonds to cleave
in the complex M=-M'-=M'=M system containing two metal carbonyls,
The total ion currents carried by Ge-Mn and Ge-=Co retaining
fragments in [GeH2Mn(CU)5] 2 and [GeH2Co(CO)4] o are 88% and 96%

respectively,

5.3.3 The Vibrational Spectra of 2=-Trigermanylpentacarbonylmanganssa,

142-Bis(pentacarbonylmanganiq)rdigermane, and 1,2-Bis(tetra~

carbonylcobalto)=digermane

The vibrational spectrum of (GeHs)ZGeHMn(CU)5 is listed in
Table S.4. Only about a half of the expscted 57 abscrptions are
observed, at bast. The vibrations due to the manganese carbonyl

moiety shou good comparison with those of Ge Mn(CO)5 and

2"'s
GeHsmn(CU)S (162), again reflecting the local C4, Symmetry instead of
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Table 5.4 VYibrational Spectra of (GeHs)ZGeHMn(CD)S(cm"1)

I.r.(solution)(a) 1.R.(solid) Raman(liquid)(b) Assignment
2104 vuw
2102 s 2389 vu 2101 s,p VCOya,
20586 w,sh 2098 vu v13co
2068 m,sh 2063 2070 w(p?) )
2080 s 2054 w 2063 m,dp ; vGeH
2044 vu ;
2050 s 2035 w 2052 s4p vCG, a,
2035 vuysh 2009 mysh 2040 m,dp v COo, b1
2030 vuw,sh 2000 wysh
2028 w,sh
1994 s,sh )
2014 s,sh ) 1990 s,sh 3 2005 vw,dp vCO, @
2007 vvs ; 1983 vs ;
1982 vvu
1975 w 1969 w,sh Vv3co
1965 wysh
1965 vw 1959 w,sh
1956 w,sh
1954 vvuw 1921 w
1941 w 1914 v
870 vuw ; S asymeGeH,,
864 vu ) a' + a"



Table 5.4 (Cont,)

143

I.r.(solution)(2) I.r.(solid) Raman(liquid)(b) Assignment
800 s 783 muw )
) 'Gsym.GeH3
774 s 765 m ) ' "
a' + a
679 w 673 vu S GeH
670 vvuw
668 vvw 657 u )
)
654 vs 648 s ) § MnCO, a'
)
652 w,sh 635 vw )
)
6539 s,sh 624 m )
588 wybr
469 w 472 w GeHS rock
408 s,p vMn-C, a'
274 mydp Vv asym, Ge-Ge, a”
254 m,p vsym, Ge-Ge, a'
191 vu,p VGe-fin, a'
155 w
105 s skeletal deformation
all
75 wybr Ge=Ge=Ge band,
at
Footnotes:
(a) I.r. solution spectrum in cyclohsxans

(b) Raman spectrum of a neat liquid.

700 r:m-1

not scanned,

Region between 1900 cm = =

1
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the overall Cs with bands assignable to 231 + b1 + 8 modes,
supported by Raman studies., Vibrations due to the (GeH3)253H~
fragment shaouw interesting featurss, Weak bands in the 850 cm-1
region are assigned to thz asymmetric GeH3 deformations,
However, thers are twc clear strong absorptions between 800 crnm1
and 750 cm-1. Only one  such band is observed in the spectrum

) ,
of GeH3GeH2Mn(C0,5, GeH3G9H2Co(CO)4 and GeH,GeH,Cl (133).

3
These bands have been assigned to the in-phase and out~of-phase
symmetric deformations of the two GeH3 groups thus lending support
to the formulation of the compound with two GBH3 groups with the
Mn(CU)5 group attached to the central germanium atom, The weak
band near 675 cm_1 is assigned to the deformation due to the lone
Ge=-H bond, matching the GaHx deformation in the other manganese
derivatives mentioned earlier.

The strong polarised Mn-C stretch at 408 cm-1 matchas the
very strong mode found at 409 em ! for GeHSMntCU)S (162)., The
Raman spectrum of the metal-metal stretching region is shown in

Fige 5e2 The spectra of the same region for fie (5¢) and

3tg
2-M9893H7 (137) are given in Fig. 5.3 for comparison. The very

-1 .
strong polarised band at 191 cm = in the spectrum of (GeH Ger”ln(CO)5

3)2

is assigned to the Ge=Mn stretche. This band shows a consistent
- =1

drop of 14 cm ' from GaHSMn(CO)5 at 219 cm = and GeHSGeHZMn(CD)5

at 205 em—'. Two medium bands, depolarised at 274 em~V and

polarised at 254 cm-1 are assigned to the asymmatric and symmetric

Ge-GCe stretches. These bands occur between thcse found for

GeHg (288, 245 cm ) and 2-MeGe,H, (287, 241 cm ). It has been

shown (54,58) for a three-metal chain system that there is aluways



Figure 5,2

Raman Spsctrum of (GeH3)2E;eHMn(CD)S

(0 - 300 cm‘1)
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Figure 5,3

Raman Spectrum of Ge,H, and 2-M9883H
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interaction between tha two intermetallic bonds, and this has
been used to describe the Ge=Ge and GeMn bonds in GBHEGeH?_Nn(CO)5
(135)s  Thus, it is probably more appropriate to ascribe the
metal-metal stretches in (GeHs)zceHMn(CD)5 as Ge~=Ge=Mn stretches,

The infrared spectra of [GeHZMn(CD)S] , and [GeHZCo(CO)4] 2
are summarised in Tables 5.5 and 5,6, The spectra are consistent
with compounds containing either a Mn(CO)5 or Co(CU)a moiety

together with a GeHx fragment, The vibrational frequencies do

not show any drastic changes from those observed for GezHSMn(CU)5

or GezHSCo(CD)A or their germyl analogues,
The vibrational spectrum of (GeH2C1)2 (see Table 5,9) shouws
1

two GeH2 defermation regions around 850 cm-1 and 685 cm

The spectra of the transition metal derivatives also show bands
in these regions but extra bands seen betwsen 700 cm-1 and 750 cm_1
in the spectrum of [GeH2Mn(CO)§ , are probably due to traces of
impurities or decomposition products.

While these infrared spectra are consistent with the

formulations for the di-substituted digermanes, they are by no

means definite proofs of them.

5.3.4 Substitution of (GeHz)zceHP‘ln(CO)5

The product of the reaction betuwsen (GeHz)ZGBHMn(CD)5 and
ccy, earlier assigned as (GaHz)zGeCan(CD)5 is confirmed by the
mass spectrum (Table 5.7) and i.r. spectrum (Table 5.8).

. . 35
The natural occurrence of two chlorine isotopes (*“c1 = 75.53%,
37[:1 = 24,47%) hardly altered the combinational Ge isotopic

patterns (see Fige 2.3). However, the presence of chlorine makes



Table 5,5 The Infrared Spsctrum of [GeH2Mn(C0)5] 2 (cm-1)

(a)

I.r. (solution)(a)

2129

2117

2098

2078
2068

2060

2047
2032
2021
2000
1982

1942

860
832
778

758

668

653

645

W
S

mw

vu

msysh
vvs
msysh

mw

vuw

vu
vuw

vuw

vuw

mysh

S

455 w

Nt o o N P

Nt N N N N

N e o

Assignmant

vCO, a

Y 1380

1

vGeH

vCO, a

vCO, @

13

GeH2 bend

GeH

SMnCOo

VNnCax

I.r. solution spectrum in cyclohaxane.

wag

148
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Table 5.6 The Infrared Spectrum of [GeH,Co(CO),] , (cm )

I.r. (solution)(a) Assignment
2101 vw
]
2091 ms vCO0, a
2056 wysh )
) vGeH
2049 w,sh )
2035 mw VCO, a'
2010 vvs VvCO, a' + a"
1992 w,sh v3co
1973 w
850 w GeH2 bend
672 w )
)
665 w ) GeH, (wag,
) 2
626 ms ) twist, rocks?)
) .
605 vuw )
545 ms )
)
526 mwysh ) 8 CoCO
497 wysh g
481 mu ) veoC + $coCO
410 w vCoC

(a) 1.r. solution spectrum in cyclohexane



Table 5.7 The Mass Spectrum of (GSHB)ZGBClmn(CO)S(a)
m/e Assignment Relative
Intensity(b)
446~466 HxGeSMn(CO)501+ 4.0
416-436 chesm(co)am+ 6.6
286~406 Hx883Mn(CD)3Cl+ 4.2
356=376 Hx693Mn(C0)2C1+ 543
328-348 HxGe3Mn(C0)Cl+ 2,9 -
300-320 Hx893MnCI+ 28.6
413431 Hxse3Mn(co)5+ 3.9
384~402 Hx663Mn(C0)4+ 3.3
354372 chesrvm(co)s+ 647
344-326 chesrnn(co)z+ 2.1
300-318 HXGBSMn(C0)+ 20,9
270-288 chesmn+ 100
373-387 HXGGZMn(C0)501+ 22,6
345=359 HXGBZMn(co)4c1+ 22,9
316=330 HXGBZMn(CO)301+ 5.3
288-302 chezrnn(co)zci+ 2.4
261-275 HxGezﬂn(CO)Cl 5,9
233247 axceZMn01+ 36.2
338-350 axcezvm(co)s+ 95,2
310-322 HxGeZNn(CO)a+ 71.4
280-392 HxGeZMn(CD)3+ 47.6
254=266 axceZMn(co)z+ 7.6
226-238 aXGeZMn(CO)+ 746
196-208 H Ge mnt 51.4

2

Strongest
X

6

4

150



Table 5.7 (Cont.)

m/e

300--308

188--195

265=271

169-187
153-159

125-131

249-269
177=191

105-113

214-=230
142-154

70~-76

196
195
168
167
140

139

Assignmant

H GeMn(co) c1t
H Gemn(co) ,c1*e
H GemMn(c0)c1*?
H GemMn(co),c1te
HxGeMn(CD)C1+

HxGaMnCl+?

+
HxGeMn(CO)s
+

cheMn(co)4 ?

Yy +
chevm(w)3 ?
H_cemn(co).*
x 2
HxGeMn(CD)+
H GeMn+
X

+
Hx89301

+
HxGezcl

H cec1t
X

HMn(co)s+
Mn(co)s+
HMn(C0)4+
Mn(C0)4+
HMn(CD)3+

mn(c0)3+

Relative
Intensity(b)

4.8

0.4

3.8

163
1.0

746

3.1
1.2

1.2

15.8
6.8

3.8

0.9
0.9
0.1
0.3
0.2

0,7

Strongest

0

X

1
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Table

m/e

112
111
84
83
56

55

37
35

28

Footn

(a)

(b)

(e)

5.7 (Conto)

Assignment Relative Strongest
Intensity(b) X
HMn(co),,* 0.3
mn(co),* 1.7
Hmn(co)t 0.5
mn(co)* 2.4
Hmnt 1.1
mnt 28,6
ot 0.1
cit 0.3
cot (c)
otes:
Assignment of fragments and their relative intensities are

rather tentative as the presence of Cl leads to considsrabls
overlap of envalopes, e.g. of Hx693Mn(CO)C1+ and HXGGSMn(CO)Z+
fragments., ? indicates fragments that are totally
unidentifiable bacaﬁse of these overlaps,

Summed over x = 0=6 and germanium=-chlorine abundance
combinations where appropriate.

Strong peak, but includes N2+



Table 5,8 The Infrared Spectrum of (GeHv)zGeCan(CO)s(cm~1)
J

I.r. (socluticn) Assignmant

2102

2098

2066
2059

2049

2032
2021
2015

2011

1988
1976

1941

785

751

674
667
654
649

640
466

350

fFootnote:
———————

I.r., solution

vu,sh

mw Vv CO, a

muw v GeH

N S S o

mu

] vCOo, a

vs Vv CO, 8 'l'b.l

N S s o

vvs

vuw

vu

mw

mw

N N

S sym. CeH,,y a' + a"

vw
vvuw

§wnCO, a'

('
N N e N o S o N

" GeH3 rock

vu VGaCl, a'

spectrum in cyclohexane
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assignments more difficult dus to the closeness of the CO(m/e = 28)
and Cl(m/e = 35,37) massss leading to considerable overlapping of
envelopes thus making the fragment azssignments and relative
intensities of some species given in Table 5.7 more tentative than
others, However, the unambiguous presence of HxGazmn(CO)5C1+,
HXGQZMn(CU)5C1+, HxGeMn(CO)5C1+, cha3c1+, Hxse201+ and chec1+
cleariy indicates the parent compound to have the Ge3C1 skeleton,
Overall, the fragmentation pattern, includiﬁg CO 1loss, H2 loss

and GeH2 elimination, matches that cbserved for (GeH GeHMn(CD)S

3)2
(see Table 5.1)s In addition, Cl loss seems a relatively easy
process as the ion abundance of GeCl retaining fragments is
relatively low compared to the high total ien current carried by
+ + .
the Hx893Mn(CD)n and HXGBZMn(CD)n species, Even the most
abundant ions are HxG83Mn+ and not Hx893MnCl+, thus deviating
from previous genaral observations with earlier compounds that the

most abundant ion is always [P~(C0)n] +

(n = total number of
carbonyls). The ion abundance of Ge=Mn bonded speciss is
ca. 92%.

The i.r. spectrum bears close resemblance to that obtained

for (GeH GeHMn(CD)S. However, thers are several prominent

3>2
features, The CO stretch e mode is slightly higher while the
GeH, symmetric in-phase and out-of-phase deformations are slightly
lower than in (GeH3)2GeHmn(CU)5. Similar observations were
garlier made for GeHSGeHxClz_an(CD)S. The increased CO
vibrational frequency is due to the chloride inductive effect and
the lower GBH3 deformation is due to interaction between the

GeH, and GeCl vibrational modes. The GeCl stretch is observed at

350 cm e
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The evidence availabla confirms the reaction product to be
(GeH3)ZGeCan(CU)S. Substitution was as expected on the lone
hydrogen on the central germanium and the presence of CH2C12 and
lack of CHCl3 suggests the involvement of CHCl3 in a rapid second
step:

- fast )
(GeH3)ZGeHMn(C0)5 + CCl, (GeH3)ZGeE,1Mn(CO)5 + cm:l3

very fast -
(GeHS)ZGeHMn(CD)S + CHC1, LS AL CLP (reH3)25951r~1n(cn)5 + CH,CL,

However, under more rigorous conditions, polychlorocsubstitution
occurs, including substitution of hydrogens on the GeH3 groups as
shown by the 36% chloride content in the product obtained for the
sample reacted with excess CCla.

The near equimolar reaction took 4 hours, compared with
20 minutes for the similar reaction of GeHzceHZMn(CD)5 under
eimilar conditions, Thus, addition of a GeH3 group introduces
considerable steric hindrance to attack on the hydrogsn on the
o~germanium, Aoain, as with the chloro-products obtained in the
chlorcsubstitution reactions of GezHSMn(CO)S, (GeH3)2G3C1Mn(CD)5

exhibits considerable stability.

5.,3.5 Ge=Co Cleavage in ['GeHZCO(c0)4] » by HoCl,

The i.r. spectrum (Table 5.9) confirms the reaction product
resulting from the reaction bstween [GeHZCo(CU)a] o and HgCl2 te
be ClGeHzGeHZCI. A similar spectrum was obtained for

ClGeH,GeH,Cl prepared separately by action of SnCl, (139) on

2

GezHﬁ. Decomposition of the dichloride is rapid to give rise to

peaks assignable to GeH,GeH,Cl (133).
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Table 5,9 Tha Infrared Spectrum of ClGeH?GeH2C1(cm-1)
gas Assignment
2098 s )

) vGeH
2089 s )]
856 m )
)
848 m ) GeH,, bend
) 2
830 w )
700 m ) in~ and outw—of-phasse
)
684 ms ) GeH, wags
675 w G8H2 twist?
408 ms vGeCl



The fact that the intarmediate Co(CO)QGeHZGeHZCl was also

observed shows the cleavage reaction to osccur stepuwises

Co(CO)aGeHZGeHZCO(CO)a + HgCl, ——> Co(CU)AGeHZGeHZCI + CngCo(CD)4

Co(co)aceHzceHZm + 01HQCo(c0)4/ch12

> ClGeH269H2C1

+ Hg [ Ce(CO),],/ClHgCo(CO),

As with the HgCl, cleavage reaction of GeH GBHZCO(CD)4 there is no

3

evidence for any products resulting from Ge-=Ge bond cleavage,

Thus it seems, the HgCl2 reaction is specific and cleaves only the

Ge=Co bond and not the Ge-=Ge bond.
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CHAPTER 6, PREPARATION, CHARACTERISATION AND REACTIONS OF

BIS(DIGERMANYL)TETRACARBONYLIROHN, (GeHSGeHZ)zFe(CD)a

The bis(germanyl)iron compound (GeHs)ZFc(CO)4 (173,175),
and methyl derivatives, (MeGst)zre(co)4 (176) and (MQZGeH)zFe(CD)4
(178) are known, The sfability of the compounds in this series
decreases with the increase in the number of methyl groups,
(HeZGeH)zFe(CO)4 self-reacting rapidly to form the cyclised
structure {NezceFe(CD)Q] 2 (143) (see pages 30,31). The
substitution and Ge-Fe bonc cleavage chemistry (174,177) of these
compounds have also been explored to some extent (see pages 42,43,44),
(GeHs)zFe(CD)4 (173) is of intermediate stability batween the
related germyl-manganese (162) and germyl-cobait (183) ccmpounds.
Following the preparation of the surprisingly stabls digermanyl-
cobalt compound (Chapter 4) it was thought that unless ths addition
of a GeH, group catalyses cyclisation, the bis(digermanyl)iron
complex should also be stable enough to be isolated. This proved

to be the case.

661 preparation of (GezHS)ZFe(CO)4

The method uszd was essentially that of Aylstt st al., for
the preparation of (SiHS)ZFe(CO)4 (169):
3 ' NaCl
20, HgCL + NazFe(CO)4 — (Gesz)zre(co)4 +2
Digermanyl chlorids (0.5674 gy 30051 mmol) was condensed

into NazFe(co)4 in n-pentane (ca. 6 ml) prepared as described

previously on page 68, DY treating Fe(CO)5 (G.3502 g, 1.787 mmol)



with a 0.3 M sodium~ammonia solution (2.704 mmol repurified Na in
10 ml NHS)‘ Thz mixture was allowed to react for 15 minutes at
room temperature, with shaking and all volatiles then fractionated,
Pentane and traces of digermane (92) (identified by i.r.) were
recovered at =196 °c, ARttempts at separating the digermans from
the pentane by fractionation as well as chemically by treating with
some SnCl4 ware unsuccessful, With SnCla, a thin film of SnCl2
was deposited tut no recoverable 692H501 was achieved, However, by
pressure~volume investigation, the amount of digermanes was
approximately 0.1 mmol, Unreacted GezHSCI (133) and traces of
H,Fe(c0), (173) (identified by i.r.) were collected at =63 °c, more
Ge,H Cl at =45 °c (total recovery of Ge,HeCl = 0,1343 g, ca. 0,72
mmol, includes traces of HZFQ(CO)Q) and traces of a very involatile
material at -23 °c. As this materialvwas extremely involatile

and was taking a long time to coms over, it was decided to change
the ~23 Oc bath to one at liquid nitrogen temperature and ths2 trap
opened to a mercury diffusion pumpe. This "dragging" procese was
to continue for 2 days as this material was still distilling over
this period of tima. An observation made hers was that ths
materizl does not move unless opened to the mercury diffusion pump

directly, and even then movss at a very slow rate, This compound

was identified as bis(digermanyl)tetracarbonyliron, (c.2815 g,

0.599 mmol, 51.4% based on GezHSCl consumad) by the mass of the
12. 1 16, 56

parent ions in the mass spectrum (m/e = 478 to 458 3 ""C, H,, "0,""Fe Ge

4 10 4
requires 484 for n = 76 to 456 for n = 70) together with the

fragmentation pattern, the vibrational spectrum, by the chemical

reactions reported belcw, and by the 1H nm> spectrum. This shous

159

n_

4



160

the closaly overlapping signals of an A382 pattern analysed to give
TGeH3 = 6453, T GeH2 = €.48 and J = 4,3 Hz, Gn low resolution
only a broad singlet with fine structures was observed. The mass
and vibrational spectra are reported and discussed in the latter
part of this chapter,. Traces of some high molecular weight
compound (m/e > 800) was left as a brown deposit in the reaction
vessal,

(Gesz)ZFe(CD)a is a coleurless liquid with a vapour
pressure too low to measure at room temperzature. This compound
shows little tendency to dscompose. A sample in the laser basam
of a Raman spsctromester or a cyclohexane solution in an i.r.
solution cell exposed to strong caylight for sevsral hours, both
showed no colour change, although the i.r. spactrum showed a

race of digermane, It decomposes slowly in air and has a very

strono odour, more of the iron carbonyl smell than of digermane.

662 Reactions

a) (Gesz)zFe(CO)a and CCl4

An approximately 1:2 mixture of (GeZHS)ZFe(co)4 and CCla
in benzene was observed with the nmr between =20 °¢ and -5 °c and
later 2t room tsmperature. Reaction was slou, The first sign
of reaction at 16 hours was a2 singlet at 6.8 T assigned to GeH4
and one at 3.8 T due to CH2C12. Any CHCl3 signal was masked by
the strong benzens rssonancee Thesa signals increased in intensity
as those of (aezns)zre(m)4 ( TGeHy = 6,55, TGeH, = 6,48, J = 4.3 Hz)
weakened and finally disappeared after 6 days. No signals

assignable to chlorcsubstituted products were seen. A white
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deposit precipitated as the reaction proqressed and the two
singlets were of near equal intensities right through the resaction,
The tube was cpened after 6 days and the volatiles fractionated.
GeH, (0.03 mmol, identified by i.r.) was collected at -196 °c,
CHCl; and CH,Cl, at =120 °C and traces of CHCl, at =83 °C, leaving

a solid yellow residus. No GezH6 was detected. Insufficient
residue was recoversed for a proper recording of the mass spectrum,.

Howaver, an attempt showed m/e greater than 400,

b) (sasz)zre(co)4 in sicC1,

A sample of (Gesz)zFe(CO)4 was dissolved in SiCl, in an
nmr tube with a trace of TMS as internal reference, No changs
was recorded until after 1% months., A weak doublet along with a
quartet of intensity ratio 3:1 were observed at 6.0 T and 4.3 T
respectively, J = 4,0 Hz, These signals were assigned to either

GeH GeHz(GeH GaHCl)Fe(CO)a or (GBH3G9HC1)2FG(CO)4. Only about

3 3
10% of the (cesz)ZFe(CO)4 had reacted at this stage. The nmr
spectrum was observed periaodically over the next 4% months, but

showed neo further changes. The mixture was still a clear solution,

showing no decomposition or precipitation.

c) (cesz)Fe(co)4 and Mn(cn)5 followed by GaH.Br

O 1 0.349 mmol) wa densed into

(Gesz)zFe(CO)4 (165.5 mg, mmol) was condense

the specialised trap (see Fige 2.1B) and material drawn to the
tapered end of the attached nmr tube with liquid nitrogen, Tha
tapered end containing the (GQZHS)ZFQ(CO)4 was then detached and
inserted into bulb B of the apparatus (see Fig. 2.4) containing an
ethereal solution of NaNn(CD)5 in bulb A prepared using an(CD)10

(71.80 mg, 0.1841 mmol) . The apparatus was swirled to force ths



material out of the tapered end and a small volume of ether was
condensed into the bulb to ensure most of the material was washed
out into the reacticn bulb, The solution of NaNn(CD)5

(gg. S0 ml) was then poured over from bulb A into bulb B which
was held at liquid nitrogen temperature. The resaction mixture
was warmed to =23 oC for 3C minutes and then tc room temperature
for a further 30 minutes, with constant swirling, The volatiles
were then removed. GezHSNn(CD)s (96.20 mg, 0,2788 mmol, 79.9%
based on initial (GBQH5)2F9(C0)4) identified {135) by i.r. and

nmr, was found to be the only producte All (Ge Fe(CD)d was

2ts) 2
consumed. No HzFe(CO)& (173) was detected. The residue left in
the reaction vessel was a light-yellcw solid,

Ether (ca. 3 ml) followed by germyl bromide, GeH,Br
(94,6 mg, 0.6025 mmol) were condensed on to the residue and warmed
to room temperature for 30 minutes with shaking. On fractionation

some ether was recovered at =196 oC, ether and sxcess GSHSBr at

=127 °C and Ge,H (GeHy)Fe(C0)g at ~23 °c.  This compaound was

jdentified as digermanyl(germyl)tetracarbonyliron, GeZHs(GsH3)Fe(CD)4,

by the mass of the parent ions in the mass spectrum

12. 1,, 16, 56._n. . X _
(m/e = 404 - 385: c:4 HB 04 Fe Ge; reguires 408 for n = 76 to

286 for n = 70 with P=H = 20% P), together with the fragmentation
pattern, the vibrational spectrum, by the reaction with SiCl4
reported below, and by ths TH nme spectrum,  This shows an A,B,
pattern with a superimposed strong singlet analysed to give

TGQHS = 6,60y T GeHz = 6,55 and J = 4.0 Hz for the Ge fragment,

25
and 6.521 for the GeH3 fragment, The reaction and spectroscopic

data are further discussed later on.



(GezHS)(GaHs)Fe(CO)d is a colourless ligquid of vapour
pressure and rate of transfer in the vacuum line intermediate
between those of (GeHz)zFe(CO)a and (GezHS)ZFa(CD)a. The liquid
shows no decomposition in the dark, but slowly gave a light-
yellow colour in the laser beam over 3 hours during the recording
of tha Raman spsctrum. A cycloﬁexane solution of the sample in
an i,r, solution cell showed complete decomposition after
45 minutes in strong daylight. The compouﬁd has the characteristic

iron carbonyl odour,.

d) Gesz(GeHS)Fe(co)4 in siCl,

GezHS(GeHS)Fe(CO)4 (17.73 m3, 0.045 mmol) in siCl, was
sealed in a nmr tube with TMS as internal referencs, Reaction
was allowed to proceed at room temperaturs and changes in the 1H
spectrum wera observed at intervals. Reaction was slow - a singlet
at 4,93 T appeared after a week. This was assigned to thse
GeH,Cl signal of GezHS(GeHZCl)Fe(CU)4 (c.f. TGeH; = 6.52,
TGeH,Cl = 4,48 for GeHz(GaHzcl)Fe(CO)4 in cs, (174).
Resonances due to the GBZHS group of the product were not
distinguishable from the strong signals of the GaZHS(GeHS)Fe(CD)d.
The singlet increased in intensity over 4 weeks when about 10% of
the GezHS(GeH3)Fe(CU)4 had been consumed. After anothar 2 wesks,
this singlet completely disappeared to give rise to two new
singlets at 4.60 T (of about half the intensity of the original
singlet) and at 6.95 T (of intensity 5-6 times the original singlet).
At this stage the solution mixture appeared slighfly yellow, The
weaker singlet was assigned to [GeHC1Fe(CO),] , (c.f. 4,801 for

the same compound in CS2 (174), while Gesz was assigned to tha
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singlet at 6.55 1 {compares well with GBZH chemical shift

6

elsewhers in this thesis), No Fe-H signal was detectad in the

20T region.

The tube wes epened and thz volatiles were fractionated to

(s}

yield Ge and THMS at =127 C (identified by i.r.) and unreacted

26
(o]

Gesz(GeHs)Fe([ZD)4 at =23 C, No GeH, was detecteds A mass

spectrum recorded of the light-yellow non-volatile residus left

in the reaction tube showed parent ions at m/e 540-~562 attributable
to H2G82C12F92(CU)8+ (279) together with eight CO loss snvelopas
with the strongest envelope at m/e 322-338 assignsd to

(,~8(C0)] +. These were all moderate tc strong envelcpese Ge+

- + :
spacies were conspicuously weak, but Cl peaks were clearly seen,

SP3¢] Discussion

6.3.1 General

Although (GeH;),Fe(C0), (173}, Ge,Hs(GeH;)Fe(C0), and

(Ge Fe(CO)4 are all stabla in the dark, these thres iron

2Ms)2
derivatives show varying degrees of decomposition in light.
(GeHS)ZFe(CD)4 (173) becomes ysllow within 5 minutes of exposure

to light whereas the unsymmetric derivative shows a similar

cclour change only after 2-3 hours. (GezHS)zFe(CD)4 shows no

such colour change but a trace of digermane was detected in an i.r.
solution cell after several hours in strong sunlight. The vapdur
pressure and rate of transfer is inverssely proportional to the
number of germanium atomse. All three compounds are just manipulabls
in a high vacuum system, but (Ge2H5)2F8(00)4 is the limit, Unlike

the digermanyl derivatives of mangansse or cobalt which have the
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characteristic digermane smell, the iron carbonyl smell saems to be
the more prevalent with the iron derivatives. Surprisingly,
(Gesz)zFe(CD)d and Gesz(GeH3)Fe(CO)4 are liquids as (GeHs)ZF‘e(CO)4
is in the form of white crystals at rcom temperature,. Mass

spectrum of the germyl compound shows it to be a monomer., The

difference is presumably due to packing difficulties in the crystal,

6.3.2 The Mass Spectrum nf Bis(digermanyl)tetracarbonyliron

The mass spectrum of (Gesz)zFe(CO)4 was obtained via liquid-
sampling and is tabulated in Table 6,1. The assignments have been
made using the calculated GefFe combinational isotopic patterrs given
in Fig. 2.3, Inclusion of Fo makes vary little diffarence to the
corresponding Ge isotopic patterns. Like (GBHS)ZFB(Ca)d (173),
(Gesz)zFa(CD)‘1 shows a very weak parent ion family in contrast to
the comparatively high parent ion abundances observed for tke
manganese and cobalt derivatives of mono- and di-germane. In
common with these complexes, howsver, decomposition via successive
glimination of CO is ipdicated, with a high proportion of the ion
current carried by polymetallic fragments. Hydrogen loss becomes
significant after loss of one carbonyl or after Ge-Ge bond scission.
The low abundances of HxGesFe(C0)4+ and HxGezFe(cu)4+ ions
compared with the high abundances of HxGesFe(CG)n+ and HxGezFe(CO)n+
(n = 3-0) ions suggest CO loss to occur more readily than Ge=Ge
bond cleavage. There is little evidence to indicate GeH2
elimination and it appears that the HxGe:,’Fe(CO)a+ and HxGezre(CU)4+

+ . . . .
originate from HxGeaFe(CO)4 by Ge=Ge bond cleavage with elimination

of GeH4 ar Gesz followed by CO loss. Metastable peaks are



Table 6,

1 The Mass Spect .
pectrum of (GeHsceHZ)zre(co)4

m/e

458-478
426-449
398=-421
369=~391

338=359

384~400
351=369
323=342
296—313

266-285

317=324
282=-295
252=265
224=2317

196-209

238=245
210=-217
182~-189
154=161

126-133

284-308
212-230
141-155

70=77

Assignment

+
cheare(co)4
+
HxGeaFe(CU)s
+
HxGeaFe(CO)2
+
HxGe4Fa(CO)
+
HxGeare
+
HXGeSFe(co)4
+
HxGesFe(CD)3
+
HxGe3Fe(C0)2
H Ge.Fe(co)t
X 3
+
HXGBSFB
+
HxGezFe(CO)4
+
HxGezFe(CD)3
H ge.re(co),t
X 2 2
+
HxGezFe(CD)
+
HxGezFe
+
H GeFe(CO),
H GeFe(CO).T
X 3
+
HXGBFQ(CD)Z
HxGeFe(C0)+
H GeFe+
X
+
H Ge, ()
+
i Ge (e)
+
HxGe2

H Ge+
X

Relative
Intensity(a)
0.88
45,7
61.8
55.6

100

9.9
315
137
14.1

80,2

9.5
17.6
8.8
21.5

20.4

3.7
24.4
21.8

5.1

10.6

x=10 ¢

10

8
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Ratio of hydrogens(b)

7

6

10

5

4

10

3

10

2

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10



Table 6.1 (Cont,)

m/e

169
168
141
140
113
112
85
84
57
56

28

Footnotes:

(a) Summed over x = 10 = 0 and over GeFe combinational isotopes

Assignment

+
HFe(co)4
+
Fe(CO)4
HFe(CO)3+
+
Fe(ca),
HFe(C0)2+
+
Fe(CO)2
Hre(co)*
Fe(co)*

Hret

Fe+

cot

where appropriate,

(b) Strongest component of family assignad 10, with other
components relative to thise.
(c) Presence of these species identified by irregular shape of
° - .'. +
overlapping envelopes dus to HxGezFe(CO)3 and HxGeFe(CO)3 .
(d) calculated intensities, ses text.

(e) Strong peak, but includes N2+.

Relative
Intensity

1.1
1.9
0.6
1.7
0.6
1.3
1.0
4,8
448

4.4
(e)

167

? Indicates presence, but due to overlap with stronger envelopss,

does not permit meaningful separation,
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noticeably abssnt, It is theretore difficult to establish some of
the fragmentation rou:tes, for exampls, if the HxGeF‘a(CU)n+ families

arase by H Ge loss from HxGest(Co)n+ families or by H Ge, loss from

2
HxGesFa(CU)n+ familiss., The ion currents carried by fragments
retaining Ge,Fe, Ge,Fe, Ge,fe and Gefe are 41%, 23%; 12% and 10% of

the total ion current, in that order. Clearly the higher polymetallic
structures account for the largsr part of the total ion current, in
contrast to GeH3GaH2Mn(C0)5 or GeHSGaHZCo(L‘.D)4 (see Tables 3.1 and 4.1)
where the ions retaining GeM are more abundant than thase containing
GeGeM, However, the total abundénce of spaecies containing the Ge=Ffe
bond adds up to 86% matching the Ge=M retaining families of GezHSMn(CU)5
and GBZHSCO(CD)4 at 88% and 86% respectively, and all three
sighificantly higher than the germyl derivatives.

All the spectra for (GezHS)ZFa(CU)4 obtained by liquid-sampling
showed fairly strong HxGez+ and HxGe+ envelopes and different runs
showed considerable variability in the intensities of these species,

The spectrum obtained by gas~sampling showad only these speciese
Thus resembling GeszCO(CD)4 there is dscomposition possibly giving

rise to Ge H5, hence the strong observsed hydride ions, Again, this

2
decomposition may be accelerated by contact with metal surfaces, like

the gold cup of the spaectrometer insertion probe. All the spectra
obtained for (GeH3)2Fe(CU)4 by gas or liguid-sampling wers swamped

by HxGe+ jons. However, a spectrum by gas-sampling of Gesz(GeHs)Fe(CO)4

(see Table 6.4 in section 6,3.4) showed medium intensity envelopes due

to H ge,’ and H Get and are presumably genuine i.e. derived from
X X

2
fragmentation of the parent ion. Gesz(GeHs)Fe( €o), is considerably

more stable than (GeHs)zFe(CU)a so does not decompose as easily,
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Furthermore the compound, although observad to be slightly less
stable than (GazHS)zFe(CU)4 is considerably more velatile thus
allowing it to show in a gaswsampled spectrum without risking
dzcomposition on the spectrometer probs. By comparing the spactra
obtained for (Gesz)zFa(CO)4 and GezHS(GaHS)Fe(CO)a, it is
reasonable to assign relative intensities of 15 and 30 to the

+

HxGe2 and HxGe+ families in the spectrum for ths former compound.

6,3.3 The Vibrational Spactrum of Bis(digermanyl)tetracarbonyliron

The metal carbonyl stretches and ths metal-metal stretches
show (Ge2H5)2Fe(CD)4 to have a cis-octahedral configuration
similar to (GeHs)zFe(CO)a, thus a C, symmetry, Under C,
selection rules, the four carvonyl stretching vibrations are
expected to be of species 2a1 + b1 + b2 all of which are allowed
both in the i.r. and in the Ramany the two Ge-~Fe and two Ge=Ge
stratching modes, of symmatry species a1 + b1,~shau1d both appear

in the Raman spectrum, All these vibration modes have been

assigned to observed vibrations in Table 6.2. A trans—arrangemant

isacC system, in which only twa carbonyl strstching modes 3, and bu of

2h
: i iaTe tive and likewise only the a_ Ge=Fa
Za9 + au+bu will ba re. activ g ©

stretch and ag Ge=-Ge stretch would be Raman active, the bu mode
being allowed only in the i.r. These are clearly contradictsd by
the observed absorptions seen for (GQZHS)ZFB(CD)Q’ thus favouring
the cis-configuration, Only about a third of the 63 fundamental
vitrations are observed,.

Absorptions due to the two Ge,Hg moieties are quite complex,
reflecting characteristics of the digermanyl manganese and cobalt

complexes and also the GeH; deformations of (GeHs)zFa(CO)4 and



Table 6.2 Vibratioral Spectrum of (GeHSGeH
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Fe(CD)a(cm-1)

I.r.(solution)(a)
2088 s
2080 wysh
2070 mw

2063 muw

2024 vvs

2006 vs

1984 vw

1972 vu

875 w

860 w

789 m

692 w

N S

662 muw

609 m

464 vu

T.r.(solid)(b)

2091 ms

2064 muw

2052 mw

2026 vs

1998 vvs

871 mw

857 w

810 m

787 m

675 m

628 wysh
609 s

438 w

N S

Nl S N

Assignment
vCo, a,

VGeH

vCco, a, + b

1 1
veo, b,
\ﬂ3 co
Gasym.GaHs, a,
[ GeH,, a

sym. 37 1

GeH, wag
(in—p%ase and out-of=-
phase)

GBH2 twist, rock?

S§FeCO, a,

GeH3 rocks
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Table 6,2 (Cont,)

(c) 433 s,p 417 vu weC, a,

(c) 268 m,p VGQGe,a1(+ b1?)

(c) 211 vs,p VGafe, a,

(c) 198 m,dp vGefe, b,

(c) 102 s,dp Skeletal deformations,
b1

Footnotes:

(2) Infrared solution spectrum in cyclohexane

(b) Sample tosk 45 minutes to condense on cooled window to
form a thin solid film,

(c) Raman spectrum of neat liquid.



(GsH3)28eHMn(CO)5. Two clear bands in the deformation regicn
are assigned as the prominent GeH3 symmetric deformation near
800 c:m'-1 and the strong GeH2 wag below 700 cm-1. The in~-phasse
and out-of-phase symmetric GeH3 deformations are distinguishable
in the solid spectrum while the two well ssparated bands at

692 cm-1 and 662 cm-1 in the solution spectrum have bean assigned
to ths in-phase and out-of-phase symmetric wags of the two GeH2
aroups precsent, ‘

The Raman spectrum of the metal-matal stretching region
is given in Fig. 6.1, Only one Raman band is obssrved in the
Ge-Ge reqgion and is assigned to tha a, mode because it is
polarised. The b1 mode may coincide with this as suggestsd by
a comparison of the relative intensities of various bands to
those of GeHSGeHz(GeHS)Fe(C0)4 (see Fige 6.4) and also by the
degree of polarisation of the peaks as shown in Table 6.3.

The b1 mode, if present at a2ll, can be expected to bs weak as
interaction between the two Ge-Ge bands requires participation
of the rigid GefeGe structure which has an angle of near 90°
compared with the GeGeM angles of the manganese and cobalt
systems with a near tetrahedral angls, possibly allowing easier
"sausage-like" motion of the Ge-Ge-M system. However, tha
symmetric and asymmetric Ge-fe stretches are both 18 cm"1 below
those found at 229 cm-1 and 216 cm_1 for (GeH3)2F9(00)4 {(155)

perhaps due to interaction between the Ge=Ge and Ge-~Fe bonds,



Figure 6.1

Raman Spectrum (0 - 500 cm-1)

of (GeHSGeH re(co)4

2)2
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Table 6,3 Relative Intensitias of the Mstal=Metal Stretches

of (GeZHS)zre(CG)4 and ce2H5(39H3)Fe(c0)4

(beH3GeH2)2FB(CD)4 GeHSGeHz(Genz)re(cu)4
v s citia stive Int ‘s
M=t Relative Intensitias vm_m Relative Intensities
F(a) NF(b) F(a) NF(b)
VFe=C 433p(a1)' .2.7 10,0 434p(at) 1.2 12
VGe=Ge 268p(a14b1?) 7.5 7.6 263p(at') 3 5
Vv - 1 - - 5 »
sym.Ge Fe 2.1p(a1) 75 20 233p(a') 4,5 20
- - 2 ~ ] .
vasym.ce Fe 138dp(b1) 1C 10 02p(a') 545 13
écezrecan 102dp(b1) 39 12.3 104dp(a") S 9
(n = 192)
Footnote

(a) with filter, (b) without filter for polarisation studies.



6.3.4 Synthesis of Gesz(GeHS)Fe(C0)4

Manganese carbonyl exchange followed by coupling of the
residues with GeH3Br yielded a single product which has been
analysed to be the first unsymmetric germanium-iron complex,
G92H5(GeH3)Fe(C0)4. An earlier study with (ceHS)zre(co)4 (198)
gave GeHs(H)Fe(CU)4 on treating residues left after mangansse
exchange with HCl. No H2Fe(CO)4 was found, The fact that no
(GBHS)ZFB(CO)4 was found in this work shows that manganese

exchange in an approximately 1:1 ratio is selective and displaces

only one Ge,H. from (Ge

e Fe(CO)4 and that the anion so formed

M50,

is stable under the reaction conditions:

(Gesz)zre(co)4 + NaMn(co)5 —> (e Fe(CO)aNa + Ge Mn(CO)S

25 2Ms

GBZHSFB(CU)aNa + GeH,Br —> GBZHSFB(CO)459H3 + NaBr
This is potentially a very useful route as it allouws access to a
wide range of“gfmmatric compounds, including those of mixed
group IV metals.

The nmr spectrum qf GeHSGeHz(GeHs)Fe(CD)4 is given in
Fige 6e2e It consists of a complex of three overlapping signals,
the triplet and gquartet ( TGeH, = 6.60, TGeH, = 6.55, J = 4.0 Hz)
due to the GeHzceHzFe fragment and the singlet (T GeH, = 6.52) due

to the GeH.Fe fragment, the GeH3 signals integrating to give near

3

equal intensities. It is plausible that a similar spectrum may

also be obtained from an equimolar mixture of (GeH;),Fe(CO), and

(GeH GeHz)ZFe(CD)a. Recalling that in all the mass spectra of
3

the polygermanyl-transition metal derivatives (and the germyl

analogues) discussed so far, the strongest envelope used as the

175



Figure 6.2

NMR Spectrum of

G9H3GeH2(GeH3)Fe(CO)4






base peak has always been the [P-(CD)n 1 family where n is the
total number of carbonyls. The mass spectrum of an equimolar

mixture of (GeH3)2Fe(CD)4 and (GeHzceH Fe(CD)a would have

2)2
given two base peaks, HXGeZFe+ and HxGe4Fe+. The mass spectrum
of Gesz(GeHs)Fe(CO)a+ showed the base peak to be due to
HxGe3Fe+, thus confirming tha product to be a single compound and
not a mixture of the higher and lower relatives. Fig. 643 shows
these features in the mass spectra of the three compounds.,
Although this observation is not very useful here as such a

mixture can easily be separated by distillation because of the

vast difference in the vapour pressures of the two compounds, it
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may find useful application in cases where the two are very closely

related,

Table 6.4 lists the mass spectrum of Gesz(GeHs)Fe(Cﬂ)a.
It shows all the basic features observed for (Gesz)zFe(CO)a,
including CO less, H2 loss, Ge=Ge bond cleavage with elimination
of GeH2 or GBHA. Again, the parent ions are weak, and the
relatively weak chezFe(CD)4+ family as compared to the strong
HXGB3F8(CU)3+ one suggests CO loss to occur moie readily than
Ge-Ge or Ge-=Fe bond scission. This is in contrast to the
digermanylmanganese and digermanylcobalt compounds where the
reverse is trus. The ion currents carried by ions retaining
GBSFG’ GezFe and Gefe are 36%, 32% and 19% respectively, of the
total ion current, adding up to 87% matching that for
(Gesz)zFa(C0)4 at 86%.

The vibrational spectrum of GeZHS(GeHS)Fe(CB)4 is listed

in Table 6.5.



Figure 6.3

Mass Spectrum of Higher Mass
Regions of:

A) (GBHS)ZFB(CD)4
B) GeHSGeHz(GaHs)Fe(co)4

c) (GeH3ceH re(co)4

2)2
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Table 6.4 The Mass Spectrum of GBHSGeHz(GeHs)Fe(CU)4

m/e Assignment Relative Ratio of hydrogen(b)
Intensity(a)
x<8 7 6 5 4 3 2 1 0
385-404 chesre(co)a+ 0.7 10 2
354=376 HxGesFe(C0)3+ 31.8 1 0,510 0.5 1
323=344 HxGe3Fe(C0)2+. 51.5 10 1 0.5 0.5
306=319 HxGesFe(CD)+ 44,2 10 0.5 0,3
266-285 HxGesFe+ 100 ? 0.5 10
313=326 HxGezFe(CD)4+ 9.0 10 2
284-298 HxGezFe(CD)3+ 48,0 3 2 10 7
253-269 chezre(co)2+ 29,9 0,510 1 1 0.5
228-240 HxGezFe(C0)+ 55,9 10
199-212 chezre+ 57.0 10 6
238-246 M Gefe(C0),” 4.5 1 1 10
210-218 HxGeFe(CU)3+ 36.9 2 1 10
182-190 HxGeFe(C0)2+ 15.8 2 5 10
158-166 HxGeFe(C0)+ 23.9 3 6 10
126-134 HxG9F9+ 40,6 2 2 10
216-234  H Ge;'? 1.1 10
140-155 Hx892+ 15.8 110 2 1
70-79 che+ 24,5 5 10 1 2
169 HFe(C0)4+ 0.6
168 Fe(00)4+ 7.7
141 HFe(CD)3+ 0.6
140 Fe(C0)3+ 10.1

113 HFe(C0)," 0.6
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Table 6.4 (Cont,)

12 Fe(co),” 7.2
85 Hre(co)* 0.6
84 Fe(co)? 4.9
57 Hre™ 0.6
56 Fet 5.9
28 ca* (c)

Footnotes:

(a) Summed over x = B-0 and over GeFe combinational isotopes
where appropriate.

(b) Strongest component of family assigned 10, with other
components relative to this,

(c) Peak includes N2+
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Table 6.5 The Vibrational Spectrum of GeH GeHZ(GeH3)Fe(CU)4(cm-1)

I.r.

2080

2064

2055

2039
2023
2007
1986

1973

874

860

813

790

679

617

434
(b)
(b)
(b)
(b)
(b)

(solution)(a) Ter,(solid)
2105 vvw

s 2090 ms

w,sh

m 2050 mw
2039 mw

wysh 2022 s

vvs 2000 s

vvs 1991 vs

vy

v

" 872 w

W 856 vuw
822 vuw

ms 810 w
799 vuw

_ 787 w

m 674 W
658 vu

s 610 s

wu 438 vw

434 s4P

268 myp

223 vs,p

202 s4p

104 s,dp

N Nt

N e o N

N e o

N S "t S o g

Assignment

v(o, at

vGeH, a' + a"

vCO, a' + a"

vca, at

§
asym,GeH3(1),GeH3(2)

a' + a"

GSVN.GBH3(1)’GQH3(2)

a.

GeH, wag, a'

2

SFeCO, a'

GeH3 rock
VFeC, a'
VGe-Ge, a'
VGe-fFe, a'
VGe~Fa, a'

Skaletal deformation,

a"
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Table 6.5 (Cont.)

Footnotess

(a) 1Infrared solution spectrum in cyclohexane

(b) Raman spectrum of neat liquid.
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The spectrum shows absorptions in regions where vibrational modes
were earlier observed for (GGZHS)ZFB(CU)A’ The carbonyl stretches:
assignable to 3a' + a" modes and the thres strong polarised
metal-metal stretching bands are all expected of a Cs symmetry.,
Overall, only about a quarter of the possible 54 vibrations are
observed,

In the GeHx deformation region, the spectrum shows features
which can be assigned to the GeH

3 and GeH3GeH2 groups by

comparison with (ceHs)zre(co)4 (173) and (GezH re(co)a. The

5)2
symmetric defarmation of the germyl group is assigned to the sharp
band at 790 cm-1, compared with the in- and out~-of-phasse

combinations of this mode at 835 em™! and 809 cm™! for (GeHS)ZFe(CD)a.
Similarly, the prominent GeH2 wag is found at 679 cm_1 compéred

with 692 cm! and 662 cm | for the modes in (GeH369H2)2F9(00)4

1 is

(see Table 6.2), The third prominent deformation at 813 cm
then assigned to GeHS of the GeH3G6H2 groupe. The asymmstric

GeH. modes of both groups are assigned to the broader, more complex

3
band about 870 cm-1 -~ the characteristic freguency for such modes.
Thus while (GeHs)zFe(C0)4 and (GeHsceHZ)zre(co)4 both show a pair
of bands for the combined symmetric deformations of the a'.GeHx
groups, GeHsceHZ(GeHs)Fa(CD)4 shows single bands at approximately
the average frequency of each pair. The vibrational spectra of
the GeH deformation region of (GeHzﬁeHz)zFe(CD)a and
GeH3GeH2(GeH3)Fe(CU)4 can be found in Chapter 7.

The Raman spectrum of the metal-metal stretching of

GeH GeHz(GeHs)Fe(CD)a is given in Fige 6.4,

3



Figure 6.4

Raman Spectrum (0 - 500 cm-1)

of GeHSGeHZ(GBHs)Fe(CO)4
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The strong polarised band at 434 cm-1 assigned to Fe-=C stretch

matches the 433 cm | and 436 cm bands in (GeH389H2)2F9(00)4

and (GBH3)2FB(C0)4 (173).  The three strong polarised metal-metal
stretching bands confirm the C, symmetry of GeZHS(GeHS)Fe(CO)a.

While the medium, polarised Ge-=Ge stretch of'(GeHSGeHz)zFe(CD)4

(a1) and GesteHz(GeHs)Fe(CU)4 (a') both occur at exactly the same
frequency as that found for digermane (92) the two Ge=Fe

frequencies show drops from (GeHs)éFe(CO)a, through Gesz(GeHs)Fe(CU)4
to (Gesz)zFe(CU)a‘ Both the a, and b, modes of (Gesz)Zre(co)4
show equal drops of 18 cn~! from (59H3)2F9(CU)49 while the lower
frequency band in GBZHS(GeHs)Fe(CD)4 seems to be the more

sensitive, Thus the 202 cm-1 is probably the vGe,=Fe Stretch

2

and the 223 cm-1 band the VG91-F9 stretche

6.3.5 Substitution Reactions

(GeH Fe(CD)4 (279) shows initial reaction with SiCl, after

3)2
4 hours, while the first sign of change was observed after

14 months with (Gesz)zFe(C0)4; Gesz(ceHs)Fe(co)4 reacts at an
intermediate rate with cﬁanges recorded after 1 week, all under
similar conditions. Thus, it appears that addition of GeH3 groups
introduces steric hindrance towards substitution of the reactive
hydrogens on the o~germanium by SiCla. The two non-=reactive

GeH., groups in (GeHSGeHz)zFe(CU)4 sesm to provide a protective

3
cover over the two a-GeH2 groups.

Although no characterisation was obtained for the chloro-
substituted product of the reaction between (GezHS)ZFe(CU)4 and
Sicl,, the doublet (6.0 T) and quartet (4.3 T) signals (J = 4.0 Hz)

of intensity ratio 3:1 are clearly due to either GeHsceHz(GeH:,’GeHm)Fe(CO)4



186

or (GBH3GQHCl)2F9(CD)4s reaction reaching equilibrium after 10% of

ths (G92H5)2Fe([30)4 had been consumad,
(GaH3seH2)2re(co)4 + SiCl, ——--:»(ceHSGeHz)(cenzseHm)ra(co)4

or (ceH3GeHc1)2re(c0)4 + 5iHCl,

Incidentally, the coupling constant of 4 Hz of the well separated
product signals confirms the earlier analysed coupling constant
for (GezHS)zFe(CD)4 and GezHS(GeHS)Fe(CO)a; the nmr spectra of
which are a complex of overlapping signals, The chloro-=product
showed no tendency to undergo self-reaction, commonly observed for
the halo=-substituted products of (GeHz)zFe(CD)4 (174) and
(MeGaHz)zFe(CD)4 (177). In fact this chloro=cempound showed no
decomposition at all over 4% months,

The changes in the nmr spectrum for the reaction between
Gesz(GeH3)Fa(CG)4 and SiCl, suggest substitution of the more

accessible GeH3Fp part:
Gesz(GaHS)Fe(CD)4 + SiCl, —> Gesz(GeHZCl)Fe(C0)4 + SiHCl,

Further changes involve self-reaction and can be rationalised by
the following equation, supported by the recovery of 882H6 and

the mass spectrum of the cyclised product:
2ce2H5(seH2c1)re(co)4 ——> 2Ge,H, + [GeHC1Fe(C0),] ,

The chloro-substituted product of (Gasz)zFe(CO)aldoes not undergo
self-reaction probably because the two GeH3 groups do not allow

the close approach of a pair of the reactants to allow the
condensation reaction. It also further demonstrates previous
observations that the halo-substituted product of a transition metal

carbonyl derivative is more stable than the halides of the polygermanes.
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The reaction betwsen (Gasz)zFe(CU)a and CCl, is much
faster than with Sicl4 showing the effect of reactant size in
rate determination, However, it is a little more complicated
by the lack of signals attributable to any chloro-substituted
products, but chloro-substitution is obvious by the production
of CHCl3 and CH2C12. The evolution of GeH4 also suggests
Ge=Ge bond cleavags. Taken together, it cquld mean a
combination of two reactions. The first involves chloro-
substitution perhaps even of the GeH3 groups, to form a very
unstable product under the reaction conditions, This is probably
followed by a rapid self-reaction to form a high molecular weight
compound, evidenced by the precipitation of yellow deposits as
the reaction proceeded, with elimiration of monogermans. The

yellow product may possibly be [ GeHsceCI(GeHCI)Fe(CO)a] 2°
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CHAPTER 7. DISCUSSION

761 The NMR Patterns of the Polygermanyl-Transition Metal

Compounds

A considerable amount of nmr data has been reported at
various stages throughout this thesis. The data obtained for
the polygermanyl-transition metal carbonyls are collected
together and discussed here,.

The 60 MHz 1H nmr of the digermanylmanganese and cobalt
compounds are of the second-order A382 type where the triplet
and quartet multiplicities are just identifiable, In such
complex signals the easiest to recognise is the A13 (293) peak
which is the strongest peak giving the chemical shift of the
GeH3 resonance. By using this peak and by guessing the coupling
constant J and & value ( A = the difference in the chemical
shifts of the GeH3 and GaH2 resonances), the chemical sﬁifts of

the 88 and B. peaks of the GeH2 resonance are found, 8, and B

5 8 5
are the two peaks to the extreme right and extreme left of the
GeH2 resonance. The average of these gives the chemical shift
of the GeH2 resonance. This method by trial and error was first
used by Narasimhan and Rogers (294,295) and later successfully
applied by Mackay and Watt (296,297) to halide derivatives of
ethyldigermane and ethylsilana. The full analysis of the nmr
spectrum of GeHsGeHZNn(CD)5 has previously been made by the author
(53) using this method. A matching theoretical spectrum was also

obtained using the method of analysis supplied by Corio (293,298)

where the above descriptive notations were obtained, Here, it is
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shown that the same methods of analysis can be applied to the
second-ordar A382 spectrum of GeHSGeHZCo(CU)4 to derive the trus
GeH2 chemical shift, The theoretical spectrum is alsc obtained
and matches well with the practical spectrum. The practical

and theoretical spectra of GeH3

in Fig. 7.1 and Fig. 7.2 together with those of GeH,GeH,Co(CO) ,

GeHZMn(-CD)5 (53) are reproduced

in Fige 7.3 and Fig. 7.4. By coincidence the spectrum of
GeH3GeH2Co(CU)4 is a near mirror-image of that of the manganese

analogue. The spectrum of (GeHSGeH Fe(CD)4 (Fig. 7.5) is a

2)2
second —order A382 complex of two overlapping resonances, which on
low resolution appears as a broad singlet with fine structure.
Several trial theoretical spectra of the second-order A382 type

wers worked out, one of which is given in Fig., 7.6, but none

showed as good a match to the practical spectrum as in the

earliasr cases.

The nmr parameters obtained for the digermanyl-transition

metal compounds ars as follous:

Chemical shifts (tau) J(Hz)

GeHBGe GBHZN

6,92
GeH, GeHy
GBHSGBHZMn(CO)s 653 6085 4,4

6653 6.48 4,3
(ceH3GeH2)2re(co)4

o 4,2

ceHsceHZt:o(co)d 6451 6,25 .



Figure Te1

Nmr Spectrum of GeHsceHzr"ln(CO)5

(53)
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Figure 7,2

Theoretical Nmr Spectrum of GeHsceHZMn(CO)5

(53)
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Ge,H, Mn (CO),
(Theoretical)




Figure 7.3

Nmr Spectrum of GeH GBHZCO(CD)4
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Figure 7.4

Theoretical Nmr Spectrum of GeH GeHZCO(CO)4
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Figurs 7.5

Nmr Spectrum of (GeHzceHz)zFe(CU)4
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Figure 7.6

Theoretical Nmr Spectrum of
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There are several interesting features. The first is that the
GBHSGe chemical shifts of the transition metal derivatives are all

about the same value and occur approximately 0.4 ppm downfield from

GBZHB’ They appear to be unaffected by the change of transition

metal carbonyl, The second is the marked effect of the

transition metal on the GeHzm shifts, with the GeHZMn shift

occurring just dounfield from the Ge resonance, the GeH,fFe in

2s 2
3Ge shift while that of the GeHZCo appearing

downfield froem the GeHzGe shift, The third is that the coupling

the region of the GeH

constants of about 4 Hz are close to those of the polygermanes
(54). It appears possible to explain the shift patterns in terms
of an induced magnetic field by the m -cloud in the M-(C-O)x bonds.
The effect is felt most strongly by the hydrogens on the
o~germanium and probably weakly by the more distant and freely
rotating GeH3 gQroupe. Furthermore, the GeH3 group may also be
under the influence of magnetic anisotropy in the Ge-Ge bond.

It may only be by coincidence that the GeH,Ge resonance of the
three compounds all occur at about 0.4 ppm downfield from GBZH6

as the nett result of these two effects. The downfield shift

of the GBHZM resonance from the manganese compound to the cobalt
compound is probably due to the configurations of the various
metal carbonyl groups and this is mors clearly seen in Fig. 7.7
which shows the Newman projection diagrams of the three digermanyl
derivatives viewed down the transition metals., The bond lengths
have been drauwn approximately to scale. The diagrams show the
proximity of the various hydrogens of the GeHZM groups to the

carbonyls and also the numbar of carbonyls influencing these



Figure 7.7

-Newman Projection Diagrams of the
Digermanyl Derivatives of Manganese,

Iron and Cobalt Carbonyls.
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hydrogens, Viewed in this manner, the hydrogens of the GeHZM
group of the manganese compound are most greatly affected, those
in the cobalt compound least, and those in the iron compound,
intermediate, There have also been suggestions of a direct
"across-space" (p —>d) T interaction between the equatorial
carbonyls and the group IV element (208,228), This may be an
alternative explanation,

The 1H nmr data of the mono-, di- and tri-germanyl
transition metal derivatives and related compounds are listed in
Table 7.1, The table clearly shows the familiar downfield trend

of the M'HXM chemical shifts from the M'H, signal of the silyl

4
and germyl compcunds in the order of manganese to iron to cobalt.
In the M=M'=M'-M system, the shift is even more pronounced. The

chemical shift of Co(CO)aceH t:eHzt:o(t:q)4 is by coincidence down-

2
field from the 892H6 signal by the sum of the downfield shifts
of the GeH,Ge and GeH,Co resanances in GeHSGeHZCo(CD)a, each

GeHZGe group seems to be experiencing both the earlier mentioned
effects causing these downfield shifts, brought on by two cobalt
carbonyl groupse. However, this is not the case in
Mn(CD)SGeHZGeHZNn(CU)S. This is probably due to a more rigid
structure in the manganese compound with two extra carb?nyls.
Addition of Cl shifts the GeHx signal in GeHsceHZCl and
GeHSGeHCIMn(CU)5 considerably downfield from the G92H6 resonance

to the 4=5 T region. This is mainly an inductive effect by the
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strongly electronegative Cl. This effect is felt to a much lesser

extent by the GeH, group which also shows a downfield shift

proportional to the number of chlorine atoms bonded to the
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1., .
Table 7,1 H Nmr Parameters of the Polygermanyl=Transition

Metal Derivatives and Related Compounds

Solvent Chemical shifts (T ) J(Hz) Ref
MTHX meH, (HGeGeH)
SiH, CHqo 6.80 299
SiH,Mn(CO) neat 641 157
(Sin)zFe(C0)4 neat 6633 169
SiHSCo(C0)4 neat 5.96 200
GeHa(b) CeHg 6.80 (a)
GeH3Mn(co)5 CeHg 6672 (a)/162
GeH, [mn(co)51 2 CHC1, 6.67 159
(GeHs)zFe(CD)‘ CeHg 6.50 (a)/173
GeHSCo(CO)a(g) CeHg 6.27 (a)
G02H6(c) CeHe 6.92 (a)
GeHSGeHZCI(d) CeHg 4,98 6471 4.1 (a)
GaHSGaHZNn(CD)S(e) CeHg 685 6653 4,4 (a)
GeHSGeHCan(CB)S CeHg 4,08 6.18 4,0 (a)
G9H3G8C12Mn(CB)5 CeHg 5.96 (a)
GeHSGeMBZMn(CG)s CeHg (9.31 Me) 6454 53
(GeHSGeHz)ZFB(CO)4 CeHg 6.48 6453 4.3 (a)
X or Y SiCl, 4,3 6.0 4,0 (a)
ceHsceHZ(GeHs)re(co)4 CeHg 6455 6.60 440 (a)
6.52(GeH3Fe)
GBHSGBHZ(GeHZCI)Fe-
(co), sicl, 6457 6460 (a)
4.93(caH2c1)
[GeHCLFe(CO),l 5 sicl,  4.60 (a)
GBHSGeHZCo(CD)a CeHg 6425 6451 4,2 (a)



Table 7.1 (Cont.)

(a) This work,

compare with, in cyclohexane:

(b) 6.85 T (280)

(c) 6.76 T (280)

(d) 4.61 T, 6.37 Ty 401 Hz (122)

(e) 6491 T, 6056 T, J not given (135)

(F) 6.88 T, 6.68 T, 4.0 Kz (54)

(g) This value incorrectly reported in ref, 183

(h) The = 9.66, HCGBH = 4,2 Hz

Solvent  Chemical shifts ( T) J(Hz)
M*HX M'H,  (HGeGeH)
ClGeH,GeH,C1 CeHg 5.09
Mn(CD)SGeHZGeHZMn(CD)S CeHg 6,03
Co(C0)486H2G6H2C0(CD)4 CeHg 5.69
Co(C0)4GeH2GeH2Cl CeHe 5.97(GeH2Co)
4.75(G9H2C1)
GeSHB(f) CeHg 6.95 6.79 4,0
(GeHs)ZGeHCI CeHg 4,65 6,53 4,0
(GeHs)ZGeHMe(h) CeHg 6.43 6.70 3.9
(ceH3)zceHMn(c0)5 CeHg 6.36 7.09 4.4
(ceH3)289c1Mn(co)5 6,05
Notes:
X = (GeH3ceH2)(teHSGaH01)Fe(co)A
Y = (ceHSGeHm)zre(co)4
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Ref

(a)/139
(a)
(a)
(a)

(a)
(a)
137
(a)
(a)



o—-germanium atom as in GeHSGeHCan(CO)5 and GeHSGeCIZMn(CO)s.

This probably also reflects magnetic anisotropy in the Ga=Ge bond.

An interesting observation here is that chlorosubstitution does

not show a marked decrease in the HGeGeH coupling constant in the

above chlorosubstituted compounds, nor in the chlorosubstituted

compound of (GeHSGeHZ)zFe(CU)4 (X or Y, see Tabls 7.1) in contrast

to the HCGeH coupling constant of NeGeHZNn(CO)5 (4,0 Hz) to

MeGeHCan(CD)5 (3.1 Hz) (141). Methyl substitution does not seem

to affect the chemical shift of the B—GeH3 group in the digermanyl

system as seen between G8H3G8H2

mMn(C0). and GeH.GeMe_ Mn(CO)..
5 3 2 5

The difference in the degree of shift by a methyl grcup and a

manganese carbonyl group on the GeHx resonance results in the

lone GeH resonance of the central germanium atom in GeH3GeHMeGeH3

and GeH,GeH [Nn(CO)S] GeH,; being on opposite sides of the strong

doublet signal of the GeH3 groups, which is in the region of the

GBSHB signalss
TGeH3 T GeH
X
6079 6,95
GBHSGeﬂzceH3 7 .
GeH3GeHMeGeH3 6.70 6,40
GeH,GeH [Mn(CD)S] GeH. 6.36 ?7.09

J(Hz)
4,0
3.9

4.4

These features are better illustrated in Fige. 7.8 and Fig. 7.9.
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Figure 7.8

Nmr Spectrum of

(GeHS)ZGeHMn(CD)s



" (GeH,), GeHMn (CO),




Figure 7.9

Nmr Spectrum of

Ge;Hg (54) and (GeHz)ZGeHMe (147)
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7¢2 The GeH3 and GeH2 Caformations

In Chapters 3, 4, 5 and 6, the vibrational spectra of the
various polygermanyl-transition metal carbonyls have been discussed.
The spectra were assigned by comparing with the spectra of compounds
containing the polygermanyl fragmgnt and with compounds containing
the metal carbonyl moiety. The most prominent peaks in the
spectra of the polygermanyl derivatives not gontaining the metal
carbonyl group e.ge. GezHSCl (133) are usually the GeH stretches in

the 2000 cm-1 region, the symmetric GeH3 deformation and the GeH
1

2

wags in the 700 cm ' to 800 em™ ! region,  The GeH, rocks at about
400 cm-1 are usually described as medium peaks, The carbonyl
stretches and MCO deformations are very intense vibrational modes,
As the compounds studied in this work contain both the polygermanyl
and the metal carbonyl groups, the absorptions due to ths metal
carbonyl moiety have been described as strong or very strong while
those due to the polygermanyl fragment appear as medium to very
weak peaks,

There are several interssting features in the GeH3 and GeH2
deformations of the compounds presented in the sarlier chapters
worthy of further consideration, These modes are listed in
Table 7.2 and illustrated by Fig. 7.10 and Fige 7.11. The
asymmetric and symmetric GeH3 deformations, and the GeH2 wags are
all of about the same contour in all the compounds listed in
Table 7.2, with the asymmetric GeH3 deformation band the weakest of
the threse. while the GeH2 wag is strongest in GeéHSCI, this band

is of similar intensity as the symmetric GaH3 deformation mode in

Ge.H_Me and in the transition metal derivatives. The GBH3
2'5



Table 7,2 GeH3 and GeH

2
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Deformations of the Polygermanyl-

Trarnsition Metal Caompounds,

(a) GeH . GeH,X (x = Cl, Me, Mn(CD)S, % re(co)a, Co(CD)d)

cl1 (133)

asym.GeH3 873R

869Q
(+CeH2 scissors)
863P

796R
GeH 792Q

787P

728R

GeH,, wag 721Q

2
716P

(b) (GeHs)ZGeHMn(CO)S and GeHzceHz(GeHS)Fe(CO)4

Me (134)
886
879
873

862

786R
781%

?75P

678R
672Q

668P

(GeHs)ZGeHMn(CU)S
(a)
Gasym.GeHS
(+ GeH Scissors)
2 800 ) in—-phase
and
8 GeH 774 ) out-of-phase
syme 3
GeH2 wag
&GeH 673
Note:

(a) Extremely weake.

Mn(co)5

870

792

683

1
2re(co)4 Co(co)4

875
876
860

789
(8410, 791

787
in-phase and
sut~of-phase
in solid=film
spactrum)

692 673
562
(in-phase and
out~cf-phase
symmetric wags)

GetzGeH,, (GeH,)Fe(C0)

874

860
813 (GeH3t1))

790 (59”3(2))

679



Figure 7.10

GeH3 and GeH2 Deformations

of GeHzceHZX Compounds
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GeH; and GeH, Deformations
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Figure 7.11

GeH3 and GeHx Deformations
of
(GeHS)ZGeHMn(CD)S and

GeHSGeHz(GeHS)Fe(CO)4
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GeH, and GeH, Deformations
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deformation modes are fairly constant, but the GeH, wag shifts

2
considerably showing highest vibratienal frequencies in

GeH,GeH,Cl followed by GeHSGeHZMn(CD)S, (GeH:,)GaH Fe(co)4 and

2)2
GeHSGeHZCo(CD)4 in that order. This band and the symmetric GeH,
deformation in the solid spectrum of (G'eH3GeH2)2Fe(CO)4 are split
into two, and are assigned to the in-phase and out-of-phase
symmetric GeH2 wags and GeH3 deformations, although the extra GeH3
band in the solid spectrum may arise from cr;stal splitting.

in GeHSGeHz(GeHS)Fe(CU)4 only one band is observed in the GeH, wag

2
region and occcurs at about the average of the two bands obtained
for the bis(digermanyl) compound, This is in much the same sense
as the two symmetric GeH3 deformation bands observed for

(ceH F:e(CO)4 (835 cm°1, 809 cm-1) whereas only one is present in

3)2
GeHS(H)Fe(CU)4 (821 cm~1) occurring near the average of the two
former bands (173).

Two symmetric GeH, deformation bands are observed in the
spectra of (GeHs)ZGaHMn(CO)5 and GeHSGeHz(GeHS)Fe(CO)4 (see Fige 7.11).
In the manganese compound, these are the in-phase and out-of-phase

symmetric GeH3 deformations, whereas in the iron compqund the two

bands are the symmetric GeH3 deformations of the two non-equivalent

GeH3 groups, GeH3(1) and GeH3(2).

763 Stability Order and Spectroscopic Evidences

So far, the stabilities of compounds have mainly been discussed
in terms of decemposition during handling, in the dark and on
exposure to light. By these physical observations, it was established

that the polygermanyl-transition metal derivatives are more stable
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than the germyl analogues. A second stability order has previously

been established (173) for the germyl-transition metal compounds ¢

! >
GeH3r1n(CD)5 (GeHz)ZFe(CD)4> GeH3Co(CD)4

The studies in this work show that such a stability order also
holds with the polygermanyl derivatives, Thus it seems the
manganese group confers the highest degree of stability, cobalt
carbonyl louest and the iron carbonyl intermediate stability to the
analogous complexes they form,. Addition of a second metal carbonyl
group to form the M=M'-M'=M systems as in [GeHZMn(CO)S] o and

[GeHZCo(CO) further enhances the stabilities of the digermanyl

4l 2
systems. Fige 7.12 provides a rough guide to the stabilities of

the germyl and polygermanyl cerivatives. Addition of a GeH3 group
to form the M'-M'=M system appears to be more stable than the M'-M

system. The Pauling-type electronegativities (300) of the group IV

elements are as follouws:
C = 2,55, 5i=1.°0, Ge = 2,01, Sn =1.96, Pb = 2,33,

Thus, excluding carbon, lead is the most electronegative group IV
metal while the electronegativities of silicon, germanium, and
tin are very similar., Photoelectron spectroscopy of M'HSN(CU)x
(vt =Cc, Si, Ge; M = Mn, Re, Co) compounds (249) shows the M'H,

groups to be weak O -~acceptors in the order

; 5 H
51H3 > GeH3 C -

No explanation is available as to why the SiH3 group should act
as a better O -—acceptor than the CH3 group, although an interpretation

may be that ths larger size of the Si atom or of the SiH, group



Figure 7,12 Relative Stabilities (a) of the Germyl and Polygermanyl Derivatives

GeH, [GeHZMn(CD)S] 2
Ge,He (GeHs)ZGeHNn(CD)s
Ge;Hg GeH3GeH2Mn(CO)5
GeyHag GeH,Cl GeHsmn(CU)s (GeHaceHz)ZFB(CO)a [GeH2Co(CU)4] 2
GeHsceHz(GeH3)Fe(CO)4
(GeHS)zFa(CU)4 ceH3GeH2r:o(co)4
GBHSCO(CO)4
GeH,GeH,Cl
(GeHs)ZGeHCl(?)
\ 4
Decreasing Stability
Note:

(a) The relative stabilities are based on physical observations in a vacuum system, i.,e. rate and extent of

decomposition during handling, in the dark, on exposure to light at room temperature and thermal

decomposition.

aLe
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allows for more diffusion of charge, or the polarities and
polarisabilities of the M'=H bonds may be a determining factor.

In studies with the permethylpolysilanyl-manganese system
(257), (MeSSi)nNes_nSiMn(CO)5 (n = 1=3), the results have been
interpreted in terms of Ag ~donor/A T —acceptor Graham
paramesters of the Messi groups. The trend in the calculated
parameters are consistent with the postulation of two conflicting
effects, Starting with the MBSSi derivative there is an initial
increase in o -donor/T -acceptor ability with B =-silicon substitution
(n = 1) which is explained in terms of electron release by - the
Messi group and d-orbital availability for delocalised T ~bonding.
Further substitution (n = 2,3), howsever, reverses this trend as the
steric requirements of the polysilyl ligand increase and non-bonded
interactions lengthen the Si-Mn bond. (The Si=Mn bond in
(Messi)SSiMn(CD)5 has been shown (258) to be significantly longer

than that in Me,SiMn(CO)g ). The results also infer the existence

3
of T=contributions to the M-Mn bonds. No attempt is made at
calculating the Graham parameters in the studies with the polygermanyl
systems here for two reasons. Firstly, such a calculation requires
accurate measurements and assignments of the carbonyl modes of
vibration. The spectra of the series of compounds should preferably
be recorded under exactly similar conditions including'similar
sampling method to avoid phase shifts. anortunataly, the spectra

of the reported germyl compounds (162,173,183) were recorded as gas
samples, while the vapour pressures of the polygermanyl derivatives

are too low to allow this and the spectra have thus been recorded

using solution samples. Although, in many cases, solid state spectra
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were also obtained, assignments of the vibrational modes are least
reliable due to the possibility of crystal splitting effects.,
Secondly, Raman studies were not recorded of the carbonyl regions,
partly because of decomposition of the compounds, particularly the
iron and cobalt ones in the laser beam of the Raman spectrometsr,
Only the 0-500 t:.rn'-1 region was scanned in most cases. Howevsr,

3
and (GeHSGeHZ)ZFe(CD)4 can be compared as they were all recorded

GeHsceHZMn(CO)s and (GeH3)2rseHMn(c0)5, and GeH GeHz(GeHz)Fe(CD)a

under similar conditions, The strongest carbonyl band betuwaen
the manganese compounds (the e mode, see Tables 3.2 and 5.4) and
the two strongest bands between the iron compounds (the a' or

a, + b, modes, ses Tables 6.5 and 6,2) show little variation which

1 2
may indicate absence of Ao —~donor/AT —acceptor contributions or
that such effects are cancelled by the increasing non-bonded
interactionse.

Table 7.3 gives tha M=C, M'=M and M'-M" stretching freguencies
along with the force constants based on a "pseudodiatomic!" medel.
The M=C stretching frequency of tha various compounds of each

transition metal group remains almost constant and mass alteration

by addition of GeH, groups does not seem to affect the vibration

3
of this bond, probably because of the large energy difference

between the metal-metal and metal-carbon bonds. Thus, the increasing
trend of the force constants calculataed for the M=C stretching
frequencies is a clear indication of the inadequacy of the
npseudodiatomic” model. The decreasing frequencies of the MM
bond with addition of GeH3 group does not necessarily mean a decrease

in bond strength. In fact, the reverse is reflected by the bond



Table 7.3 M-C, M'=M and M'=M' Stretching Frequencies (cm-1) and

0 -1
Force Constants (mdyn. A )(a)

Co
mpound ViM=C fN-C VM =M fm,_m WUAE U
GeH3Mn(CD)5 409 2,48 219 1.56 -
GeHsseHZMn(CU)S 409 2,54 205 2,12 273
(GeHs)ZGeHMn(CU)s 408 2,56 191 2.24 264(b)
GeHz(H)Fe(CO)a 432 2,72 226 1459 -
(ceHS)zre(co)4 436 2,86 223(b) 1,72 -
GeHsGeHZ(GeH3)Fe(CO)4 434 2,89 223 1.82 268
202 2,25
(GeHSGeHZ)ZFe(C0)4 433 2,9 205(b) 2,54 268(c)
GeH3Co(co)4 421 2,59 228 1.63 -
ceHSGeHZCo(co)4 415 2,59 205 1,99 269
GeH,GeH, - - - - 268
GBHSGBHZGeHs - - - - 266(b)

(a) Based on vpseudodiatomic" modele

(b) This is the average value of the asymmetric and symmetric

stretchese.

(¢) The asymmetric stretch, if present, has been considered weak
and overlapping with the strong polarised symmetric Ge-=Ge

stretch (see text in 6e3e3)e

(d) This value is obtained by more accurate valence force field

calculations (54,58).
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N'-M'

2,63

2,58

2,62

2,66

2.50

1.63

1.60(d)
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force constants, but unfortunately, the "pseudodiatomic" model seems

to overcompensate the increased mass effect thus giving the
exaggerated values, The values obtained for the M'-=M' bond appear
to be better approximations showing the expected small differences

between values as observed betuween GezH6 and GBSHB obtained by more

accurate means, It is reasonable, where the asymmetric and

symmetric modes occur, to use the averags value of these, For

example, the asymmetric Ge-=Ge stretch in GeH.GeH.GeH 1

3 2 3

and symmetric is at 245 c;m-1 averaging to give a value of 266 cm

is at 288 cm

1

9
which is close to the Ge-Ge stretch of 268 c:m'-1 in GeHSGeH3. The
Ge=~Ge bonds in these two metal hydrides have been shown to have near
equal force constants (ca. 1.6 mdyn, K -1) (54,58) by valence force
field calculations,. Although there appears to be interaction
between the Ge-=Ge and Ge-Mn bonds in GeHSGeHZMn(CO)5 by comparing
the frequencies of these bonds with those in GeHSMn(CD)5 and GBZHG’
the Ge-Ge stretching frequencies are hardly changed in GeH3GeH2(GeH3)f§(CD)4,

(GQHSGQH Fe(cD)4 and GeHSGeHZCO(CD)a, which may suggest little

2)2
interaction, but because there is little energy difference between
the Ge-Ge and Ge-=M bonds in these compounds, interaction is liksly.
The constant Ge-Ge stretching frequencies in the latter compounds may
reflect mass compensation effects.

Euidence for possible increase in the M'=M bond strength is
drawn from the ion abundance of species retaining this bond in mass
spectroscopic studies. Table 7.4 lists the ion abundance of this
species for the various compounds in this work. There is a clear

trend of increased ion abundance of Ge=I1 retaining species from the

243 to the
germyl to digermanyl cases. Further addition of a GeH; group t



Table 7.4 Ion Abundance of Species Retaining the Ge-M Bond in
Mass Spectroscopic Fragmentation of the Germyl and
Polygermanyl=Transition Matal Compounds

Ion Abudance of Ge=M
Retaining Species (%)

GeH3Mn(c0)5 80

GeH3GeH2Mn(CD)s 88

(GeH3)2GeHMn(c0)5 88

83

(GBHS)ZFe(C0)4

87
GeH3GeH2(GeH3)Fe(C0)4
86

(GeH,GeH, ), Fe(C0), (86)

78

GeHSCo(CO)a

(86)

GeHSGeHZCo(CO)4

88

Mn(CO) ;GeH,GeH,Mn(C0) g
- 96

CO(CO)4GeHZGeHZCo(CO)4

Note: Values within parentheses are calculated values

(see text in 4.3.2 and 6¢362)e
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o~germanium in GeHSGeHZMn(CD)5 to give (GeHz)ZGeHMn(CB)5 does not
seem to alter this ion abundance. This may be explained by the
supposition of two conflicting effects. Addition of the GeH3
group increases ¢ —electron withdrawal from the carbonyls presumably
increasing the Ge-M bond stretch; but this extra GeH3 group also
increases steric crowding, possibly with increased repulsion betwesn
the GeH, groups and the Mn(CU)5 group and probably increased Ge-M
bond length leading to a weaker bond, Thus the retention of the
Ge-=Mn bond remains unaltered. This is, perhaps, again seen between

GeHsceHz(GeHs)Fe(CO)4 and (GeHsGeH

,),Fe(C0),.  The high ion
abundances of such species in the compounds containing the M=M'=[*=M
skeleton seem to suggest further stabiligation of the Ge-M bond on
addition of a second Mn(CD)5 or Co(CD)4 group to the digermanes system.
The increased ion abundance of species retaining the Ge-M bond may
also be an artefact of increased statistical probability of obtaining
such species during mass spectral fragmentation. We must, however,
recall the uncertainty in the HxGez+ and HxGe+ abundances in the mass
spectra of the digermanyl-cobalt and bis(digermanyl)iron compounds,
thus the ion abundance of Ge-M bonded species in the fragmentation of
these compounds must be treated with some caution.

Nonetheless, the above evidence appears to be compatible for
comparison within the family, i.e. of compounds cantaining the same
transition metal (even if it does not allow cross—comparison betwesn

compounds of different transition metals) which may help explain the

observed stability order:

Mn > Fe > Co
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This was also the case in mass spectral studies by Lappert et al,
(241), Stobart (234,242,243) and Spalding (244) on X,M'ML_ compounds
(X = me, Ph, Cl; ™' = si, Gey SNy M = Cr, Mo, W, MNn, Re, Fe, Coj

L = (CO)X, (CU)xCp). These have been discussed in the
introductory chapter (see pages 344 37 and Table.1.8). In many
instances the ion-abundances showed good supporting evidence for
conclusions reached from the M'=M bond dissociation energies
calculated from appearance potentials,

The grcup IV metal~-group IV metal exchange reaction bstwsen
GezHSCl and GeHsco(CU)4 gives chemical evidence suggesting the
digermanylcobalt compound to be more stable than ths germyl one,
and the reverse for the chloride, Although the above spectroscopic
evidence is somewhat sketchy, this reaction offers good support to
physical observations of the greater stability of the polygermanyl-

transition metal compounds,

7.4 Reactions

The reactions of the polygermanyl—transition metal carbonyls
have besn discussed to some extent in their respective experimental
chapters., Comparisons with the germyl analogues of these compounds
have shown there to be little difference in the substitution
patterns; cleavage reactions and transition metal exchange reactions.
HgCl, cleaves only the Ge=Co bonds in GeH3GeHZCo(CU)4 (4.3.5) and
cg(co)aceHzceHZCo(cu)4 (5.3.5) with little evidence for Ge-Ge bond

cleavagee. The transition metal exchange order in the germyl

compounds,

Co —> fa > Mn
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is retained with the polygermanyl compounds (4,356 and 6.3.4),
It has also been established that halide-transition metal carbonyl
exchange or group IV metal-group IV metal exchange is possible
between two compounds with a weak M'-X bond (X = functional group =

Cl or Co(CU)4) with exchange giving a thermodynamically more
favoured system (4.3.4).

Substitution is mainly of the hydrogens on the O~germanium.
The substitution rates have been found to be depsndent on reagent
size as observed by the decreasing rate of substitution at the

O-germanium in the order,

>> i > <<
CCl4 SJ.Cl4 GeClQ SnCl4

Although SnCl4 reacts extremely fast, largely because of the weak
Sn=Cl bond, no 1,1-dichlorosubstitution has been observed,
Reactions have revealed evidences for some 1,2~-dichlorosubstitution,
It has also been shown how addition of extra GeH3 groups as between
GeH3Mn(CD)5, GeHsceHzmn(CO)s and (GeHs)zceHMn(CO)s, and between

(GeH,) Fe(CO) ceHSGeHZ(GeHs)Fe(co)4 and (GeH,GeH,) Fe(C0),

3)2
introduces steric hindrance to substitution by decreasing rates and
less extensive substitutions (ses sections 3.3.3, S.3.4 and 6.3.5).

Comparing the rates of reaction of the Gaszx compounds

(x = Nn(CU)s, %Fa(cg)a, Co(CU)4) another reaction order is recognised,
mn(co)g > %Fe(co), > Co(CO),

The Mn(co)5 group appears to activate the hydrogens on the
o~germanium towards substitution, the Fe(CU)4 group conferring
activation to a lesser degree. Co(CD)4 group is completely non-
activating, and no hydrogen substitution of a group IV (hydride)=-

cobalt compound has yet been obssrved, Substitution reaction allous
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the possibility of stepuwise addition of a metal carbonyl group but
substitution with the metal tetrahalides M'X4 has the disadvantage
of some polychlorosubstitution or incompletely specific substitution,
For example, GezHSMn(CO)5 reacts with CCl, to yield

GeH:,JGeHCan(CO)5 (7%) and GeHzceClZMn(CD)5 (40%)s with GeCl, the
yields are reversed - GeHzceHClr’In(CO)5 (529), GeHBGeC12Mn(CO)5 (6%).
with SnCl4 (53) a mixture of GeH3GeHCan(C0)5 (78%),
GeHZClGeHCan(CO)S (14%) and GeHZClGeHZMn(CO)S (6%) is obtained.
Several attempts by the author to prepare GeH

GeH [Nn(CD)S] were

3 2
unsuccessful, The problem was mainly in the difficulty of obtaining
some pure GeHSGeHCan(CO)s. An attempt at direct Mn(CD)g'coupling
with the products of GeHsceHZMn(CO)S/SnCI4 reaction was also
unsuccessful as Naf"ln(CD)5 anion is sensitive to SnC12.

The substitution reactions have .also established the halo-
substituted polygermanyl-transition metal carbonyls to be very much
more stable than the halides of the polygermanes, This is presumably

because the O—germanium atom and substituents on it are protected

by both the GeH. and metal carbonyl groups. The strong

3
electonegativity of the chloride is reflected by the higher carbonyl

vibrational frequencies showing a reduced back-donation of electrons
from the transition metal to the T * -orbital of the carbonyls.
Sodium—ammonia solution mainly cleaves the metal-mstal bonds
in GBSHB and GeHsceHZMn(CU)5 in a guantitative manner. It is also
shown that evolution of hydrogen may not only be due to high e~
concentration in the solution but also that one or more of the

anions produced may also be reactive. This side~reaction can,

perhaps, be reduced by direct quantitative reaction instead of



titration,. This way the anions produced will have little chance
of further reaction with the parent hydrides. This is a

potentially useful analytical reaction for studying compounds

containing metal-metal bonds as in, for example, the ring structure

[GeHzFe(CU)al 2¢

765 Conclusion

It is probably proper as a conclusion to briefly speculate
on the greater stability of the polygermanyl-=transition metal
cacrbonyl derivatives., It appears possible to interpret the
increas>d stability as one invelving synergic contributions.
Photoslectron spectroscopy (249) shouws the GeH3 group to be a wsak
O-acceptor. Increased withdrawal of carbonyl O-electrons via
the Ge-M bond (M = Mn, Fe, Co) on addition of a GeH, group is
presumably reciprocated by an increased back-donation of available
d—orbital electrons of the transition metal into the T *-orbital
of the carbonyl. Such a possibility would mean an increase in
the M-C, and possibly even the Ge-M and Ge-Gs bond strengths.
Alternatively, the increased stability may be due to an increased

protective cover of the reactive apGeHx group by the addition of a

GeH., groupe

3

220
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APPENDTIX T. ATTEMPTED SYNTHESIS OF GERMYL(SILYL)IRONTETRACARBONYL

As described in Chapter 1 (1.4.3(e)), the equimolar reaction
between Mn(CD)s- and (GeH3)2Fe(CD)4 formed only GeHsFe(CD)a- (198).
The analogous transition matal exchange with (GBZHS)ZFS(CD)4 was
successfully used to synthesise the unsymmetric compound,
sesz(GeH3)re(co)4 (Chapter 63 6.3.4)s The only known transition
metal derivatives of mixed group IV metals are of the type

Me SiRu(CD)am'R

L —_—
3 (m Ry = Me

. 5Sny Ph;Sn or BuSGe) (301)s Treatment

of [R3SiRu(C0)4] 2 with sodium amalgam affords the anion
NessiRu(CO)a- which was used in alkali-halide elimination reactions
to produce the above series of ccmpounds,.

In this first part of the Appendix, the attempted preparation
of GeHz(SiH3)Fe(CO)4 via metal-metal exchange, and its partial
characterisation are described. The preparation was approached
from opposite directions starting from (GeHz)'zFe(CD)4 (173) and from

(SiHS)zre(co)4 (168,169).

Summary of data relating to preparation of starting materials:

SiH,Cl (140)

——————

12 hours .
—_—
SiH4 + SnCl, T 51H2C12 + 51H301
ca, 7 mmol 4.3 mmol < 5% ca. 1.7 mmol
+ HCl1 + SrtCl2
SiHgBr (302)
LiAlH, HBr

CelsSiCly Ee g CeHgSiMy  Ta, 40 mmol’ 66

ca, 18 mmol. ca. 15 mmol,
+ SiH,Br + HBr

ca. 11 mmol (excess)
(60297 )

HBr was prepared by action of bromine on tetrtalin (305).
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(GeH;) Fe(co), (173)

| - 63 °C
a + Fe(CO >
(co)g 30 min. Na,Fe(Co),
4,27 mmol 2,62 mmol + Fe(CD)5
in 13 ml NH. (unreacted, 0.93 mmol)
n=pentane R
GeH.Br + Nazre(co)4 T, > (GeH3)2F9(50)4
3079 mmol. ca. 1,69 mmol 25 min, 0.59 mmol,

34,9% based on Fe,
EeS57T (cof. 64507 ref.173)
+ GeHz(H)Fe(CO)a
trace

+ GeHsar/pentana/Hzre(co)4 mixturse

+ GeHa
0.3 mmol,
(51H3)2re(c0)4 (168,169)
o
-63 C _
Na + Fe(CU)5 o i > NazFe(CO)4
7.4 mmol 5,29 mmol
in 25 ml of NH, + Fe(CD)5
(unreacted, 2.01 mmol)
n=hexane .
__—» i
SiH.Br + NazFe(CU)s R T, (s H3)2Fe(cp)4
ca. 7.50 mmol ae 327 mmol 1.1 mmol, 33.6%

—

based on Fa, 6.45T
(co.fs 6.33T neat, ref. 169)
+ SiHS(H)Fe(co)4

0.16 mmol, 4.4%

+ Hzre(co)4

traces

+ SiHSBr/haxana mixture
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Data relating to preparation of GeHSFe(CO)ASiH3:
From (GeH3)2Fe(C0)4
Et,0
' —
(GeHz)zFe(CD)4 + NaMn(CD)S T GeH3Mn(CO)5
0.55 mmol (1% Na/Mg, -0 ™M 0,35 mmol,
. . 71T
0.21 mmol an(c0)10) 6471
+ GaH;Fe(CO),Na
(yellow-orange raesidue)
+ (GeHS)zre(co)4
(unreacted, ca. 0.1 mmol)
Et,0
i —_—
GeHsra(co)ama + SiH;Cl R GeH3Fe(CD)451H3
ca, 0,35 mmol 1.1 mmol 30 min. 0,254 mmol,

(72% based on GeHSMn(CD)S)
+ X + NaCl

+ SiHSCl

(0,05 mmol)

No incondensibles notede.



From (SJ.HS)ZF‘B(CU)4

Et, 0

2 o e
(Sin)zFe(CO)a + NaMn(co)5 R 51H3Nn(C0)5
0.53 mmol (1% NaHg, 1 hour 0.39 mmol,

0.27 mmol an(co)10) 6.,40T
+ 51H3Fe(C0)4Na

+ (51H3)2Fe(co)4

(unreacted, traces)

+ scme incondensibles,

Et,.0
. 2 .
slera(co)dNa + GeHyBr T SleFe(CO)aceHs
ca. 0.39 mmol 0,50 22 ™M g 53 o1, sa4.6%
mmol

based on 81H3Mn(C0)s
+ X <+ NaBr

+ GeHBBr/ether mixture

Spectroscopic data show thas products of the preparations by the

two approaches above, to be identical, It consisted of a white

224

crystalline mixture later identified as GeHS(SiHs)Fe(CO)a, together

with traces of (GeH3)2Fe(CU)4 and a third componsnt X, liquid at
room temperature and having near equal vapour pressure so that
separation was difficult. This accompanying liquid phase seemed
to increase in quantity with manipulation,

Like (GeHz)zre(co)4 (173) or (SiHS)zre(co)4 (168,169),
GeHz(SiHS)Fe(CU)4 forms white crystals with a vapour pressurs
ca, 2 mm Hg at room temperaturs. The compound does not show any
decomposition in the dark, but rapidly turns brown on exposure to

light. When exposed to air there is a flash but no axplosion,
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leaving a brown solid film on the wall of the vessel.
The nmr spectra of the product mixtures from the two
preparations were similar. Two singlets of equal intensities at

6.35T and 6.63T were assigned to the SiH., and GeH. resonances

3 3
respectively, A third singlet at 6,58t about 1.5 times the
intensity of the two singlets above was assigned to X which is
possibly (f3n=.~|-13)2|»‘e(co)4 or SiHS(H)Fe(CD)a or both although no Fe=H
signal could be found in the 20T region because of high noise
levels in the recorded spectra. The above assignments compara
well with other germyl-silyl derivatives listed in Table Al.1.
It is interesting to note that the resonance signal of the SiH3
group in GeHs(SiH3)Fe(C0)4 falls to lower field than the SiH3
signal in (SiHs)zFe(CU)a, but ths GeH, signal falls to high fisld
of GeH, signal in (GBHS)ZFB(CD)A' Hence the positions of the
signals of the SiH, and GeH, in GeHSFe(CD)ASiHS, if they are
controlled primarily by inductive effects, suggest that the
glectronegativity of germanium may be greater than that of silicon.
This is consistent with the electronegativities of 1.90 and 2,01,
respectively, which have been proposed for silicon and germanium
(300). This is again featured between SiH3GBH3 and SiH:,’SiH3 and
GaH369H3 in cyclohexane solutions (see Table Al.1). quther
characterisations were obtained from mass and infrared spectra.
The mass spectrum listed in Table AI.2 again showed the

presence of at ljeast two components in the product mixture, but

the monogermyl envelopes attributable to H GeSiFe(CD), featured

prominentlye.
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1

Table Al.1 H NMR Data of some Germyl-Silyl Derivatives and
Related Compounds
Solvent Chemical shifts,T Ref.
SiH, GeH,

(SiHs)zFe(C0)4 (b) CeHg 6.45 (a)
SinFe(CO)aceHs CeHg 6435 6.63 (a)
(ceH3)2re(cn)4 (c) CeHg 6.57 (a)
GaHS(H)Fe(CU)é 06H6(19.87 FeH) 6.65 173
SiH,GeH, (d) CeHg 6.74 7.05 58
Si.H5CH,GeHy (e) CeHaa 6429 6037 303
Si,Hg CeHip 6.75 304
Ge,Hg (f) CeHg 6092 (a)

(a) This work
(b) ce.f. 6.33 T of neat liquid, ref. 169
(c) c.f. 6,501 in CDgy ref. 173

(d) 3J(HSiGeH) = 3.5 Hzj c.f. SiH; = 6.60T 4 GeHy = 6.98T in

. (36
CeHypo ref. (36).

(e) TCH, = 9.60, 3J(HCGeH) = J(HCSiH) = 3.9 Hz. in C.H.,

(f) 6.76T in CH,,s ref. 280
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Table AI.2 The Mass Spectrum of GBHS(SiHS)Fe(CO)4

m/e observed Relative intensity Assignment
269-277 vu H GeSiFe(c0),*
x = 342,1 in ratio
2 :10 ¢ 2
238-245 ‘w HxGeSiFe(C0)3+
+
or HxGaFe(CD)4
x = 1,0 in ratio
8 : 10
210-218 m HxGeSiFe(C0)2+
+
or HxGeFa(C0)3
X = 3,2,0 in ratio
5:5: 10
182190 m H GesiFe(c0)”
+
or HxGeFe(CO)2
x = 2,1,0 in ratia
5 :10 ¢ 5
siFe*
154=-162 S H, GeSiFe
or HxGeFe(CD)+
x = 2,1,0 in ratio
6 : 4 210
+
126=136 s HxGeFe

x = 1,0 in ratio

1 : 10
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Also present in the mass spectrum are digermanyl envelopes
attributable to (GeH3)2Fe(CD)4 (173,279) with a very weak parent
ion envelops but moderate to strong HxGezFe(CD)n+ (n = 0=3)
envelopes, strongest being HxGezFe+. The mqnogermyl envelopes in
Table AI.2 except m/e 269-277 could in part be contributed by
HxGeFe(CD)n+ species resulting from Ge-=Fe cleavage of (GeH3)2Fe(CD)4
followed by CO loss but the presence of the m/e 269-277 envelope
clearly indicates the parent ion HxGeSiFe(CO)4+. The expectsd
base peak of GeH,(SiH,)Fe(C0), is HxGeSiFe+ at m/e = 154=162.
A strong envelope was observed which may also in part be attributable
to HxGeFe(CO)+ from (GeH3)2Fe(CG)4. The HxGeFe(CD)+ envelope in
the mass spectrum of a pure sample of (GeH3)2F9(C0)4 is of medium=-
weak intensity. The spectrum obtained of the impure GeHS(SiHa)Fe(CO)4
showed this envelope to be as strong as the base peak HxGezFa+ of
the bis(germyl}iron by=-product. Thus the envelope at
m/e = 154=162 is largely due to HxGeSiFe+. Another distinguishing
feature is the weak peak at m/e = 196, This was probably due to
SiFe(CD)4+o The possible presencse of SiH3(H)Fe(C0)4 was difficult
to analyse from the mass spectrum as fragment ions that can arise
are in regions of the fragment ions of the above two compounds.

The infrared spectrum of the product mixture is sqmmarised in
The infrared spectrum shouws absorptions in

Table Al.3 belaw.

39 cSGeH3 and & FeCO.

i i bands closely resembls
The contours of the SJ.H3 and GeH3 deformation y

—1 -
Two weak doublets at 755 cm and 728 cm

regions expected for vSiHS, vGeH, &SiH

1
those for SiH;GeH, (36).

tentatively assigned to SFeH, and the peaks tentatively assigned
en

to OSiH, varied in intensities in different spectra, possibly
3
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Table AI.3 Infrared Spectrum of Product in GeHS(SiHS)Fa(CO)4

Preparations (cm~1).

Tentative Assignment

2126 vvu VSiH
2099 mu VCo
ax
2068 vu VGeH
2041 wvs g' VCOo
2019 vs )
13
1985 vvu v CO
962 vuw )
) §siH,
954 vu )
831 w ;
822 mw % GGeH3
807 mu )
55 vvw )
K ) SFeH ?
728 uw )
666 vuw
628 m SFaCO

598 vvuw SFeH ?
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indicating presence of the slightly more volatile SiHS(H)Fe(CD)a.
The absorptions assigned to 5GeH3 and S FeCO weakened over
6 hours with deposition of a brown film in the gas cell, possibly
indicating decamposition of the less stable (GeH3)2Fe(CU)4.

An infrared spectrum was also recorded of a cyclohexane
solution of the non-volatile orange residue left in the preparative
reaction vessel after removal of all volatiles. It showed VvCO
and GFeCO absorptions and weak peaks at 940, 860, 870, 805-830,
770, 715 and 650-658 (cm-1) possibly indicating some high molecular

wsight iron compound containing SiH or GeH or both.

GsHS(Sin)Fe(cu)d + sicl,

A sample of GeHS(SiHs)Fe(CD)4 together with by-product
component(s?) in SiCl, was observed with the nmr. The singlet at
€.63 T assigned to GeH,Fe of GBHS(SiHs)Fe(CO)4 weakened slowly over
45 days when it was a third of its original intensity. The singlet
at 6.35 T assigned to SiHSFe remained unchanged, No signals
attributable to any chlorosubstituted products were observed, thus
whether the weakening of the GeHsFe signal indicated chloro=-
substitution on GeH3 is still open to doubt. The singlet at 6.58T
earlier assigned to either (GaHs)zFe(CO)4 or SiHs(H)Fe(CO)4 or both
waakened only slightlye.

(GeH3)2Fe(CU)4 has been reported to monosubstitute with

5iCl, readily {174). (51H3)2re(c0)4 does not substitute with
sicl, (see Appendix 11). Thus the singlet at 6.58t is probably

4 .
due to overlapping singlets dus to (GBHS)ZFQ(CO)4 and SiH;(H)Fe(CO),
as it showed only slight weakeninge. Preliminary studies with

GeH,5iH, (36) and with GeH,CH,SiH, (303) indicated Si-H substitution,
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APPENDIX II., OTHER RELATED REACTIONS

These reactions were studied either to clarify some reactions

presented in earlier chapters or for comparisons,

(51H3)2re(co)d + SiCl,

(SiHs)zre(co)4 (0,058 mmol, 6,37 T ) in SiCl, with TMS as
reference was observed with ths nmr. No changes were observed
over 100 hours,

This experiment shows the Si=H bond in (SiH3)2re(co)4 to
be resistant to substitution by SiCl4, unlike the Ge-H bond in
(GeHS)ZFa(CU)6 which undergoes substitution readily (174) with

51014. GeH.CH.SiH., is the only compound containing both a

372 3

GeH3 and a SiH3 group to have clearly shown substitution (330).
Reaction with HCl1 at room temperature over AICI:5 forms

GBH3CH251H2C1 and'GeHsCHZSLHClzo

(SiHS)ZFe(CD)‘ + GeHBr

(SiHB)ZFe(CO)4 (0.28 mmol) and GeH,Br (0.23 mmol) were
sealed in a nar tube with benzene and observed at intervals at
room temperature. Although a trace of SiHSBr was observed at
6,29 T, no significant changes occurred over 50 hours except some
disproportionation of GeH.Br (6.01T ) after 24 hours to give
GeH, (6.96 T) and GeH,Br, (5.23 7).

This experiment was performed to see if an alternative

) . . s i dom
approach to (;aHS(SJ.HS)Fe(CO)4 is available, via direct halide

transition metal exchange without going through metal-mstal

exchange as in appendix I, where by-products were also obtained

together with GeHB(SiHS)Fe(CO)a.
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SiH;Co(C0), + GeH,Br

SiHSCo(CO)4 was prepared as in (200), SiHSCO(CO)4
(0.13 mmol) and GeHSBr (0.10 mmol) were combined with benzene.
in a nmr tube, Reaction was fast and complete in 5 hours.
Initial reacticn was observed after 30 minutes. The GeH3Br
singlet (6.017T ) weakened faster than the SiH3C0(C0)4 singlet
(6.08 T ) to give rise to two new singlets at 6.40T and at 6,967 ,
the latter attributable to GeHa. A weak singlet at 5,081 and
towards the end of the reaction another weak singlet at 6,297
also started to show, The solution became increasingly broun as
reaction proceeded, GaH4 was confirmed on opening of the tube
and examination of volatiles. The tail fraction consisted of a
colourless liquid of very low volatility. I.t, spectrum of a

gas sample showed strong carbonyl stretching bands in the 2000 Cm-1

region and three weak absorptions at 950 cm-1, 825 ¢:.m-1 and 550 cm'1.

A non—volatile brown-red residue was left in the tube.
This reaction was performed to see if a halide=cobalt
carbonyl exchange would occur in the system. The changes observed

were difficult to intarpret, especially the evolution of GeH4.

This could not have arisen from GeHSBr disproportionation as this

is a slow process. As no GeHsco(CD)4 or SiH,Br were observed, an

exchange was unlikely to have taken place, It was initially

thought the exchange did occur followed by a rapid disproportionation

i te experiment showed no
between 51H3Br and GeHsBr, but a separate exp

reaction between the twoe.



Trial Reaction Between GezHSMn(CU)5 and GeH3Co(C0)4.

GezHSMn(CO)5 (24.5 mg, 0,07 mmol) and GeHSCo(CO)4 (20,0 mg,
0.08 mmol) were combined with benzene and the 1H nmr obsarved at
room temperature, A weak triplet=iike signal of unequal
separation between peaks (6 Hz, 4.2 Hz) was observed after a week,
This is probably a doublet signal (6.0 T, J = 4,2 Hz) with a
singlet signal near to it. A further singlet at 6.86T assigned
to GeH4 was discernible after a second wesk, The tube was opened
and all volatiles, including unreacted starting materials, were
removed and the solid residue subjected to prolonged pumping on
the vacuum line. GeH, (ca. 0.03 mmol, identified by i.r.) was
detected amongst the volatiles.

The residues were again dissoclved in benzene and an nmr
spectrum recorded. It showed the doublet and singlet signals
near 6.0 T with the possibility of another two sets of triplets
at 5,78 T and §.387 (J==6Hz). A mass spectrum of the residuss
showed masses up to m/e = 440, Both characteristic Gez+ and Ge*
envelopes were observed. Also present was the carbonyl loss
pattern showing the presence of at least 9 carbonyls. Overall,

however, the mass spectrum showed a mixture of compounds, although

o+
the envelope at m/e = 440 represented the Co(CO)QGeMn(CO)5

pecies an i.r. spectrum recorded showed absorptions assignable
S .

to VCO, OGsH,, 8MnCO, &CoCO and VCoCe.

This experiment was performed out of interest to see if there

js reaction, and if there is, whether it is a metal-metal exchange,
(%3

i - i wn(C0). or
a Co(CO), substitution on the a=-germanium of GezHSIn( )g

because of steric crowding at the o~-germanium, a substitution on
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the GeH3 group, Metal-metal exchange would resemble the halide-

transition metal carbonyl exchange betwsen Ge,HCl and GeH_tCo(CO)4
but this is unlikely because of the high stability of GeZHSMn(CO)S.

Substitution on the @ -—germanium by Co(CD)4 is expected the most
likelyv,

The results are not at all clear, especially interpretation
of the nmr. The doublet signal at 6,0 T may in fact be the GeH,

signal of GeH GeHMn(CD)SCO(CO)a although the two weak triplet signals

3
may indicate presence of GeHZCo(CU)aGeH2Mn(CD)5. The ion of
m/e = 440 attributable to Co(CD)aceMn(CD)S+ may arise by, say,
H, Ge elimination of GeHSGeHMn(CO)SCo(CD)A. Alternatively, this
ion could have arisen from Co(CD)aceHZGeHZMn(CO)5 by H _Ge
@limination accompanied by a 1,2-migration of a transition matal
group as ssen elsewhere in this thesis, The infrared spectrum
offers further evidence for the presence of both Mn(CU)5 and
CO(CO)A’ Although the final product may be a mixture of the

1,1= and 1,2—disubstituted species, this reaction shouws it is

possible to substitute a hydrogan on GezHSNn(CD)5 with Co(CG)d.
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