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ARSTRACT

This work reports the reactions of YaCo(C0), with GeCly,,

GeBr MeGeCl MeGeBr and Me,.GeCl,. and of Co?(CO)8 with

y? 3° 3’ 2 2

germanium hydride derivatives, along with the isolation and
characterisation of their products. Amongst these are the

new compounds ClGe[Co(CO)u]3 R BrzGe[Co(CO)u]2 , BrGe[Co(CO)u]3,

MeCeClQCo(CO)u , MeGeRr CO(CO)q s MeGeCl[Co(CO)u]2 s

2

MeGeBr[Co(CO)u]2 5 GeCou(CO)ll and Ge[Co(CO)uJu . There

[}
T

have alsc been indications of MeGe[Co(CO)4]3 and some

spectroscopic data have been collected for Me GeRrCo(CO)q.

2

The proposed configuration for GeCoq(CO)14 is a novel
extension of the already-established germanium - bridged
dicobalt carbonyl derivatives. The relationships between
and interconversions of three tetracobalt derivatives of
Germanium are discussed.

A review of Group IVB - Cobalt carbonyl derivatives is
presented along with a discussion of the mass and infrared
spectra of compounds prepared in this work.

Some of the chlorogermyl cobalt carbonyl derivatives
prepared in this work have been reacted with NaMn(CO)s.

Under this competition situation, metal carbonyl exchange

has been found to be favoured over alkali halide eliminaticn.

e.g.

ClGe[CO(CO)MJ3 + 3NaNn(CO)5———e ClGe[Mn(CO)5]3 + 3NaCo(CO)u

However, this svstem is subject to substituent effects.
Preliminary studies on the Germanium derivatives of

Rhenium and Vanadium carbonyls are also reported.
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ABDRTYVIATIONS

The following abbreviations have been used as defined

below in various parts of the text

Me = Methyl , CH,

Et = Ethyl , C,H.

Pr = Propyl , C3H7

Bu = Butyl , C,Hg

Ph = Phenyl , C.Hg

a-Np Co= a-Naphthyl , Cj,H,

acac = Acetylacetonate , CSH7O2

Cp = Cyclopentadienyl , CSH5

TMS = Tetramethylsilane , (CHB)uSi

EtZO = Diethyl ether , (CQHS)QO

THF = Tetrahydrofuran , C,Hg0

diglyme = Diethyleneglycol dimethyl ether ,
CH3O(CH2CH20)2CH3

nmr = Nuclear Magnetic Resonance

ESR = Electron Spin Resonance

NQR = Nuclear Quadrupole Resonance

p* = Parent ion

M! = Group IVB atom

R.T. = Room temperature

M.P. = Melting point

hr = Hour

d = Day

v = Very

s = Strong

m = Medium

w = Weak

br = Broad

sh = Shoulder



CHAPTLR ONFE

Introduction to Group IVB - Cobalt Carbonyl derivatives

1.1 General

The amount of recent work in the field of Transition
Metal Carbonyl chemistry and, more specifically, Main Group-
substituted Transition Metal carBonyls is reflected in part
by the reviews which have appeared over recent years.
(1,2,3,4,5,6). Year - by - year reviews for specific elements
or groups update this information e.g.(7,8,9).

The investigation of cobalt carbonyl derivatives has
gone hand - in - hand with their extended use in other areas.
Thus, the application of C02(CO)8, in particular, to the
catalysis of several reaction systems e.g.(10,11,12) has been
vigorously pursued, along with work on its structural (13,14)
spectroscopic (15,16) and reactivity aspects (17).

The anion Co(CO); is widely used in the syntheses of
cobalt carbonyl substituted compounds. The reactions of the
whole range of metal carbonyl anions have been quite
thoroughly reviewed e.g.(18,19,30,31). Preparations of these
carbonyl anions with a number of counter ions have been
reported, along with svntheses which overcome specific
problems. e.g.(20,21,22,23,24,25,26,27). The basicity (28)
or nucleophilicity (29) of Co(CO); relative to a number of
other metal carbonyl anions has been determined.

The svntheses of cobalt carbonyl derivatives of the
Group IVB elements have been extensively reviewed in the
past e.g.(1,2,3) and will not be dealt with further. Most
derivatives discussed here have been prepared bv reaction of

Co(CO); or C02(C0)8 with Group IVB hydrides or halides.



2,
Tables 1.2 (p 8 ) and 1.3 (p12 ) give the preparative methods
for known polycobalt carbonyl - Group IVB derivatives.

The neighbouring iron triad, (as reviewed recently by
Bonny (36) presents some very interesting analogues of the
compound - types discussed in this work. Derivatives (32,33)
with bridging silicon or germanium provide interesting
structural and bonding comparisons with those found for

cobalt. i.e.

Fe(CO)4

H .CH
\

Ge Ge

Si
//// \\\\ Ge Ge
cp(C0),Fe Fe(C0),Cp [ Me,  Mey

(CO)4Fe

Butler et al.(34) have made vibrational studies of some
direct analogues of cobalt derivatives. Thorn and Hoffman
(35) have reported detailed calculations of bonding in
M2(CO)6(ligand) complexes, where M is either iron or cobalt.
A direct analogy between the iron compounds M'[Fe(CO)u]u
(M' = Sn,Ge) reported in (37) and (38) and a new cobalt
derivative prepared here is made in Section 3.4.

In contrast, the Group IVB- rhodium- and iridium carbo-
nyl derivatives show little analogy with those of cobalt.

(1,2,3)

1.2 Monocobalt Derivatives of Germanium

Unlike the polycobalt derivatives described in the next
section, monccobalt carbonyl derivatives of Group IVB
elements are not subject to steric hindrance and show only
a single structure. Microwave and electron diffraction
structural data (e.g. 39,40) show results typified by

GeH3Co(CO)u



Co-C (mean) = 180.0 pm
Co-Ge = 241.% pm
A o}
Co-Ge-H = 109.1"

~ o
C_ -Co-Ge = 83.8
eq

At least one carbonyl in -Co(CO)u can be substituted by

phosphines, giving derivatives of the tvpe XgM'Co(CO)3PR3

(where X = H, organo- or halo- group ; M' = Group IVB element ;
R = alkyl, aryl).(1,2,3). We will only be concerned with
-—Co(CO)q derivatives here. Table 1.1 lists the mono-(cobalt
tetracarbonyl) derivatives of the Group IVB elements. ( A
number of related silicon ions and adducts are listed in (5) )
Amongst the numerous reports on these compounds, studies

include
i) 59Co NQR and low temperature l“’C nmr studies of

X SnCo(CO)u derivatives (67)

3

ii) Kinetics of iodine cleavage of Sn-Co in

Me SnCo(CO)u (68)

3
iii) An ESR study of anions formed by high energy

radiation of PhstCo(CO)u (69)

iv) Products arising from the reaction of GeClg and

3

Though not directly analogous to this class of compounds,

SnCl, with CO?(CO)8 (70)

an interesting recent extension of them involves the
"superreduction" of NaCo(CO)u by sodium in liquid ammonia,
naphthalene - THF or hexamethylphosphoramide. (71) Reaction

of the resultant Na3Co(CO)3 with Ph, M'Cl (M' = Ge,Sn,Pb)

3
has produced [(Ph3M')2Co(CO)3]-, isolated as the tetraethyl-

ammonium salt.



Table 1.1

Mono~(Co(CO)u)Derivatives of the Group IVB Elements

Compound References (a)
RBSiCO(CO)u 41,42,43,44
(R = H,Me,Et,Ph,0Me,0Et)
X38iCO(CO)u 42,43,u45
(X = F’Cl’CGFG)
MeSiX2CO(CO)l+ ue,u7
(X = I, F)
RMeSiPhCO(CO),+ ug
(R = a-Np , neo~C5Hll)
PhQS:LHCo(CO)u Ly
PhSiClzCO(CO),+ ny
R,GeCo(CO), 49,50,57,65
(R = H,Me,Et,Ph)
XBGeCo(CO)L+ 51,52
(X = C1,Br,I)
MeGeX2Co(CO)u 51,53
(X = I, H)
Me,GeXCo(CO), 51,5
(X = C1 , H)
PhGeX2Co(CO)u 51
(X =C¢1, I)
thGeXCo(CO)u 51
(x =Cc1 , I)
(CO)SMnGePhZCO(CO)u 55
GeH3GeHZCo(CO)4 72
(CO)uCoGeHZGeHZCO(CO)u 72



Table 1.1 Contd.

Compounds

R3SnCo(CO)u

(R = Me,Et,Bu,Ph)

References

50,56,57,58

XBSnCO(CO)u 52
(X = C1,Br,I)
MeSnXZCo(CO)u 59,60
(X = C1,Br,I)
Me,SnXCo(CO) 52,60
(X = C1,Br,I)
Q
BuaonCleo(CO)L+ 52,59
(a=1, 2 3 b = 2, 1)
PhSrIXZCO(CO),4 52
(X = C1l,Br,I)
PhQSnXCo(CO)u 52
(X = C1,Br,I)
(CO)SMnSnX2CO(CO)l+ 61,62
(X2 = Ph2 , PhCl)
(acac)QSnClCo(CO)u (b) 63
(acac = C5H702)
R,PbCo(CO), 66,50,51,58
(R = Me,Et,Ph,CgH;;)
Notes:
ad Sece also the reviews (1,2,3) for details of spectra
and Preparations.
b) This is an example of six - co-ordinate tin , other

compounds of which are further discussed in reference (64).

]
.



Figure 1.1

Structural Types for Poly-(Cobalt carbonyl)-Group IVB Derivatives




A

C

Figure 1.1 Structural Types for Po]y—(Coba]t carbony1)-Group IVB
Derivatives

CHj

Sn

(OC)4 Co A Co (CO)4

Co
(CO),

Mesn[Co(c0),1,  (82) B Ph,GeCo, (€0)., (87)

CHyCCoy(CO)y  (96) D togcor,er )



1.3 Polycobalt DNerivatives of Bermanium

Polycokalt carbonyl derivatives of Main Group elements
fall into four main structural types, examples of which can
be seen in Figure 1.1
A) Those containing n terminal -Co(CO)u groups (n = 2,3,4).
B) Those containing n u-R,M' groups replacing the bridging
carbonyls in C02(C0)8 (n = 1,2). A subclass of tricobalt
derivatives is formed when one of the above R groups = Co(CO)u.
C) Those containing a cluster of LM'C03(CO)9 of the tvpe
shown in Figure 1.1C, where the three cobalt atoms and the
Group IV atom form a tetrahedron. A subclass of tetracobalt
derivatives 1is formed when L = -Co(CO),,.

D) This class covers the larger cobalt clusters which enclose
one or more Main Group atoms (normally carbon). These are
typified by examples given in (73) and (74) and will not be
further discussed here.

Nearly all the Main Group derivatives in class A are
those of Group IVB. Hcwever, Patmore and Graham have reported
a number of CGroup ITIB derivatives also.(75) Table 1.2
lists the known Group IVB compounds in this class.

Derivatives from class B are well established and many
of the iron analogues are also known to exist. Series of
this type have been reported for numerous non - Group IVB
compounds e.g.(35,84,105). A list of Group IVB derivatives
in this class is presented in Table 1.3.

The RCC03(CO)9 structures in class C have been
thoroughly investigated.(92,93) A recent review by Schmid (94u)
has covered the more general cases LnECog(CO)9 » Where E
can be a number of possible elements with ligands, L. The
silicon derivatives in this class are nearly all of the type:

RBSi—O—CCo3(CO)9. (92,95). The notable exception is



Table 1.2

Poly-(Tetracarbonyl cobalt)-Group IVB Derivatives

Compcund Preparative Yield Characterisation Reference
Method (a) NCY (b)
RZM'[CO(CO)u]2
M' = si, R2 = H2 3 104
M' = Ge , R2 = Cl2 1, 10 72 EA,IR 51,37
Iz(c) 2 30 EA,IR 76
Me2 3 EA,IR,nmr,MS(d) 51,77
I and Me 1 69 EA,IR 51
Ph2 3 EA 78
M' = Sn , R2 = Cl2 2 50,20 EA,IR 59,76,83
Br2 2 22 EA,IR 76,83
12 2 25 EA,IR 76,83
Me2 3 53 EA,IR,nmr 51,57,59,82,91
Fh, 2, 8 43 EA,IR,Mag, MW 51,83, 58



Compound

M'

RM'[Co(C0), ],

Pb , R

M!

2

Me and Cl

Ph and C1

n-Pr and C1l
n-Bu and C1l
(CH2=CH)2
(CH2=CH) and Cl
(CH3C02)2

(CeH,0,),

(= acac)

Ph

Ph (f)

Table 1.2 Contd.

Preparative
Method (a)

la

2a
11

76

Characterisation

EA,IR
EA,IR
FIR
FIR
FIR

EA,IR

EA, IR
EA,IR,MW,MS(d)
EA,IR,MS(d)

EA,MW,Mag

IR

Reference

51,59
51
59
59
57,59
51,59
82
51,79
52
63

58

86



Compound

M' = Sn , R

QCthers

Sn[Co(CO)u]u

Pb[Co(CO)u]u

Cl

Br

Ph
(CH2=CH)

(CH3002)

Table 1.2 Contd.

Preparative

Method (a)

2a

l,ua,7

6l
73
53

12,48,14
92

Characterisation
(b)

EA,IR,nmr,MS(e)
EA,IR,XR,MS(D)
EA,IR,MS(d)
EA,IR,MS(d)
EA,IR,MS(e)

FIR

EA,IR,MS(d)
EA,IR,MS(e)
EA,IR,MS(d)

EA,IR,MS(d)

EA,IR,MW,MS(d)

FA,IR,MS(d)

Reference

52
59,79, 80
59,79

79
59,79,82
59

59,79

79

79

52

52,81
81l

‘0r



Table 1.2 Contd.

Notes
a) 1 = Reaction of M'(IV) halide with C02(CO)8 la = Reaction of Sn(CH=CH2)L+ with CoQ(CO)8
2 = Reaction of M'(II) halide with C02(C0)8 2a = Reaction of Sn(CH3C02)2 with Coz(CO)8
3 = Reaction of M'(IV) halide with NaCo(CO)u 4 = Reaction of XZSn[Co(CO)u]2 with Coz(CO)8
#a = Reaction of C1Sn[Co(CO), ], with Co,(CO), 5 = Reaction of Br,Sn[Co(C0),], with T1C.E,0,
6 = Reaction of BrZSn[Co(CO)u]2 with NaCo(CO)u 7 = Reaction of actiyated metal with Coz(CO)8
8 = Reaction of C1,Sn[Co(C0),], with PhMgBr 9 = High pressure CO reaction with PhGeCo,(CO0),
10 = Reaction of GeClg with COZ(CO)B 11 = Reaction of (acac)ZSnCI2 with NaCo(CO)l+
b) EA = Elemental analysis ; IR = Infrared spectrum ; FIR = Far infrared data only ;
nmr = Nuclear magnetic resonance data ; MS = Mass spectrum ; MW = Molecular Weight measurements;
XR = X-ray crystal structure ; Mag = Magnetic susceptibility measurements.

c¢) This was the first reported compound containing a Ge-Co bond.

d) The mass spectrum shows no parent ion : mention of key fragments only.

e) The mass spectrum does show a parent ion. Only key fragments are mentioned.

f) This product has been identified onlv by its carbonyl infrared spectrum. It rapidly loses CO to

reform PhGeCoa(CO)ll.

‘Ir



Compound

(u-RQM')(u-CO)Coz(CO)6

M'

M'

M!

Si

3

Ro

th

PhCo(CO)u

th

Me2

MeCo(CO)u

PhCo(CO)Ll

Me (c)

2
(C5H702)2
= acac)

Table 1.3

o

Group IVB Derivatives of C02(CO)6

Preparative Characterisation
Method (a) (b)

1 IR

1 IR

1, 2 EA,MS, IR, XR

2 MS,IR,nmr

1 IR,MS,nmr

1 FA,MS,IR,¥R

2 MS

4 EA,MS,IR,nmr

Reference

85,86

85,86

87,99
77
53

86

63



Table 1.3 Contd.

Compound Preparative Characterisation Reference

Method (a) (h)

-R_M!
(u Rzu )2C02(CO)6

MP = Ge , R2 = Me, 1, 3 FA,MS,IR,nmr 77,88,89,9C
M' = Sn , R, = Me, 1, 2 EA,MS,IR,nmr 30,91
a) 1 = Reaction of Group IVB hydride with C°2(CO)8
2 = Photolysis of R,M'[Co(CO), ],
3 = Photolysis of Me,GeClCo(CO),
4 = Reaction of (acac),SnCl, with NaCo(CO),
b) IR = Infrared data ; EA = Elemental Analysis ; MS = Mass spectral parent ions and
important envelopes ; nmr = Nuclear magnetic resonance data ; ¥R = X-ray crystal structure.
c) This compound only arose from a low temperature reaction, melts below 0°C and is exceedingly

unstable. As a result, completely pure samples have not been made.

‘er
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(CO)quSiCo3(C0)9, whose characterisation includes a
crystal structure. (96), Only limited work has been done with
the germanium analogues:

PhGeCOs(CO)9 (a) ----- (86)

(C0),CoBeCo,(CO) g (b) --=-- (97)

a) Prepared by reflux of [(Co)uCo]PhGeCoz(CO)7 and
characterised by EA, IR, NS..
b) Prepafed in 60% yield from reaction of GeBr), with

NaCo(CO)u. Characterised by EA, IR, MS and XR.

A report by Ibekwe and Newlands (98) of the formation
of n-BuSnCoa(CO)9 is contrary to the findings of later work.
(82). From this and more recent work (94) it seems fairly
clear that polycobalt derivatives of tin will not close up
to form R3nCo,(CO)4 clusters.

The above tabulations illustrate some.interesting
features of Group IVB - cobalt carbonyl chemistry. Silicon
is notable for its single contribution to Table 1.2, Because
of its size it is much better suited to form the condensed
-Co2(CO)6 or cluster - type of derivative. The steric
congestion of terminal -Co(CO)u groups is apparently only
relieved enough when the other two substituents on silicon
are hydrogen. As discussed below for tin, the size of the
silicon atom is also not really suited for the apical
position of the tetrahedral clusters, as in (C0),CoSiCo4(CO)4

(86). This is reflected by the yields of the carbon, silicon

)
A

and germanium analogues of this compound: 0 , 5 , 60
respectively (97),

In the case of tin, the opposite situation holds true.
All the derivatives XaSn[Co(CO)u]u_a (a = 0 to 4) are known

for a number of different X - substituents. The ready

formaticn of such derivatives is illustrated by the extreme
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case (a = 0) , which can not only be made by the usual halide
substitution, but also by the direct action of activated

tin with COZ(CO)B‘ (81), The intermediate bridging configura-
tion, though known for tin, is not a particularly favourable
one. Triplett and Curtis (91) have discussed this . in terms

of the size of tin (as compared to germanium) as a bridging
atom. (N.B. Covalent radii (pm) for Group IVB are (94)

C =177 3 8i =111 3 Ge = 122 3 Sn = 14l ; Pb = 147)

Attempts by Schmid (81) to make clustered tin derivatives have
failed. Only Sn[Co(CO)u]u was formed. This too has been
explained in terms of the size of tin. (94) With largely
constant Co - Co bond lengths and Co - EB - Co bond angles

in the tricobalt clusters, the size of the possible hetero-
atoms is limited to 130 pm. Tin exceeds this 1limit. This is
further reflected by the formation of the six co-ordinate

tin derivatives (acac)ZSnCoz(CO)7 and (acac)ZSn[Co(CO)u]2 (63).
Both have been isolated from the same reaction system as
air-sensitive solids. They are examples of a series - type
which is discussed and expanded in (64).

Like tin, lead forms Pb[Co(CO)u]q instead of clustered
derivatives. (81) Though the number of lead derivatives of
cobalt is very limited, the ones that have been made suggest
the same sort of behaviour as tin. This is to be expected
from an extension of the size arguments for M'. The limitation
on lead derivatives is probably due to the restriction to
Pb(II) compounds as reagents, rather than to the instability
of derivative - types. The tin / lead size difference can be
seen by the additional solvent co-ordination possible for
Pb[Co(CO), ], but not for SnlCo(CO), 1, . (81)

Two iron analogues have been reported which are of direct

interest to this work. (3’/,38).Sn[Fe(CO)4]u has been isolated
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from the products of Na,Fe(CO)y or Fe(CO)g reacted with a
number of chlorotin derivatives. Its crystal structure shows

approximate D nolecular symmetry, with.- two long Fe -~ Fe

2d

bonds, (as expected to complete the 18-electron configuration.)

(C0)4Fe Fe(CO)4

Ge[Fe(CO)u]u has been made by the reactions GeCl, / Fe(CO)g

and Fe(CO)MQ_/ GeCl,. Infrared data indicates the same
structure as Sn[Fe(CO)u]u.

These two extremes Qf behaviour, set by silicon and tin,
would be expected to sgt 1imits for the behaviour of germanium.
However, few data are available on the germanium system.

Since both terminal- and clustered cobalt carbonvl derivatives
of germanium are known, it is obviously intermediate between
the silicon and tin cases. One of the aims of this work is to

better establish the nature of the polycobalt derivatives of

germanium with respect to the other Group IVB derivatives.

1.4 Mass Spectral Studies

The mass spectra of germanium - containing compounds are

characterised by ion envelopes containing the five naturally

occurring isotopes : ( 7OGe = 20.52% 72Ge

736e = 7.76% ; '*Ge = 36.54% ; '°Ge = 7.76%

27.43% ;

S/

The basic

pattern is modified by the addition of C1 (

37061 = 2u.47%) , Br ( "°Br = 50.54% ; SlBp = u9.u46% )

or Re ( l85Re = 37.5% 3 187Re 62.5% ) as shown in Figure 1.2

for most of the combinations dealt with in this work. In



Figure 1.2 Basic Mass Spectral Envelopes
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spectra of the simple metal carbonyls (Ma(CO)n) of mono-
isotopic cobalt and manganese, the main ion peaks (m/e = x)

13C peak (m/e = x + 1) at n x 1.11%

are also accompanied by a
intensity and an 184 peak (m/e = x + 2) at n x 0.204%
intensity.

Most papers report mass spectra very briefly with only
the parent ion (where applicable) and a comment on the major
fragments. For Main Group derivatives of metal carbonyls, the
major fragmentation series is that due to carbonyl loss from
the parent ion. When available for a number of similar com-
pounds, more detailed mass spectral data have wider application.
There can be a clear relationship between fragmentation patterns
and structures (103). Though one must be careful about
inferring relative stabilities from mass spectral data, such
arguments are more reasonable if made by c&mparing similar
compounds run under the same conditions. e.g. (IOO)fInformation
on appearance- and ionization potentials makes calculation of
relative bond energies possible. This has been done for a
number of Group IVB - Transition metal derivatives. e.g. (101)

General data on the fragmentations of substituted metal
carbonyls (e.g. (100) , (103) and references therein), along
with metastable-supported fragmentations of alkyl and aryl
germanium derivatives (102) have been used as support for the

fragmentation reactions inferred from the mass spectra

obtained in this work.

1.5 Infrared studies

In the field of metal carbonyl chemistry, vibrational
studies have proved to be one of the most useful techniques
for analysis and characterisation. The large intrinsic

intensities of carbonyl stretching absorptions in the infrared



19.

mean that only very small samplés are recquired and purity
can be monitored to a high degree. Symmetry predictions aid
the identification of products from their carbonyl stretches.
Similarlv, the intense Raman absorptions for metal - metal
stretches and related modes extends the useful range of
vibrational spectroscopy.

Infrared spectroscopy was important in this work for
further reasons. These result from the "failures” of other
techniques. As noted in Chapter Eight, the mass spectra of
most bis- and tris- terminal cobalt carbonyls show no parent
ion. "hile this may be expected and accounted for, no
molecular weight characterisation can be made on these com-
pounds as a consequence. No characterisation by 4 nmr coula
be made on most derivatives since they contained no hvdrogen.
As noted in Section 2.2.4 microanalyses for carbonyl carbon
were found to be unsatisfactory. These limitations on other
techniques meant that a lot of emphasis had to be placed on
accurate determination of infrared data.

Most initial preparative reports of Group IVB - metal
carbonyl derivatives include a fairly full discussion of
infrared data. Further analyses on isolated classes of com-
pounds have also been carried out independently. It is
convenient here to draw the references to vibrational analyses
of Group IVB - cobalt tetracarbonyl derivatives together:
i) Silicon cobalt carbonyls : 3,50,66,106,107,108
ii) Mono-(cobalt carbonvl) germanium derivatives:

49,50,51,52,66,77,106,107,108,109,110
iii) Poly-(cobalt carbonyl) germanium derivatives:

51,76,77,86,87,88,90,97,99
iv) Mono-(cobalt carbonvl) tin derivatives

49,50,51,52,59,60,66,106,107,108,109,110
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v) Poly-(cobalt carbonyl) tin derivatives
51,52,59,76,79,81,82,83,90,91

vi) Lead cobalt carbonyls : 50,51,66,81

1.6 Prolegomena

The layout of this thesis, as related to the work
mentioned so far, is discussed below.
1.6.1 Chapter Two is a brief description of the practical
and spectroscopic techniques used in this work. It includes
a description of the preparation and reaction techniques for
metal carbonyl anions. While the basic techniques for this
are quite common (see Section 1.1), the specific conditions
applied here must be quoted for reasonable comparison with
literature reports.
1.6.2 Chapter Three describes the cobalt carbonyl derivatives
of GeCl,. As noted, germanium is intermediate between silicon
and tin, with respect to bonding in the polycobalt carbonyl
derivatives. To date, the available information indicates
that both of the "extreme" bonding situations occur for
germanium. On the one hand, the derivatives C13GeCo(CO),‘l and
ClQGe[Co(CO)u]2 have been prepared in reasonable yields
(87, 72% respectively) from the reaction of GeCl, with
NaCo(CO)u or CoQ(CO)8 in THF.(Sl). On the other hand, Schmid
reports the preparation of (CO)uCoGeCos,(CO)9 in 62% yield
from the reaction of GeBr, with NaCo(CO)u.(97). He has since
reported its crystal structure.(S4). It would appear from
the available data that the germanium atom is well suited in
size to fit the apex of the tricobalt cluster. (This is also
supported by the report of the preparation of PhGeCo3(CO)g
(86) ).

This ambivalent behaviour of germanium toward cobalt
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carbonyl substitution makes it the most interesting element
of its group, from this point of view. However, as noted,
only the extremes of its behaviour have so far been observed.
Formation of the intermediate and "transitional" species in
this series of compounds is required to complete the
available information in this intermediate bonding situation
for the cobalt carbonyl derivatives. To this end Chapter
Three describes the synthesis and characterisation of the
whole series of comﬁounds resulting from stepwise sub-
stitution of GeCl, .

1.6.3 From pilot studies with GeBr, , it appeared that the
bromine substituents enhanced the formation of higher cobalt-
substituted derivatives. The only compound in this series
prepared until now is BraGeCo(CO)u.(SQ). The 16% yield of
this preparation compared with the 57% yield for the chloro-
analogue (51) further supports the difference between thesc
two systems. Similarly, the effect of bromine substituents
in the tin system can be seen by comparing the yields for
the preparations of Br*xSn[Co(CO)u]q_x : i.e. 30% , 50% , 6u%
for » = 3, 2, 1, respectively.

In parallel to the chloro - system studies, Chapter Four
reports the preparation and characterisation of Br3GeCo(CO)u
and the new compounds BrzGe[Co(CO)q]2 and BrGe[Co(C0),1,.
1.6.4 The work described in Chapter Five deals with the

cobalt carbonyl derivatives of the methylhalogermanes. An
extension of the problem described in 1.6.5 arose in trying
to assign spectra containing NeQGe[Co(CO)u]Q. The literature
infrared data ore given in Table l.4a . Again,. for assignment
purposes in complex spectra, the inconsistent data could not
be used and this compound was separately prepared and

characterised. The first attempts to prepare MezGe[Co(CO)u]2
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Table 1.4

Literature Infrared Data for

Dimethylgermyl Cobalt Carbonyl Derivatives

(A1l units are cm_l)

a) MeQGe[Co(CO)u]2

(i) (ii)
2098 (3.5) 2105 (2)°
2081 (9.8) 2090 (6)
2033 (3.5,sh) 2035 (sh)
2027 (7.4) 2025 (6.5)
2019 (9.8)
2006 (10) 2010 (7)
1997 (7.2) 1995 (4.5)
(i) = reference (51) in cvclohexane
(ii) = reference (77) in cyclohexane
b) MeZGeC1Co(CO)u
(i) (ii)
2100 (7.4) 2110 (8)
2041 (8.3) 2050 (8)
2021 (9.9) 2030 (8.5)
2004 (10) 2005 (9)
i) = reference (51) in cyclohexane

(ii)

n

reference. (77) in cyclohexane



Table 1.4 Contd.

c) (Mezse)?_Coz(CO)6

(i) (ii) (iii)

2072 (s) 2075 (1.5) 2063 (s)
2035 (vs) 2035 (4) 2028 (vs)
2014 (vs) 2010 (&) 2002 (vs)
1994 (vs) 1990 (m,sh)
1984 (m) 1985 (4.5) 1960 (m,sh)

(1) = reference (90) in cyvclohexane

(ii) = vreference (77) in cvclohexane

(iii) = reference (88) in CS

2



24.
directly yielded only MeQGeClCo(CO)u. In assigning this
reaction product, the same problem arose with the reported
infrared data , shown in Table 1.4b . Thus?MeQGeC1Co(CO)u was
also isolated and characterised.

These characterisations were particularly important in
the work in Section 5.2 , which describes the preparations of
the analogous monomethylgermyl derivatives. In this case, the
commercial MeGeCl3 contained a large percentage of MeQGeCl2
(extremely difficult to separate), so éll preparations with
these two components proceeded in parallel. The data from
the dimethyl system were needed to sort out the very complex
infrared spectra resulting from these reaction systems.

The only monomethylgermyl cobalt carbonyl derivatives

established are

MeGeIZCo(CO)u (51)
MeGeHQCo(CO)u (53)
MeGeI[CO(CO)u]2 (51)

The extension of this series of compounds is also described
in this chapter, along with a comparison with the analogous
halogermyl derivatives described in Chapters Three and Four.
1.6.5 Chapter Six discusses substitution reactions at

Ge - H centres. These provide useful syntheses for mono- ,
di-, tri- and tetra-substituted germanes, as illustrated by

the following sequence:

Coz(CO)8
MeGeH3 > MeGeHzCO(CO)l+ + HCO(CO)u -——==1
> MeGeH[CO(CO)HJO + HCO(CO)H—-~—2
y MeGeCo3(CO)11 + HCO(CO)u -———=3

This sequence was studied by B.W.L.Graham (53) , who
separately prepared MeGeHZCo(CO)u and followed the reaction
from there. He only identified product 2 as MeGeHX? s, by nmr,

as a transient intermediate. The tricobalt product was
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characterised by comparison with PhGeCo3(CO)ll, whose
crystal structure is known. (86) (éﬁ% Figure 1.1B. p.6 )

This system has been further studied to observe the
relative stabilities of all three produéts. (N.B. The proposed
dicobalt intermediate could be MeGeH[Co(CO)QJ2 or MeGeﬁCoz(CO)7
or possibly both species may arise ; (see Figure 1.1A,B)

In the analogous dimethylgermyl system, one less
Ge-H centre eliminates further reaction to a tricobalt
product. Thus, it was hoped to elucidate the nature of the
dicobalt final products and relate this back to the mono-
methyl system.

Both systems produce HCo(CO)q. MacDiarmid et al. report
that methylsilanes react with HCo(CO)u to form silicon -
cobalt bonded species. (125,126)., This prompted repeating
this reaction for Ge-H-containing analogues. Any "interference"
from such side reactions would alter the proposed reaction
schemes for the above system.

The final products from the Me2GeH2/C02(CO)8 reaction
( MezGe[Co(CO)u]2 R IiezGeCoz(CO)7 and (MezGeSZCoz(CO)G)have been
independently prepared and characterised. (51,77,88,90)

The infrared data that were available for (Me,Ge),Co,(CO)¢

are given in Table 1l.luc).

For the assignment of the closely related products in the
MeQGeHz/Coz(CO)8 system, the inconsistencies made these data
useless. Thus (Me2Ge)QCoé(CO)6 was separately prepared and
characterised.

The extreme cases of having all- and no-hydride sub-
stituted germanes in reaction with Co,(CO)g are also reported.
1.6.6 While numerous mono-(pentacarbonyl manganese)

derivatives of silicon ermanium and tin have been reported
b )

(e.g.135, 136, 137 and references therein), not a lot of
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attention has been given to the higher members of these
series. Exceptions to this include the long-established
HzGe[I-’Ln(CO)SJ2 » from the reaction of Gel, with FMn(CO),
(138) and the more recent XQSi[Vn(CO)sz (X = H, D, halogen)
prepared from SiH_ I, or SiDZI

272 2
reactions. (139)Thompson and Graham(141)have also prepared

/ NaMn(CO)5 and subsequent

a series of bis- and tris- pentacérbonyl manganese
derivatives of tin, while Curtis et al. have prepared and
photolysed some germénium and tin derivatives to form
Group IVB-bridged species.

hv
e.g. Me,GeClMn(CO)y ———p (Me,Ge) ,Mn, (CO) 4

Recent work in this laboratory (563, 54, 140 )
has established part of an exchange series in which --Mn(CO)5
displaces ‘CO(CO)u in reactions of the type

Me,GeHCo(CO), + NaMn(CO); —> Me,GeHMn(CO) + NaCo(CO),

2
In the manganese system, in terms of near-quantitative yields,
this reaction is comparablie with the corresponding alkali
halide elimination. However, these two reactions have yet to
be compared in a competition situation.

With this in mind, and a desire to make a direct
comparison of the XZM'[Mn(CO)Sly derivatives with the cobalt
analogues, reactions of ClGe[Co(CO)u]3 , ClaGeCo(CO)u and

Me GeClCo(CO)q with NaMn(CO)5 were studied as described in

2

Chapter Seven.

1.6.7 Chapter Eight gives the tabulated mass spectral data

for the new and recharacterised compounds from this work,
along with a discussion of specific points of note and
general trends for series.

While the infrared data for all compounds have been
presented as they arise, the reproduction of spectra and a

general discussion of the data is also presented in Chapter



Eight. Here the series of derivatives are compared with

one another and with analogous compounds from the literature.
1.6.8 Appendices 1 and 2 give brief accounts of initial
approaches made in the preparative fields of the germanium

derivatives of rhenium and vanadium carbonyls.
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CHAPTLR TWO

EXPERIMENTAL TECHNIOUES

2.1 General

Most of the cempounds dealt with in this work are air-
sensitive. Thus, where volatility allowed, a standard vacuum
line was used. Involatile, air-sensitive compounds were
handled in a nitrogen~flushed glovebox. (This included the
initial handling of all new compounds), A constant flow of
nitrogen was supplied from a dewar of liquid nitrogen, using
a partially immersed copper rod as the "heat source" to vapo-
rise it. The last traces cf water and oxygen were removed with
large surface areas of P205 and finely cut sodium. Bench hand-
ling of less air-sensitive materials was carried out in nitro-
gen-flushed glassware. Volatiles incondensible at -196°C

(normally CO,H2) were handled with a Toepler pump and gas

burette.
2.2 Analytical Techniques
2.2.1 Infrared Spectroscopy

Infrared spectra were routinely run on either a Shimadzu
IR 276G or a Beckman IR 20A. Definitiw spectra were run on a
Perkin Elmer 180. Spectra were calibrated with polystyrene,
HC1/DC1l and CO2 (111), either directly or by calibration of
the internal wavenumber marker. This marker was found to be
accurate and reproducible. (+ O.1 cm“l in the region 2300 c:m"1

to ca. 1950 cm—l).Definith@spectra were run under the follo-

wing conditions:
1

Spectral Slit Width (Resolution) 0.5 cm”
Scan Speed = 0.1 em Y/sec

1 cm-l/mm

Abscissa Scale (Carbonyl region)



Absorption maxima were pinpointed with the wave-
nunber readout (which activates the wavenumber marker). With
this technioque, a combination of machine and reading errors
gives an accuracy of ca. + 0.3 c:m-l for absorptions in the
carbonyl region.

Gas phase spectra were run in a 10 cm gas cell.Solution
spectra were run in a 0.1 mm standard solution cell. Solid
state spectra were run either as nujol mulls or in a cold cell
at -196°C. In all cases KBr windows Qere used.

All relative intensities reported in this work were
taken from peak heights rather than peak areas. Although
thic method has the disadvantage of enhancing the relative
contributions from shoulders and weak absorptions which
share base area with nearby strong modes, it has been found
to be the most useful method for reproducing spectra. Since
visual representation of spectra was found to be very use-
ful in this work, the carbonyl stretching regions of most
of the ccmpounds discussed here are reproduced in Chapter
Eight.

2.2.2 Mass Spectrometry

Mass spectra were run by Miss O.Johnson and Mr A.
Brennan on a Varian CH5 instrument at Ruakura Agricultural
Research Centre. Nearly all samples were introduced as
solids, though gas sampling was also possible. All samples
were kept cold and in the dark for as long as possible
before sampling and initial spectra were run at the lowest
probe temperature required to obtain a spectrum of satis-
factory intensity. Spectra were then also run at higher and
then lower temperatures to check for spectral changes. In
some cases, this was repeated using different filament

currents, particularly if a mixture of products was thought
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to be present. This was to check for fragmentation differences
as the ionizing-electron density was altered.

Routine, low resolution spectra were produced with
computer-subtracted background and calibration marks every
50 m/e units. This was not available for normal resolution
spectra, which were calibrated from the background mercury
lines (relative intensities in brackets):

196h.* (5), 198ug* (300, 1%%Hg" (60), 2%0ug* (s0), 201

ngt (100, 2%%mgt (20) .

Hg' (50)
202
The series of Hg2+ ions also appear at half these mass

values. Calibration could be further checked with the very
strong m/e = 28 peak corresponding to co® and N}

2
2.2.3 Nuclear Magnetic Resonance

Spectra were recorded on a J.E.O0.L. C-60 EL instrument
with standard (5mm o.d.) sample tubes which were adapted with
B10 cones to fit the vacuum frame. Where possible, sampies
were run as neat liquids. Most solids were dissolved in
benzene, with 5% tetramethylsilane (TMS) as reference. In
handling reaction mixtures requiring both glovebox manip-
ulations and vacuum line distillations, tap-adapted sample
tubes were used. The instrument was also fitted with a
variable temperature option which was used for reaction
studies.

2.2.4 Microanalyses

These were done by Professor A.Campbell and his associates
at the University of Otago on a Perkin Elmer CHN analyser.
Routine analyses for carbonyl carbon were found to give
erratic results. ( eg. 43.7% C when 23.2% expected and
13.4% C when 16.7% expected ; both from the same batch of
analyses.) Halogen analyses for the same samples were quite

good, so this was most probably a technique problem and no
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further carbon analyses were obtained.

Analysis for carbonyl was attempted in this labora-
tory, using destruction with bromine, followed by accurate
measurement of the evolved CO. Reaction in thoroughly de-
gassed solutions (hexane or diethyl ether) was found to give
the best results, but even these could not be reproduced
reliably enough on standards. The direct reaction of bromine
with the solid compounds was found to give consistently
low returns of CO, probably due to a surface-limiting effect

as a CoBr2 coating formed on the solid.

2.3 Starting Materials

2.3.1 Solvents

All organic solvents were thoroughly dried with and
stored over sodium wire. Vhere necessary they were also
dried with LiAlHu. The SiClu used in the nmr reactions
described in Chapter Six was fractionated on the vacuum
line to remove any HCl formed from hydrolysis.

2.3.2 Sodium

B.W.L. Graham (53) found that yields of metal-metal
coupling reactions using alkali-halide elimination were
adversely affected by alkaline impurities in the alkali
metal. For this reason, all sodium used in amalgam preparations
was purified by heating under vacuum in a glass tube with one
or two side arms. This allowed the molten sodium to be
poured or boiled away from the contaminants, which remained

on the glass.

2.3.3 Metal Carbonvls

a) Cobalt Carbonyl (Co,(C0)g):

This was supplied by Pressure Chemical Company, vacuum



sublimed at 40-45°C and stored at -25°C. All handling was
carried out in a glovebox.
b) MQ(CO)lO (M = Mn,Re)
These were supplied by Pressure Chemical Company and
Strem Chemicals Inc.,respectively.
an(CO)10 was kept in a fridge and used without further
treatment. ReZ(CO)10 was kept at room temperature and
handled as a non-air-sensitive compound.
c) Vanadium Carbonyl (Na[CH3O(CH2CH20)2CH3]2V(CO)6)
This was supplied by Pressure Chemical Company as the
diglyme-stabilized sodium salt. When fresh it has a mustard
yellow appearance but forms a brown surface coating after
extended storage (even at -25°C). All handling of the bulk
sample was done in a glovebox.

2.3.4 Germanium Halides

a) GeCl, and GeBr,

These were both supplied by Koch-Light Laboratories Ltd.
(U.K.) and could be freed from any hydrolvsis contaminants
by vacuum line fractionation.

b) MeGeC13

This was supplied by Alpha Products in 40% purity (as
monitored by nmr). The bulk of the 60% "contaminant" was
MezGeCl2 which was found extremely difficult to separate,
even with very long fractionation times. Gas/liquid chroma-
tography on a 25 foot preparative column, with 10% SE30 on
Chromosorb W as packing, only succeeded in separating a
small component of Me3GeCl.

Analytical work with 1% OV 17 on Chromosorb W gave

reasonable separation. However, this was only available in

an analytical column set up for destructive Flame Ionization



detection. Largely due to vacuum line fractionations, the
MeGeCl3 proportion was improved to 60%. It was used in this
form in the work described in Section 6.2.

c) Me ,GeCl

2 2°

This was supplied by Alpha Products with purity levels
of 85-30%. The remaining component was MeGeCl, which could
be reduced to a few percent by vacuum line fractionation at
~-45°C over long periods. As with the MeGeCl, above, this
compound was stored under vacuum in a fridge, using a

teflon-tapped glass tube.

d) MeGeBr3

As supplied by Laramie Chemical Company, this chemical
was 90% MeGeBr3 and 10% MezGeBr2 (by nmr). The latter was

easily removed by vacuum line fractionation. It was kept as

described above for the chlorides.

2.3.5 Germanium Hydrides

a) Monogermane (GeHu):

This was prepared by Jolly's method (112):
BH,,
—F > Ged

H 4

No N2 carrier gas ﬁas used and 50% H3POu was used with a
3:1 BH; : Ge(IV) ratio.
b) Dimethylgermane (MeQGeHz)
This was prepared by:
BH;

MeQGeCI2 —_— MezGeH2

and characterised by infrared and nmr spectra, with reference
to the literature (113,11h4).
c) MeGeHQBP, MeZGeHBr and GeH3Br

These were prepared in high vield using the low

temperature reaction described by Geisler et al. (115):
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-127° to -100°¢C

, \
MeXGqu_x + Br2 7 MeXGeH

Br + HBr
3-%

Allowing the n-propanol bath used for the overnight reaction
to warm up much higher than -100°C was found to increase the
dibromide yields. Infrared and nmr checks on these compounds
could be made with reference to the literature (114, 116, 117,
118).
d) GeH3I

This was prepared by the sealed pressure-tube reaction
described by Anderson et al. (119)

GeH, + I, _ GeH, I + HI
When carried out at room temperature, in the dark, with a
deficit of 12, yields of GeH3I were almost quantitative.

2.3.6 Silyl Halides

a) SiHSI

This was prepared in low yields by the method described

by Emeléus et al. (120)

o)
. 80~°C .
SlHL]. + HI —'—KT]? SlH3I + H2
All preparations formed some (SiH3)20 and no samples of SiH31
were obtained completely free of this, as monitored by
infrared spectra. (121,122).
b) SiHaBP
This was prepared by Ward's method (123)
LiAlHu HRp
C.H.SiC1 —_— C.H.SiH e C.H. + SiH_Br
675 3 6--5 3 o 676 3
Et20 -787C

and product identification made from the infrared spectra. (122).

2.4 Preparative Techniques

The general method of preparation and reaction described
in Chapters Three, Four. Five and Seven is common to them all

and will be described here.
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All production and reaction of NaCo(CO), and HaMn(CO)S

was carried out in the vessel pictured in Figure 2.1. The
whole vessel is initially evacuated and flamed under vacuun.
Both taps are closed prior to transfer to a glovebox. (N.B.
The central tap has b—rings resistant to polar solvents).
In the glovebox, the stopper in Bulb A is removed against
the vacuum in that part only, admitting nitrogen. A measured
quantity of Coz(CO)8 is added and dissolved in ca. 30 mls of
diethyl ether. Sodium amelgam excess (typically ca. 10-15 mls
at 1% concentraticn) and a magnetic follower are added before
restoppering and taping up the stopper. The vessel is removed
from the glovebox and left stirring for ca. 3 hours or until
the ether solution is completely clear. The sludge of finely
divided mercury is allowed to settle before decanting the
solution from the amalgam. Using the vacuum still in bulb B,
the solution is drawn into that part of the vessel via the
O-ring tap.

If the other reactant is a volatile one, the ether is
condensed out of bulb B, leaving white NaCo(CO)q which is
pumped to remove any volatile impurities (e.g:any unreduced

Coz(CO)B) Fresh,dry solvent (usually Et,0 or THF) is then

2
condensed into bulb B, followed by the volatile reactant.

This reaction side of the vessel can be warmed up for reaction
without contact with the amalgam in bulb A. For most reactions
the vessel is swirled at room temperature for ca. 15-20
minutes. Solvent is then condensed out of the reaction bulb

at room temperature (or below, if any products are volatile.)
Volatile components are then pumped out through a U-trap at
-196°C before condensing 5-10 mls of extraction solvent

(usually pentane or hexane) back into bulb B. This solution

is then pipetted out of the reaction vessel in a glovebox,
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from which point handling and purification is carried out
as described for individval cases.

When the other reactant is involatile, this is pipetted
‘into bulb B as a solution, before anion solution is decanted.
The solvent is removed, leaving the bulb under vacuum as
before. In these cases, the reaction is carried out directly,
as the anion solution is drawn through from bulb A.

Further points about this system include:

1) Only Et20 was used as solvent for the reductions, as
THF was found to give suspensions of the amalgam sludge which
would not settle completely, resulting in some of the material
coming through into the reaction bulb.

2) Involatile reactants were added before decanting the
anion solution because exposure of the latter even to normal
glovebox atmosphere generally resulted in some reoxidation.
This could be seen by red or brown discolouration. Combined
with 1) above, this meant that all reactions of involatiles
were carried out in Et,0.

3) Most reaction systems used excess NaCo(CO)u, since
there is no convenient way to monitor the yield from this
reduction. In thosé systems requiring more exact quantities
of NaCo(CO)u, after the initial decanting the Et20 is
recondensed onto the amalgam and any remainiﬁg NaCo(CO)q is
rinsed through to bulb B.

4) In some NaCo(CO')u preparations, concentrated ether
solutions form a brown etherate, which comes down as an oil.
However, removal of all the ether from the system returns
the pure, white salt.

In the case of the preparation of NaMn(CO)S, the same
procedure was used, with the following minor exceptions:

a) Reduction times are much shorter (generally 15



minutes to 1 hour) and give rise to a pale green solution

from the yellow Mn2(00)10 solution).

b) an(CO)lO generally turns up in the reaction pro-

ducts, due to halogen exchange with the germyl halide,

followed by salt elimination:

NaMn(CO)5 + RgGeX

> RgGeNa + XMn(CO)

XMn(CO)¢ + NaMn(CO), —— Mn?(CO)lO + NaX

(In the cobalt system, the formation of the much less stable

XCo(CO)u is not significant.)
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CHAPTY' R THREE

Cobalt Carbonyl Derivatives of GeClu

w
—

Peactions of GeClu with I'-Ia(_‘,o(CO)L+

In a typical reaction, Coz(CO)8 (370 mg 3 2.8 mmoles)
was reduced with Na/Hg as described in Section 2.4 and
reacted in Et,0 with GeCl,
temperature for 10 minutes. After removal of the solvent,

(1050 mg 3 4.9 mmoles) at room

residues were extracted with hexane. An infrared spectrum of

this crude extract showed ClSGeCo(CO)u, ClzGe[CO(CO)u]2 and

ClGe[Co(CO)u]3 to be present ( as identified below).
Sublimation at 6°C gave ClaGeCo(CO)u ( 1020 mg 3 60% )

as a pale yellow solid (M.P. = 6907— 72°C in a sealed

capillary). (N.B. Sublimation was found to be a more efficient

technique than successive recrystallisations from hexane).
After removal of this component, further sublimation at

o

10°- 20°C gave C1,6elCo(CO) (an orange solid with a

4]2
melting point of 100° - 102°C with decomposition) as a minor
product. N.B. The yield of this compound rose to ca. 15% only
at 8 : 1 Co(CO), / GeCl, ratio.

Crude physical separation of the ClGe[Co(CO)uls component
of the product mixture was possible due to the decreasing
hexane solubility of these compcunds in hexane with additional

-Co(C0), substitution. Thus, ClGe[Co(CO)u]3 was deposited as

I
r

a deep red outer ring, surrounding the orange ClzGe[Co(CO)u]?

and yellow Cl,GeCo(C0),. The pure ClGe[Co(CO)u]3 was isolated

3
in ca. 30% yield (as estimated from infrared data - see
discussion) by crystallisation from hexane at -20°C over a

day or so. Alternatively, after removal of the Cl3GeCo(CO)u

and C12Ge[Co(CO)u]2 components by sublimation the



ClGe[Co(CO)u]3 could be sublimed from the rcsidues at 40°C
over a period of several hours , as a deep red solid.
(M.P. = 73-75°C in a sealed'capillary ; Analysis : Calculated
for C1 : 5.72% 3 Found : 5.76% )

The reaction was also carried out st 4 : 1 and 8 : 1
Co(CO);/GeClq ratios. Yields from these reactions (which gave
the same mixture of products) were estimated by infrared

abscrption intensities as:

Cl%GeCO(CO)Uf : 60 - 70%
. . \ 9
ClzGe[Co(CO)q]2 : < 15%
ClGelCo(CO) ], : 25 - 30%

3.2 Characterisation of NaCo(C0),/GeCl, Products.

3.2.1 Infrared Spectra.

The infrared spectra.of Cl,;GeCo(CO0),, ClQGe[Co(CO)u]2
and ClGe[Co(CO)q]3 are given in Table 3.1 a, b and c,
respectively. The former two compounds have already been
reported and their assignments may be compared directly with
the literature data.

ClGe[Co(CO)u]3 is a new compound whese tin analogue is
known. The crystal structure of ClSn[Co(CO)u]3 has been done

(80) and shows C molecular symmetry. The close agreement

3v
of the spectra of the germanium and tin analogues (six of

the 3A, + U4E modes predicted for C are seen) supports the

1 3v

assignment of ClGe[Co(CO)q]3 as a Cq species also. With a
O.1mm solution cell, full scale carbonyl absorptions could

be obtained using concentrations of ca. 2.2 mg/ml (i.e.
3

ca. 3.5 x 10 °M).

The assignment of all spectra is discussed in Chapter
Eight, while the carbonyl stretching regions are shown in

Figures 8.1 (p.153) , 8.3 (p.159) and 8.5 (p.165) for



Table 3.1

Infrared Spectra of Procducts from NaCo(CO)u/GeC1u

a) Infrared Spectrum of Cl

~

3GeCo(CO)u

Hexane Solution MNujol Mull Reference(109)(i) Assignment (ii)

2122.6 (4.8) 2122.2 (5.3) 2123 (s) vCO (A))
2068.6 (4.9)  2067.8 (5.1) 2070 (s) Va0 (A;)
2050.1 (10) 2048.2 (10) 2052 (vs) vCO (E)
2027  (1.5) 2034 (sh) vi3eo

2012.5 (0.8) 2009  (0.8) 2013 (w) v3co

552 (2.0) 547  (2.3) 549 (vs) 8Co-C-0 (A;)

463  (0.9) 460  (1.5) 463 (s) vCo-C, 8Co-C~0(E)
402 (1.1) 406  (w) 405 (s) vGeCl (E)

330 (1.1) 387  (w) 390 (s)° vGeCl (A))

Notes

i) Cyclohexane solution.
ii) Symmetry assignments are those given in (109).
iii) Other literature infrared data for this compound appear in

(51,66,110,112)

b) Infrared Spectrum of ClzGe[Co(CO)u]2

Hexane Solution Nujol Mull Reference(51)(i) Assignment

2117.8 (1.6)  2116.8 (1.2) 2117 (0.1) vCo (A;)
2100.1 (9.8)  2099.0 (9.4) 2100 (9.6) vCO (B,)
2058.1 (7.3)  2056.9 (5.8) 2058 (6.7) vCo | 24,
205%.5 (4.7,sh)2054 (5.5,sh) 2054 (3.8,sh) vCO | +

2044.8 (10) 2042.9 (10) 2044 (10) vCO 2B
2027.8 (6.9)  2026.1 (5.1) 2026 (4.1) veo | +

2015.7 (2.9)  2013.8 (2.9) 2016 (2.4) veo | B,

Contd. Overpage




Table 3.1 contd.

Hexane Solution Nujol Mull Assignment
548 (2.3) 548 (2.6)
§Co-C-0 (A1+Bl)
536 (2.5) 536 (2.5)
402 (w) vGeCl (Bl)
362 (0.8) 360 (vw) vGeCl (Al)
336 (0.5) 329 (vw)
’ §Co-C-0 (A1+Bl)
308 (0.6) 320 (vw)
Nete

i) In cyclohexane solution

c) Infrared Spectrum of ClGe[Co(CO0), 1,

Hexane Solution Nujol Mull ClSn[Co(CO)hl3(i) Assignment

2109.2 (0.9) 2109 (0.5,br) 2110 (vw) vCO (A;)
2088.2 (9.8) 2087.2 (9.7) 2088 (s) vCO (E)
2049.1 (7.8) 2047.8 (5.7) 2049 (mw) vCO
(2A
2044 .7 (7.0,sh) 2043 (mw,sh)  vCO 1
+
2028.5 (10) 2028.4 (10) 2028 (s) vCO
3E)
2003.1 (4.6) 2000.0 (3.1) 2001 (w) vCO
537  (3.2) 546 (2.2,sh)
§Co-C-0 (A;+E)
536 (2.8)
483 (w) §Co-C-0,vCo-C
(A, +E)
1
402 (w) vGe-Cl1 (E)

Note

i) Reference (79) in cyclohexane.



Cl;GeCo(C0),,,CL,GelCo(CO) I, and ClfelCo(C0),1,,
respectively.

3.2.2 Mass Spectra

.

The mass spectrum of Cl GeCo(CO)u shows a weak parent

3
ion envelope (m/e = 3L46-358) and the expected fragments
corresponding to carbonyl loss. Similar, weaker series of.
fragments arise from (P—Cli+.The~whole spectrum is listed

in Table &.1 (p.136).

The mass spectrum of C12Ge[Co(CO)u]2 shows no parent
ion, but does show envelopes corresponding to both (P—CO)+
and (P—Cl)+. The expected carbonvl loss fragments from each
of these ions form the predominant part of the spectrum,
which is listed in Table 8.2 (p.137).

The spectrum of ClGe[Co(CO)u]3 shows no parent ion, but
(P—CO)+ and the fragments due to carbonyl loss from this are
seen. The whole spectrum is listed in Table 8.3. (p.138).

The discussion of all mass spectra is given in Sections

8.1 and 8.2.

3.2.3 Handling

ClGe[Co(CO)q]3 has been kept under nitrogen in a
refrigerator for several months without any sign of change.
Routine bench handling in air resulted in no detectable
oxidation or decomposition. Similar handling was possible

for the deep red hydrocarbon solutions.

3.3 Reactions of NaCo(CO)u/GeClu,Products

3.3.1 Reaction with LiAlHu

An attempted reduction with LiAlHl+ of a 1:1:1 mixture

of C13

carried out in Et20 at room temperature, under vacuum.

GeCo(CO),, ClzGe[Co(CO)u]2 and ClGe[Co(CO)u]3 was

Immediate gas evolution was evident. This ceased in ca.



10 minutes. Residues were hexane insoluble and an Et;0
extract showed no infrared carbonyl absorptions. LiAlHLl
aprarently causes decomposition of all three compounds,
though there is no indication of the fate of the germanium
in this system.

3.3.2 Reactions with HeX,

a) Reaction of ClBGeCo(CO)q with HgCl,
In hexane solution, under vacuum, after 3 hours at
room temperature no visible change had occurred. The infrared
spectra showed that no reaction had taken place. The reaction
was repeated in THF to see whether a polar solvent had anv
effect, by dissolving more HgClz. The pale yellow solution
colour was lost over ca. 24 hours but no infrared spectral
changes were evident, even after 34 hours.
Discussion
These results are interesting in the light of the
quantitative Ge-Co cleavage found from reaction of
MeXGeH

LCo(CO), (x = 0 to 3) with HgCl,. (49,53,54,133).

3- 2°

The apparent stabilization of the Ge-Co bond by -GeX, does

3
not seem to show up as part of a trend with increased halo-
genation, in terms of reaction rate, when compared with the
results of the analogous reactions in Chapter Four, where

X = Br. This would imply that the effect is rather one of
thermodynamic stabilization of the Ge-Co bond.

b) Reaction of ClGe[Co(CO)q]3 with Hel,
The reaction

Br‘Ge[Co(CO),T,]3 + Hgbr, ——> Br-zGe[Co(CO)u]2 + BngCo(CO)q
(described in Chapter Four) suggested a synthetic route to
asymmetric substitution on germanium in these systems. ec.g.

ClGe[Co(CO)q]3 + UgIz —_— ClGeI[Co(CO‘)q]2 + IHgCO(CO)u
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e
.

Alternativelyv, the halogen atoms could redistribute to give

a mixture of Cl2

Solid HgI, was added to a hexane solution of

Ge[Co(CO)u]2 and IzGe[Co(CO)ulz.

ClGe[Co(CO)u]3 and warmed to room temperature under vacuum.
The reaction was monitored by solution infrared sampling in
a glovebox.

After 30 minutes : Weak infrared absorptions at ca. 2115,
2100 and 204y cm—l, characteristic oszGe[Co(CO)u]2 species
began to appear.

After 2.5 hours : Decomposition was noted by a 50% drop in
carbonyl absorptions intensities. The following absorptions
could be distinguished from the weakening ClGe[Co(CO)”]3

modes. {All values in cm"l)

Product Cl1,GelCo(CO), T, (i) IQGe[Co(CO)u]z(ii)
2114.2 2117.8 2113
2098.5 2100.1 2096
2056.2 2058.1 2054
2054.5 (sh) 2051 (sh)
2044 .4 2044 .8 2042
2028.2 2027.8 2025
2014 .3 2015.7 2013
Notes

i) Values from this work in hexane. (See Table 3.1b, p.41 )

ii) Reference (51) in cyclohexane.

After 11 hours : The dicobalt product intensities had stayed
almost constant, but the ClGe[Co(CO)u]3 had been further
consumed.

After 25 hours : No carbonyl absorptions could be seen.
Discussion

The choice of starting materials was made to maximise



the separation of possible carbonyl infrared absorptions.

From the above results it seems quite clear that the

asymmetric compound (i.e. ClGeI[Co(CO)u]2 ) did form and

showed no sign of redistribution. Rather, it seemed to
decompose directly to a non-carbonyl-containing species.

This process appeared to reach equilibrium with its formation
from ClGe[Co(CO)u]3 as shown by its static concentration
between 2.5 hours and 11 hours of reaction. Such an equili-
brium would make isolation of the asymmetric product difficult.
The decomposition route, apparently preferable to

redistribution, is undetermined at this point.

3.3.3 Reflux Peactions

a) A 1:1:1 mixture of C1,Co(CO0),, C12Ge[Co(CO),4]2 and
ClGe[Co(CO)u]3 was refluxed in hexane (69°C), under nitrogen,
and monitored by infrared spectra. After 5 minutes, the
amount of ClGe[Co(CO)u]3 was unchanged while the other two
had diminished by ca. 30%. New carbonyl bands appeared at
2112 cm (w) 2062 em™! (s) and 1844 cm™l(m). After a further
10 minutes, decomposition had reduced all intensities ;
more for Cl3GeCo(CO)u and C12Ge[Co(CO)u]2 than for
ClGe[Co(CO)q]3 and the extra modes above. No carbonyl
absorptions were evident after a further 5 minutes of reflux.
The identiy of the component contributing the extra absorptions
remains unknown.
b) Reflux of ClGe[Co(CO)qj3

After 2 hours of reflux in pentane (36°C) had shown no
changes, 10 minutes of reflux in hexane (69°C) changed the
red solution to yellow/brown. Infrared spectra showed the
formation and subsegquent decomposition of bridged-carbonyl

species whose abscrptions were deduced to include
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1

2111 em” (W) , 2081 et (7-m) , 2062 em ~(s) , 2045 en” T (vs)

ca. 2030 em™ () , 18ub cm-l(m) , 1828 e (w). While some
of these modes are possibly contributed to by GeCou(CO)lu
(2079 (vs) , 2061 (vs) , 2040 (m) , 2032 (s) , 2023 (m) ,
2005 (w) , 1848 (m)) and (CO)uCoGeCos(CO)9 (2112 (w) ,

2083 (s) , 2045 (vs) , 2029 (m) , 2008 (vw) , 1991 (vw))

(See Section 3.5), not all of the relative intensities of the
observed absorptions can be accounted for in this way. As
with the case above, the remaining éomponent in this system

remains unassigned.

3.3.4 Reaction with NaCo(CO)LlL

a) Reaction of Cl GeCo(CO)u with NaCo(CO)u

3
NaCo(CO)u, prepared from C02(CO)8 (470 mg 3 1.4 mmoles),
was reacted in Etzo at room temperature with Cl3GeCo(CO)u
(160 mg 3 0.46 mmoles) for 20 minutes. The residues from the
deep red reaction solution were only slightly soluble in

hexane. The composition of successive hexane extracts was

as follows

Extract Composition
1 ClGe[Co(CO)q]3 > GeCou(CO)lu >> C02(C0)8
2 GeCo, (CO),, >> ClGelCo(CO) ],
3 Ge[CO(CO)u]u > ClGe[CO(CO)q]a, COQ(CO)8
L Gel[Co(C0), 1, >> Co,(CO)g

Identifications were made on the basis of infrared spectra,
using the data reported in Section 3.5 and reference (124).
b) Reaction of ClGe[Co(C0), 1, with NaCo(CO),

ClGe[Co(CO)4]3 (160 mg ; 0.26 mmoles) was reacted at
room temperature in Et,0 with large excess of NaCo(CO)u,
for 20 minutes. The bulk of the dark red residues was hexane
insoluble. The hexane extracts showed GeCou(CO)lu(See Section

3.5) and a little C02(C0)8. The former came out of solution
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in the refrigerator as a red/black solid. A further ILt,0
extract showed only Coz(CO)s, while a subsequent hexane

extract showed only Cou(CO)]2 (by infrared and mass spectra).

3.4 Discussion

The reactions of GeCl, with NaCo(CO)L+ clearly show the
stepwise substitution of chlorine by —Co(CO)u. This is sup-
ported by the further reactions of the partially substituted
derivatives with Co(CO);, which producé higher members of the
series, including some tetracobalt species, discussed in the
next section.

W.A.G. Graham prepared C13GeCo(CO)u using either 1:1
GeClu/NaCo(CO)u or 23 : 19 GeClu/Coz(CO)8 reactant ratios in
THF with 57%, 60% yields respectively. (51). (Using these
routes, other authors have made further reports on this
compounrd, including vibrational analyses (66,109,110,112),
force field calculations (108) and an ¥X-ray crystal structure.
(132)) However, using a 5.9 : 2.3 COQ(CO)B/GeCIu ratio,
Graham also reports the preparation of ClZGe[Co(CO)u]2 in
THF in 72% yield.(51). No comments were made about the other
products from these reactions. Thus, it would seem that:-the
products formed from these preparations were dependent upon
the reaction ratios only. As noted above, using GeClu/Co(CO);

ratios of 1:1 , 1:4 -and 1:8 in I't,0, the 60 -~ 70% product

2
each time was ClaﬂeCo(CO)u. C12Ge[Co(CO)u]2 was only a minor
product in these systems, which produced ClGe[Co(CO)4]3 as

the secondary product. Reported data for this and the analogous
tin systems (51,52,79) indicate that THF seems to make the
substitution reactions much more sensitive to reactant ratios

(whether Co(C0), or CoQ(CO)8 is used). Pessibly the better

solvation of GeCl, by THF enhances the relative reactivity



of the chlorine substituents as successive -Co(CO)u groups
are added. e.g. A stronger’positive inductive effect would
be expected to make better lesving groups of the chlorine
substituents.

The low yields of C12Ge[Co(CO)u]2 in the Et,0 system

2
are interesting. FEven in the ClaGeCo(CO)u/NaCo(CO)u svstem.
where only monosubstitution was fequired, no ClzGe[Co(CO)u]2
was seen at all and only further substituted derivatives were
seen. This must be éompared with the 72% yield for

Cl'?Ge[Co(CO)q]2 and 50% yield for ClQSn[Co(CO)u]2 reported by
Graham in the THF system.(51). While the difference between
the two ClQGe[Co(CO)u]2 preparations may be considered in
terms of the better adduct formation in THF conferring greater
solution stability on this product, the distinction between
it and the mono- or tris-cobalt species in solution is unclear.
As noted in the next Chapter, yields of BrzGe[Co(CO)u]2 are
good, at the expense oler3GeCo(C0)u. This would seem to
rule out a configurational instability, while the "high"
yield formation of the tris-cobalt products rules out possible
steric hindrance in Cl,Ge[Co(CO),],.

An interesting and useful point arising from the infrared
monitoring of GeClu/Co(CO); reaction products was the relation-
ship between absorption intensities and concentrations of
Cl GelCo(C0), 1, . - (x =1, 2, 3). Amounts of each required

to give full scale absorptions of the chosen modes in hexane

solution are

C1,GeCo(CO), (2123 em™) = 6.4 mg/ml (1.8 x 107 2M)
C1,6elColCOy 1y (5100 em™) = 2.0 mg/ml (4.1 x 1073M)
C1GelCo(C0), T, (2088 en™) = 2.2 mg/ml (3.5 x 107 M)

These modes were chosen as being



i) due to comparable vibrations in all compounds. (See
Chapter Eight)
ii) of comparable relative intensities in the spectra of
the pure compounds (See Table 3.1, p. 47)
iii) well clear of the main, lower energy envelope of
absorptions and readily resolved.
The above data was useful for the semi-quantitative

analysis of crude product mixtures in this reaction system.

3.5 Preparation, Charactcrisation and Reactions of

GeCou(CO)X Species

3.5.1 Preparation of Ge[Co(CO)u],1L

This compound was isolated from the reaction prcducts of
ClgGeCo(CO)u/NaCo(CO)u by successive hexane extractions.
(See Section 3.3.4). This was the least hexane soluble of the
carbonyl products and was largely sepa?able from other reaction
products on this basis. In a refrigerator overnight, the product
came out of the deep red hexane solution as a black solid.

3.5.2 Characterisation of Ge[Co(CO)u]u

a) Infrared Spectrum

This is given in Table 3.2a and the carbonyl absorptions
are shown in Figure 8.7 (p.171). The spectrum compares very
closely with that of the established Sn[Co(C0), ], (52). Under
full tetrahedral symmetry , both compounds have the following
predicted carbonyl stretching modes : 'ZAl + E + Tl + 3T2.
Of these only the T2 modes are infrared active. Thus, the
observation of only two strong modes in both spectra is an
indication that these molecules are clcse to this symmetry.

The significance of the weak modes is further discussed in

Chapter Eight.
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Infrared Spectra of GeCou(CO)X Derivatives

a) Infrared Spectrum of Ge[Clo(CO),_;fJLt

Hexane Solution (i) Nujol Mull (ii) Sn[Co(CO)u]u (iii)

2078.9 (8.1) 2081.2 (s) 2079 (9.8)
2067 (1.0)(iv) 2069  (m) (iv)

2042 (2.0)(iv) 2038 (m) (iv)

2032 (2.2,sh) 2032 (3.0)
2019,8 (10) 2019.7 (vs) 2018 (10)
2000 (0.7,br) 2001  (m) 1993 (0.5,sh)

1994 (2.3)
541 (s)
508 (s)

Notes
i) See Figure 8.7 ,p.171 for the carbonyl stretching region
spectrum.
ii) Numerical relative intensities were not taken due to
significant baseline drift.
iii) Reference (52) in cyclohexane
iv) These seemed to be impurity absorptions which varied in
relative intensities between samples. (e.g; compare the
nujol and hexane solution intensities of these modes).
They became more predominant over long storage periods.
The most likely decomposition product giving rise to these

modes is Coz(CO)8}(12u).



Table 3.2 Contd

b) Infrared Spectrum of GeCou(CO)]u

Hexane Solution (a) Nujol Mull (b)
2079.3 (9.7) 2077.4
2061.3 (10) 2059.0
2040.4  (4.7) 2038.8
2032.0 (6.7) 2029.3
2022.8 (3.6) 2020.5
2004.7 (1.0) 2000.0
1848 (3.4) 1843

Notes

a) See Figure 8.7 (p.171).
b) Relative intensities for this sample have been omitted

due to significant baseline drift over the region.

(V]
N
.



b) Mass Spectrum

The highest mass ion seen in this spectrum is
GeCoq(CO)lZ. Though this may. be expected and reconcilable
(as discussed in Sections 8.3 and 8.2) and similar to that
seen for the tin analogue, the observation of (p-2c0)"  is
not of direct use in the initial characterisation of this
compound. The full spectrum seen for this species is listed
in Table 8.4 (p.139).
c) Handling

Ge[Co(CO)u]u is a black solid with low hexane solubility,
giving a deep red solution at low concentrations. The compound
was found to decompose under room temperature handling, but
did not seem to be affected by short manipulations in air.
These observations concur with those made about Sn[Co(CO)u]l+
(52,81). Further comments made about that compound are also

likely to apply to GelCo(C0),],.

3.5.3 Preparations of GeCou(CO)1u

a) This product first became evident in samples of
ClGe[Co(CO)4]3 (before recrystallisaticn) prepared from the
reaction of GeCl, with NaCo(CO0),. The observation of extra,
weak absorptions in the spectra of these samples could be
assigned in retrospect to GeCou(CO)lu.

b) A sample of GeCou(CO)lu was isolated as the only tetra-
cobalt derivative of germanium from the reaction of
ClGe[Co(CO)u]3 with NaCo(CO)u. (Section 3.3.u4b)

c) GeCou(CO)lq was isolated as the second of three products

in the Cl GeCo(CO)q/NaCo(CO)l+ reaction system. (Section 3.3.4a)

3
It was the major of the two tetracobalt species.
d) The 15 week room temperature reaction of GeH, with

002(00)8 gave GeCoq(CO)lu as the major product, aleng with

one other tetracobalt compound. (Section 6.1 , p. 98)
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e) Though not isolated from the GeBr.'u/NaCo(CO)u systems
discussed in Chapter Four, the fourth component of these

was most probably GeCoq(CO)]u, from the infrared data.

3.5.Y4 Characterisation and Reactions of GeCo,J((CO)lu
a) Mass Spectrum :

This shows a highest mass envelope at m/e = 698-704 ,
corresponding to GeCou(CO)lz. Successive loss of 14 carbonyls
from this forms the major fragmentation pattern in this
spectrum. The spectrum is listed in Table 8.4 (p.139) and
further discussed in Sections 8.1 and 8.2.

b) Infrared Spectrum

This is listed in Table 3.2b and the carbonyl region is
shown in Figure 8.7 (p.171). The presence of the bridging
carbonyl mode eliminatcs the "all-terminal" configuraticn
discussed in the previous section. ( Ge[Co(CO)u]u ). A carbonyl
stretching mode analysis for possible GeCou(CO)lq or
GeCou(CO)15 configurations from the infrared and mass spectral

data above predicts

(co) (co)
Co 3 Co 3
(C0).,Co,BeCo,(COY, (D, ): / \ / \
7772 2 7 24 oC Ge co
7/
\ / ’,, /
Co “C
(CO), (CO) 4
Terminal : 2Al + A2 + B+ 2B, + 3E ; Bridging : A1 + B2
(Of these, only the B, and F modes are infrared active).
(co) (co)
Co,u Co 8

. s
[Co(C0Y,1,GeCo,(COY, (C,) : /, N
Ge (610)
Terminal : 7A' + 7A" 4¢/// \\\\\ /////
Co Co

Bridging : A' (CO)u (CO)3

(A1l modes are infrared active).



The simplicity of the infrared upectrum ohserved

suggests the D

o

24 formulation as the more likely of the two.
However, the observation of six terminal modes, where five
are predicted may preclude this. On the other hand, the eight
terminal modes not seen for the Cs molecule implies a great
deal of accidental degeneracy, overlap and vanishing
intensities. This is further discussed in Chapter Eight.
c) Carbonyl Determinations

At this point with no certain identification of this

product, CO analysis using Br, destruction of the molecule

2
was investigated. Several attempts, including standardisation
runs using Coz(CO)8 gave unsatisfactory results for both

CO yield (typically 70 - 80%) and reproducibility.

(N.B. Accuracy to within 5% was required to be able to
distinguish the 15 and 14 carbonyl-containing derivatives.

d) Thermal Decomposition

An attempted recrystallisation of GGCOH(CO)lu, using
hot hexane was found to cause its decomposition to
(CO)MCoGeCos(CO)g, identified by its infrared spectrum. (97).
Since this compound had also been established by its mass
spectrum and crystal structure, it served as a useful
reference point in determining the exact composition of
the product under analysis here.(i.e. the CO evolution on
decomposition could be monitored to determine whether one
or two carbonyls are lost in forming GeCou(CO)lg).

Using the crude solid product from the GeHu/Coz(CO)8
reaction, known to contain some non-carbonyl impurity,13.5 mg
was heated in a black-painted, teflon-tapped glass tube,
under vacuum, in an oil bath. No CO was evolved in two hours
at u5°C So subsequent heating was at 50°C (+ 3°C). Table 3.3
shows the results from this reaction, which are plotted in

Figure 3.1.
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Table 3.3

CO Evolution with Time in the Thermal

Decompositon of GeCou(CO)lu

"Time (hours) ¢ 1.0 13 17 21 33.5
CO evolved (uymoles) : 0.5 3.8 5.8 7.5 10.3
7
Time (hours) : 40 B U 72 83 93
CO evolved (pmoles) : 11.1 12.5 13.4 13.2 13.9
Time (hours) : 105 110 117 129 150
CO evolved (umoles) : 19.3 32.8 34,7 70.1 81l.4
Time (hours) : 162 225 270 342 Li18
CO evolved (hmoles) 93.8 106.6 123.3 1u48.4 157.0
Time (hours) :+ 591 870 900
CO evolved (umoles) : 168.2 173.3 174.1

% This result seems to be a reading error, as seen by the

following, smaller cumulative CO total.

After 93 hours, when the curve in Figure 3.1 started its
upward turn, herane was condensed into the vessel and a small
volume of deep red/purple solution was removed for an infrared
spectrum. (c.f. deep red/brown solution of starting material
in hexane). The spectrum obtained is given below, along
with that of (CO)uCoGeCos(CO)9 reported by Schmid. (97).
As evident from the weak appearance of the very strong
2061 cm-l mode of the starting material, conversion of the
sample was not quite complete.

Continued heating after removal of the solvent resulted
in a sharp rise in CO evolution, which then tailed off. The

addition of solvent had apparently exposed fresh reaction surface.



Figure 31  Thermal Decomposition of GeCo (00)14
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Hexane Extract frqm GeCoL,r(CO)lu (CO)U’CQGeCo?;(CO)9 (s7)
Therral Cecomposition (hexane)
2111 .4 (w) 2112 (w)
2082.0 (s) 2083 (s)

2061.1 (w)

2043.7 (vs) 2045 (vs)
2027.0 (m) 2029 (m)

2007.1 (w) 2008 (vw)
13890 (vw) 1991 (vw)

This was confirmed by adding further solvent after 117 hours,
to resample the product. Again, there was a sharp increase
in CO evolution after solvent removal. This then tailed off
again. The infrared sample at this point showed only
(CO)uCoGeCo3(CO)9 in reduced quantity. After 150 hours,
2-3 mls of hexane were condensed into the tube and all further
reaction was carried out with solvent présent.

After 342 hours most of the solution colour had gone and
CO evolution was clearly tailing off. By 900 hours no further
carbonyl could be detected in solution. Thus the asymptote
to the curve in Figure 3.1 at its upper limit is at ca.
175 uymoles of evolved CO. This implies ca. 12.5 umoles of
pure GeCou(CO)lu or ca. 11.7 umoles of pure GeCOH(CO)lS'
i.e. Formation of GeCou(CO)13 requires 12.5 and 23.4 umoles
of CO evolution, respectively. (N.B. No allowance is made
here for the removal of the two infrared samples in the
course of this decomposition. This would depress the expected
amounts of CO evolved slightly.)

The clear plateau in Figure 3.1 at ca. 13 umoles of
evolved CO, along with the infrared observation that

decomposition to GeCou(CO)lq was virtually complete at this
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stage is a clear indication that the product under analysis
here is GeCoq(CO)lu.

Another decomposition done completely in solution at
55° - 60°C gave almost complete conversion to
(CO)uCoGeCog(CO)g in 2 hours as menitored by its infrared
spectrum. In this case 5.5 mg of hexane soluble product only
had evolved 6.6 pmoles of CO at this point, where complete
conversion of pure product is predicted to give 7.8 umoles.
Decomposition was largely complete in 69 hours.

This thermal decomposition, taken along with the infrared
and mass spectral data establishes the compound as
GeCoq(CO)lq and points strongly to its proposed configuration.
(p. 54 ). This is supported to some extent by the reports
of the compounds Sn[Fe(CO)u]l+ and Ge[Fe(CO)u]u (37,38), whose
configuration was shown in Chapter One (p. 16 ). i.e. the
Group IVB atom occupies a bridging position between two pairs
of iron atoms in much the same way as proposed for the cobalt
compound above. However, the exact configuration of
GeCou(CO)lu still needs to be established with certainty.
The two obvious techniques to do this are X-ray crystallo-
graphy and 13C nmr.
e) Handling

GeCo”(CO)lq is a deep red solid which has been kept for
some menths under nitrogen at -20°c, without decomposition.
Solubility in aliphatic solvents is low and not much better
in ethers. Solutions are deep red in colour. Neither solutions
nor solid have shown signs of decomposition during short bench-
handling in air. The melting point in a sealed capillary is
79-80°C with gas evolution evident from the partially melted
solid. Chromatography on dry alumina (6 mm i.d. x 6 cm column)

gave only Co,(CO),. (c.f. ((MeQGe)?COQ(CO)8 , discussed in



Chapter Six.

3.5.5 Preparation of (C0), CoGeCo,(CO),

An attempted preparation of this compound using Schmid's

method (97) was unsuccessful. i.e.

2:1 Pet. Ether/benzeng% (CO)uCoGeCoa(CO)g
2.5 hrs R.T.

20 hrs 55°C

GeBru + '-'rNaCO(CO),4

+ LNaBr
lHowever, as described in the previous section, this compound
was derived virtually quantitatively from the thermal
decomposition of GeCou(CO)lu. This type of reaction was
probably also responsible for the presence of small amounts
of (CO)uCoGeCos(CO)9 from the reaction of GeH,
which produced mainly GeCou(CO)lu. (See Chapter Six). Its very

with COQ(CO>8,

small yield in that case reflects the reaction rate at room
temperature. (M.B. four days at 50°C were required for the
near-completion of this reaction. See the previous section).
The (CO)uCoGeCo3(CO)9 prepared in this work has been
characterised by infrared and mass spectra, both of which
agree closely with that reported by Schmid (97).. Its infrared

spectrum is reproduced (as obtained here) in Figure 8.7 (p.7171).

3.6 Discussion

The work of this Chapter set out to estéblish the position
of germanium - cobalt derivatives, as compared to the silicon
and tin analogues known, with respect to structural classi-
fication and spectroscopic properties. The latter will be
summarised as part of an overall picture of a larger group of
related compounds in Chapter Eight.

Each member of the series ClXGe[Co(CO)uJu_X (x = 0 - 1)
has now been prepared and independently characterised. This

fact in itself places germanium apart from silicon, whose size
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determines that it will form clustered compounds when the
higher members of the series are attempted to be prepared.
While this series of compounds is directly analogous to the
known tin series, germanium again sets itself apart in the
formation of two additional BeCo, species. While Sn[Co(CO)u]q
is the only SnCou product so far observed, it has been found
that Ge[Co(CO)ulq is a much less .favoured compound, prcbably
due to the. increased steric interactions with the smaller
germanium as the central atom. Rather, under room temperature
conditions, the germanium system prefers to relieve this
interaction by closing up the cobalt substituents into two
pairs, forming (CO)7CozGeCo2(CO)7, where GeCoz(CO)7 takes
the place of the second bridging carbonyl in the basic
C02(CO)8 structure. The preference for this configuration over
the crowded Ge[Co(CO)u]u is seen in the mass spectrum of the
latter species, where spectrometer conditions cause it to
condense, with loss of two carbonyl groups, to form
GeCou(CO)l:.

Under higher temperature conditions, the favoured
conformation becomes the cluster compound (CO)uCoGeCos(CO)g,
analogous to the silicon system. The mechanism of this
decomposition is interesting in that it must involve cleavage
of a cobalt - cobalt bond (after terminal/bridging CO exchange,
possibly, as discussed by Job and Curtis (77)) to form the
tricobalt cluster. As mentioned in Chapter One, the size of
germanium seems to be more suited to this configuration than
silicon, as reflected in yields of similar preparations.

This result is also affected by the great affinity of silicon
for oxygen, which results in the majority of its compounds

binding through a carbonyl oxvgen , e.g. R SiOCCo3(CO)9.

3
The relative stabilities of GeCoL,r(CO)13 and GeCou(CO)lu



under mass spectral conditions is seen from the fact that
the parent ions for both are seen. This can be contrasted
with Ge[Co(CO)”]u, ClGe[Co(CO)q]3 and ClzGe[Co(CO)qu, all
of which show highest mass ions corresponding to carbcnyl
loss. However, this effect is not peculiar to germanium, as
each of the tin analogues is found to do the same. (See
Chapter Eight).

Overall, the stepwise substitution of GeCl, is found to

u
favour ClaGeCo(CO)u and C1Ge[Co(C0), ], at the expense of

4-3
ClQGe[Co(CO)uJQ. This would seem to be related to mechanism
of formation, since the stability of the isolated
ClzGe[Co(CO)u]2 is no different from the other two. For the
tetracobalt species, while GeCoq(CO)lu is the favoured room

temperature product, the overall stability order is

Ge[Co(CO)u]q < (CO)7COQGeC02(CO)7 < '(CO)uCoGeCoa(CO)9

The interrelationship of the tetracobalt derivatives seen
here is an interesting extension of the reports of similar
behaviour for the di- and tricobalt derivatives of germanium.
In a system directly analogous to the thermal decomposition
of GeCou(CO)lLL reported above, Graham (86) has reported that
under reflux in hexane, [Co(CO)u]GePhCOQ(CO)7 condenses to
form the clustered compound PhGeCo3(CO)9. Under high pressures
of CO, PhGeCo3(CO)ll forms PhGe[Co(CO)u]3 which rapidly loses
CO to reform the undecacarbonyl.

A similar transformation of this type is reported by
O'Brien et al. (87). Under CO pressure, Ph,GeCo,(CO), is

converted to the stable PhZGe[Co(CO) An interesting

4]2'
feature of this system is that the required conditions for
the reverse reaction (which should be more favourable in

terms of the stability order noted above) have not been

found. In contrast, the energy barrier for the conversion



€3.

of GeCou(CO)lu to GeCou(CO)ls, as discussed above, has been
quite closely defined by the observed 45°-50°C cut-off
temperature.

The importance of steric considerations in these
interconversions is seen from the relative stabilities of
PhGe[Co(CO)u]3 and thGe[Co(CO)q]z. As expected from such
considerations, the stability of the proposed MeGe[Co(CO)u]3
(discussed in Chapter Five) is intermediate between these two
compounds. However, electronic effects have also been seen. as
the dominant feature in product stability toward interconversion.
The derivatives XGe[Co(CO)u]3 (X = halogen) provide a direct
contrast with the methyl and phenyl derivatives mentioned
above. They are quite stable in the "tris-terminal"
configuration. Also, no halogen-substituted Group IVB-bridged

derivatives of cobalt carbonyl have yet been reported.



Chapter Four

Cobalt Carbonyl Derivatives of Gequ

4.1 Reaction of GeBr, with NaCo(CO),

Using the general method described in Chapter Two, a
typical reaction was carried out as follows

GeBru.(lHZO mg ;3.6 mmoles) was reacted in Et20 with
NaCo(CO)u (produced.from Coz(CO)8 3 2360 mg : 6.9 mmoles)
at room temperature for twenty minutes. The ether was removed
and residues were extracted with n - hexane.

Sublimation of this extract at 6°C for several hours

gave pale lemon - yellow Br,GeCo(CO0), (170 mg ; 0.35 mmoles ;
M

3
10% yield).

After removal of the above ccmponent, successive
sublimations between room temperature and. 50°C were found
to be gradually concentrating the BrQGe[Co(CO)u]2 component
from the product mixture. However, complete separation of
this compound was not found tc be possible with this technique.
A facile purification of BrZGe[Co(CO)u]2 from the 35° - 50°C
sublimate mixtures involved washing the sublimate lightly
with hexane while still on the cold finger. This removed an
outer red/brown layer of solid, leaving a much more tightly
packed layer of orange/yellow solid. The former was found to
contain a mixture of all remaining products. The solid
remaining on the probe was pure BrQGe[Co(CO)u]2 (604 mg
1.05 mmoles ; 29% ; N.B.This was isolated yield. PReaction
yield was estimated by infrared at ca. 40%). While this
suggests that this compound was coming up onto the probe first,

infrared spectra of these sublimates in the early stages

showed that Br2Ge[Co(CO)u]2, BrGe[Co(CO)q]3 and a tetracobalt
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species were all present.

Separation of BrGe[Co(CO)u]3 from the reaction residues
was not readily achieved by sublimation. The most successful
isolation of pure BrGe[Co(CO)u]3 involved crystallising this
product out of the concentrated crude hexane extract from
the reaction over a period of days in a refrigerator at
-20°C. (Yield ; 40%, based on GeBr, used).

A further component observed in the product mixture
contained bridging carbonyl and was ‘distinguished by infrared
absorptions at : 2112 (w) , 2079 (m) , 2062 (s) , 18uu (m).
This compound could not be isolated from product mixtures,
but its handling properties and the likeness of the above
ahbsorptions to those seen in the GeClu system suggest strongly
that this component is a tetracobalt - substituted germanium
derivative.

The reaction of GeBru/NaCo(CO)q in 2 : 1 petroleum
ether/benzene under vacuum was first sampled after 10 hours
at room temperature, for an infrared spectrum. There was no
sign of Br,GeCo(CO),. The Br,Ge[Co(C0),], component was
estimated at 30% of the carbonyl-containing products, while
the major product was BrGe[Co(CO)qJ3 at ca. 40%. The
remaining carbonyl compound was the unidentified bridged
species.N.B. While the similar concentration/absorption
relationships for BrzGe[Co(CO)u]2 and BrGe[Co(CO)u]3 could
be determined from the isolated compounds, the unidentified
species could only be determined by elimination. Further
reaction at room temperature was found to decompose all

carbonyl-containing products by ca. 140 hours of reaction time.

—

4.2 Characterisation of GeBr,/NaCo(C0), Products

4.2.1 Infrared Spectra

|

The spectra for Br,GeCo(C0),, Br?Ge[Co(CO)u]? and



BrGe[Co(CO)q]Sare given in Tables 4.1 a, b and ¢ ,
respectively. The carbonyl stretching regions are shown in
Figures 8.1 (p.168) , 8.3 (p.159) and 8.5 (p.165).

The analysis of the spectrum of Br‘aGeCo(CO)Ur has
already Dbeen reported in some detail. (51,108,111,112).

BrzGe[Co(CO)u]2 is a new compound and has been assigned
in parallel with the tin analogue. C2v molecular symmetry
predicts 3A1 + A2 + 3Bl + B2 carbonyl stretching modes. (Of
these, A2 is infrared inactive). Seven absorptions are seen
in agreement with this prediction and with the result found
for BPQSn[Co(CO)QJQ.(Sl).

BrGe[Co(CO)u]3 is also a new compound and can be
assigned by close analogy with BrSn[Co(CO)HJB. (79). In this
case, C3v molecular symmetry predicts 3Al + A2 + 4E carbonyl
stretching modes. (Again, A, is infrared inactive). The
observation of six of the seven modes expected is consistent
with this symmetry.

The assignment of each of these compounds is discussed
in more detail in Chapter Eight.

b.,2.2 Mass Spectra

The mass spectrum of BrgGeCo(CO)q is given in Table 8.5
(p.740). The notable feature of this spectrum is that no
parent ion is seen. However, both (P-cc)¥ and (P-Br)”* occur,
along with the fragments due to carbonyl loss from these ions.

The mass spectrum of Br,Ge[Co(C0),], is listed in
Table 8.6 (p.142) and also shows no parent ion. (p-co)* is
the highest mass fragment seen and the major envelopes are
due tc carbonyl loss from this.

Once again no parent ion is seen in the mass spectrum of
BrGe[Co(C0), T, , (Table 8.7 , p.143) but (P-CO)" and the other

carbonyl loss fragments are seen.



Table 4.1

Infrared Spectra of Products {rom GéBru/I\_faCo(CO)u

a) Infrared Spectrum of Br,GeCo(CO),

Hexane Solution MNujol Mull Reference(109)(i) Assignment(ii)
2119.2 (5.2) 2118.7 (6.6 2119 (s) vCO (Al)
2066.0 (4.8) 2065.3 (5.3) 2067 (s) vCO (Al)
2048.0 (10) 2045.7 (10) 2050 (vs) vCO (E)

2007 (0.7) 2011 (w) vi3co
544 (2.1) 542 (2.5) 547 (s) §Co-C-0 (E)
458 (0.8) u57 (1.0) ug0 (m) vCo~-C,8Co-C-0(E)

Notes

i) Cyclohexane solution.
ii) Symmetry assigments follow those in (109).
b) Infrared Spectrum of Br2Ge[Co(CO)u]2

Hexane Solution

2116.6 (2.1)
2098.7 (9.7)
2057.0 (6.4)
2055" (5.3,sh)
20U4 .4 (10)
2026.1 (6.0)
2015.0 (2.5)
549

536

Notes

2115.8 (2.0)
2097.3 (10)
2055.9 (6.2)
2053% {4.6,5h)
2042.5 (10)
2024.9 (4.9)
2013.2 (2.9)
546

536

i) Reference (51) in cyclohexane

Nujol Mull, Br,Sn[Co(C0),],(i) Assigment

2113 (0.1) veo (A})

2096 (9.7) vCo (By)

2055 (4.5) veo ) 24,
2050 (2.8,sh)  vCO | +

2040 (10) vCO p 2B,
2026 (3.3) veo | +
2016 (2.2,sh)  vco[ B,
§Co-C-0

}(Al+ B,)

*) This shoulder is not as clear as its analogue in

ClZGe[Co(CO)u]2 (See Figure 8.3, p.1759) and can only be seen

on a scale of 2 em~1/mm or larger.



Table 4.1 contd.

¢) Infrared Spectrun of BrGe[Co(C0),1,

Hexane Solution Nujcl Mull BrSn[Co(CO)ql3 (1) Assignment
2111.8 (0.4) 2108 (vw) vCO (Al)
2087.8 (10) 2086.9 (10) 2086 (s) vCO (E)
2049.0 (5.1) 2048.0 (3.3) 2048 (m) vCOo )

2044 .8 (3.2,sh) 2042 (mw) vCO !
2028.0 (10) 2028.3 (9.2) 2026 (s) vCO ?3;
2002.2 (3.6) 2000.0 (2.4) 2000 (m) vCQJ

536 (2.8) §Co-C-0

Note

i) Reference (79) in cyclohexane.
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The significance of the lack of parent ions in these
spectra, along with other features observed are discussed

in Sections 8.1 and 8.2 for each of these compounds.

k.2.3 Microanalyses

a) BrzGe[Co(CO)u]2 : Found : Br 25.4%

1]

Calculated : Br = 27.8%
A check of the infrared spectrum of the sample used for
analysis showed the strongest mode of BrGe[Co(CO)u]3 at
2088 cm™ ! as a weak shoulder on the 2099 cm™+ mede of
BrzGe[Co(CO)u]Z. It was estimated that ca. 10% impurity of
BrGe[Co(CO)q]3 would have been present in the sample analysed.
This reduces the amount of bromine expected and gives better

agreement of the calculated and experimental values.

b) BrGe[Co(CO)u]3 Found : Br 13.07%. 12.90%

Calculated : Br

12.02%

4.,2.4 Handling

BrzGe[Co(CO)u]2 is a pale orange solid with a melting

point of 104°-106°C (with decomposition) in a sealed capillary.
BrGe[Co(CO)u]3 is a deep brown/red solid with a melting
point of 79°-81°C in a sealed capillary.
Both compounds are readily sublimed above room temperature.
All three bromo-derivatives from this preparation have been
stored under nitrogen in a refrigerator for some months without
decomposition. No oxidation or decomposition was noted during

short bench-handling in air.

—e

4.3 Reaction of GeBr,/NaCo(CO0), Products
4.

3.1 Reaction with MeMeoT

A mixture consisting of ca. 80% Br,GeCo(CO), and ca. 10%

of each of BrZGe[Co(CO)u]é and BrGe[Co(CO)q]3 was reacted with

excess MeMgI in Ft?O in a glovebox. The resultant dark brown
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reaction residue was barely soluble in ether or alkane
solvents. Infrared sampling showed it to be completely
devoid of carbonyl. i.e. Complete decomposition had taken

place in ca. 5 minutes at room temperature.

4.3.2 Peactions with HgBr?

a) PReaction of HgBr, with Br GeCo(CO)u

2 3

This was carried out under vacuum in hexane solution,
using Br,GeCo(CO), in mixture with Br,GelCo(C0O),1,. In
contrast with the latter compound (discussed below), no
changes in the BrsGeCo(CO)IJr were observed over 57 hours at
room temperature, in the light. It did not seem to be related
to the BPQGe[Co(CO)u]2 quantity at all.

b) Peaction of HgBr, with Br2Ge[Co(CO)u]?

2
In the reaction described in 4.3.2a above, loss of
BrzGe[Co(CO)u]2 was evident from the infrared spectrum after
5 hours at room temperature, under vacuum, in hexane. This
coincided with the first sign of the 2072.cm—l and 2007 cm”t
modes of Mg[Co(CO), 1,. (124).The BrzGe[Co(CO)u]2 continued to

diminish over the next several hours and was essentially
all gone in 33 hours. Its disappearance was accompanied by a
corresponding increase in the amount of Hg[Co(CO)u]z, also
evident as a yellow ccating on the glassware and remaining
HgBrz.
Discussion
Initially it was thought that the reaction may be
following the path : HgBr2
BrzGe[Co(CO)u]2 _ Br3GeCo(CO)4 + Br*HgCo(CO)Ur
—_— Br,Ge + Hg[Co(CO)u]2
However, the observed independence of Br3GeCo(CO)u from the

reaction of BrzGe[Co(CO)q]2 does not really support this.

When the reaction was monitored for a further day, no changes
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in the quantities of Br,GeCo(C0), and Bglco(CO), 1,
occurred. Thus, rather than following a stepwise process
as shown above, the reaction is essentially a one - step
process

Br,GelCo(CO), 1, + HgBr, ——— Br,Ge + HglCo(CO) T,
i.e. The constant concentration and persistence of the
BrSGeCo(CO)q seem to rule this out as an intermediate in
this reaction.

However, work by Chipperfield et al. (134) has indicated
that reactions of this type are stepwise. They report a
number of isolated compounds corresponding to mono-substi-
tution in transition metal carbonyls. e.g.

Me

GeMn(CO)5 + HgBr, ——% Me, CeBr + (CO)SManBr

3 2 37
(N.B. This study does not include ccbalt carbonyl derivatives).
¢) Reaction of HgBr, with BrGel[Co(C0), 1,

A sample of BrGe[Co(CO)L}]3 whose infrared spectrum
showed a very small trace of BrQGe[Co(CO)u]2 was reacted with
HgBr2 in hexane, under vacuum, at room temperature. After
one hour, BrzGe[Co(CO)u]2 had formed at the expense of

BrGe[Co(CO) The 2072 em™ ' mode of HglCo(C0) ], was also

413‘
evident. Thus

BrGe[Co(CO), ], + HgBr, — BrzGe[Co(CO)q]2 + BrHgCo(CO),,
The only suggestion of the bromomercury compound was an
unassigned weak/medium absorption at 2079 em™t. This was
supported by the fact that this absorption diminished as
the amount of Hg[Co(CO)u]2 increased as would be expected
with further substitution of the BngCo(CO)u.

Spectra run after 2.5 and 4 hours showed the continued

loss of BrGe[Co(CO)u]a and increase in amount of

BrQGe[Co(CO)u]Q. The solution colour changed from its initial

red/brown to orange during this reaction. After four hours



the amount of BrzGe[Co(CO)L}]2 remained static, even as the
last of the BrGe[Co(CO)u]3 reacted. This is consistent with
the BrzGe[Co(CO)q]2 beginning to react itself, as seen in
the previous section. (In that case, reaction was apparent
after ca. 5 hours). No sign of BPSGeCo(CO)u was detected in
this period, supporting the observations in b) above. After

6.5 hours the only species left were BrzGefCo(CO)U]? and

Hg[Co(CO)ujz.
.y NDiscussion
b.u,1 Reaction Products

The interesting feature of the GeBru/NaCo(CO)u reactions
is the extent to which substitution takes place. This may be

compared directly with the results of the analogous GeClu

reactions : Yields (%)
% = Cl X = Br
)(3G<3CO(CO)L1 60-70 10
XQGe[CO(CO)u]2 < 15 40
XCelCo(C0)Y, I, 25-30 40
GeCou(CO)y traces ca. 10

(N.B. The yield of'the tetracobalt product in the GeBr),
system is only an estimate, since this component was not
isolated). It would seem that the bulk of thé bromine
sustituents (with consequent steric and electronic inter-
actions) promotes higher substitution by -Co(CO)u groups.
This is also seen from yields in the analogous tin system,

as discussed in Chapter One. This is probably the reason

for the low BrsGeCo(CO)u yield, which was also found by
Graham (52) using a GeBr'”/Co,Z(CO)8 reaction in THF. The close
correspondence of the infrared absorptions of the tetracobalt

derivative found here with those of the unassigned product
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from the reflux reactions of C1,6eCo(C0), and ClGe[Co(CO), ],
(Sections 3.3.3 a,b) supports the idea of common tetra-
cobalt products. This is expected from the stepwise sub-

stitution of ¥ in Ge¥X M.B. This mode of reaction was

Y
further supported by the prolonged, mixed solvent reaction
of GeBru/Co(CO); which clearly enhanced the formation of
tetracobalt product(s).

L.4.2 Characterisation

The characterisation by infrared and mass spectra is
fully discussed in Chapter Eight. While the microanalysis
figures obtained for the two new compounds in this chapter
were not as close to the calculated values as would be
hoped for, at within 1%, they are comrparable with data

reported for the tin analogues

Br-ZSn[Co(CO)u]2 H Br (calculatgd) = 25.3%
(76) Br (found) = 26.5%
BrSn[Co(CO)u]3 3 Br (calculated) = 2u.8%
(79) Br (found) = 27.6%

Several similar correspondences are reported for a number
of cobalt carbonyl derivatives of germanium and tin halides.
(51,76,79,90).

4b.4,3 Reactions with HgBr,

Previous work (53,54) with monocobalt derivatives of
germanium showed quantitative cleavage of the germanium -
cobalt bond, using ngz. The work described here has intro-
duced the need for the consideration of relative activation
effects of substituents cn the germanium atom in such reactions..
Without having carried out any kinetic work, a comparison
of relative rates of substitution for the compounds studied
here must be treated with care. Chipperfield et al.(134)

have shown in their mercuration studies of RMIX (R = alkyl ;
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M' = 8i,Ce,Sn ; X = Mn(CO)5 s Fe(CO)2Cp s Mo(CO)3Cp) with
HgBr2 that the reaction rates are generally (but not always)
first order in each of [HgBrz] and [organometallicl. While

the solution concentrations of HgBr, in these studies were
probably nearly constant(saturated) the bromogermylcobalt
concentrations were quite arbitrary. However, the overlap
amongst the reactions reported here gives a fairly clear

indication of the overall processes in the series of

compounds i.e.

HgBr2
BrGe[Co(CO)u]3 HgBr-é BrQGe[Co(CO)u]2
Br,Ge[Co(CO),], ——2% GeBr
2 L m
BraGeCo(CO)q ————:&% no reaction (or exceedingly

slow reaction)
The time scale for the first reaction is clearly much shorter
than that of the second, and the former is virtually complete
by the time the latter becomes significant. This makes this
pair of reactions useful for the separation of Br

2
from mixtures with BrGe[Co(CO)u]3, as was found to be the case

Ge[Co(CO)u]2

in all preparations of the dibromide.

Also, as was investigated in 3.3.2b (p. 44 ), these
reactions provide a synthetic route to possible asymmetrically-
substituted derivatives. '

HgX2

i.e. XGe[Co(CO)L}]3 — XGeX'[Co(CO)u]2

(X # X'). As a consequence of the next stepwise substitution
not occurring, only a single product is formed and this can
be isolated, assuming it is stable. Though X has been limited
to halogens so far, if similar reactions are established for
alkyl and aryl derivatives, this opens up the synthetic
possibility for a wide range of asymmetrically-substituted

compounds. The asymmetric compounds themselves are potentially

useful synthetic tools and could be further substituted or

reacted by metal exchange reactions of the type discussed in



Chapter Seven.

As seen from the two Hg¥, reactions in the previous

2
chapter, the behaviour of the'chlorogermyl‘cobalt carbonyl
derivatives in this system is directly parallel to that
cf the bromine-substituted analogues. This is a reflection
of the very smilar handling properties and reactivities

found for the isolated ccmpounds in the two series

XaGe[Co(CO)u]u_a (¥ = Cl, Br for a = 1,2,3).
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CEAPTER TIVE

Cobalt Carbonyl Derjvatives of Methyl-halogermanes

5.1 Derivatives of Me

GeCl2

2

5.1.1 Preparation of MeQGeCILCo(CO)Jl

NaCo(CO)u from 002(00)8 (1140 mg ; 3.3 mmoles) was
reacted with Me,GeCl, (577 mg ; 3.3 mmoles) in ca. 10 mls
of EtZO at room temperature, under vacuum, for 15 minutes.
The ether was removed from the now orange/brown solution and
residues were pumped through a U-trap at -45°C for ca.-

5 hours. This removed a small amount of pale yellow solid
whose pentane solution infrared spectrum was exactly the
same as that of the remaining pentane-soluble residues;
i.e. Me,GeClCc(CO), as identified below; (580 mg ; 57%).
The product was repeatedly recrystallised from pentane to
give a pale yellow solid, which only just moves under
vacuum. It kept for some weeks at -20°C under nitrogen.
Under vacuum, no decomposition occurs at room temperature
in the light, but even minor air exposure causes the formation
of a green surface coating on the solid. Similarly, all
carbonyl infrared absorptions were lost from a hexane
solution kept in a screwtop vial at room temperature

overnight.

5.1.2 Characterisation of Me2GeCICo(CQll4

a) Infrared Spectrum

This is given in Table 5.la and may be compared with
the 1literature data shown in Table 1.4b (p.22 ). The
molecular symmetry is CS and the assignment of the spectrum

can be made as a direct parallel with MezGeHCo(CO)u (54).



Table 5.1

Infrared Spectra of Cobalt Carbonvl Derivatives of MeQCe(‘,l?

a) Infrared Spectrum of Me,GeC1Co(CO),

Hexane Solution Cvclohexane Solution Solid(i) Assignment

2100.0 (5.3) 2099.7 (7.7) 2101 (6) vCO (A'")
2041.1 (6.8) 2040.2 (9.2) 2040 (5) vCO (A')
2020.4 (10) 2019.5 (10) veo  (A'+

2006 (10) vCO  A")

2003.6 (9.1) 2003.0 (9.6) { (vbr)
1981 (1) 1982 (1) v3co
1062 (1) 1962  (0.7) vi3co

837  (2) 8u2 (2)  8CH, (A")
805  (3) 805 (3)  &CH, (A")
606 (1) 604 (2)  vBeC (A™)
576 (1) 572 (2)  vGeC (A")
550  (8) 546 (7)  8CO-C-O(A'+A™)
505 (1) §C0-C-0
480 (1) vCo-C

376 (3) vCo-C (A")

llote

1) Recorded in a cold cell at -196°C.

b) Infrared Spectrum of MezGe[Co(CO)ql2 (i)

Assignment

2099.0 (3.1) vCO (Al)
2081.3 (9.6) vCO (Bl)
2032 (7.3,sh) vCO | 24,
2024.7 (8.5) vCO +

2018.8 (10) vCO 2B1
2006.7 (9.9) vCO +

1997.0 (6.1) vCO 82

1965  (0.4) vI3eo



832
796

546

Note

i) Recorded

Table 5.1b contd.

Assignment

(0.6) 8CH,,

° (Ay+ By)
(1.7) 6CH,
(4.3) §Co-C-0 (Ay+ By)

as a hexane solution.

78.



(See Chapter Fight). The carbonyl stretching region is
depicted in Figure 8.2 (p.156).
b) Nuclear Magnetic Resonance

In benzene solution wifh TMS as internal reference, the
chemical shift for MeQGeClCo(CO)u was found to be 9.07 =t
(c.f 9.171 in deuterobenzene solution - (77)).

c) Reaction with LiAlH LiAl1D

y M

Both of these reactants caused immediate evolution of
incondensible gas (probably CO), when added to an Et,0
solution of MezeeC1Co(CO)u. The dark brown residue was not

carbonyl-containing.

5.1.3 = Preparation of Me,Ge[Co(CO), 1,

MeQGeClCo(CO)l+ was reacted in a 1:1 ratio with

Yo in EtQO

for 15 minutes at room temperature. Solvent was removed from

NaCo(CO)u, or with a slight excess of NaCo(CO)

the yellow/orange solution and the residues were hexane
extracted. Recrystallisation of this extract from hexane, or
sublimation at 20-25°C gave yellow MezGe[Co(CO)u]Z.

(ca. 60% yields).

Cou(CO) sometimes found as a decomposition product

12°
in these systems,'was difficult to separate. Attempted
separation using a column of alumina plus 8% water
(bem x Smm i.d.) in a glovebox was found to.destroy all
carbonyl-containing species. Sublimation at room temperature
was also ineffective in separating the COQ(CO)12'

Handling in air caused decomposition in a matter of
minutes. However, the air-sensitivity of MeQGe[Co(CO)u]2
was not as marked as that of MeZGeCICo(CO)q. A hexane
solution in a stoppered vessel still showed the infrared

absorptions of MezGe[Co(CO)u]2 after 3 weeks at room

temperature. Beyond this time, the Me?Ge[Co(C05u]9 had
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decomposed completely.

S.1.u4 Characterisation of Mque[Co(COZWlZ

a) Infrared Spectrum

This is given in Table 5.1b and may be compared directly
with the literature data in Table l.4a. All seven infrared

active carbonyl stretching modes predicted for C molecular

2v
symmetry are seen. The assignment of these is discussed in
Chapter Eight and they are shown in Figure 8.3 (p.159)
b) HNuclear Masnetic Resonance

The chemical shift for MezGe[Co(CO)u]2 in benzene is

8.71 t. (c f. 8.77 1 reported in deuterobenzene - (77)).

5.1.5 Discussion

The preparative method for MezGe[Co(CO)u]2 reported by
Patmore and Graham (51) uses a 2:1 NaCo(CO)u/MezGeC12 ratio,
reacted in THF for ten minutes. This apparently only differs
from the preparation of MezGeClCo(CO)u in that a 7.6 : 4.6
NaCo(CO)u/MeQGeC].2 ratio is reported (51). Job and Curtis
(77) have noted that excess NaCo(CO)u gives predominantly
MeZGeC"iCo(CO)u in these preparations. In addition they found

that Me GeCl2 gave better results than MeQGeBr . In contrast

2 2
Cleland et al. (78) report the converse in their
preparations of diphenylgermyl bis-metal carbonyls.

In this work, the reactions of MeZGeCI2 with NaCo(CO)u
in either EtQO or THF, covering a reactant ratio range from
just over 1:2 to ca. 1:10 , gave Me,GeClCo(C0), almost
exclusively. The occasional presence of minor amounts of

Me,Ge[Co(CO) ], was indicated by the weak appearance in the

2

infrared of the very strong 2081 cm-1 mode of that compound.
*+ . .

It was necessary?react the isolated MeQGeClCo(CO)u with

further NaCo(CO)u, to produce NeQGe[Co(CO)u]Z. Under these

circumstances, the product was formed aquite readily.
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The reasoning behind this reaction pattern is obscure
at this stage. Cleland et al. (78) have suggested that
halide displacement of one metal carbonyl .group from a bis-
metal carbonyl species could be responsible for the
observation of only the mono-metal carbonyl derivative

i.e. a redistribution between Me Ge[Co(CO)u]2 and MeQGeC1

2 2
This is consistent with the observation that MeQGe[Co(CO)u]2

is formed from the isolated Me GeClCo(CO)u (free of

2
Me?GeCl2). Nlowever, when further NaCo(CO)u was added

directly to the untreated products of a Me GeClzl?JaCo(CO)Ll

2
reaction, Me2GeClCo(CO)q was still the only final product.

5.2 Derivatives of'MeGe013

5.2.1 General

As noted in Chapter Two, the commercially available
sample of MeGeCl3 was actually 40 MeGeCl3 : 60 MeQGeClz.
Though the purification techniques mentioned were able to
reverse this ratio, the initial identification of products
from this system was very much dependent on.knowing the data
for the dimethylgermyl analogues described above. Though
none of the compoﬁnds in this system could be prepared
completely pure, the volatility difference between the mono-
and dimethyleermyl derivatives, along with‘some crystal-
lisation differentials, allowed the monomethyl products to
be isolated at up to ca. 90% purity. The following notes
will refer to the preparation and characterisation of the
monomethyl compounds only, but all samples contained some of
the dimethylgermyl analogue as impurity. As a result, the
infrared data for the new compounds McGeClQCo(CO)q and

MeGeCl[Co(CO)q]2 are tabulated along with their closest

established analogues.
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5.2.2 Preparation of MefeCl,Co(C0),

MeGeC13 was reacted in THF with NaCo(CO)u at an
approximate ratio of 1:1. The reacticn sclution was swirled
at room temperature for 15 minutes. The solvent was remnoved
and the orange residues were pumped for 12 hours. Very little
solid was removed in this time. The hexane extract of the
residue was sublimed at room temperature, giving MeGeC12Co(CO)u
as a pale yellow solid with comparable handling properties to
those described for MeQGeCICo(CO)q. (IT.B. The compound
appcared to be less volatile and less hexane soluble than its
dimethylgermyl analogue).

5.2.3 Characterisation of MeGeCl?Co(CO)|I

a) Infrared Spectrum

This is given in Table 5.2a, along with that of
MeGeIQCo(CO)u. (51) There is a close correspondence between
the two compounds and the expected energy shifts for
Cl- vs I- substituents is observed (See Chapter Eight). Both
compounds show carbonyl stretching absorptions typical of
Cq mono-(cobalt tetracarbonyl) derivatives. (See Figure 8.2,
p.156).
b) ©Nuclear Magnetic Resonance

The methyl chemical shift for MeGeC12Co(CO)u in benzene,
relative to internal TMS is 8.75 T.

5.2.4 Preparation of MeGeCl[Co(CO),,_]_2

MeGeClzco(CO)I+ was reacted with excess NaCo(CO)u in
Etzo at room temperature for 15 minutes. The orange/brown
hexane extract of the reaction residues was sublimed at room
temperature. A hexane concentrate of this sublimate was left
in a refrigerator at -20°C for two days. MeGeCl[Co(CO)u]2

crystallised out as a dark yellow solid.



2) Infrared Spectrum of MeGeC17Co(CO)4

i)

ii)

I,_a

able

5.

2

Infrared Spectra of Cobalt Carbonyl Derivatives of MeGeC13

Pexane Solution Solid(i) MeGeIQCo(CO)q(ii) Assignment
2112.6 (8) 2118 (8) 2106 (8.7) vCO (A')
2057.4 (9) 2082 (7) 2053 (8.2) vCO  (A')
2037.6 (10) 2033 (9.8) vCO ) (A"

2040-2020 (10) +

2024 .4 (10) 2022 (10) veo | A™)
1989 (1) v3co

8O1  (2) 806 (3) SCH,(A',A™)
599 (1) 603 (2) vGeC (A'")
550  (6) 5u4 (8) 8§Co-C-0

472 (2) 472 (3) ?g?:i")

391  (2,sh) 378 (2,sh) vGeCl (A"
383 (3) 367 (3) veec;j Z">

Notes

Run in a cold cell at -196°C

Reference (51) in cyclohexane

Infrared Spectrun of MeGeCl[Co(CO), 1,

Hexane Solution(i) Nujol Mull MeGeI[Co(CO)qlz(i Assignment

2109.2 (3.5)[3.6] 2107.9 (2.4) 2106 (2.9) vCO (A')

2091.1 (10) [10]1  2089.6 (10) 2089 (10) vCO  (A")

2048.6 (5.2)[6.8] 2046.8 (L.4) 2046 (4.3) vCO )

2042.5 (5.4)[6.9] 2040.0 (4.5) 2040 (L4.4) vCO '

2031.3 (2.3)[9.81 2029.3 (9.2) 2030 (9.0) vCO 3A

202L4.6 (9.5)[10]  2022.5 (9.5) 2024 (9.2) vCO ? +"

2014.4 (5.9)[e.61 2012.5 (5.2) 2014 (4.9) vCO o

2001.7 (3.3)[5.7] 2000.7 (2.9) 2000 (2.9) vcgj

1980  (0.6)[0.6] vi3co

CONTD. Overparec,.
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Table 5.2b contd.

Hexane Solution(i)

Assignment
792 (0.7) GCHS', (A',A™)
543 (3.2) 8§Co-C-0
(A',A")
501 (0.3) 8Co-C~0, vCo-C
(A',A") -
Notes

i) Figures in parentheses are relative intensities for the pure
compound. Those in square brackets are intensities from the
sample whose mass spectrum is reported in Section 5.2.5c).

i1i) Reference (51) in cyclohexane






85.

As was found for Me2Ge[Co(CO)u] Cou(CO) was &

22 12

fairly common contaminant. The handling properties of

MeGeCl[Co(CO)u]2 were very much the same as those of

MezGe[Co(CO)HJQ.

6.2.5 Characterisation of MeGeCl[Co(CO)“_]_2

a) Infrared Spectrum

This is given in Table 5.2b-and can be assigned by
direct comparison with the established MeGeI[Co(CO)ulz. (51)
Both compounds show the predicted eight carbonyl stretching
modes for CS molecular symmetry. (4A' + UA"). The assignment
of the spectrum is discussed in Chapter Eight and the carbonyl
stretching modes are shown in Figure 8.4.(p.162).

b) Nuclear Magnetic Resonance

N

The/sample of MeGeCl[Co(CO)q]2 whose mass spectrum was
run was that which showed the carbonyl stretching mode
relative intensities given in square brackets in Table 5.2b.
Apart from a small componen“cofMezGe[Co(CO)u]2 known to be
present (and already subtracted from the infrared spectrum),

]

the major component in the mass spectrum was MeGeCl[Co(CO)

b-2°

This is listed in Table 8.8 (p.144).
MeGeCl[Co(CO)u]2 shows no parent ion but (P-c0)¥ ana
the fragments due to carbonyl loss from this are observed.
The spectrum also contained another weak but distinct
set of ions corresponding to MeGeCog(CO); (x = 0 to 11).
This result is discussed in Section 5.4, along with the

inconsistent infrared relative intensities noted in Table

5.2b.

5.2.6 Reaction of MeGeCl[Co(CO0), 1, with NaCo(CO),
This reaction was carried out in EtZO (using excess
NaCo(CO)u) for 15 minutes at room temperature. The hexane

extract of the reaction residues showed largely
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MeGeCl[Co(CO)u]2 and Coq(CO)IQ. However, there was some
indication from absorptions at 2105, 2056, 1848 and
1836 cm™ ! that there may have been a small amount of
[Co(CO)u]GeMeCoz(CO)7 formed from this reaction. (53).

As they were minor effects in a complex spectrum, such an

assignment is still quite speculative.

o
w

Derivatives of MeCeBr

3

5.3.1 General

While the results from the previous section established
the two new monomethylgermyl derivatives in a general sense,
many of the details remain uncertain, due to the contamination
by the dimethylgermyl analogues. Also because of this, the
products could not be characterised by elemental analysis.

MeGeBr, was available with a minor, readily separable
Me,GeBr, contaminant. This was used for a series of reactions
parallel to those of the previous section. The following
sections describe the preparation and characterisation of the
new compounds MeGeBPQCo(CO)u and MeGeBr[Co(CO)u]z, along with

other products from this system.

5.3.2 Preparation of MeGeBr2Co(CO)4

NaCo(CO)u prepared from COQ(CO)s (2380 mg , 7.0 mmoles)
was reacted with MeGeBr, (1150 mg , 3.5 mmoles) in THF at
room temperature for 15 minutes. The ether was removed,
leaving yellow/orange residues. A hexane extract contained
pure MeGeBrQCo(CO)q (830 @g ; 63%) as a pale yellow solid.
(1.p. = 78°-80°C in a sealed capillary).

The product is readily sublimable above ca. 10°C. Tt
has been kept without change for a period of months, in a
refrigerator, under nitrogen. After 30 hours in air, the solid

shows some loss of colour but hexane solution infrared
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intensities are still very strong. (The pale decomposition

product formed on the solid surface is hexane insoluble).

An alternative preparation of M‘eGeBrZCo(CO)u in Et,0

2
was much the same as that done in THF, but a small amount
of MeGeBr[Co(CO)u]2 vas also formed. This component could be

removed by successive recrystallisations from hexane.

5.3.3 Characterisation of MeGeBr2Co(CO)lI

a) Infrared Spectrum

This is given in Table 5.3a, along with the data for
MeGeI2Co(CO)q.(51). The correspondence between the two
compounds is good and the carbonyl stretching modes conform
to that ewxpected for CS molecular symmetry. (See Figure 8.2
p.156). The assignment is discussed in Chapter Eight.
b) Nuclear Magnetic Resonance

In benzene, relative to internal TMS, MeGeBPZCo(CO)u
shows a methyl resonance at 8.43 7.
c) Mass Spectrum

This is listed in Table 8.9 (p.145) and is discussed in
sections 8.1 and 8.2. The spectrum is nofable for the absence
of a parent ion. (P—CO)+isAseen, along with the expected
fragments due to carbonyl loss from this.

d) Microanalysis

Found : Br 39.03%, 38.62%, 37.32%

Calculated : Br 38.19%

The first two analyses were done consecutively and the third
on the following day. While all three are within the sort
of limits found for this type of compound, the third result
indicates that bromine was lost on standing, after the
sample had been opened.

5.3.4 Partial Characterisation of MeQGeBrCo(CO)u.

This compound arose as a minor co-product, when
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5.3

és8.

Infrared Spectra of Cohalt Carbonyl Drivatives of MeGeBP3

a) Infrared Spectrum of T*’Ie(’,eRr~2€o(CO),_Ir
Hexane Solution MNujol Mull MeGel, Co(CO)q(i) Assignment
2110.1 (7.8)  2109.8 (7.8) 2106 (8.7) vCo (A')
2055.8 (8.3) 2054.6 (7.4) 2053 (8.2) vCO (A")
2035.9 (9.6) 2034.8 (9.8) 2033 (9.8) vCO At
2023.7 (10) 2021.8 (10) 2022 (10) vCO Z"
1987  (0.4) vi3co
842 (0.2) GCH3
802 (0.8) 801 (1.0) j} (A'+A™)
595 (0.3) vGeC (A')
549 (1.5) 546 (3.0) §Co-C-0(A' ,A")
489  (0.3) §Co-C-0,
vCo-C
473 (0.5) 470 (0.8) (A',A")
Note

i) Reference (51) in cyclohexane.

b) Infrared Spectrum of MeGeBr[Co(CO0),l,.

Hexane Solution

Nuiol Mull

Assionment

2108.4 (3.1)

2090.
20u8.
20u2.
2031.
2024,
2014.

2001.

5

6

(10)

(5.
(5.
(9.
(9.
(6.

(3.

7)
7)
3)
5)
1)

5)

2107.
20889.
2047.
20u40.
2029.
2022.
2013.

2000.

7
6

(3.2)
(10)

(5.0)
(5.6)
(s.u4)
(9.8)
(6.7)

(4.5)

MeGeI[Co(C0), 1, (i)

2106 (2.9)

2089
2046
2040
2030
2024
2014
2000

(10)

(k.

(4

(9.
(9.

(4

(2.

3)

)

0)
2)

.9)

3)

vCO (A')
vCO (A™)
de?
vCO | 3A'
vCO

+
vCO
vCO | 3A"

Contd.

Overpage
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Table 5.3 contd.

Hexane Solution HNujol Mull Me@eI[Co(CO)"lz(i) Assignment

794 (0.5) 792 (0.7) GCH3 (AT ,A")
541 (3.7) 539 (3.5) §Co-C-0 (A',A")
500 (0.9) 509 (1.2) §Co-C-0,vCo-C
(AA' ,A")
Note

i) Reference (51) in cyclohexane.
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MeQGeBr2 as impurity was reacted with NaCo(CO)u as in
Section 5.3.2. As a minor product, it was not isolated

and its infrared spectrum was seen as additional absorptions

in the spectrum of MeGeBrQCo(CO)u. Those modes which could

be distinguished are listed below, along with those of the

analogue Me?GeClCo(CO)l+

I\_fngeBrCo(CO)1+ gngeClCo(CO)uii) Assignment
Hexane Solution Nujol Mull Hexane Solution
20%9.6 (6.4) 2098.8 (6.7) 2100.0 (5.3) vCO (A'")
2038 (sh) 2041.1 (6.8) vCO (A™)
2020.4 (10) vCO A?
2004.2 (10) 2002.3 (10) 2003.6 (9.1) vCO ;"

Note.

See Table 5.l1la (p.77 )

Though the spectrum i1s incomplete and observed as a
minor component, the two main absorption positions and their
relative intensities are just as expected. The shoulder at
2038 cm—l in the hexane solution was only evident as a
discontinuity on the side of the very strong 2035.9 cm-l
mode of MeGeBrQCo(CO)u. Similarly, the absorption expected
at ca. 2020 em™ 1 is overlapped by a very strong
MeGeBrZCo(CO)u mode.

In the nmr, the MeQGeBr’Co(CO)u resonance was confirmed
by monitoring signal integrals for different proportions of
this as contaminant. In benzene solution, the chemical shift
is 8.93 T.

5.3.5 Preparation of MeGeBr[Co(CO)ulz;

MeGeBrzCo(CO)u (340 mg , 0.8 mmoles) was reacted with

NaCo(C0), from Co, (CO) g (720 mg ; 2.1 mmoles) in Lt,0 at
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room temperature for 20 minutes. Solvent was removed and the
orange residues extracted with hexane. Two crystallisations
from hexane at -63OC, followed by an overnight crystallisation
at -20°C gave pale orange crystals of MeGeBr[Co(CO)QJQ-
(11.P. = 75°-77°C in a sealed capillary; Analysis : Found:
Br = 15.55% 3 Calculated : Br = 15.68%).The product is
readily sublimed at > 30°C. Jandling properties are very much
the same as those for MeGeBrzCo(CO)u, though solubility in

alkanes is lower, as has been generally found in this work

for higher —Co(CO)L+ -~ substituted derivatives.

5.3.6 Characterisation of MeGeBr[Co(CO)“]2

a) Infrared Spectrunm

This is given in Table 5.3b and has been assigned in
comparison with MeGeI[Co(CO0),1,(51). As with the chloro-
analogue, the observation of eight carbonyl stretching modes
is consistent with CS molecular symmetry. This is most
easily seen in Figure 8. (p.162). The aésignment of this
spectrum is-discussed in Chapter Eight.
b) Nuclear Magnetic Resonance

In benzene, relative to internal TMS, the methyl
resonance of MeGeBr[Co(CO),], occurs at 8.12 t.
c) Mass Spectrum
This is listed in Table 8.10 (p.146) and is discussed in
Sections 8.1 and 8.2. No parent ion is seen, but (p-co)*
and the fragments due to carbonyl loss from this are

prominent.

5.3.7 Reaction of MeGeBr[Co(C0),], with NaCo(CO),

This was carried out in Et20 at room temperature for
10 minutes, using excess NaCo(CO)u. A yellow brown hexane
extract was removed from the red reaction residues. Some

Coz(CO)8 was subliimed out of the extract, leaving a residue
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Table 5.4
Hexane Extract from MeGeBr'[Co(CO)L,r]?/NaCo(CO)Ll RPeaction
Hexane Fxtract Assignment CH,SnlCo(CO), 1, (i)
2108 w MeGeBr’[Co(CO)u]2
2104 w 2101 w
2099 w MezGe[Co(CO)u]2
2091 m MeGeBr[Co(CO)ulz
2081 s MeQGe[Co(CO)u]2 + 2 2079 s
2068 w-m COQ(CO)8
2063 m COU(CO)lZ
2054 m COM(CO)lZ
2042 m COQ(CO)8 + ? 2040 w
2030 s,sh MeGeBr‘[Co(CO)u]2 + 2 2028 w,sh
2023 vs MeGeBr[Co(CO)q]2 + ? 2020 s
201t vs 2010 s
2000 w-m,sh MeGeBr’[Co(CO)u]2 + 7 1992 w,sh
1997 w-m,sh MezGe[Co(CO)u]2 + ?
1865 m COQ(CO)8 + Cou(CO)12
1855 w C02(C0)8
Note

Reference (79) in cyclohexane.
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with a very complex infrared carbonyl spectrum. This is
listed in Table 5.4 with the fairly certain assignments
and with the reported spectrum of CH4SnlCo(CO) 1. (79).
MezGe[Co(CO)u]2 was known to be a contaminant in the
starting material. While the main feature of the reaction
is that MeGeBr[Co(CO)u]2 was largely returned, there are
some indications of the formation of MeGe[Co(CO)u]3. The
intensities of the modes marked Qith a question mark in
Table 5.4 appear to be too large for the assigned species
only. Combined with the weak but obvious 2104 cm—l and the
very strong unassigned 2014 cm-1 absorptions, the analogy
with the MeSn[Co(CO)u]3 becomes reasonable. Unfortunately,
the isolation of this compound was not practical on the

scale of the reaction. (See discussion in the next section).

S.u4 Discussion

5.4.1 General

The failure of the reactions in this chapter to proceed
directly to bis-cobalt derivatives is difficult to understand.
The effects of both solvent and reactant ratios were checked
without avail. In the chloro-system, minor impurities might
have been called on to explain the difference from the reported
behaviour. (51). However, the fact that the same results were
found in the pure bromo-system seems to preclude such an
explanation. The only other possibility here is that a
specific, unreported reaction condition in the literature
reactions is not being adhered to in the above reactions.

An interesting feature of the whole series of methyl-
substituted halogermyl cobalt carbonyl derivatives is the
marked increase in sensitivity toward oxidation and
decomposition, as compared with the halide - onlv - substi-

tuted analogues reported in Chapters Three and Four. This
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sensitivity does not seem to vary between the monomethyl
and dimethyl derivatives, but there is a notable stability
improvement in going from methylchlorogermyl- to methyl-
bromogermyl-derivatives. This points toward a size effect
of the substituents on germanium required to "balance" the
cobalt carbonyl substituent(s). The destabilizing effect
of the methvl grouns seems to be better compensated for by
bromine than chlorine.

Possibly the stability of the whole substituted -
germanium molecule is dependent upon a T - interaction
between the germanium and its substituents. Should such a
T - interaction be important, the methyl groups, without the
possibility for this interaction would become relatively
destabilizing. The compensation for this by halogens would
then be expected to be better with bromine, by dnr - dn
interaction, than with chlorine,lby pr - dr interaction.
That such interaction is certainly present can be seen from
the increase in energv of the carbonyl stretching absorptions
in the infrared upon changing from e.g. R3GeM(CO)n to
X3GeM(CO)n , (R = H, alkyl ; X = halogen ; M = Transition
metal.). In this case, the electron - withdrawal by the
halogens causes a shift in the transition metal d-orbital
electron densitv toward the germanium Yd orbitals and out
of the 7 antibonding orbitals on the carbonyl carbons. This
increases the bonding interaction within the carbonyl groups,
as reflected by the higher energy vibrational modes.

5.4.2 Muclear Magnetic Resonance

It is convenient at this point to -.draw all the nmr data

together in the form of Table 5.5.
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Table 5.E

NMR Data for Methylgermyl Derivatives from this Work (i)

MeGeC12CO(CO)u : 8.75 T (MezGe)zCoz(CO)6 : 8.U49 T
MeGeCl[CO(CO)ujz : 8.64 T MeQGeClCO(CO)q : 9.07 T
MeGeBrzCo(CO)u : 8.u3 T MezGe[Co(CO)u]2 : 8.71 7T
MeGeBr[Co(CO)u]z . 8.12 Tt MeZGeBrCo(CO)u 8.93 T
Note

All resonances are in benzene, relative to internal TMS.

The table extends the pattern already noted (54) for metal

carbonyl derivatives of the methyl germanes; viz. methyl

chemical shifts fall into the following general regions with

(without haleoen)

metal carbonyl substitution.A(9.1 T , 8.7 T , 8.1 T for one,

two and three metal substituents on germenium, respectively).

As expected, the addition of halogen substituents moves the

corresponding shifts to lower field. In all, the downfield

shift effect by substituents appears to follow the order
-Co(CO),, > Br > Cl

(N.B. Me - substituents were found not to have any measurable

effect - (54)).

5.4.3 Methylgermvltricobalt Derivatives

This work has shown that the formation of thesederivatives
is not favoured under normal alkali-halide eliminaticn

conditions. This was seen from the reactions of MeGeCl[Co(CO)u]2

and MeGeBr[CO(CO)4]2 with NaCo(CO)u. (Sections 5.2.6 , 5.3.7 ,
respectively).These returned largely starting materials.
However, both reactions showed some indications of tricobalt
product formation. From the reaction of MeGeCl[Co(CO)u]2 /
NaCo(CO)u, there was some evidence for the formation of the

established MeGeCo,(C0)y; (53), which is known to be a stable
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compound. Its phenyl analogue has been reported to be
formed from the rapid decomposition of the unstable
PhGe[Co(CO)uja. (86).

However, the mass spectrum of MeGeCl[Co(CO), ],
indicated that some tricobalt species had also been formed
as a minor product. The assignment of MeGeCo3(CO);{+
(x = 0 to 11) is consistent with both MeGeCoS(CO)11 and
MeGe[Co(CO)u]3. (See the mass spectral discussion in
Chapter Eight). Checking the infrared spzctrum of the sample
used for the mass spectrum (See Table 5.2b,p.83 ), there
is no support for the MeGeCoa(CO)11 modes : 2056 (s) ,
2038 (s) , 18u49 (w) , 1837 (w) (53). On the other hand, the
abnormally high relative intensities of the 2001.7 ,
2014.4 and 2024.6 crn—l modes are consistent with overlap
of a spectrum like that of MeSn[Co(CO)u]3 (2010 (s),
2020 (s) ; See Table 5.4,p.92 ) (N.B. the strong "207¢ em™ 10
mode proposed for MeGe[Co(CO)u]3 is masked in the spectrum
of "MeCeCl[Co(C0),]," by overlap from MezGe[Co(CO)u]z,
whose absorptions have been subtracted from the spectrum
given in Table 5.2b). The assignment of MeGe[Co(CO)q]3 in
this case is further supported by the reasonable correspon-
dence of MeSn[Co(CO)u]3 with the minor product from the
analogous MeGeBr[Co(CO0),],/NaCo(C0O), reaction. (See Table 5.4)

On this basis, it seems reasonable to conclude that
small amounts of MeGe[Co(CO)u]3 have been produced as minor
products in these systems. That it has survived the handling
for mass spectral sampling, sublimation and infrared solution
sampling indicates that it is more stable than
PhGe[CO(CO)q]3° (86). As in that case the decomposition
product of MeGe[Co(CO)q]3 is probably MeGeCoa(CO)ll, as

tentatively identified from the products of



MeGeCl[Co(CO)MJQ/WaCo(CO)u. However, the extent of
formation of MeGe[Co(CO)u]3 reflects its low stability,
relative to the XGe[Co(CO)u]3 analogues reported in Chapters
Three and Four. (¥ = Cl,Br). This is a further example of
the stability of methyl-~ vs. halogen - substituted

derivatives, discussed in Section 5.4.1.
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Chapter Six

Cobalt Carbonyl Derivatives of Germanium Hydrides

6.1 Reaction of ngu with Coz(CO)8

Coz(CO)8 (430 mg ; 1.26 mmoles) was sealed in a 20 nml
high pressure glass tube with GeH, (c_a. 0.65 mmoles) and
5 mls of hexane as solvent. It was wrapped in aluminium
foil and kept at room temperature in a drawer for 15 weeks.

When the tube was opened, GeHu (ca. 0.08 mmcles)
recovered. The hexane was removed and an EtzO extract taken.
Removal of the ether from this solution left two distinct
regions of solid. The pale brown bulk was more EtQO soluble
and came down in the centre of the flask, surrounded by a
dark brown ring. Manual separation in a glovebox gave the

pale solid free of the dark material (but not vice versa).

A hexane solution infrared spectrum of the pale solid
-1

showed the following carbonyl absorptions: (cm 7).
EEQO Ixtract from

Gel, /Co,(CO) g Assignment
2087 (w)
2079 (vs) GeCou(CO)lLL
2068 (w) COZ(CO)B
2061 (vs) GeCou(CO)ll+
2042 (sh) COQ(CO)g
2040 (m) GeCou(CO)14
2032 (s) GeCo) (CO)q,,
2023 (m) GeCo), (COJ ),
2005 (w) GeCoy (CO)
1865 (w) COQ(CO)8

1848 (m) GeCoy (CO) 1y



The small amount of CoQ(CO)8 is consistent with the in-
complete reaction of GeHu, as noted. The assignment of
GeCou(CO)lu as the main component in this spectrum can be
made by direct comparison with the spectrum of the isolated
compound in Table 3.2b (p. 52).

The mass spectrum of the pale solid was the same as
listed in Table 8.4 (p.139) further confirming the assign-
ment as GeCou(CO)lq.

As extracted, this sample was known to contain some
hexane insoluble, non - carbonyl - containing impurity.

The dark brown, secondary product from this reaction
was largely freed from GeCou(CO)lu by successive hexane
washings. Complete purification by this method was not possible,
due to the very small sample. However, the spectrum in
hexane could be largely determined and is .l1isted below along

with the literature data for (CO)uCoGeCo3(CO)9. (97): (cm-l).

Dark Solid from

Gqu/Co(CO)8 (CO)uCoGeCos(CO)9 (97)
2111.2 (w) 2112 (w)
2081.7 (s) 2083 (s)
2043.4 (vs) 2045 (vs)
2027.5 (s) 2029 (m):
2008 (vw)
1991 (vw)

The lower two modes could not be distinguished in the product
spectrum due to overlap by impurity absorptions. However,

the remaining modes show close correspondence with the
literature data.

The mass spectrum of the dark solid confirmed its

asssignment as (CO)uCoGeCoa(CO)g, showing the same fragments
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and relative intensities as reperted by Schmid.(97).i.e.

A parent jon (m/e = 670-676) and fragments due to loss of

thirteen carbonyls from this.

6.2 Peacti - Me .GeF i )
eaction of JVQ.QHQ with COZ(CO)S

Cotton et al. (90) report the formation of
(MeQGe)QCo?(CO)6 by the dropwise addition of a toluene

solution of MeQGeH2 to C02(C0)8 (also in toluene). This

preparation was followed, using 680 mg Coz(CO)8 (2.0 mmoles)

2GeH2 in the sane

volume of that solvent. The COZ(CO)8 colour was not dis-

in 50 mls of toluene and 4.4 mmoles Me

charged after 3 hours of stirring at room temperature.
Chromatography of the concentrated toluene solution on
alumina with 8% HQO (8 cm x 2 ecm i.d. column), in a glovebox
gave two distinct hexane - eluted fractions. The first was
mainly MeQGeCoz(CO)7, with some (MeQGe)QCoz(CO)6 and
COZ(CO)S' The second showed only (MezGe)QCoz(CO)6 and a

little Cou(CO)12

.

The components of the first fraction could not be
separated by sublimation, but chromatography on dry alumina
gave pure (MeQGe)QCoz(CO)S, eluted with hexane. Extraction
of the column contents gave only 002(00)8.

6.2.1 Characterisation of (MeZGe)zggz(CO)5

a) Infrared Spectrum

This is 1listed in Table 6.la, and may be directly
compared with the literature data in the same solvents, given
in Table 1.4c (p.23 ). The assignment of the spectrum is
discussed in Chapter Eight and the carbonyl stretching region

is depicted in Figure 8.6 (p.167).

Though MeQGeCoz(CO)7 was not obtained pure, its infrared
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2ueHz/CoQ(CO)B Reaction Products

a) Infrared Spectrum of (Me

,Ge),C0,(C0) .

Hexane Solution

2

Cyclohexane -Solution

cs

2066.0 (8.1)

2028.8 (10)

2008.8 (9.8)

1990.0 (38.5)

1981.3 (5.3)

1345 (0.5)

840 Ww,br
578 w,sh
554 m
519 m

b) Infrared Spectrum of Me

2065.
2028.
2007.
1988.
1980.
19L46.

y

y

(8.5)
(10)

(9.8)
(9.5)
(5.5)
(0.5)

2
2063

2025
2004
19885

1976

Solution

.2 (7.2)

.6 (10)

.3 (8.6)

.0 (8.1)

(3.9,sh)

2GeCo2(CO)7—Conta‘ininfz Fraction

Mixture

(hexane)

2087
2066
2054
2048
2028
2025
2008
1990
1981
1865
1865
1840

Note

(s)
(m)
(w,sh)
(vs)
(m,sh)
(vs)
(vvs)
(m)
(w-m)
(w)
(vw)

(s)

1) A = MeQGeCoz(CO)7

Me2

GeCo2(CO)7

12l

((77) in C.H

2085 (7.5)

2047 (9.5)

2024 (9.

5)

2006 (9.5)

1998 (sh)

1971 (1

)

1844 (8)

;3 B =

Assignment (i)

(MezGe)2C02(CO)6 5

> 0O r w o ow o> > W r O W >

C

“
@]

-
os}

Co2(CO)8
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absorptions could be deduced from the spectra of product
mixtures. These are listed in Table 6.1b and show good
correspondence with the data reported by Job and Curtis (77).

The carbonyl stretching region for MeZGeCo2(CO)7 is also

shown in Figure 8.6.(p.167).
b) Mass Spectrum

The hipghest mass envelope in the spectrum of
(MezGe)2C02(CO)6 is m/e = 486 - u98, corresponding to
C10H1206G82002+' Carbonyl loss fragments from this parent
ion are predominant, with the base peak corresponding to
MeuGeQCoz(CO)+ . Only a few of the ions due to methyl loss
are seen. The spectrum is listed in Table 8.11 (p.747) and
is further discussed in Sections 8.1 and 8.2.
c) Nuclear Magnetic Resonance

In benzene solution, relative to internal TMS, the
methyl resonance for (MezGe)QCoz(CO)6 occurs at 8.49 T.

6.2.2 Discussion

The reported route to (MeQGe)QCoz(CO)6 (30)

2MeZGeH2 2

was found to be inefficient. Despite using excess MeQGeH2,

+ Coz(CO)8 — (Me2Ge)2C02(CO)6 + 2H, + 2CO
not all of the Coz(CO)8 was reacted and the major product

of the reaction was found to be MezGeCoz(CO)7. The
purification of the (HeQGe)QCOZ(CO)6 using dry alumina
chromatography was at the expense of destroying the
MezGeCoz(CO)7. (N.B. It is possible that some of this latter
compound may have converted to (Me,Ge),Co,(CO0)¢ in the column
but product vields indicated that this could only have been

a minor process).

The lH nmr chemical shift data available for

(MezGe)2C02(CO)6 present some anomalies
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Shift () : 8.88 8.8 8.49 9.13
S ) : SicC > .

olvent Q:L(‘ll+ 2(‘1—"2C12/1CH2C12 CGHS CGDB
Reference : (54) (88) (This work) (77)

Aromatic solvents generally give chemical shifts to low

field of those in saturated solvents, for methyl-substituted
germanium derivatives. (72). Combined with the trend in
chemical shifts noted in the previous chapter for successive
cobalt substitution on germanium, it would seem that the value
of 9.13 1 in CBDB is in error. This value would seem to be

more appropriate for a compound with a single Ge-Co Bond.

6.3 Reactions of MeQ

CeHCo(CO),,

6.3.1 Peactions of Me,GeHCo(CO), with Co,(CO)g

CoQ(CO)8 (29 mg ;3 0.08 mmoles) was sealed in an nmr tube

with Me GeHCo(CO)u (25 mg 3 0.09 mmoles), using SiClLl as

2
solvent and 5% benzene as internal reference. The reaction
was followed over several hours at temperatures between
-40°C and 0°c.

The only reaction products observed were HCo(CO),+
(21.5 1) and a product giving rise to a poorly resolved methyl
resonance centred at 8.72 t. The tube was broken open under
vacuum and the volatiles removed. Residues were extracted
with hexane. This gave a sample whose infrared spectrum
showed only MeQGe[Co(CO)u]2 (51) and Co,(CO),,.(124).

The reaction was repeated, using a 1:1 Co : GeH ratio
and gave the same results. i.e.:

Me GeHCo(CO)u + Coz(CO)8 —_ MezGe[Co(CO)u]2 + HCo(CO)u

2

Discussion

This reaction has been examined previously (54) and

differed from the above in that reaction took place for half
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an hour at room temperature and the products were sublimed

out of the reaction residues. In that case both Me GeCoQ(CO)7

2
and (MeQGe)ZCOQ(CO)6 were identified as products. So far

then, all three possible dicobalt products have been isolated
from this reaction system, i.e. MeZGeCoz(CO)7, (MezGe)2Co2(CO)6
and MeQGe[Co(CO)q]Q. This is reasonable since each one has

been separately prepared and all three are relatively stable
compounds. ( 51,77,88,90).

The observation of.Cou(CO)12 in the above reactions is
consistent with other observations of this as a decomposition
product in the preparations of MezGe[Co(CO)u]Q. (See section
5.1)

It must be noted at this point that no evidence has been
found so far in these reaction systems for the formation of
MeGeCoa(CO)ll. Brooks and Graham have reported this as a
product of the reaction of Me,GeH, with Co,(CO)g (128).
However, no mention was made of reactant conditions, which
must have been vigorous to effect Ge-C cleavage.

In view of the reports by MacDiarmid et al. (125,126)

(See Section 1.6.5) there was a possibility that the course

of the Me GeHCo(CO)u/Coz(CO)8 reaction could be affected by

2
side reaction with HCo(CO)u. This was tested as described

below.

6.3.2 Reaction of NeQGeHCo(CO)u with HCo(CO),

HCO(CO)l+ (preparation based on the method reported in
(129)) was sealed into an nmr tube with a sample of

Me GeHCo(CO)u, using SiClu as solvent. No changes were

2
observed in the nmr spectra over 7.25 hours at -20°C and

11 hours at 0°c.

Thus, under the reaction conditions described in the

previous section, side-reactions involving HCo(CO)q may be
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discounted. However, above 0°¢C, HCo(CO)u decomposes to
H2 and CoQ(CO)S, which can further rcact with starting
materials or primary products. This may have been an
important factor in the formation of the different final
products in previous work (54), noted above.

Since MacDiarmid's Si-Co coupling reactions were carried
out at room temperature, it would seem that the observed
difference in the behaviour of the silicon system ( as

conpared to germanium) is probably an effect of HCo(CO)q

decomposition.
6.4 Reactions of MeGeH,Co(CO), with Co,(CO)q
6.4.1 Cobalt Deficit

C02(CO)8 (34 mg ;3 0.1 mmole) was sealed into an nmr tube
with MeGeHZCo(CO)u (40 mg 3 0.15 mmoles), using SiClu as
solvent and 5% benzene as internal reference. The reaction
was followed at various temperatures using lH nmr. Resuitsg
are summarised in Table 6.2.

At the completion of reaction, the tube was opened
under vacuum, volgtile components removed and their nmr
spectrum rerun. This showed the excess MeGeH,Co(C0), and
the 8.60 1 signal seen weakly in both the eérlier and latter
stages of the reaction.

A hexane extract of the involatile products showed a
complex carbonyl infrared spectrum, as shown in Table 6.3.

6.4.2 Cobalt Excess

Coz(CO)8 (35 mg 3 0.1 mmole) was sealed with
MeGeHZCo(CO)u (14 mg ; 0.05 mmole) in an nmr tube with SiCl,.l
as solvent and 5% benzene as internal reference. The reaction
was monitored as above and the nmr data are summarised in

Table 6.4. “hen the reaction appeared to be complete, the



Table 6.2
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Reaction of 2C02(CO)8/3MeGeH?Co(CO)u

a) Assiesned Chservations

Temperature (°C) Time
1) -40 0O hr
2) -u40 0.5 hr
3) -40 3.0 hr
-30 0.75 hr
4) 40 3.0 hr
-30 1.0 hr
-20 0.5 hr
-10 0.5 hr
0 1.5 hr
5) 0 7 d
6) 20 2 d

b) Assignments

MeGeHQCo(CO)q : 9,151
5.67T1

Compounds Observed (i)

g 1
MeGeL2Co(CO)P
»
JeGeH2Co(CO)ll

MeGeHCoZ(CO)X species

MeGeHQCo(CO)u
MeGeHCoz(CO)x
HCo(CO)u

MeGeHZCo(CO)u
MeGeHCOQ(CO)x
HCO(CO)u
MeGeCos(CO)ll
{eGeHZCO(CO)u (3)
MeGeHCoz(CO)x (2)
MeGeC03(CO)ll 1)
HCo(CO),, (m)

No changes from 5) apart
from loss of HCo(CO)l+

(triplet)
J = 3.5Hz
(quartet)

Contd. Overnage.
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Table 6.2 Contd.

MeGeHCo, (CO) : 8.7571) Probably doublets but

8.601 coupliﬁg not determined.

HCo(CO)u : 21.27 (singlet)
MeGeCo3(CO)ll : 8.071 (singlet) (53)
Note

Compounds are first listed at the time at which they first

appeared. ‘



a)
b)
c)

Infrared Spectrum of Involatile Products from

Table 6.3

Reaction

MeCell,Co(C0), /Co,(CO) s Reaction (a)

Involatiles(b)

2105
2095
2085
2070
2065
2055
2045
2030

2020

(v1)
(m)
(s)
(w)
(w)
(s)
(vr)
(vs)

(s,sh)

lower shoulders

(2020-2000)

1865
1850

18365

Notes

(w)
(w)
(w)

All units are cm’

Values are *+ 2 cm

Assipgnments

108.

MeGeCO3(CO)1l Cou(lO)lz MeGeH[Co(CO)u]2

(53) (124) (¢)
2105 (w)-
X
2082 (s)
2064 (w,sh) 2064 (vs)
2056 (s) 2053 (vs)
2047 (w,sh) X
2038 (s) 2038 (vw) X
2017 (m) 2028 (vw)
2009 (m)
2003 (w,sh) X
1867 (w)
1849 (w)
1837 (w)

1 due to the small abscissa scale used.

Tentative assignment ; see text and Figure 8.4 (p.162)
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Reaction of 2002(C0)8/1MeGeH2Co(CO)l+

a) Assigned Observations

Temperature (°C)

1) -30

2) -30

3) -30

-20

b) -30
-20

-10

b) Assignments

MeGeH,Co(CO)
2 L

MeGeHCoZ(CO)x

MeGeCo3(CO)ll
HCo(CO)u

MeGeX3

Note

i) Compounds arc listed at t

Time

0O hr

1.5 hr

1.5 hr

1.0 hr

1.5 hr
1.0 hr
1.0 hr

18 hr

Compounds Observed (i)

MeGeHQCo(CO)u
MeGeHCOZ(CO)X
MeGeHQCo(CO)u
~MeGeHC02(CO)X

MeGeCo3(CO)ll

MeGeHQCo(CO)u

MeGeHCoz(CO)
X

MeGeCo3(CO)ll

HCO(CO)u

MeGeHCoQ(CO)x (3)
MeGeX, species (2.5)

MeGeCoB(CO)11 (1)

HCo(CO),, (1
(triplet)
J = 3.5 Hz
(quartet)

(possibly a doublet:
coupling not determined)

(singlet)
(singlet)
(singlet)

(singlet)

he time at which they first appeared.
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tube was opened under vacuum and 0.12 mmoles of incondensible

gas were recovered. The volatile components were removed and

their nmr spectrum showed:

8.46 T : ?
9.12 1 MeGeHz(Co(CO)l+ (53)
9.82 1 MeGeH3 (127)

(The spectrun was too weak and poorly resolved to determine
multiplicities and coupling constants, so assignments are
made on the basis of chemical shifts only). Reaction residues
showed the same infrared spectrum as in Table 6.3 as well as
the excess COZ(CO)g.

6.4.3 NDiscussion

The assignment of MeGeCo3(CO)ll and Cou(CO)12 in the
invotatile products (Table 6.2) can be made fairly certainly
by reference to the literature (53,124). The former is also
confirmed by its nmr identification (53). The assignment of
MeGeH[Co(CO)L}]2 is quite tentative and made by comparison
with the analogues MeGeX[Co(CO)u]2 (X = C1,Br : see Figure 8.4
p.162; X = I see (51)). Its assignment is also supported by
the chemical shift of the remaining involatile component
(8.78 1), which is'consistent with two cobalt substituents
on germanium. (See (54) and Section 5.4). However, this implies
that the volatile component (8.60 1) is also.a dicobalt species.
At this stage there is no clear distinction between
MeGeH[Co(CO)u]2 and MeGeHCoZ(CO)7 with respect to possible
volatilities and chemical shifts. Though the bridging
carbonyl modes in the involatiles' extract could be accounted
for without considering the pos;ible MeGeHCoz(CO)7, the
evidence does not rule out the heptacarbonyl. HNowever,the
relative intensities of the terminal carbonyl modes observed

suggest MeGell[Co(CO), ], as the more likely component in this
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mixture.

The incendensibles found in the cobalt excess reaction
(0.22 mmoles) exceed the ca. 0.05 mmoles expected from H2
and CO loss from known products. The remaining incondensible

must be due to the two unassigned products at 8.22 T and
8.42 1. Also, since the amount of HCo(CO)u,produced is that
expected for the formation of MeGeH[Co(CO)u]2(i.e. one for
one), the stoichiometry of the unassigned species must be
such that no HCo(CO‘)u is produced. The appearance of MeGeH 4
and MeGeHZCo(CO)q from decomposition or disproportionation
of products during handling suggests (along with the above
information) that possibly one of the unassigned products
may have been based on a Ge - Co - Ge skeleton. (N.B. Grahanm
(53) assigned the 8.42.1 signal seen in the work as MeGeX3,
on the basis of its chemical shift and the fact that it was
a singlet).

In the low temperature, equimolar MeGeHzco(CO)u/Coz(CO)8
reaction (53), Graham reports the initial formation of

MeGeHX which 1s consumed to form MeGeCoB(CO)11 via the

>
reaction scheme in Section 1.6.5. In neither of the reactions
described here did the final product ratio come near the

10 : 4 MeGeCo3(CO)11/McGeHX2 ratio reported for the equimolar
reaction. Indeed, from the cobalt excess and deficit
reactions alone, there is no evidence that the two products
were not being formed by parallel reactions, at different
rates. However, the work described in (54) and Section 6.3
support the idea of stepwise substitution of Ge-H and it is
most likely that the above observations reflect an
equilibrium situation in which the specific conditions of

reaction determine relative rates and product ratios.

Under the conditions used here, the noted time lapse
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between formation of the di~- and tricobalt products could
be useful in isolating the pure dicobalt species for
characterisation. So far, separation fromAMeGeCo3(CO)lj

using solvent and sublimation techniques have been

unsuccessful.

6.5 e 1ot - Gell R 11
6.5 Reaction of Ce ,Br, with COZ(CO)S

A small sample of GeH,Br, (130) (ca. 0.1 mmole) was

v s with Co, L), (‘ézms ,0:lf mmoles)
sealed into an nnr ‘tubed using SiCl, as solvent and 5% TMS as

n
internal reference. Table 6.5 summarises the nmr observations
for this reaction. The excess GeHZBr'2 showed in the infrared
spectrum of the volatiles. The residues were extracted with
hexane. This solution gave the carbonyl infrared spectrum
shown in Table 6.6.

Cverall, the observations are consistent with the step-
wise substitutions seen in Sections 6.3,6.4. i.e. Initially

Gell,Br, + C02(CO)8 —_ (:‘,eHBr*ZCo(C.O)L’l + HCo(CO)Ur

4.25 1 3.82 1 21.2 7
The next substitution , though not directly observable in the
nmr, can be implied by the diminishing total intensities of
the 4.25, 3.82 1 signals
GeHBr,Co(CO), + Co,(CO)g —> Pr,GelCo(C0), 1, + HCo(CO),

By comparing the GeH,Br, : TMS relative intensities it is
apparent that an equilibrium concentration of GeHBr,Co(CO),
is reached before the further substitution to the bis cobalt
compound starts. The latter process causes both GeHzBr2 and
GeHBrQCo(CO)u to diminish, relative to THMS.

The first process is faster than the second, as reflected
by the decrease in GeH2Br2 with respect to GeHBrZCo(CO)|+ as

reaction proceeds. GeH,Br, in the final products may indicate

that this was in excess here. However, the presence of both



a) Assigned Observations

1)
2)

3)

b)

i)

ii)

iii)

Reaction of Gel

Table

6.5

2

BPZ/COQ(CO)8

Temperature (°C)

-30

-30

-30
-20

-10

Assignments

GeHzBr‘2

GeHBrQCo(CO)u
HCO(CO)l+

GeH,BRr

3

Notes

Compounds are first listed at the time at which they first

appeared.

Assigned as H-substituted rather than Br-substituted on the

Time

0.5 hr

1.0 hr

0.5 hr

Compounds Observed (i)

GeHzBr2 (vs)

GeHQBr'2

GeHBPZCo(CO)u (ii)

HCO(CO)u

GeH,Br, (m)

2772
GeHBPZCo(CO)q (m)
GeHsBr (w) (iii)

HCo(CO)u (m)

(singlet)
(singlet)
(singlet)

(singlet)

[2XY
W
.

basis of the chemical shift value, reaction studies reported

in the next section and the product analysis below.

Possibly present all along as a

GeH

2772

record the diminishing spectrum. (130).

small impurity in the

Bp. but not observed until high power applied to



i)
ii)

iii)

iv)

Table 6.6
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Infrared Spectrum of Hexane Lxtract from

Product (ii)

GeH2

Br,/Co,(C0) 4 (i)

BrzGe[Co(CO)u]2 (iii) IZGe[Co(CO)u]2 (iv)

2118
2105
2096
2075
20865
2056

2042

2028

(7)
(4)
(8)
(2)
(8)

(8,sh)

(10)
(8)

2015 (4 ,sh)

Notes

All values

These values are ca. * 2 cm

2117

2099

2057
2055
2044
2026

2015

are cm

(0.1)

(8.7)

(4.5)
(2.8,sh)
(10)
(3.3)
(2.2)

1

2113

20986

2054
2051
2042
2025

2013

(4.1)

(10)

(7.5)
(5.0,sh)
(10)
(5.4)
(2.9)

A new compound prepared by an alternative route.

(See Chapter Four .and Figure 8.3, p.159)

Reference

not stated.

(51) in cyclohexane.

Intensity measurement method



GeHzBr‘2 and GeHBrQCo(CO)l+ at completion supports the idea
of a pair of equilibrium processes.

It seems fairly clear that the postulated product
(i.e. BrzGe[Co(CO)ulz)is the main compound of the reaction
involatiles, as expected. The other compound could not be
assigned here since its absorptions are largely covered by
those of BrzGe[Co(CO)u]Q. Thus, the proposed GeHBr2Co(CO)u
can only be tentatively assigned on the basis of its nmr
chemical shift. This compound would be an interesting one,
being the first mixed hydride/halide-substituted germyl

cobalt derivative.

6.6 Reactions of Non-Hydride Germane Derivatives with

992(C0)8

As a comparison / contrast with the reactive hydride
derivatives mentioned so far, it is useful to note the
reactivity of non-hydride analogues under similar conditions.

Both MeQGeCI2 and MeGeI3 were sealed in nmr tubes with
COQ(CO)8, using SiClq as solvent and TMS as internal
reference. No reaction at all occurred over a period of two
days at 0°c.

C13GeCo(CO)u was reacted with C02(C0)8 at room tempera-
ture in EtQO for one hour. Only reactants were returned,
along with a little Cou(CO)12 from COQ(CO)B decomposition
during handling.

While the above examples reflect the general situation
this unreactivity is not exclusive. Notably, both GeCl, and

GeBru are reported to react with Coz(CO)8 to form

Cl3GeCo(CO)q, CIQGe[Co(CO)u]2 and BrgGeCo(CO)u-(Sl,SZ).
MeGeI, is also reported to form MeGeI[Co(CO),1,. (51).

Significant factors in these reactions are the use of THF
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as solvent and reaction at room temperature. As noted in
Chapters Three and Four solvation effects on GeXu are
probably important and a change from SiClu to THF as solvent
would be expected to reflect this. Also, the disproportionation
of COQ(CO)B (amongst other binary carbonyls) in bases e.g.

3/2 Co,(CO)g 1IN [Co(THF) (I[Co(CO) T, + LCO
is well established for a great range of bases. (131). In
contrast, the same process in EtQO is negligible. Thus
reports of THF reactions of COZ(CO)S (at room temperature)
probably involve reaction of Co(CO) .

This effect can also be extended to the silicon and tin
systems. In EtZO, C02(CO)8 was found not to react with the
series MeySiXu_y (¥ = halide) (95). Most of the tin analogues
are also prepared in base solvents. (e.g. 51,52,79).

That the exceptions in the germanium system seem to be
limited to high halide-content derivatives could be seen as
an "activation" effect of these substituents upon reactivity
with CoQ(CO)S. (Or with low concentrations of Co(CO);
produced from its disproportionation). The reverse effect
was noted in the GeHQBrz/COQ(CO)8 reaction in Section 6.5,
where the substitution of Ge~H with Ge-Co(CO), had a
deactivating effect on the rate of further substitution. In

that case, the effect is probably a steric one, whereas above,

electronic effects are more likely.
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CHAPTEPR SEVEN

Peactions of Chlorogermyl Cobalt Carbonyl

Derivatives with NaMn(CO)S

7.1 Reaction of ClGelCo(cO with NaMn(CO)5

T

By analogy with Section 3.4, this reaction was
investigated as a possible route to tetra- (metal carbonyl)
substitution around germanium. The relative effectiveness
of metal exchange and halide elimination will determine
which derivatives are formed. The possible extreme situations
are represented as
ClGe[Co(CO)u]3 + NaMn(CO), —> (CO)SMnGe[Co(CO)u]3 + NaCl

ClGe[Co(CO)q]3 + 3NaMn(CO)5 —_—> ClGe[Mn(CO)5]3 + 3NaCO(CO)u

ClGe[Co(CO)u]3 + l&NaMn(CO)5 > Ge[Mn(CO)S]u + NaCl
+ 3NaCo(CO)u.
The intermediate situationsto these alternatives are also

possible.

7.1.1 Experimental

NaMn(CO). from MnZ(CO)lO (185 3 0.47 mmoles) was reacted
at room temperature in Et,0 with ClGe[Co(CO)u]3 (ca. 0.2
mmoles) for 15 minutes. This resulted in a red/brown
solution which left an orange ring and pale brown solid when
the EtZO was removed. A hexane extract was yellow and did
not remove the orange residues. The infrared spectrum of the
extract was very complex in the carbonyl region. It showed
that no ClCe[Co(CO)u]3 was left and that the major component
was an(CO)lO.Sublimation at room temperature and 35°C
failed to separate this component. Crystallisation from
hexane over three days in a refricerator gave orange

crystals. The infrared spectrum of the yellow hexane solution
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of the isolated orange crystals was complex. (See Table
7.1)

On further standing in the refrigerator, this yellow
solution deposited further orange solid. .The remaining
solution gave a yellow solid upon evaporation. The spectrum
of this is also shown in Table 7.1.

7.1.2 Discussion

On the basis of the comparison with the infrared
spectrum of ClSn[Nn(CO)5]3 (141),0ne of the components of
the orange crystals was tentatively identified as
ClGe[Mn(CO)Sls. Table 7.1 also shows that this component had
been largely removed in the spectrum of the subsequent yellow
solid, which showed mainly 2076, 2051, 2022 and 1998 cm L.
Thus the orange component of the initially isolated solid
was the assigned ClGe[lin(CO) ];. The relative simplicity of
the infrared spectrum of the remaining component (i.e.
essentially only four absorptions) suggests a compound of
higher symmetry than ClGe[Mn(CO)5]3 (for a comparable mass -
see below).

The mass spectrum of the initial orange crystals was
made up of two partially overlapping fragmentation patterns,
suggesting the presence of two components. This was confirmed
when subsequent mass spectra of recrystallised products
showed changes in the relative intensities of the partially
overlapped fragments. The effect was also seen when a given
sample was run at different temperatures and with different
ionizing currents. Complete separation of the two components
was not achieved but the "extremes" in the spectra gave
definite indications of the individual components.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>