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Books ang ’;gﬁ‘;;;s L
' Apart from the Annua] Survey cover1ng the year ]972 (] Hf;fé
'new series- ent1t1ed Annua] Reports in Inorgan1c and Genera] -
,Syntheses has started (2 3) ~ The purpose of the ser1es is the~
organ1zat10n and summary of "’ recent syntheses 1n 1norgan1c and
in part, organometa111c chem1stry.r Var10us aspects of: rad1cals
conta1n1ng Group IVB e]ements have been rev1ewed (4 5) 7 The |
11terature on 1norgan1c, organic and organometa111c compounds
contalnlng e]ements of Group IVB for tne years 1973 and 1974
'has been surveyed (6-8). Few other articles (9-13) which
cover_broad'aspects‘of'organogermanium chemistry have apbeared.
»ﬁeview_articles on specific classes of compounds are

included below under the relevant headings.

Germanium-halogen compounds

The electrophilic halogenation of phenyltrichlorogermane
has been used to synthesize phenyltrichlorogermanes of the type
X C6H5 n

shown to proceed in accordance with the fo]]dwing scheme (14):

N FeCl, '
GeC]3 + C12. 7——O) Gec13 + HC1
. . 0-80°¢ ,

C1

GeCl, (X = Cil, Br; n = 1,2). The reaction has been

(Yield:- 64.5%)

s ' FeCl, -
@Ge013 + 2c1, 3 5 ClGec13 + HCI
I , el : -
o c1

c1 -
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;Tﬁﬁéjéhéffricﬁib}ogermyi'g}o§p~orients a-chlorine atom
:éﬁtéfiné the aroﬁatic;nu;]éu§jinto fhe meta position. - On
,%q¥fhef cﬁ]orination 6f frich}oro(th]ofcphenyi)germane the
 oriehting‘fnf1ﬁénce 6f the chlorine atom is predominant.
Attempts to prepare a derivative trichlorinated to.the’nucleus
“resulted in carbon-germanium.bond cleavage which has been

shown to be more marked for phenyltrichlorogermane than for
bheny]trich]ofosi]ane under analogous conditions. The cleavage
of carbon-germanium bond has been reported to occur in the

radical chloeorination of phenyltrichlorogermane:

uv
C H.GeCl, + C1 C H.C1 + GeCl
65 3 2 T s 70ecC 65 4
uv
CeHgCl + 3C1, ——— g CgHsCly

"Satge et al. reported their investigations on the insertion
reactions of difluorogermylene (:Ger) into a variety of
bonds (15). Some of their results are compiled in Chart 1.

F

GeF, + Rx —100°C RGeéEE

F

(R = Et,MeCH,; X = C1, Br, I; yield:- 12-41%)
2

. F
GeF, + Me;SiCl —————4>-Me35iee——c1

e

. . PhMgBr
’Me3S‘iGeF2C] > Me3SiGe_Ph3

¢ -20°C

MesSiF + [FGeCl] —®» 1/2 Ger + 1/2 Ge(:'l2

3
N - -
sze + PhnS1C14_n‘—f‘————f——" PhnS1(GeFZC1)4_n

(n =1, 2, 3)

References p. 214



‘162

~2eé|,='2 'f theec19—_——-> Ph Ge(GeF c1)2

" MeMgI’

- Ph Ge(GeF C])2 — Ph Ge((ieMe3)2

decompos1tion
PhZGeE2 + GeF2 + GeC'l2

Chart 1. Some insertion reactions of difluorogermylene;

The study of some organofluorosilanes and —germanes has
been the subject of a Ph.D. thesis (16)

The preparation of amine complexes of organodiha]o;i
Qermanium hydrides has been patented (17). " The reactions of
these with organic halides provide a convenient route to

diorganodihalogermanes (18):

1

R GeX3 + RnNH3_n +, 57H4
* 0-120°C
R NHg_ HGeX,
Iy
R
RZX
RZger'X, + R_NH, HX
2 n 3-n
(ﬁ,R] and R2 = alkyl, alkenyl, aryl etc.; X = C1, Br;
n = 0-3)

Fomina et al. accomplished the synthesis of some alkyl-
halogermanes by y-irradiatjon of a mixture of a‘tetraaiky]-
germane and a tetrahalogermane (19). 7 _ ‘

Some new complexés of didhlofpgermyléne (;GECTZ) haﬁe;
been prepared via the 1igand replacementvreactions of the

type (20):



153

vGeC] -G HgD, + Php i)(;em

-PhP
2 747872 refiux 2
f(d.oxane complex) . - = i, - (Yield:- 95%)

GeC]Z-Cq_HBOZ + PhsAvS —P Ge'Cla'Ph3AS
{(Yield:~ 100%)

Thege comp]exes'are convénient sourcés of monomeric dichloro-
gefmy]ene-

Reduction (using hypophosphite) of germanium tetra-
chloride followed by the reaction of the compodnd with
hydrogen iodide has been claimed to be a rapid nonaqueous

route to germanium (I1) {fodide (21):

GeCl, + NaH P02-H 0o — MW 5 ge(HPO,) + NaCl + 3HCI
——e S
Ge(HPO,) + 2HI === Gel, *+ H,PO,

" The exchange reactions of benzothiazol-2-yltrimethyl-
silane with ch]ordgermanes have been shown to yield di-, tri-,

and tetrabenzothiazol-2-ylgermanes (22):

S
/> + Buli ;:F @E Li + BuH
N . - C

Me5SiCl

R
s RR!GeC1, S ! 5
, . »—Ge—4
@iu/}&mes > ©:N/ S !

+ LiC1 . R MezSicl
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(R = R! = Me, C1; R = Me, RU =-CT3'R = R' = €1, CjH,NS;
= C7H4NS)

A]kylétion and arylation

Schiyer and Ring observed the. transfer of méthyl groups

from trimethylgallium to silicon, germanium and tin films (23):

‘ M= Si . : ..
Me,Ga + M Me . Si +. Me,SiH
3 >30°C > 612 3
M=sn / 190°C M= Ge
285°¢
Me4Sn Me4Ge

The relative rates of the surface reaction are in the order:
Sn:>-Si:> Ge. This order correlates with the electro-
negativities of the metalloids. The methyl aroup being
readily transferred to the less electronegative tin and
silicon and transferred with more difficulty to germanium.

A new synthetic route for the formation of the carbon-
germanium bond has been reported (24). It has been shown
that Grignard reagents activated by catalytic quéntities of

nickel (II) complexes can substitute the germanium-hydrogen

bond:

R'RZR3GeH + RMgX

3

],RZ,R = alkyl or aryl)

(R,R
The yields depend on both the catalyst and the Grignard
reagent. In every case the stereochemistry of the original

organogermane is retained.

The preparation of germyladamantanes has been achieved -

according to the reaction (25):



40-50°C | ‘ GeX3

X '+ HGeX.2Et.0
' L3 T2 15-20 hr

(X = €1, yield:- 75%; X = Br, yield:- 28%)

The reactivity of l-bromoadamantane has been observed to be
considerably more than that of secondary alkyl bromides.
A review on stable homoleptic metal alkyls (including

those of germanium) has appeared (26).

Germanium-hydrogen compounds

The preparation of bromogermane and dibromogermane in
yields of 50% each has been achieved via the reaction of

bromine with germane (27):

GéH4 + Br

—_’
GeH4 + ZBr‘2 HZGeBr2 + 2HBr

—’
2 H3GeBr + HBr

Cradock reported that chlorogermane may be readily

prepared from the reaction:

GeH4 + SnC‘I4 —>H3Ge(‘.‘l + HC1 + Sn(‘.'l2

at room temperature (28). The reaction is retarded by the
hydrogen chloride produced, and hence it must be removed

periodically if coniplete conversion of germane is required.
The reaction of chlorogermane with hydrogen iodide (28) and

the fluorination of bromogermane with lead(II)fluoride (29)
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nas Deen used- to synthes1ze 1odogermane and f]uorogermane'rfj"

respect1ve1y.

HyGeCl + HI ———p M Gel + HCT

2H,GeBr + PbF, ———f 2H,GeF  + PbBr,
Jutzi and coworkers found ‘that the reaction of benzo-

thiazol-2-yltrimethyisilane with trich]orogermane,gave»'

2-trimethylsilylbenzothiazolium trichlorogermanate, from

which the monomeric benzothiazoledichloroagermylene could: be

obtained (30, 31).

@:>—S1Me3 + HGeCl, —_—> @:)—sm%eeme

N
)
H
g1°c
—Me,SiCl
S, BC1, : ) ,
2>_H > ;>—H-BCI3 +  (GeCl,)
N N
¥
GeCT, HC1
@: >—H GeClg °
v o N
CHgCH,C 130°C

:!:--

@N/)'HGecle B @—cu GeCl, ‘ N/>_H
<z§§>,CH2 . | S | 7(Y1e1d- 70%)., 7 _:;

(Yield:- 20%) .
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Some pentaf]uoropheny1german1um hydrides have been

synthes1zed via the fo]]ow1ng reactions (32)

E L1A1H4
PhMe‘+'Et20

(c 5)4 nGeBr . —  (CFgl,_,6eH

(n = 1,2,3)

o : Br
(CGFS)ZGQBY‘?_‘ + Et3GeH _— (CGFS)ZGe\H + Et3GEBr

EtMgBr | ET

20
Et
-~
(c6F5)2<;e\H + MgBr,

(Yield:- 25%)

~The monohalogen derivatives of dimethylgermane have been

prepared according to the following reactions (33):

" ,
~
6MeZGeH2 + ZBC]3 -'--——)I’6!‘-‘lezGe\\c_l + BZHG
H H
Me Ge’/ + HX ———P Me Ge/’ + HC1
277 ¢1 277 x
(X = Br, I)
/H
Mea(:‘ael-{2 + 12 —_bl‘dezﬁe\I + HI

. " H H
~ ~
2Me26e\1 + PbFZ——>2MeZGe\F + PbI,

‘Satgé et al. reported the use of some exchange and photo-

chemical reactions to synthésize selectively and gquantitatively
various substituted phenylgermanes. Some of their results (34)

are summarized in Chart 2.
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- MeSLiL - . AL :
—p Ph,Gel - .+ LiX:
2 . (X = C1,Br) s ? A
Et GeSMe (Yie]d:-- 70%)
= CT »Br) :
+ Et,GeX
Me 3

(Y1g1d:— 90%2)

X Et.GeSMe
= 3 %
PhGeZ=H TSNS = PhGe\\H + EtzGeX
X SMe »
v (90%)
(x=C1)| MeSLi
Et,0
_Cl . SMe
PhGeZH MeSLY o PhgelH + Licl
NsMe Et,0 “NSMe
PhGeH3 + MeSSMe
l-MeSH
: _AH _Ske
PhGeH +  PheeZsMe + PhGelH +  PhGe(SMe)
3 ~ ~ 3
H . SMe
(unreacted; (Yield: 16%) (Yield: 15%) (Yield: 18%)
51%) : -
PhCe/H — B 5 Ph,GeH, + Ph,GeY
29y 2behy T PAA
(Y = OMe, SMe)
H. : )
~ Uy
2PhG§<:SMe —————— PhGeH; + [Ph(Me0),GeH]

- -(PhGeOMe) + MeCH
Chart 2. Synthesis of some phenylgermanes

The results of,therlithium aluminum hydride reduction of

germanium tetrachioride indicate the reaction to.be stepwise (35)&
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Et20

jise"c],;, + LiATH, = - Teon ¥ HGeCl,"2Et,0
Et 4N (Yield: ZQ%)
S - : further
HGeC13’Et3N . further GeH4 reduction

- ; reduction
(Yield: 80-90%)

The increase in yield of'germanerat higher temperatures can be
explained in terms of the formation of etherate. A still
greéter yield can be obtained by using solvents that do not
complex with germanium tetrachloride. Thus the yield of
germane increased to 63% when the reaction was carried out in
hexane. . According to the authors the yield of germane should
depend on the salt-1ike nature of the complex and should
decrease with an increase in the latter. Thus when
HGeCI3-2tt20 and HGeCI3‘Et3N were reduced under comparable
conditions the yield of germane in the latter case was lower

by a factor of five.

Germanjum-metal compounds

Vyazankin and coworkers extended their studies on the
preparation and reactions of organcgermyl-mercury derivatives
containina pentafluorophenyl fragments (32,36). These are

summarized in Chart 3.

i /,Br
——_—’
(C6F5)26e8r2 + EtjGeH (CBFS)ZGE\\H

PhMe | Et,Hg
decomposition ]
F. C_E_ : Br Br
.(CﬁFs)ZGI‘?_-.‘GIe(CﬁFs)z * Hg
' Br Br -

[(CGFS)ZGe-—Hg--Ge(Cst)zj + EtH
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uv ’
(C6F5)3GeHgSﬁ(CGF5)3 + Et;GeBr
(Yield:- 31%)
0 0
T _ o
[(C6F5)3M]2Hg + CGHSC———O——-O—-——CCBH5
50°C
0
R
Z(CGFS)BMOCCGHS + Hg

(M = Ge, Yield:- 41%; M = Sn, Yield:- 74%)

0
i THF f
[(C5F5)3Ge]2Hg + Hg(OCCH3)2——f-—> 2(C6F5)3Ge0CCH3' +  Hg
(Yield:- 55%) ’
Chart 3. Synthesis and reactions of some organogermyl-mercury

‘z2rivatives.

The reaction of bis(triethylgermyl)mercury with 3,5-di-
tertiafy butyl-1,2-benzoquinone has been investigated (37).
It has been shown by means of electron spin resonance
spéctroscopy thétAthe primary Eeaétion step is a one-electron
transfer from a germyl mercurial compand to duiﬁone-. Thus
the fTirst reaction step is initiated through the generétioﬁ

of the‘ion-radica1~pair:

(Et3Ge)2Hg +




The gérmyTmercury cation radical is nct stabilized by its
linféfhailphﬁfge‘andﬁelectron1deloca1izétioﬁ and hence it
‘decomposes: ' ‘

(Etg6e) Hg' ———» Etj6e" + EtgGeHg”

Further transformation depends on -the relative importance of

the processes:

(]
HgGeEt3

GeEt

OHgGeEt

3 7
] \’HgGeEt3 + EtGe-
0GeEt -
y ’ I
Et3GeGeEt

OGeEt3

+ Hg
OGeEt3

Germylmetallic compounds EtgGeM' (M! = Li, Na, K, Rb and
. Cs) have been prepared in high yield in n-hexane or

benzene (38):

References p. 214
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'(R'M) H' + 2&1 benzene - _ 2§AHM1f + H"
3 2he - — 3" - ng
: - - - n-hexane R S

(R = Et, i-Pr; M = Si, Ge: M! = Li, Na, K, Rb, Cs)

The reaction of Et3GeM] with benzobﬁenone, acetophenone and
pheny]acetyleﬁe has beeﬁ examinéd. Thé course of these
react%ons'(i.e. the compoﬁitfon-and the yields of the various
prqducts) is strongly dependent on the solvatingvability-

of the solvent and the nature of the alkali metal.

EtgGeli + Ph,c0 —P8X308 g ¢ ge————- gi( |

Ftsf e
PhH ¢ \\\\‘ﬁMPT PhyCz=c=x- 0

(1) (1) ‘“20 :

y Hy0 Et3Ge('Z---—Ph2 + (Et3Ge)2

luzo (111) OH Yield:- 7%)
o de 6oy 77819 79%) (vietd:- 79%) (111D
(11)

These results could be interpreted in terms of nucleophilic

attack of the Et3Ge" anion at the carbonyl carbon.

Some other reactions of these germylmetallic derivatives

include:
0
_ i
Et3GeM + CH3CPh
H,0 :
Me 2 ?M
Et3Ge?-—-Ph Et3GeH + H2Cg==c - Ph
OH T l Mel
o .
i
7 CH3CHZCPhV
(M = Li, K, Rb)
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Ef3GéMr.+  PhC==CH 7" “—)>,Et3GeCH===?——-Ph
. . y
Et3GeBr

EtyGeH - + PhC==CM
EtseeCH===C———GeEt3

Et;GeBr - |
’ ) Ph

PhC—=—CGeEt3

(M = Li, K)

Bulten and Budding investigated the appreciably enhanced
reactivity of the metal-metal bond under polar conditions (39).
These authors observed the smooth addition of hexaalkyl-ditins

and -digermanes to carbon-carbon triple bond systems in HMPT

solution and in the presence of a catalytic amount of a base
(e.g. MeONa, MeLi, Li) to give exclusively the corresponding

trans adducts.

— HMPT Ak P
RyMMR, + PhC==CPh — "1 3 ¢ ==C
P \
Ph MR

{M = Sn, R = Me, Et; M = Ge, R = Me)

Unlike hexaphenyldigermane, hexakis{pentafiuorophenyl)-
digermane, has been shown to react with water, methanol,
acetic acid etc. via the cleavage of the germanium-germanium
bond (40). The reactions proceed in tetrahydrofuran but
under identical conditions do not take place in non-polar

solvents such as hexane, benzene and toluene etc.

Satge€ and coworkers studied the synthesis and thermolysis

of polygermanes and observed these reactions to provide
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(CgFglgBede(CeFs)y ———— ¥ (CgFg)jGel + (CgFgljGeX
' T 70-100°¢C L IR

o S (x = oH, OMe,'Cl,'QﬁMe;éﬁd.j
2HgC1, | THF; 60°C - . S ' ;2 : o - .
2(CgF5)36eCT  + Ha,Cl,

(Yield: 99%) (Yield: 100%)

divalent germanium species (34, 41, 42) which could be used

for a variety of other syntheses (see Chart 4).

X\ /X o ‘ MeO\ ) /O'Me
Pl1}-Ge——Ge<Ph + 4Et3GeOMe —_— Ph—’Ge——Ge<Ph
X X MeO OMe
(X = ¢1, Br) A + 4Et3GeX

PhGe (OMe); + PhGeOMe

=~ o Ph
PhGeOMe  + 3 \Ge ' |
= /
Et,GeOMe : MeO
A
M
eO\\ | Et
Ph—/Ge——G_e:Et
MeO Et
Ph ' OMe
MeO OMe
N i ‘ | I
Ph—/ee—eelfeéph A > Ph—?gl—}ef’h :
» e ' | N i
100" gy OMe - Me0l”” 4+ pnGe(oMe),
A :
P
2phéaoMe | Ax

- MeO / L
‘Me0” P\ W -
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:.prh\_(;e'_‘_(;g_a(Phr. + Hg/Li .ﬂﬁ-—y'zuee<ph
:Hz(f T . “Ph
: o ' o 2Mel

' H
oMeGeZoPh +. 2Lil
H

Ph - Ph
~N N
Ge: + R,GeY —$> Ge——-GeR3
C1 ;E],

PhMgBr

Ph Ge-——GePh R GeC1 + PhGeY

(R = alkyl or phenyl; Y = Me0O, MeS, Me,N, Et,P)
Chart 4. Reactions of pclygermanes.

A synthetic route to some germanium-tin bonded derivatives
involves the reaction (32):

PhH
(CgFg)3Gel + EtgSnNEt, ——————F (CgF5)zGeSnEty + Et,NH

100°C
{(yield:- 45%)
C Fg

100°C
(c ) GeH2 + 2Et4SnNEty ———————P» Et, Sn(lseSnEt3 + 2Et,NH

CeFs
The preparation of some chlorosilylgermanes has been the

subject of a Ph.D. thesis (43).
Mackay accomplished the synthesis of iododigermane and

methyldigermane according to the scheme (44):
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o T

N . ~ s . ./’H% Cee
H—Be—GeTH - + 12 ———-——————a»- H—-Ge———Ge——I; + HL -
' o B o MeMin»
fH\\ ‘e )%HA'  _‘~
H-—Ge ——Ge—Me + M912
= Ny =

-H
Ga1nes and U]man synthes1zed some boron conta1n1ng

Group 131 Compounds via the f0110w1ng react1ons {45, 46):

k S o EtZO;— 2 hrs - o, .®
2-Me3GeBS>I~A{8 + n-Buli ) 2-Me3GeBSH7 L1

-78%to -40°C

2-Me,GeB . OLi® + 1/3 ByHg + 1/3 BCl,

'

Me3MBsHg + LiCl
Et20 :
MeMC12 .+'2L1BSH8 — Meb’l(BsHs)2 + 2LiC1
! -78°to -20°C {
R R

(M = Si, R = H, Me; M = Ge, R = Me, Yield:~ 20%)

, The reaction of metal carbonyl cation derivatives with a
var1ety of heteroatom borane an1ons to form 1:1 o- bonded
comp]exes {(47) and the syntheses, characterization and -
propert1es ocf some germacarboranes (48) have been reported.

Some of these are listed in Chart 5.

'[1,'2-GetHB]'0'H]d]9 + ['(n'-CSAHS)FeV(CO)ZA(chrclo’hexVene)]e
(CHy),C0
(n-C5H5)Fe(Cd)éGeCHBIOHIO'
[1fé;§eCHBIOH10]€)A+ [(x-Cy )Mo(CO) ]‘ia
‘ (CH ) co

 (1 C7 7)MO(CO) GeCHB]O ]0
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_[(n c )Mo(CO) ]BF + c;{eeCHBIOHIOJ
3720
(w-c )Mo(CO)zGeuHB]0 ]0 E

2 hrs ;l (CH reflux

(vYield:- - 33%)

CH(THF)2 + GeCl

3 ]0 10 4

0°C; 3_hfs. followed by additiom of Mel

1,2-B CHGeMe

]0 10
(Yie1d:- 27%)

piperidine,PhH | followed by addition of Me4N®C1e

reflux; 19 hrs

Me4N[810H10CHGe]
(Yield:- 33%)

THF Cr(C0)gs UV; 18 hrs.

Me4N[1,2—B CHGeCr(CO)s]

10tho

Chart 5. Complexes of some heteroatom boranes.

The reactions of transition metal hexacarbonyls with
germanium (II) and tin (II) halides could be used to

synthesize the neutral complexes containing metal-metal

bond (49):
M(CO). + CsGeCl,— Y g c1.GeM(CO), + CsC1 + €O
6 3 THE 2 5
SnX, uv ‘ Me ,NOC1©
THF :
X,SnM(C0); + €O [C1,GeM(c0);1°
lMeANQ"“x'E>
= - = s B P N
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Some german1um-tran51t1on meta] bonded der1vat1ves havej 5

been prepared accord1ng to the fo11OW1ng react1on (50)

MeySiOM'Mey’ + - ;;-'c-s.us(__co)»’srmsm%-l

r-CsHs(CO) MM‘Me3 + M¢35iOSjue3'
(M = Mo, Ws M' = Ge, sh)’ ' =

Pentacarbony]germy]mdnganese could be synthesized via

the reaction (51):

HyGeBr + NaMn(C0)g——F HyGeMn(CO)g + NaBr

Adams observed that the reduction of the dimer,
[(ns-CsHs)Fe(CO)CNCH3]2, with sodium amalgam in tetrahydro-
furan leads to the formation of the hydride which engages

ijn a base-catalyzed reaction with Group IV metal halides (52):

[(n®-CgHg)Fe(CO)CNMel, + . Na/Hg

THE | -15°C

4 '
[(n -Cg )Fe(CO)CNMeH]

-78°c | RC1, THF

. v

n>-CgH Fe(CO)CNMeR

(R = CH,CN, Me,GeCl, Me,Sn)

The reactions. of»halogens, ha]o—ecids; etc. (53) and of. -
pentaf]uoropheny111th1um (54) with some tr1methy1 triphenyl:

or phenyl (pentaf]uorophenyl) Group IV metal trans1t1on
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IméfalfdériQativeé‘HaVe been described. 'Some of’ these

‘reactions’are summarized in. Chart 6.

C12

Megnge(COZ)C5H5v  — P MejGeCl + C'l-Fe(CO)zcsH5

1:1 | HCT

CF3I Me3GeC1 + Me3GeI
+ IF(CO)2C5H5

Me3SiCl  cxcess

+ HFe(C0),CoH,
+ [Fe(-CO)ZCSHé]2
Me,GeF + MesGel + CF3Fe(C0),CgHg

¥ 1Fe(C0),C.Hs

. THF
Ph GeCl,_ , + NaM :

» Ph_GeClj M +  NaCl
[n=1or 2; M' = Mn(CO)s, Fe(C0)205H5]

Ph _anMM' + nCGFsLi

l ether

Phy_ (CgFg) MM' + nLiX

3

[X =Cl or Br; n = 1-3; M = Si or-Ge where M' = Mn(CO)5 and
M.= Sn for Fe(CO)ZCSHs; and n = 3 for M = Si or Ge where
M' = Fe(CO)chHs]

Chart 6. Synthesis and reactions of germanium-transition
.metal bonded derivatives.

The reactivities of the compounds Ph3_nC1nMM' [n = 1-3;

M = si, Ge, Sn; M' = Mh(CO)S; Fe(co)2C5H5] toward pentafluoro-
phenyltlithium have been found to depend upon M,M"' and thé
‘number of phenyl groups bonded to the Group IV metal. With

M! o= Mn(CO)5 the reactivity decreased in the order:

References p. 214



170 - o
>Sh44;Ge:> Si;*"FortM"= Fe(CO) (65H5), react1on occurreo for .
all the tin conta1n1ng spec1es,'but for M = Ge’ or. S on]y the;_

7tr1ch]oro der1vat1ves underwent react1on. 7
Nesmeyanov et al. accomp]1shed the synthes1s and stud1edrj

the reactions of some complexes containing- german1um coba]t
4R MX, . * '3‘?03(‘30)3 ————-> 4RnX3_nMCo(C0)4-+ 2CoX, + 8c0
ZRnMXA-n + 3C02(C0)8 —P 2RnX2_nM[Co(CO)4]2 +'2§9X2 + 8CO

43nMX4_n + 9C02(C0)8 ——+4RnX§l_nM[Co(CO)4]§ + GCOX2 + 724C0‘

0
]

(R = Me, Ph; X = C1, Br, OCCH M = Ge, Sn; n = 0-3)

33

R4_nM[Co(CO)4]n + EPhg
reflux heptane

R4_nM[Co(C0)3EPh3]n

or

R4_nM[Co(C0)4]m[Co(C0)3EPh3]n m

(R = Ph, C1; M = Ge, Sn; E = P, As, Sb; n =1, 2)

Ph,Ge[Co(C0)4PPh3T + HBr —22°C g PhBr,Ge[Co(CO)4PPh,]

CHZC]2

. (Yield:- 58%)

ClZQe[Co(CO)3PPh3][Co(CO)4] + 2KCNS

1 hr. 20°C
(CNS),Ge[Co(C0) ;PPh,T[C0(CO),]

(Yield:- 70%)

.Chart 7. Synthes1s and reactions of some german1um coba]t
bonded comp]exes. :
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iﬁﬁd:tih-cpba]iﬂbbndé (55, 56). ' Some of their results are
,cqmpi]ed iﬁ;Chart 7. - e |
' ;  Some Gfoup’Iy metal containing nitroso transition metal
comp]éxes have been prepared via the following insertion
feactfon (57):

CgHgCONOT + MI, ————3 C H Co(NOIMI,
(M = Ge, §n)
These new complexes do not associate via nitroso bridges.
V The reaction of octacarbonyldicobalt with Group IV metal
hydrides gave Group IV metal-cobalt bonded complexes in

high yields (58):

2R, MH  + C02(C0)8———-—> 2R3MC0(C0)4 + H2

3
(Yield:- 60-94%)

(R = Me, M = Si, Ge, Sn; R = Et, M = Ge)

Reaction was judged to be somewhat slower for M = Ge or Sn.

Some metal exchange reactions were also studied:

R PhH .
Me3S1Co(C0)4 + MeaGeH—m—_—’Me3GeCo(C0)4 + Me;SiH
Et20; Me3GeBr
20°C

Me3GeCo(CO)4 + Me3SiBr

Me3SnH ' _
Me,GeCo(CO), TR ¥ Me,SnCo(C0), + MeyGeH
Me3- EtZO;
SnC1 20°C HC1
Me SnCo(C0), hec1, Me,GeCl + HCo(CO),
+-Me3Ge§1~ [Co(CO),I,Hg + Me,GeCl
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Alkynes [@ Phy. MeC,Ph, PhCzH and CZ(COOEt)Z] have been. -

Shown to d1sp1ace the br1dg1ng Geth group1ng from f'f -

“[(OC) Co(u GePh )(u CO)Co(CO) ] to form the comp]exes

[(OC) Co(u a]kyne)Co(CO) 1 together w1th (Ph Ge) fwhere
n = 4-7). The k1net1cs of reaction of comp]ex w1th d1pheny1-
acetylene in deca11n have been stud1ed over a. range of e
temperaturesand a mechanism ‘has been- proposed (59).,-

Marks and Seyam reported thei? studies involﬁing.halfdé
abstraction reactions of halo-Group IV metal-transition
metal compounds and related attempts to generate cationic
silylene, germylene ana stannylene complexes (60). Sbme of

their results are summarized in Chart 8.

(n5-CcHg)Mo(CO)3Ge(Phy)Cl  + AgBF,
(cHj),C0
5 7 :
(n”-CgHg )Mo (CO) 3Ge(Phy)F + AgCl + BFj
(vield:- 80%)

(0C),CoGeCly + AgBF, ——3 (0C),CoGeF; + AgCl +~ BF3

(Yield:- 60%)

(CgHg)Mo(CO)5Ge(Ph,)CT  + AgSbFg
CHyCl,
(CcHg)Mo(C0)4Ge(Phy)F + AgCl + SbFg-

(CSHS)MO(C0)3Ge(Ph2)F + PFg
PhH



(c5ﬁ§)ﬁd}c0)3ee(vh)rz_:

4.5 days PFg
(CSHS)Md(c0)3geF3 . —
(Yield:i 80%) -

Chart 8. Synthesis of some f1uorogermy1—transition'metal
complexes. : -

The preparation and reactions of a variety of organo-

germanium-ruthenium complexes have been reported (61-64).

These are listed in Chart 9.

0

Me3Ge ? ,/CO
"/Tu' + trans-Cyclododeca-1,5,9-triene

Me jGe c \CO ~

0

59 hrs heptane; 97°C
[Ru(CO) (GeMe,) (u-GeMe, )], + ~<::I::>
. . i
(vield:- 9%) Ru

(Yield:- -11%)

(T e, ¢
\\ —Gexl co
- _Ru Ru” +
+ OC/ \Gell \GeMe3 Me3Ge 'R‘u
' Me2 C : \\. / \\‘
0 1] oc CO0 CoO
(Yield:-  5%) (Yield:- 10%)
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[Ru(GeMe3)§00)4]2- f'ZCyt16?6ctatriene:; 

10 hrs. l'<heptane}"'

[Ru(u-GeMez)(CO)3]3 T+ )

(Yield:- 24%) |’*
Ru
. /‘ ‘\\
0C ¢ TGeMe,
0
(Yield:- 15%)
2\
oc Ru - Ru co

A
\

A Y
oc 0c co co

Chart 9. Reactions of organogermyl-ruthenium complexes.

The reactions of vinyl-silanes and -germanes with
dichlorobis(benzonitrile)palladium (II) have been reported

to proceed according to-the following scheme (65):

AMe MCH==CHR + 2(PhCN),-PdCl,

-2Me gMC1 PhH
~4PhCN :

-2Me
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Germanium-nitrogen compounds

Yoder et al. synthesized a series of trimethylgermyt
amides and established the amide structures by IR and NMR

measurements (66):

: 1]
. e —
he3Ge?CMe3 + HCNH, T/=——= Me3Ge??-——0 + H,NCMeq

H HH
0
il
Me3GeBr + MeCNPh = Et3N
|
H
THF
0
| O o
Me3GeNCMe- +  EtyNHBr
l .
Ph

The barrier to rotation gnd isomer ratios were determined and
discussed in relation to those for the carbon and silicon
Homologs.

fhe,inserticn reaction of benzoyl-tertiary-butyl-
carbodijmide with some Group IV metal-nitrogen bonded

'derivatives have ‘been studied (67).
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Mefi;I . ) T L R
. PhE——N==C==N—CMez =

Me3M—'-N-/
3 N

- R S 0 R ;':"“"f

-~ B 4’y-—éCMe3
MeM—N—C_ e

—— N
==CPh Nr

(Yield:- 63-96%)

M =Si, R = Me, Me3Si

M = Ge, R = Me

=
]
(%]
=]
v
~
]

Me, Me3Sn

The thermal decomposition of the adducts occurs at 150°C.

Me sl N
N ) - N
- 150°C
Ph7c\\‘7\/C=N-—-CMe3 ———— Me MN==C==HNCMNe,
0 NE ' i
| “Me - 7Me
R + PhC——N,
R
-0

Lappert and Harris reported. the preparation and
charéctériiation of unusua]'stab]e,vmonomerﬁc, diémagne;ic.
colored, voJaii]e,nhydnb;arbonrsolub]e, dialkylamides of. the

Group IV elements (68)....



,GéCiéjdjdxaﬁf + 2Liﬁ{5ineé)(cne3)-5tzo~

| f0°Ci{vl'Et20‘
T~ fQé[ﬁ($iHe3)(CMe3)]2 + 2LicC1
(Yield:- 76%)
. o Et,0 o )
MCl, + 2L1N(S1Me3)2Et20 T—-’ M[N(S1Me3)2]2 + 2LiC1

(M = Ge, Sn, Pb)

Compounds are thermochromic becoming redder on heating;
‘redness increases in the series Ge <:Sn <:Pb.

The preparation of some bis(trichloromethyl)chloro-
phosphazo-silanes and -germanes has been accomplished

according to the following reaction (69):

(C13C)2T===NH + RX

C1

20°C; C-HN

55 ®
) . ©
(C13C)2f———NR (C13C)2?———NR + CSHSNHX
+ HX ct . C1
(R = SiC13, Gec13, X =Cl; R = SiBr3,.GeBr3, X = Br;

R = MEZSiC1, X =C1l; R = Me3Ge, X = Br; Yield:- 68-98%)

177

Mitchell sfudied the reaction of tertiary-butyl(trimethyl-

silyl)mercury with benzylidenemalonodinitrile and reported

the formation of N-trimethylisilylketeneimine (70):
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3

ph¢H===C(cN)2-'+1Rt;guggg{“e

Ph%H——+?=é=cf==N,-SiMe31+ Hg
t-Bu  CN '

Transmetallation from N-silylketeneimine. allows the

prepératioﬁ of N-germyl- or N-plumbylketeneimines.

RZMOR' '+ PhCH——-C===Ci==N———SiMe3,

3

t-Bu CN

PhCH—C==C=—=N—MR; + Me SiOR'
| I B

t-Bu CN

{M = Ge, Sn, Pb; R = alkyl; R' = Me, COMe)

Germanium-phosphorus, -arsenic and -antimony compounds -

The exchange reactions of some organosilylphosphines

have been utilized to synthesize organogermylphosphines (71):
Me,SiCl + Mg + . (Me,C),PC1 ——HF o Me_SiP(CMe,)
3 9 3“7/2 3 372

THF Me3GeC1
Me_,CPC1 . .

3 2
(&e35i)2PCMe3 (ﬁessi)3p MesGeP(CMe,),
ﬁe$G§C1 THF Me ;GeCl
(Me3Ge)2PCMe3'V‘V | (MesGe) 5P

The preparation of some cyclic germanium-phosphorus



bdndédecbmbounds has been accomplished via the reaction of
:ofgapqchlbrogérmanés with the dilithic derivatives of
‘secondary phosphines (72): A

1

R'PH, + 2-BuLi — T 3 rlpLi, + 2BuH

' ‘ 1o,
RZTF“zf“C“ c1 + ripLi,
ci RZ

2

THF pentane

I
P
/
RZ + 2LicC1
2
R

(M Bu, Ph; R, = Me,, Et,, PhMe;

]
wn
-
v
o
™

-
w
=
v
o

[]

R = H, Me; yield:- 60-80%)

Satge et al. studied the reactions of some organo-
germyl-amines and -phosphines (41, 42, 73). Some of their

results are compiled in Chart 10.

PhZGeH + Et3GeNBu2

ch
Et3GeC1 + PhZ?eH BuzNH + PhZ%EGEEt3
NBuz_ C1
(Yield:~- 68%) (Yield:~- 32%)
(exchange reaction) (Ge-N bond cleavage)
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PhGeHy + EtyGeNRy —mipe PGy £ ETyGeCT ot

_,(Pﬁsen)n: +7.HNR2'
(R = Me, Et)
— ' : -
thﬁeH + Et3GePEt2 ‘Et3GeC1‘ + th?ePEtz
ct : n H
(vield:- 87%)
_ | R
Ph(l;en2 + EtjGePEt, — 3 Etj3GeCl] + Ph?eHz
c1 - PEt,

(Yield:- 78%)

(PhGeC12)3GePh + 6Et3GeY

6Et,GeCl + (PhGeY2)3GePh
lA
PhGeY, + 3PhGeY

(v = Me, N, EtzP)

Chart 1G6. Some exchange reactions of organogermyl-amines
and -phosphines. ’
Germylphosphine has been prepared via thevfollowiﬁg
reaction scheme (74):

LiAlH, + 4PH

5 diglyme . Li[AT(PHy),1 + 4Hy

) 4. digl - : . ,
4H,GeBr + L1[A1(PH27)74] —digiyme, 4HyGePH, + LiBr + A1Brg

The subject of organophosphorus-metal bondéd'compounds.has

appeafed as a book chaptef (75).
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‘Ofganometal?stibine substituted complexes .of nickel

could be synthesized éccording to the reaction (76):
. N
(Me3M)35b, + N1(CO)4—f———————>-(Me3M)3Sb N1(C0)3 + CO

(M

A

€, Si, Ge, Sn)

Germanium-oxygen compounds

Several tri- ‘and di-organo(oxinato)-silanes and -germanes

have been synthesized (77):

PhMe

R3MTMR3 + 2HOx > 2R3M0x + NH3

H

—_
[RoMN]  + 2HOx R,M(0x), + NHg
S : :

(M = Si, Ge; R = Me, Et, Ph)

The UV-spectra indicate that the compounds involve either
chelated or non-chelated oxinato groups or both depending on
the number and kind of. organic groups on the metal atom. Thus
both trimethyl(oxinato)germane and dimethyl(dioxinato)- ]
germane, are non-chelated, with a coordination number of four
‘and diphenyldi(oxinato)germane, is chelated, with a
coordination: number of six.

_Mehrotra and coworkers continued their studies on the
prepérative routeé {see Chart 11) to dibuty]gefmaniuh
dioximétés'(78) and Eeviewed the thémfstry of b¥or§anbmeta1A

hydroxy]amines and_oximeé_(79).
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© n-Bu,GeCl, + ,zuou——-CR‘Rz

2Et, N

, , 2NHg; PhH; reflux.
PhH; reflux .

n-Bu,Ge (ON==CR'R?), n-Bu,Ge (ON=—=CR'r?)
o o | )
+  2Et4NHCI + 2NH,C

(R', R® = H, Me; H, Et; H, n-Pr; Me, Me; Me, Et, etc.)
n—Buz(OEt)2 + 2HON===CMe2

p-toluene - PhhH; reflux
sulfonic acid

n—BuZGe(0N===CMez)2 + ZEtOH

PhH; reflux

.p-toluene -
sulfonic acid

n—BuzGeO + 2HON===CMe2 ib-n-BuzGe(0N===CMe2)2 + H,0

2
Chart 11. Preparation of some n-dibutylgermanium dioximates.

It has been-shown that benzyloxyorgano-silanes and
-germanes, upon metallation at the benzyl carbon atom with
excess tertiary butyliithium or l1ithium diisopropylamide {n
tetrahydfofuran, rearrange rapidly via a 1,2-shift of-
si]iccn.or'germanium to the a-carbanion to give, in high

yield, anions of u-hydroxy-d-trimethy]meta] to]ﬂene. These

anions can be prectonated or alkylated at oxygen (80).

Various conditions and solvent systems are discussed in order
to achieve the metallation rapidly and”seiectively:at the
benzylic position.

The synthesis of hexalkylgermastannoxanes_couid'pe"



I
R] - / "

- t-BuLi'-——Jlﬂi—-—;;-Ph?OMR3

anionic rearrangement

MR3 ® MR3
phc—0® —H 5 Ph({—OH
|
r] R
RZX
MR 5
PhC — ORZ
)
R]

accomplished by heating a mixture of bis(trialkyltin)oxide

and bis(trialkylgermanium)oxide (81):

(Me3Ge)20 + (Bu3Sn)29 ——————3 Me;Ge0SnBuy

Insertion reactions of phenyl isocyanate

~ ~ ~ -~

~Ge—0-—~GeZ and —Ge—0—Sn bends
The acetoxy derivatives of silicon,

have been shown to be less active toward

and chloral dinto
are reported.
germanium and tin

phogene than the

alkoxy derivatives, and the reactivity declined in the

order: Sn:> Ge:> Si (82).

133

Lindner and Schardt reported the synthesis of a number of

sulfinic acid derivatives of Group IV elements by the reaction

of anhydrous aliphatic and aromatic silver sulfinates,

RSOZAg, with organo-Group IV element halides (83-85):

1 -___THF

‘Al . 1
+ .
R3GeBr AgOZSR —_— RBGeOZSR + AgBr

20°¢C
1

(R = R! = Et: R = Me, R! = Ph; R = Ph, R!

References p. 214
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R,GeCl, = - 2AgO SR]————IEE——e)-R Ge(O SR ) -
R . 20 c L 2

(R é.Ph,'R?‘= Me, Ph, p- MeCGH4, R = Me, RI - Mg;lg s

‘MeGeCl, + “3Ag0 Ske —;———Iﬂf+e—;§.uese(0 SMe)., + 3AgCI

‘The ‘ester-like structure and the tr1gona1 pyram1da]

conf19urat1on of the R3M group resu]ts unequ1voca1]y from

various- spectroscop1c investigations. ) V
The preparat1on and reactions of a var1ety of german1um-

‘oxygen bonded der1vat1ves have been reported (32,34, 41 .42, 86 87).

PhH
(C F ) GeBr =+ nREt_SnOMe —————————%»-(C Fo) Ge(OMe)
5 4-n 3 reflux 6'5 4 n
(Ref. 32) + nEt3San'>
2PhGeH ¢«;u—PheeH N PhGe (OMe)
e 3 [ i ﬂ
OMe - o H ’
(Ref. 34) E S )
. (PhGeOMe) + MeOH
Ph,GeOH + Et,zn — PhMe Ph,Ge0ZnEt
: - gg°C ' Lo
‘ o Me ;COOCH
(Ref. 86)
' Ph3GeOZn00CMg3
[(RO),P10 + R]3M0R ——— (R0) POMR]3
(R, R', = alkyl or'éryl;‘Rz =’a1ky1; M = Group IV metal)

(Ref.-87)

A review article. on organo- s1loxy, -germoxy and -stannoxy

der1vat1ves of boron has appeared (88).
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L Yab]okov and coworkers reported the synthes1s of
'perox1des conta1n1nu the :;Ge0031zgrfraument by the react1on
‘of tr1phenylgermy1hydroperox1de with organoch]oros11anes in

the presence of ammon1a'(89).

) o Et,0 -
Ph.GeOOH +  R,SiC1 ——— 2 3 Ph,Ge0OSiR, + NH,CI
3 3 3 3 4
: dry NH3
(R = Me, Et, i-Pr,.n-Bu, . Ph etc.)

Within the range of 90-170°C the peroxides rearrange into

isomeric, non-peroxide compounds in quantitative yield.
Ph Ph
N
Ph3;6e00SiPhy —————3 PhS—Si
“0-5-06ePh,

|

Ph3GeOSI1°Ph2
OPh
The exchange reaction betWeen tris(trimethylsilyl-

methyl)stannyliithium and organogermanium peroxide has been

reported to proceed as {90):

(Me,SiCH,)5SALi  + Ph;Ge00CMe,
THF | 20°C

(Me3SiCH SnOOCﬂe3 + Ph,;GeOH

2)3
(vyield:- 78%)

A review article on organometallic peroxides including

those of germanium has appeared (91).
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Germanlum-sulfur and -selen1um compounds
A A number of new routes to pentaf]uoropheny] der1vat1vesji
‘w1th german1um-cha1cogen bonds have been reported (40 92) S

~ . 135-150°C

(C4Fg) g6eH  + -‘gsg'v 135 , (c6 5)3GeSH
: -4 hr. )
: 20-50°C | Et Hg
- 30 min.

(C6F5)3GéSHgEt- + EtH
(Yield:- 61%)
-(c6F5)3GeBr + (EtgGe),X
150°C
(96F5)3GeXGeEt3 + Et3GeBr
(C6F5)3GeBr
[(C6F5)3Ge]2X + Et3GeBr

. (X =5, Se)

1 7N . + 2
2(C )ZGeH + E-SB —_ (Cst)zﬁe\ //Ge(Cst)z HZS
s” .
35— |
g(cst)een3 + 3 Sy ‘ (C6F5)4Ge456 +  6H,S

Ana]ogous react1on of pheny]tr1ch10rogermane w1th hydrogen;
su1f1de 1n pyr1d1ne benzene m1xture gave correspond1ng
pheny] d°r1vat1ve, Ph4Ge456, of adamantane s»ruc;ure 1n 25%{{
yield. (93). ‘It is 1nterest1ng to;note tnatiIn’qompounds;of3;




the:type,-(C6F5?3G§X§e§§3 (where X;= S, Se), the -XGeEt,
_bond_is:mdrq-bea;tfve'than'the 7XGe(C6F5)3 bond as

ind{céfédbelexchange_reactidnS‘of the type:
(06F5)3ngee5;3 + f(§6F5)3san
(CgFg)36eXSn(CgFc)y  + EtgGeBr

~ Wright and West observed that benzylthiotrimethyl-
silane and -germane [analogous to corresponding -oxy
derivatives (80)] upon metallation at the benzyl carbon
atom with excess tertiary butyllithium or 1ithium diiso-
bropy]amide in tétrahydrofuran, rearrange rapidly via 1,2-
shift of silicon or germaqium to the a-carbanion to give,
in high yield, anions of a-mercapto-c-trimethylmetal-

toluene (94):

PhCH,SMMe, + t-BuLi ——1HF 3 PhCSMMe
2SMHe , 3
H
H : H H
N e ) o RX : )
Ph(IISH G——— ppCsST ———————3% PhCSR
: 4 I
MMey  MMeg : MMe

(M =vSi, Ge)

Optimum conditions are discussed to achieve the desired

anion.
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The preparat1on of a- number of germaniAm sulfur bohdeA>

compounds has been accomp11shed accord1ng to the react1onsf

(34 41, 42, 95):

er S 7 _sMe

. . Et,0 i
PhGe<H + - MeSLi- ———S g PhGe—H -
' cr - ' o ~cl
Et,0 MeSLi
SMe
PhGe—H
SMe
(Ref. 34)
‘ H
PhGeH; + MeSSMe —— PhGeH; + PhGe—SMe
(51%2) H
(16%)
(Ref. 34)
SMe
+ PhGe—H -+ PhGe(SMe),
SMe )
(15%) o (18%)
Y ‘A S
PhGe GePh ———» PhGeY, + 3PhGeY
(Ref. 41) (Y = Mes-, MEZN-; Et,P-)
Ph , Ph_
~
: —_— ——
‘/Ge- + R GeY 'e . GeR3————e,PhGeY £ R3Ge01
c1 Y C‘x, T Me GeOMe
S /;pﬂe{-y*.
f'PhGe——Y -
‘v <

. GeMe3
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?g3G¢Br 'ff‘Lizs’—#+f—e—i§'(H3Ge)zs + 2LiBr

"(Ref. 95)
'~‘Thé preb§ration_and studies of mixed silyl and germyl

chalcogens via the reactions of the type:

VH3GeC'Vl + (H3Si)25'————>- H3GeSSiH3 + H3SiC]

Hi6eF + -(Mé3Si)25 ————— H;GeSSiMe; + Me3SiF

have been the subject of a Ph.D. thesis (96).

Alkenyl- and alkynyl-germanium compounds

Glockling et a]. observed that the reaction of Group IV
metal tetrachlorides, M014 (where M = Si, Ge or Sn) with
vinyimagnesium bromide yields tetravinyl derivatives as the
major product fof M = Si or Sn, but in the case of

germanium two products are formed in comparabie yield (97):

GeC]4 + HZC===f———MgBr
H
lTHF
H,C=C —] Ge + H,C==C—] Ge + H,C==C—] Ge
["*={ ], [Mt={—], 52 * [fet— =], %s
H H H
(512) (36%2) (92)

Some .reactions of tetravinylgermane are reported:
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[HZC=(I:—] Ge — — P HZIC?‘V,(‘:.-,]?G_EB,"
Ho 4 “CCT, - S oy ? o
Ci, ﬁ.CC]4
c1
I
[CICHZC——] Ge
J
H 4

The preparation of some trimethyl-silyl- and Fgermy1—cyc1o¥

hexene derivatives has been reported (98):

Me
Pc15’ Me3MC1
Pt/C

MMe3

(1)

MeMgr
(1) —> HI

GeMe

The stereochemistry of the hydroboration of‘these alkenes 1is

reported-

/

The chlorovinyl compounds of german1um could be

prepared via the reaction (99):
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" n-BugGeH + (CTICH==CH),Hg

Et20

n-BusGe(CH==CHC1) + Hg + H,

Seyferth and coworkers reported the reaction of gem
dichloroallyllithium with a number of halides and observed
the reaction with trimethylchlorogermane to proceed as

follows (100):

c1
-105°¢ I
C1.,6C==CH, + n-Buli —$» LiC—C==CH, + n-BuCl
3 | 2 i ‘ 2
Ho - c1 H
Me3GeC]

ci
|

’-”eaee““?—‘l’=c”2 + Me3GeCHZtl:—-——cc12
Cl H H

Proton NMR spectroscopy served well in distinguishing these
isomers. The other isomer probably arises due to trans-

metallation equilibria (100):

C1 c

| - N
Me‘?’Ge—-—(II—-C"=CH2 + L1(I:—-

c

]
cl1 H

Me3GeCH2?===CH2 + Li(CC]Z——fCH===CH2)
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Some pub11cat1ons on top1cs such as po]ymer1zat1on and
copo]ymer1zat1on of 1- tr1ethylgermy1 -1, 3 butadlene w1th 5‘
styrene (101) synthesis of some alkeny] german1um compoundsr
(102) and ‘the depos1t1on of polymer f11ms on aluminum
sheets by exposure of Me 3MR (where R = -CH= CHZ,C:CH M = C,
Si, Ge, Sn) type compounds to a glow d1scharge (103) have
appeared

The photochemical reactions of heteroorganic der1vat1ves
of acetylene of the type EtgMC=CH (where M = Ge or Sn) with
alkanethiols indicated that when M = Ge, even with: a
deficiency of the thiol only the product of the addition of
two molecules of the latter was obtained (104):

SR
uv

Et,GeC==CH + RSH » Et,GeCCH,SR
3 3 I 2

H

Gverdtsiteli and coworkers reported the addition reactions

of some germylethylnyl compounds (105, 106):

e
| '
2R3GQCECH + HSH —Q—Sﬂ'l
|
Ph ph
60-80°C; HZPtC]B
15-30 min.
Me Me

1 i
R3GEC=C-——S'i ‘@Si—C=CGER
1 1 ' 1 1 1 3

H H Ph Ph H _H
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R ) Me Me

T ' ! !
HC==CGe—C==CH + HSi—<<::>»—SiH
R | 1 1
R Ph Ph
H,PtClg
R Me Me
I I I
—C=C—Ge—C=—=C—S5i -@—S1 —_
| i I ] 1 | I
L- v Hw R H H Ph Ph n

(R = Et, Bu, Ph)

Some electrical properties of the substances synthesized
have been studied.

The increase in the polarities of the metal-carbon bonds-
in the molecules of germanium and tin containing diacetylenic
hydrocarbons (most probably as a result of a marked
reduction in d_-p_ interaction) leads to the reduction in
stability of this bond toward polar reagents; uniike
silicon containing diacetylenic hydrocarbons to which.
bromine and thio]s.add at the triple bonds in accordance
with their polarization, their germanium and tin containing
ana]ogs are split at the metal-carbon bond by these reagents
under the same conditions (107).

Me3Gep§E§C-—-CEEEC——-Et + Br2

-35 to -40°C CHC]3

Me3GeBr + BrCEC—.CECEt4———Me3ee-—-c=c-——c_=_c5t

I e e

Me3GeC:‘—_—:C—C=§——Et“&—;‘ Me3GeC=C=C-———(lI—Et
' - i I
Br Br Br Br
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The react1on ‘of " some Group IV m°ta1 acety]enes l1th_

—cyc]opentad1eny1n10b1um tetracarbony] has been shown to
rep]ace three carbony] groups by two - acety]en1c 11gands,

'1ndependent of the rat1o of the reactants (108)

@v + 2Ph3MC——CPh o @ co
: ) _ » pentane

Nb_ : :
N , Ph,MC /' \_.CMPh
| oc/clo\.co, ” Y co c% -

. . 1

, ]
Ph - Ph

Germacyclanes.

A variety of new diorgahogermanium intermediates have
been characterized and their condensation reactions with
2.,3-dimethylbutadiene used in the synthesis of cyclic

germanium compounds (15, 41, 42).

C1 ﬁh C] Cl1
| ]
PhGe—Ge—GePh—————’PhGe——GePh + PhGeC'l3
I I i
¢t tcu- et c1
A = Me -
;;]:j
- Me
2PhGeCl
731' Me
PhGe—-—Ge(i::][:
| AN
C1  Ph Me
F = Me F\\ ~-Me
Noe: 4 I — — »  Ge
I : V4
{ : = X . MeO” . e
Me0 Me
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f’_i{ﬂqiéfo]ies et al. investigated the reaction of dihalo-

éarbénes‘with various I-sila- and 1-germa-cyclopent-3-enes

~and observed the formation of corresponding 6;6-dihalogeno-3-

sila- and 3-germabicyclo[3.1.0] hexanes (109).

R ' : Ry /N X
| \/M g +  HCX, + t-Buok _PeMfANC L P
R! —10°c RV M X

Cl, Br; R = Me, R! = Ph)

—
=
n
(%]
-ty
-
[
1]
ws
o<
]

The thermal instability of these bridged compounds is

dependent upon the heteroatom,

its substituents and the

halogen. Cyclic and linear dienes of silicon and germanium

are produced in the decomposition process:

Ve \ N
N :>(X 2 M o+ )X X~
/ NV x /N
N \ -HX \ \
M X - e,
/ <:;;>>- //M N X 7
X

A new route to highly substituted 1,3-disila- and

digermacyclobutanes has been reported (110):
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hexéné;”THF;.Eféﬂxg;f-:ﬁ e
= 3 (Me,S1)5CBr =

R e

FEE R R

(Me,S1),CBr, + -n-Buli — :
e ,,2" zu« . : © -115°C; 90 min.

The organcmetallic derivatives of perfluorocyc]oalkenes

could be synthesized according to the reaction scheme (111):

Li - R '
R .

Li
{R = Me,Ge, Me,Sn, PhP, MeAs, n = 2; R = Hg, n = 2, 3, 4)
A number of publications regarding the Syntheses of
oxygen (112-114) and phosphorus (72) containing germacyclanes

have appeared. Some of the results reported are summarized

in Chart 12.

BUZSn\ + RZMC12 —P Buzsln——f=?—?—0!;dR2

0 o c1 M H - C1
(R = Me, Et; M = : : T

'=AMe, Ef; M= Ge)
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4 \C ’/ w
RN I
HC 0 HC c
" { " ,
HC _A GeR, HC 0
‘ Iy b N, + Bu,SnCI
Bu,Sn ICTi : Ge 2 2
: VAN
7 N o - R R
(Ref. 112)
Et,Ge(CH,),0H Raney Ni Et,Ge
2@' 2’3 . > o6e
H : 20°C 0
(Ref. 113) (vYield:- 90%)

. OH Et3N Q\M,R
+ RoMCly —————p ™R
CH,0H PhH 0

(R = Me, Bu, Ph; M = Si, Ge; yield:- 70-90%)

(Ref. 114)
R'pH, + BuLi — M 5 R'PLY,
1o, .
RAMCHCHEH,C1 & RTPLI,
c1 Rr?
pentane
]l
P
1
R, M
2
22
(R' = Bu, Ph; R, = Me,, PhMe, Et,, RZ = H, Me; M = Si, Ge, Sn)

Chart 12. Synthesis of some germacyclanes

A review article on cycloalkanes containing heterocyclic

germanium,- - tin and lead has appeared (115).
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. Me - -6/ .
S S S » 1 AamnN
Li——C——C——Ge — C——C——Li 23 Me,Ge z
NS 277N\ /
\ / I N /S - ;
“BIHi, Me BT H, . - Et0 .. C—C
Biotio 10M10- 2 N
E ‘ E 10 ]Oq

(Z = Me,Sn, PhP, MeAs)

Carbon-functional germanium compounds

The preparation of some Y-hydroxy-metal hydrides has been

achieved according to the reaction schemes (113):

H
Et,GeCl + H,C=C—C—R
2 R
H R R
lABIBN
H H H
N U Y B
Et,6e—C—C—C—R
[ T R
€1 H R R
l L1A]H4
H H H
" Ety6e —C—C—C—R
I A N

H H R R
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T UEt,GeCl  + HC==C—
I I AN
He R R
ABIBN
OH

SEtZGe-f-C===C————C
{ 1 f / N\
c1 H H R R

l

(~100% cis)

1

LiATH,
Et,Ge—C==C—C OH
"1 R VAR
H H H R R
(100% cis)

1 _ 4, Me: R = Me, R! = H: R = H, R! = Me; R? = OH,

{R =R
azobisisobutyronitrile)

0COMe, ABIBN =

Sakurai and coworkers reported some novel radical phenyl

migrations from carbon to germanium and from germanium to

carbon (117):
Me

320°C } 24 hrs

Y Me
e _ ! ,
Ho C—CHy— CHZ—G;e x
z Me

(X =H, Y= Z=Mes X=VY=H, Z=Ph; X=p-Me,VY=2=Me)
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migr at1on from carbon o’ german1um.;'

- The react1ons of ha]oqermanes w1th a- var1ety of reagents

have been used to syntpesiie,-arbonffunct.ona1vgerman1um -
compounds (29 ]18 119). ‘

Me3S1N———C—-NS1Me3 + 2H GeF — 4 HyGeN==C==NGeH, + 2Me SiF

f

2Me;SiCl + Ag,CN,

CaCN, + 2AgN03

(Ref. 29)

GeCl, + CH,N, ——% GC1CH,GeCly J@B"—y Ph GeCH2C1

Na’S‘@Me EtOH
(Ref. 118) Ph3GeCHZS—@—Me + NaCl

c1
{ o
MBr4A + PhHgCC13———————)> Br3M—;-C———Br + 'PhHgC1
' : I

(M = Si, Ge, Sn, Pb) ¢

(Ref. 119)

Strom and Jolly prepared the methyl and ethyl esters of

2-germaacetic acid via the reaction (120):

HjGek + 0, .menogiyme ; H ;GeCOOH t”a‘ky““‘"); ' H36eCO0R -
. Coer. . . nium fluoro-- S
triglyme A' e borate, 0°Cc

(R = Me 6r Et) o 7',‘13i ~_f “_ o S _~f;:;;‘ 
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Hydro1ys1s and therma1 decompos1t1on of these derivatives
gave CO GeH4 and ROH as the products.:,

» The preparat1on of tin- and german1um conta1n1ng
der1vat1ves of acetophenones with varlous substituents in the
aromat1c r1ng and the study of the influence of substituents
on the position of elementotropic equilibrium have been

repOrted (121).

H C===C(OSnEt3)Ar
Jr + Me3GeBr

Et3SnCH2C(0)Ar~

2

H2C===C(OGeMe3)Ar

Me3GeCHZC(O)Ar + EtaSnBr

(Ar = P-CIC H,, p-MeCgh, etc.)

Me ,GeBr + Hg(CHZCOPh)2~———)- HZC===C(Ph)0GeMe3 + Me3GeCH2C(0)Ph

Miscellaneous studies

Andy and Thayer investigated the preparation and properties

of some pentamethyldigermyl compounds (122).

Me - _—~ Me NaBr _— Me
Me— Ge — Ge—C1 > Me—~ Ge—— Ge— Br
Me ~ “~Me Me,C0; reflux Me—~ N Me
(Yield:- 47%)
Mezco- Nal
reflux .
(MeSGeZ)ZO Me _~Me
Me-—Ge——-Ge-—NO3
Me— ~~Me
Me — © _-Me
Me—Ge—~— Ge —1I (Yield:- 48%)

Me~— ~~Me
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(Yield:- 90%)"

Me,C0. | AgCN

Me ¥ _Me
" Me —Ge—Ge —CN
Me ~ ~Me

(Yield:Z 80%)

A reQiew artic]eron the biongical aspects'and effeéfs
displayed by organic compounds of metals and metalloids
(inc]uding those of germanium) (123) and a pubiication on
the tbxico]ogy of germanium hydride (124) have éppeaied.r

Various reactions which provide convenient routes to a
number of organogermanium éompounds hﬁve'been réported

(33, 125-129). Some of these are summarized in Chart 13.

MezGeI + AgX —m—p MeZGeX + Agl
i t
H H

X = CN, NCO, NCS, OAc)
(Ref. 33)

(Ref. 125)
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Li

Y ou U 3 77

»_(co)3Mn7£Ez>\ + PhMCl — 5 9 (C0)3Mn—égi)k _
' N ~ -60°C. ' MPh,
' ' ' + LiCl

(M = Si, Ge, Pb)

(Ref. 126)
Ph3MC00H + PhZSnH2
EtzO
Ph4Sn2(00CMPh3)2

(M = si, Ge)

Chart 13. Synthetic.routes to miscellaneous organo-
germanium compounds.

Physico-chemical investigations

A review article on the thermochemistry of organometallic
compounds including those of germanium has appeared (130).
The vapor pressure, surface tension, viscosity etc. for
derivatives of the type RjGe (where R = Me, Et, Pr, Bu etc.)
(131) and viscosities, densities etc. for a variety.of
tetraalkyl-, trialkylhydro- and hexaalkyldi-Group IV

compounds (132) have been reported. Karapet'yants and

coworkers calculated the temperature dependence of
saturated vapor pressure of phenyltrichlorogermane (133)
and of compounds of the type, (R3Ge)2Hg (where R = Et,

ifPr) (134). Thermodynamic data have been derived for
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some german1um hydr1de der1vat1ves (135) and for tetra-flff-- N
phenylgermane and hexapheny1d1germane (136) Dudorov and
Z0r1n stud1ed the. ox1dat1on of germane by oxygen and .
der1ved a. rate equat1on for calculat1ng “the 1n1t1a1 react1on
rate (137-141). ' ' '

The pyrolySIS of compounds of the type R3MH (where M =
‘Si, Ge)»has been reported (142).7 A study of the v-ray -
radjolysis of monogermane in the gas phaSe-has‘been”the
topic of a Ph.D. thesis (143). 7 |

The dipole moments of compbunds of the four series
PhSMMe,, m- and p-cfc6n4smne3dandV(Me3M)25 (where M = C, si,
Ge, Sn, Pb) have been measuned. From these data, the cSM '
and MSM bond angles and the.p[MeéM-S] group moments have been
estimated. The bond angles increase'significantly-from
PhZS to the compounds of the series PhSMMe3 and (Me3M)ZS (144),
Ramalingam and Soundararajan evaluated the formal charge
distribution in, and the electric dipole moment of, a few
simple organogermanium compounds. The difference betwéenA
the experimental and calculated moments fn'the case of
a1ky1hélogermanes is gxp1ained in terms of the P, - d1T back
bonding effect outweighing the electron releasing éffect
(145). The determination of the electricrdipole moments of
gaseous.H3GéX (where X = C1, Br, I) and MeGeC]é has been
accomplished by using microwave nonresonant absorptibn of
vapors and (or) dielectric constant.meaSUreﬁents»(146)‘ :

Carré and Conriu obtained an nptica]]y active digermane

via the reaction (147, 148):
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7 Ph—Ge——H _+ PhCMgCI
LN t
St H -
24 hrs. (Ph3P)2NiC12 ‘
Me ~Me Me\\
Ph—Ge-—Ge—Ph + Ph——GeCHZPh
Np/ N Np » Np-/ .
(222) (54%)

(Np - naphthyl)

The reactions of organolithium and Grignard reagents with
optically active alkoxygermanes (149) and the stereochemistry
of nucleophilic substitution of chloro- and alkoxy-germanes
by germyllithium reagents have been reported (150).

Lappert and coworkers reported a general photochemical
procedure for the synthesié of Group IV meta]-centered'

radicals and their esr characterization (151):

GeCl,.dioxane + 2L1‘N(S1’Me3)2 ——————’»[(Me35i)2N]26e + 2LiC1
[

uv

(Me3Si)2N\\. //N(SiMe3)2
Ge

!
N(SiMej),

The rates of cleavage by aqueous methanolic alkali have
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been measured for the C MR3 bonds in some arenechrom1um f
tr1carbony1 comp]exes. -The re1at1ve rates for the comp1exes
(h —XC6H4-C“CGeEt )Cr(co)3 w1th vary1ng x corre]ate .
exce]]ent]nyifh those,for the uncomp]exed XCGH4C—CGeEt3
compohnds; showing‘that the CY(C0)3 group causes no.
distortioh of the paftern’ef substituent effects, but the
groups X (m-CF3, H, p-0OMe etc.) have a smaller influence on
the rate in the complexed'series (152).  An excellent
review on the kinetics and the mechanisms of the reactions
of silicon and germanium with halogens, their hydrides and
organic derivatives has appeared (153). v

Some other studies include: Gp constants of some
substituted silyl and germyl groups (154); equilibrium
distributions (155) and equilibrium constants (156) for the
scrambling of various pairs of substituents in organo-
silicon and germanium compounds; kinetics of the abstraction
of hydrogen from Group IV methyls by trif]uoromethyi and
methyl-dg radicals (157); hyperconjugation in allyl and
benzyl derivatives of Group IV elements (158); determination
of the energy of electronic transition in R3ﬁ0M'R3 (where
R = Me, Et; M, M' = C, Si, Ge, Sn; X = 0, S) type
derivatives (159); CNDO/2 calculations (160) and the
calculation of valence local orbitals of the ground states
(161) of some germanium compounds; new anion, thermal and
radical rearrangements in organo-silicon and -germanfum
chemistry (162); reaction of hydrogen atoms with siianes and
germanes (163) and determination of dissociation constants
of chlorine containing organogermanium compounds 1in w

methanol and ethanol (164).
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Spectral studies
~. A number of publications on the spectral investigations

of organogermanium compounds have appeared.

Infrared and Raman studies

The UV-photolysis of germane and some mixed halogermanes
in argon and carbon monoxide have been performed between
4°K and 24°K. The results of these experiments support the
successful isolation and characterization of a variety of
germanium containing free-radical species produced as a
result of primary and secondary photolytic processes (165).

The infrared and Raman spectra of (thioacetoxythio)-
trimethyl-Group IV metals [RCS,MHMe derivatives] have been
recorded. The results indicate that intramolecular
coordination of the thiccarbonyl sulfur to Group IV metal
is small or negligible (166).

Drake and coworkers reparted the infrared and Raman
spectra of the methylgermanium fluorides of the type

MenGeF (where n = 1, 2, 3). The fundamental frequencies

4-n
for each molecule were assigned and supported by normal
coordinate analyses based on a modified valence force

field (167}.

The infrared intensities have been determined for the
carbonyl stretching vibrations of molecules of the type
X3MMn(CO)5 (where M = Si, Ge, Sn; X = C1, Br. I}. The
relation between the infrared intensities and the metal-metal

stretching force constants may be interpreted in terms of

the interaction of the M-Mn c-orbitals with the o* orbitals

References p. 214



208
of fﬁe cafbﬁﬁylrgfoups (]68);_v0néka-répﬁffeﬁ fhe-%ﬁffafedf*':Vﬁ
spectra of Me GeMn(CO)5 and norma] coord1nate ana]yses were
made’ for MeaeeMn(CO)5 and H GeMn\CO)5 on the .basis of a .
modified Urey- Bradley forceAf1e1d. The degree of the ﬂ-l
interaction between the Group IV meta1»andnmanéangse~$tbmsv 
and the sfrength bf the,metél;meta]:inferattfoh Qere
controlled by 1igaﬁds-on Grdup IV'meté1 étom (169)

It has been shown that swe111ng of po]yethylene
cuvettes during measurements of infrared spectra of organic
compounds of silicon, germanium andv1ead in the reg1on

1

10-500 cm™ considefably affect the obtained spectra due to

a band at 329 cm-I. These cuvetteé are suitable for short-
term infrared studies of these compounds (170).

More specific studies include the following compounds:
chlorophenyltrichlorogermanes {(14); (63H5)4M (M = Si, Ge, Sn)
(171)5 Me,M (M = €, Si, Ge, Sn) (172); benzothioazoledichloro-
germylene (31); pentafluorophenylgermanihm‘hydridés (32);
H3GeCH2Br and D3GECH2Br (173); HGeC]3 and DGeC]3 (174);
solid phases of GeH4 (175); triorganogermanes (176);
germanium-boron bonded derivatives (46-48); germanium-iron
bonded compounds (52, 54; 177, 178); X3M'M(CO)5 (X7= Me, C1;
M' = Ge, Sn; M = Mn, Re) (179); C1,6eFe(c0),® (180);
X3MC0(C0)4 (M =2¢C, Ge; X = H, D, F} (181); Ph3M66(C0) PPh3
(56)5 CgHgCo(NOIMI, (where M = Ge, Sn) (57); MejGeCo(C0),
(58); germanium- ruthenium complexes (61, 62, 64); Me3GeN—~—ﬁ———R
(where R = H, Me;'R] = H, arv]) (66), tr1methy1aermy1— R,
phosph1nes (71); Me3GeX(CF )2 (where X = P As) (182)

(Me3M) SbN1(CO)3 (where M =C, Si, Ge, Sn) (76), 1m1ngxy-
organogermanes (78); su]finfcracxd der1vat1yes~of—gérmahihm
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(83555); mixed silicon-germanium pérpxides.(as); pentaflurb-
phépy]ée;my1-chaicogeﬁs (92); Ph4Ge456 (93); HiGeSeMe,
MezgéSeMe etc. (183); MZ(CH=CHé)6 (M = Si, Ge, Sn) (97);
oxagetallécycloalkanes (113); 1-oxa-2-germacyclo-pentenes
and -pentanes (184); H;GeCOOR (R =‘Me, Et) (120);
Ph4Sn2(00CMPh3)2 (where M = C, Si, Ge) (129); germyl-allene

compounds (185).

Nuclear Magnetic Resonance Studies

]3C-NMR spectra of the fluxional molecules

The ]H- and
C9H7MMe3 (where M = Si, Ge, Sn) have been studied over a
wide range of temperatures. The metal atom in the indenyl-

germane migrates through a 1,2-shift (186):

% H
[;J\;} OQ GeMe3\ Y4

H GeMe3

eMe3

Anzlogous spectral analysis of 3,5-dimethylpyrazole substituted
at the nitrogen has been performed over a. wide range of
temperatures (187). In'the pyrazole compounds germanium
migrates faster than silicon as in the cyclopentadienyl and
indenyl series. An excellent review article on fluxional

main Group IV organometallic derivatives has appeared (188).

]3C-chemica1 shift variations

It has been reported thaf
within a series of pheny]; furyl and thienyl organcmetallics
are best understood in terms of alkyl and aryl substituent
effects on‘]3C—Chemica1vshift$ and not variations in
d_-p; metal-aryl interactions (189).
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ﬁacLean and Sacher reported proton NMR:chem1ca1 sh1fts ?
for german1um acety11des of the type Me Ge(C-CH)4 n (wheréi;;

n-='03)(190) o ’
7 More spec1f1c stud1es 1nc1ude the fo]]owvng compounds-»l'

D CGeP3 and H3CGeD3 (191); german1um hydrogen der1vat1ves

3
(33, 34, 192); - C chem1ca] shifts of pheny]tr1methy1—
Qerﬁané'(193); german1um-mercury bonded comppundsvand-tﬁeif
reactions (194); germénium—bdron bonded dérivatives (45-48);
[(n -Cg )Fe(CO)CNMe]R (where R = Me,GeC1l, Me3Sn eic.) (52);

73

NMR studies of Ge (195); germanium-ruthenium complexes -

(61-63); Me3GeNf——ﬁ—“R (where R = H, Me; R] = H, aryl) (66);
(Me3M)3SbNi(CO§3,(8here Mm=C¢, Si, Ge, Sn) (76); organo(oxi-
nato)germanes (77); sulfinic acid deri;atives of germanium
(83-85); Gez(CH=CH2)6'(97); germa-bicyclohexanes (109);
oxametallacycloalkanes (113); germacyc]ahes containing 7
o~carborane nuclei (116); Ph,GeCH,SCcH,Me-p (118); H3GeC00R
‘(where R = Me or Et) (120); pentamethyidigermyl compounds
'(122); germanjum-iron bondéd derivatives (177, 178); methyl-
se]eno;derivatives of Qermanium hydrides (183); organb-
germéhium acetylacetonate comp]éxqs (196) and cyc]opénta—

dienyl metal compounds (197).

Mass Spectroscopic studies

A comparison of the ionization energies of PhSMMe 5
(where M = C, Si, Ge, Sn, .-Pb) with those of Me4M‘compounds 
shows fhat thgrabsolute Valuesbére Tower énd in a narrower
rénge‘in tﬂe,formef,§eries (198). ' |

Clark and Rake reported the mass spectra of systems
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f?énféiniﬁg.Gfoup*IV—tfénsitfonimetal bond eg.
,khé;ﬁ(CéFSinMMkaO)s (wHéreiM - Si, Ge. Sn; n = 0-3). In
‘éi]‘cééésrthé:injtfﬁl frﬁgméhtation is by the loss of one or
»ﬁore,tarbony1 groups from the'ﬁb1écu1ar ion, followed by the
~c1éavagé of the'metal-mefal'bond (199).

Mass speétrdscopic data have been reported for the
following compounds: C]3CGeC13, CiCH,GeCl3 and Ph,CGeCl,
(200); fluoroaromatic heterocyclic derivatives of Si, Ge, Sn
(201);~germacyc]opentenes (202); Me, M {where M = Si, Ge, Sn,
Pb) (203): germyladamantane (25):; some germanium-boron
bonded derivatives (45, 46); CSHSCO(NO)MI3 (where M = Ge, Sn)
(57); MeyGeCo(C0), (58); Ge[N(SiMey)(CMey)], (68); hetero-
cyclic silicon and germanium compounds of a-hydroxybenzyl
alcohol (114); Ph;GeCH,SCgH, Me-p (118); pentamethyldigermyl
compounds (122) and H;GeCOOR (where R = Me or Et) (120).

Miscellaneous

Some general articles dealing with the spectroscopy of
organometallic compounds have appeared (2c4-206).

The electron spin resonance spectra for ; series of
organometal-substituted benzenes have been reported (207,208).

The core electron binding energies for MX4 (where M = C,
Sf, Ge; X = H, F, C1) type compounds have been measured by
X-ray photoelectron spectroscopy in the gas phase (209).
The He(I) photcelectron spectra have been obtained for
Me3MPh'and MegMCH,Ph (where M = Group IV metal) (210) and
for éompounds oF the type R M {where R = Me;SiCH,, M = Ge,

'Sn) - (211).  Some. other articles on photoelectron spectroscopy
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of organometa111c compounds (1nc1ud1ng those of german1um)
have appeared (212 215) e

The so]utlon u]trav1o1et spectra -for p- tr1methy1 s11y1
andr-germy]-N,N-djmethylanjl1ne in acetonitrile and pentane
have been reported. The Group IV Sdbsfiéuent$ perturb #ﬁe .
e*cited states to a much larger extent than the groﬁnd gtétes
(216). .

Some other studies and articles include: :NQR spectra

597C0-NQR spectra for

of trfmethy]germyl perrhenate (2]7);
XCO(C0)3L and XCO(CO)ZL2 (where X = Ph3Sn or other similar
Group IV metal derivative; L = BusP, P(OMe)3 etc.) (218);
microwave spectrum df (fluoromethyl)germane (219); microwave
spectrum of Me;GeCN (220); molecular structure of dichloro-
and dibromo-germane by gas-phase electron diffraction (221);
spectroscopic studies on some Group IV-Mn and -Fe metal-
metal bonds (222); normal vibrations of tetrahedral, XY4
hydrides (223); frequencies of Ge-H stretching modes in
organogermanes (224); core electron spectra of some
germanium compounds (225); internuclear bond distances and
electronegativities in YXH3 and HXY 5 (where X = C, Si, Ge:

Y = F, Cl, Br, I) molecﬁles {226); calculation of empirical
1inear relations between bond dissociation energies and
interatomic distances for the R-X bond (X = F, C1, Br, I3

R = Me, Ph, XjGe etc.) (227); calculation of force and
rotational constants of halogermanes (228);‘Urey—Bradley 
force constants for H2YX2 (v = C. Si, Ge; X 5AF; c1, :Br)
type molecules (229); force fields of X3MC0(C0)4 (M = 51,
Ge, Sn; X = H, D, F, Cl etc ) (230), pred1ct1on of - the '

frequencies of normal. v1brat1ons of MDX3 (where M = C ~Si,
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Ge; X = C1, Br, I) tyhe molecu1es (231); correlation of
bas1c1t1es and substltuent constants of oxygen- contalnlng
Aorgan1c compounds via 1nfrared data (232) and the nature of
angular force coeff1c1ents of polyatomic molecules (233).

The reports fegarding‘structura1 data for various
organogermanium- compounds include the crystal structures of
(CGF5)4Ge (234); Ph3GeSCSH4—t-Bu-p {(235) and C13GeCo(C0)4
(236).

Analysis and Applications

The gas-chromatographic separation of fluorinated
organogermanes has been reported (237) and a technique for
séparating germane from mixtures has been patented (238).

Dobronevskaya et al. outlined a variety of methods for
the determination of organohalogermanes (239-241). A
review article on the elemental and functional methods for
analyzing organo-silicon, -germanium, -tin etc. compounds
has appeared (242). Shanina and coworkers reported a
metﬁod for quantitative analysis of heteroorganic
compounds (243).

A review article on application possibilities of
germanium and its derivatives in organic and biochemistry
has appeared (244). Various claims regarding applications
of organpgermanium compounds jinclude: Et4Ge as radioactive
tracer in the process of gasp]iﬁe distillation (245); organo-
germaniums of the typ; RjGeX (R = alkyl, X = OH, halogen etc.)
or (R3Ge)2Y (Y = 0, S) as active component against caries
hence their use in toothpaste, mouthwashes etc. (246);

treatment of hypertension with germanium sesquioxide
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derivatives. (247, 248); stabilizing inf}uenceiof7PhéﬂNCdiif }'

(where M = C, Si, Ge, Sn, Pb) onm PVC during thermal

degradation (249); in the preparation of block copb]yhefs

(250); preparation of linear polyesters with good wﬁiténess

in the_presence of organogermanium halides (251) and,fhe

use of volatile hydrides for the synthesis of high

température superconducting phases in the Nb-Ge and V-Ge

-etc. systems (252).
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