
125 

GERKiNIUM 

ANNUAL SURVEY COVERING THE YEAR 1971 

Bhuvan C. Pant 

Department of Chemistry, The University of Aston in Birmingham, 

Gosta Green, Birmingham B47ET, (England) 

CONTENTS 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

xv. 

XVI. 

Books and reviews 125 

Direct syntheses and germanium-halogen compounds 126 

Alkylation and arylation 127 

Germanilum-hydrogen compounds 129 

Germanium-metal.compounds 133 

Germanium-nitrogen compounds 146 

Germanium-phosphorus compounds 148 

Germanium-oxygen compounds 150 

Germanium-sulfur, - selenium and - tellurium compounds 151 

Alkenyl- and alkynyl-germanium compounds 153 

Germacyclanes 156 

Carbon-functional germanium compounds 158 

Redistribution reactions 160 

Physico-chemical investigations 161 

Spectral studies 164 

Analysis, applications and biological effects 169 

XVII. References 169 

Books and reviews 

A monograph entitled 'The Organic- Compounds of Germanium' 

has appeared (1). The authors have described from a critical 

point of view the chemistry of organogermanium derivatives and 

have included complete literature references through 1968 and 

many references from 1969. In a book series 'Organometallic 

Reactions' J organogermanium compounds have been included (3). 
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Lesbre has 
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reviewed some aspects of germanium chemistry with 

particular emphasis on the variable polarity of the germanium 

atom in its organometallic compounds (3). In a review article 

Neumann discussed the recent developments in the field of organic 

derivatives of Group IVB elements including those of germanium 

(4). Few other review articles (5 - 8) which cover broad aspects 

of organogermanium chemistry have appeared. 

Review articles on specific classes of compounds are being 

mentioned below under the relevant headings. 

Direct syntheses and germanium-halogen compounds 

The direct synthesis of alkyltrihalogermanes has been 

achieved by the reaction between germanium powder and higher 

alkyl halides in an evacuated ampule (9): 

RBr + Ge 
220 - 240° 
13 hrs. ' 

RGeBr 
3 

(R=C4H9, C6H13, C8H17) 

Zueva et al. continued their investigations on the direct synthesis 

of lower trialkylhalogermanes and patented (10) the method involv- 

ing the reaction between elemental germanium and an appropriate 

alkyl halide at high temperature in the presence of copper and a 

mixture of trivalent metal, such as gallium and aluminium. 

A number of organoiodogermanes have been prepared in 

considerably higher yields by passing gaseous hydrogen iodide 

through organochlorogermanes (11): 

RnGeC14__,.+ (&n)HIm-> RnGe14_, + (4-n)HCl 

rRnGe14-n = Me3GoI (83O/o), EtGe13(980/o) 

PhGeI 3 (7S"/o), Me2Ge(I)CH21 (7S"/o)1 
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Another route involves boiling germanium tetraiodide with alkyl 

iodides in the presence of stoichiometric amount of copper powder: 

Ge14 + RI 
cu 

PhMe,8hr? RGel 3 

1R = Me(SOO/o), Pr(l6O/o), CH21(20°/o)~ 

The authors also found that the direct synthesis of organoiodo- 

germanes, usually conducted in the gas phase, may in some cases 

be carried out in liquid phase e.g. 
boiled 

Ge + C8H171 _ CgH17Ge13 (2S"/o) 

The insertion of germylenes of the type GeC12: on the 

tetrahalogenated compounds of Group IVB elements.has been reported 

to proceed via an intermediate polyhalogenated derivative with a 

germanium-metal bond followed by an exchange reaction to the 

dihalides (12): 

GeC12: + MX4 + C12Ge(X)MX 
3 

___j C12GeX2 + MX2 

(X = Cl j M = C, Ge, Sn) 

The formation of polyhalogenated products has been proved'by 

treating the product with a Grignard reagent: 

C12Ge: + GeC14e r_C13Ge - GeC131 - 20°; EtMgBr 

Et3GeGeEt3 
--z + Et4Ge + Et3GeH + (Et2Ge) . 

Alkylation and arylation 

Some germyl-substituted benzenes have been synthesized by 

the conventional Grignard procedure (13): 

R3GeBr + MgBr / \ 
-0 - 

THF 
C 

I 

= CH2 __3 

Me 

(R = Pr, i-Pr,n-Bu and i-Bu) 

= CH2+ MgBr2 

tie 
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IMe 

or 

/0 

3(M and .M ’ = Si , Ge, Sn, same or 

XMe different) 

Xe M 3 
3 

have been synthesized (17): 

C5H5MMe3 
+ BuLi + Me3M1C1 jMe3MCSH4MIMe3 + LiCl 

(M = Si, Ge 

CllH22SiGe + 

and M 1= _ Si, Ge, Sn) 

(CH3)3SnN(C2H5)2- C14H30SiGeSn t (c2:;s),i;I-; 

NMR and mass spectra verified the structure of the compounds. 

Germanium-hydrogen compounds 

The recent investigations into the syntheses and chemical 

properties of the ions BH3CN-, H3GeBH3- etc. have been covered 

in a brief review (18). Van Dyke reviewed the procedures used 

in the preparation of inorganic derivatives of GeH 
4 

and Ge2Ho (19). 
. 

Syntheses and properties of some organogermanium hydrides have 

been the subject of two Ph.D. theses (20, 21). 

Jolly et al. reported that germane in contact with solid- 

potassium hydroxide gave the deprotonated anion intermediate (22): 

GeH4 
+ KOH MeO(CH2).20Me or Me2SO 

> 
H3Ge-fCf 

\1 Me1 

H3GeMe 

Stannic chloride has been found to be an excellent reagent 

for the chlorination of silanes and germanes (23): 

GeH4 + SnC14 
room temp > H3Ge Cl + SnC12 + HCl 

Ge2Hg + SnC14 
room temp 

lomin_ ')Ge2H5Cl + Ge2H4S12 + HCl 
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Further investigation by Mironov et al. indicated that the 

rea&on- of organogermanium hydrides with stannic chloride - I : 

proceeds over a broad range of temperatures(even at -TOO) 

yielding organochlorogermanes (24): 

RnGeH4_n + SnC14~ 
ROR, 

RnGeHpn Cf f nR20. HSnCl 
3 

(R=alkyl, aryl, alkenyl etc; n=O, 1 or 2) 

Mironov et al. extended their studies on the reactions of 

trihalogermanes and observed that primary alkyl iodides condense 

with these'and.their ether complexes to give alkyltrihalogermanes 

(25, 26): 

R120 

HGeX3 + RI 
-HI 

> RGeX3 t RGeX I 
n 3-n 

(R = Me, Et, Pi, Bu etc; R1 = Me, Et, Bu; X = Cl, Br) 

Partial exchange of halogens between HGeX3 and the liberated acid 

has been reported and the effect of.various organic groups on the 

yields discussed. 

The reaction of trihalogermanes with ammonia and amines has 

been shown to give complexes of the type RnNH4_nGeX3 (n = 0 - 4; 

x = F; Cl, Br) with a salt like structure. These undergo 

reactions of the type (27): 

Et3NHGeC13 + RI F Et,3NHI 

(R =-Me, Pr etc.) 

+ RGeCl 
3 

Et NHGeBr 
3 3 

-I- CH2 = CHCH2Br ,z> CH2 = CHCH2GeBr3 + Et3NHBr 

Barker anti Drakestudied various exchan'ge reactions of 

dihalogenogermanes using lH - NMR technique .(28): -. 
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HBr ,-> H2GeBr2, + H2GeClBr 

'H2GeBr2j H2GeClBr 

H3GeCZ + BBr 
3 

Some monohalo 

synthesiied (29): 

& H3GeBr + H2GeBr2 + H2GeCiBr 

derivatives of methyl germane have been :_ 

Organofluorogermanes, on the other hand could be synthe.sized by 

the reaction (30): 

ZRRlGeHBr f PbF2 -> 2RRlGeHF + PbBr2 

(R = Me; R1 = Me or H) 

Feh& and Plichta reported the synthesis of some organodiger, 

manium hydrides (31). The reactions are compiled in Chart 1. 

Ph2GeH2 f Cl2 
CFC13 

-40° 
> 

2Ph2GeHC1 + Mg 
THF 

4o" 

HH 

i-Bu2AlBr + PhGe-GePh 

I I 
H H 

Ph2GeHC1 

Ph Ph 
1 I 

MgC12 + PhGe-GePh 

li H 
I 

-80~ HBr 
H H 

i-Bu Al> I ' 

< Et20 
2 PhGe -GePh 

I I 
Br Br 

(1) 

Chart 1. Synthesis of some organodigermanium hydrides. 
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The compound (1) has been claimed.by the authors to be the first 

digermanium hydride existing in dl and meso forms due to asymmetric-. 

germanium atoms. 

The gas-phase reaction of dimethyldihydrogermane with 

2,3 - C,B4@2,3 - dicarbahexaborane (S)] gave a number of volatile 

methyl carboranes as well as a dark reddish-brown polymeric solid 

whose composition corresponds to (GeMe)n(32). The investigation 

indicated the pronounced tendency of dimethyldihydrogermane to 

lose methyl groups. Nametkin and coworkers reported the formatiqn 

of oligomers and six-membered cyclogermanium products Ln the 

reaction of RGeH2Cl (R = Me 

The selective addition 

of allylvinylsilanes: 

Me 

i 
H2C = CHSiCH2CH = CH2 

I 
Me 

has been proposed to have a radical character (34). The 

or Ph) with 1, 4-pentadiene (33). 

of triethylgermane to the vinyl group 

Me 

Et GeH I 

H2P+C16 '. 
Et3Ge(CH2)2SiCH2CH = CH2 

I 
Me 

preferential addition of trichlorogermane proceeds as: 

Me 

I 
H2C = CHSiCH2CH = CH2 

I 
Me 

Me 

I 
C13Ge(CH2)3SiCH = CH2 

I 
Me 

(23O/o) 

Me 

I 
-I- C13Ge(CH2)2SiCH2'CH = CH 

1 
2 

Me 

(SO/o) 
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Germanium-metal compounds 

A review article on dimetallic compounds e.g. organic Ge-Cd, 

Ge-Hg, Gb-Zn, Si-Hg etc. derivatives has appeared (35). 'The 

reactions of bis(triethylgermy1) cadmium with trityl chloride, 

benzyl bromide, and ally1 iodide in 1:l molar ratio in aprotic 

solvents have been found to proceed through the selective 

cleavage of the Ge-Cd-Ge linkage (36,37). The proposed reaction 

scheme is compiled in Chart 2. 

Et3GeCdGeEt 3 + Ph3CC1 ,-> 

EtzGeCdC1 + Ph3C. + *3Ge' 

Et3Ge' + R _ EtgGeR(R = Et3Ge or Ph3C) 

2Ph3C' \ 
\ 

Ph3CCPh 
3 

Et3GeCdC1 jCd + Et3GeC1 

The overall reaction could be written as: 

(Et3Ge)2Cd + Ph3CC1 PhMe > Cd + Et3GeCl + EtgGe2 + Et3GeCPh 
3 

(1~o"/o)(430/o) (48O/o) U8O/o) 

f trityl radicals (detected by esr) 

Chart 2. Reaction-of bis(triethylgermy1) cadmium. 

The synthesis of a new germyl-mercury compound has been 

accomplished via the reaction (38): 

r(Me3Si)2N12Hg C (Et3Ge)2Hg 
THF 

100~;6hr, Et3GeHgN(SiMe3)2 
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Vyazankin et al. reported the syntheses and reactions of 
I. 
.’ 

chalcogen-containing silyl - and germyl-mercury compounds (39,4O)i'/.. 

entane or 
(R3Mj2Hg + ‘!a X8 gexan; > R3El - x - Hg - MR 3 

(R = Et or i-Pr; M = Si, Ge; X = S, Se) 

R3E' - X - Hg 
hv 

- 'lR3 pentane ' R3MXMR3 + Hg 

i-Pr,GeSHgGePr -i 
Li; THF > 

3 3 4o" 
i-Pr3GeLi + i-Pr3GeSLi + Hg 

Under similar conditions tellurium reacted as: 

(Bt3Ge)zUg + Te pentane $Hg + HgTe -t (Et3Ge)2Te f Et6Gep 

(~~"/o)(~50/o)(580/o) (39O/o) 

The photolytic decomposition of (Me3M)2Hg(M = Si,Ge) in 

benzene and toluene indicated less aromatic substitution in the 

case of the germanium than the silicon radicals. The results 

being consistent with the lower strength of the germanium-carbon 

than of the silicon-carbon bond (41). Various products are 

listed in Table 1. 

The reaction between organic dibromo compounds and bis(trimethyl- 

germyl) mercury has been studied (42): 

(Me3Ge)2Hg + Br(CHZ)213*a-200 > Hg + 2Me3GeBr + H2C = CH2 

Glushakova and Aleksandrov extended their investigations on 

the oxidation of germyl-mercury compounds and reported the rapid : 

oxidation of bis(triphenylgermy1) mercury to proceed via the 

scheme (43): 

(Ph3Ge)2Hg + 02 p-xylene 
room temp? Ph3GeHgooGePh 

\ 
3 

I (Ph3Ge) 2Hg 

2(Ph3Ge)20 l 2Hg e 2Ph3GeHgOGePh3 

.: 
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Table 1. Photolytic decomposition of bis(trimethylgermy1) 
mercury. 

In benzene In toluene 

At 40° At 180~ At 40° At 180~ 

Hg(lOOO/o) 

Me6Ge2(980/0) 

Me3GePh(l"/o) 

2,5-cyclohexa- 

dienyltrimeth- 

ylgermane 

(trace) 

Me3GeH(trace) 

High boiling 

products 

(ca. 1O/o) 

Hg(lOOO/o) Hg(lOOO/o) Hg(lOOO/o) 

MegGe2(990/o) Me6Ge2(960/0) Me6Ge2(980/o) 

MeCoH4GeMe3 PhCH2GeKe 
3 

(lo/o) (O.SO/o) 

PhCH2GeMe 
3 

Dibenzyl(trace) 

(1"/o) High boiling 

High boiling products (ca.lO/o) 

prgducts(ca. 

(1 /o) 

Some exchange reactions of bis(triethylgermy1) mercury with 

organostannanes (44) and with organomercury compounds (45) have 

been reported: 
-_ 

(Et3Ge)2Hg + Et3SnX 
THF or PhMe 
1000;10_14hr.' Hg + Et3GeX + Et3GeSnEt 

3 

(X = Me@, EtO, Et2N) 

(Et3Ge)2Hg + R2Hg THF 
> L2Et3GeHgRI + 2Hg + 2Et3GeR 

(R = CH2COOMe, CH2COEt, CgF5 ,CN) 

The results obtained (46, 47) in the study of the reactions of 

bis(triethylgermy1) mercury with organomercury compounds are 
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2EX3GeK + 02 _ 2EtsGeOK NH4C\(Et3Ge)20 + H20 
HOH 

Et3GeK + CO 
followed by careful 

2 acidification 
> Et3GeCOOH 

1 

loo0 

(Et3Ge)20 + H20 + 2C0 

2Et3GeK + CH2C12 __I_, (Et3Ger2CH2 + 2KCl 

EtgGeK + Ge12 
followd 
by MeI > (EtgGe)3GeMe 

(H#)> 
.' 

EtgGeK + H2C = 0 Et3GeCH20H 

Et3GeK + H2C - C = 0 

I I 

(H20) ., EtgGe(CH2)2COOH 

H2C - 0 

West and Sandman observed an unexpected reaction between 

triphenylgermane and dimsyl-sodium or - potassium (50): 

PhgGeH + MeSOCH2-Na' _ Ph3G&Ja 

(I) 

Ph3GeNa + MeSOCH2- Na f 
DMSO 

85_900; 4hr? PhgGeMe + PhgGeSMe 

(II) (III) 

+ (Ph3Ge)20 

(small amounts) 

The relative amounts of (II) and (III) have been shown to depend 

on the concentration of .(I). 

Some reactions of the metal - metal bonded compounds of 

Group IVB elements have been studied (51, 52): 
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Lappert and Keppie extended their studies on the oxidative 

addition of cyclopentadienyl (trimethyl) metallanes of the group 

IVB elements 

substrates. 

as (56): 

to coordinately unsaturated transition metal 

Most of the reactions studied could be represented 

Me3M1 

Me 
3 
MlAM2\ CO 

/\ 
oc co 

+ 3MeCN 

(Ml = Ge, Sn; M2 = Cr, Mo, w) 

The authors found the reactivity to decrease for a given M1 in 

the sequence Cr>Mo= W and Sn > Ge>>Si (unreactive) for a given 

M2. A number of synthetic routes have been reported for the 

preparation of Ge-Cr, Ge-Mo and Ge-W complexes (57-59). Some 

of these are compiled in Chart 4. 

(Et3Ge)2Hg + lC5H5Cr(CO)312Hg 2oo > Hg + Et3GeCr(C0)3C5H5 

Woo/o) (400/o 1 

C5H5Mo(C0)3GeC13 + 3AgBF4 
MeZCO 

> 
3AgCl + 3BF3 

15 min. 

+ C5H5Mo(CO)3GeF3 

(800/o) 

Chart 4. Synthesis of some _germanium-transition metal complexes. 

Marks accomplished the synthesis of extremely air-sensitive, 

tetrahydrofuran adduct of dimethylgermylene - pentacarbonyl- 

chromium complex via the reaction (60): 
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Me2GeC12 + Na2Cr2(cO)10 
THF > 

-78O 
Me2GeCr(CO)5 + NaCl + 

+ ;:aCr(CO)5Cl 

The synthesis of germanium-manganese complexes could be 
‘ 

achieved by the photochemical reaction of MC13- (M = Ge,Sn) anion 

with cyclopentadienylmanganese derivatives (61): 

C5HSMn(CO)3 + THF 
hv , 

C5H5Mn(C0)2. THF 

C5H5Mn(C0)2. THF + MC13 - --+' C5HSMn(CO)2MC13- + THF 

Mn2(co)10 f MC13 
hV 

CH2C12 3 Mn2(CO)$¶Cq- + CO 

The 

and 

final product df the reaction between diphenyldihalogermane 

Mn(CO)5 - has been found to depend upon the halogen (62): 

Ph2GeC12 + ~MII(CO)~- 
THF > 

ph27eMn(co)5 
Cl 

Ph2GeBr2 t ~MI-L(CO)~- THF > Ph2Ge[Mn(C0)5]2 

Clark and Hunter observed a new type of exchange reaction involving 

metal-metal bond cleavage(63): 

Me 

Me3GeMn(CO)S + Me3SnCF3 
sealed tube I 

1200; 18_hr_7 CF3SnM.n(CO)5 + MeAGe 

I 
Me 

The prelparation and.properties of a number of Group IVB metal- 

tricarbonylnitrosyliron derivatives have been described (64,65): 

PhgGeBr + Na[Fe(CO)2(NO)(P(OPh3)}] 

3 =20 

Ph3Ge~Fe(CO)2(NO){P(OPh3)}] + NaBr 
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R3GeX + NarFetCQ)3N01 Et~o,~3~e[~e(~~)g~~] + RaX 

(R = Ph, Cl; X = Cl, Br) 

Stone and Knox synthesized a number of Ge-Ru and Ge-0s complexes 

and studied their reactions (66, 67). Some of their results are 

compiled in Chart 5. 

/"""-' 

Me3GeH + Ru3(CO),, 

A 

Me3GeH f OSCAR & (Me3Ge)20s(CO)4 + MejGeOs(CO)4H 

(low yield) 

+ [Me3GeOs(C0)3(p-GeMe2)]2 

lMe3GeRu(C0)4]2 + I~ h_ggane > lMe3GeRu(C0)41] 

I 
reflux \1 

[Me3Ge Ru(C0)3~12+ co 

fMe3GeRu(C0)412 THF > 

Ra/Bg 
[Me3GeRu(C0)4]- 

lMe3GeRu(CO)4]- 

/ I \ 
Me3.SnC1 Re(CO)5Br- Ph3PAuC1 

d !L \ 
Me3Ge, 

Me3Sn' 
RUG 

MegGe, 
RUG 

Me3Ge, 

(OC)5Re' Ph3PAu' 
RUG 

Chart 5. Synthesis and reactions of Ge-Ru compounds. 
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hexane irradiated 

X0 

I 

for 45 min. 

Ph2GeFe2(C0)3(C5H5 -n), + CO 

0 

II (oc)4co co(co)4 

/Ge\ph 

room temp.;hv 
hexanc; 30° 

(OC) .p\ 

3 O\ /co(co)3 
Ph Ge 

/\ 
Ph Ph 

Glockling and Hill extended their studies on the synthesis 

of germanium-rhodium complexes by oxidative addition. reactions 

in the presence 

(M = P, As; 

of large excess of organogermane (71): 

+ R GeH 
3 

$ (Ph3M)2Rh(H)Cl(GeR3) + Ph3M 

R = Me, Et, Cl) 

Some reactions of these complexes are compiled in Chart 6. 

/T%+ (PhgP)2Rh(CO)C1 + Et3GeH 

/ 
C2H4 

(Ph3P),Rh(H)Cl(GeEt3) CHCl 3 (Ph3P)2Rh(C1)(C2H4) + Et3GeH 

(Ph3P)2Rh(H)C12 + H2 + Et3GeCl 

Chart 6. Some reactions of Ge-Rh complexes. 

The synthesis of germaniu*m-rhodium derivatives has also been 

accomplished via the reaction (72): 
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Q 
+co 

0 f Mx4 d 0 

Q 

or~co A”;“\ 
oc x 

=3 

(M = Ge, Sn; X = Cl, Br, I) 

Hooton reported the preparation of a germanium-iridium 

complex according to the reaction (73): 

t?ans- Ir(Et3P)2(CO)C1 f 2(Me3Ge)2Hg 

reflux 

1 

PbH 

Ir(HgGeMe3)(GeWe3),(Et3P)2(CO) + Hg + MeaGeCl 

(I) 

The author observed a ready cleavage of Hg-Ge bond in reactions 

of the type: 

(I) f HCl 
PhH > Ir(HgCl)(GeMe3)2(Bt3P)2C0 + H2 + Me3GeC1 

(II) 

(II) + HCl 
several 
days 

> Ir(Et3P)2C12H(CO) + HZ + Hg -I- HMegGe( 

(I) + Br(CH2)2Br 
room 
temp? Ir(HgBr)(Geble3)z(Et3P)2C0 

(III) 

+ C2H4 +. Me 
3 
GeBr 

(III) + Br(CH2)qBr i-S Ir(HgBr)Br2(Et3P)2CO + 2Me3GeBr _ 

A germanium-nickel complex has been prepared via the reaction 

(741: 
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(Et3G+Hb' f n -C5H5(PPh3fNiCl 

PhH ZOO; 1 hr. 

1 

Hg + Et3GeC1 + Et3GeNi(PPh )C H 
3 55-n 

+Hg t Me 
3 
MC1 i- 

P . MMe 
3 

Ph2 

[bl = Si, Ge; L = (Ph2PCH2)2] 

L-PtCl(SiMe3) 

LPtC1(GeMe3) Me SnH _ 
> 

LPtCl(SnMe3) 

L-Pt(SiMe3)2 

LPt(GeMe312 
2Me SnH 

3 
LPt(SnMe3)2 

Chart 7. Synthesis and reactions of Ge - Pt complexes. 
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The preparation, reactivity, chemical bonding and structure 

of Group IVB metal-platinum bonded complexes have been reviewed -. 

(75) - On the basis of 
1 
H-NMR studies four different species of 

the type HP&(PEt3)2(GeH2Cl)n(GeHC12)3_n (n = l-3) have been Shown 

to form in the reaction between trans - ClPt(PEt3)H and H3GeCl 

(76,77). Glockling and Clemmit continued their investigations 

on the synthesis and exchange reactions of silyl - and germyl- 

platinum complexes (78). Various reactions are listed in , 

Chart 7. 

The position of equilibrium favouring R3M products was found to 

be in the order Sn>>Ge > Si. 

Germanium-nitrogen compounds 

The hydrazine derivatives of Group IVB elements have been 

synthesized (79) according to the reaction scheme given in Chart 8. 

3&Ie3MNMe2 i N2H4 ~j (Me3M)2N - NH(MMe3) + 3HNMe2 

(M = Si, Ge, Sn) 

>le3MC1 + N2H4 B Me3MhN2H4C1 (M = C, Si, Ge, Sn) 

1 
N2H4 

(Me3M)NHNHZ + N,H5C1 

(M = C, Si) 

Me3CNHNH2 l.BuLi 
2.Me3MCl ' 

Me3CNHNHMMe3 

1.BuLi 

1 
2.Me3MC1 

Me3CNHN(MMe3)2 

(M = Si, Ge, Sn) 
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l.BuLi 
Me3C SiMe 

Z.Me,SnCl ' 
/ 3 

3 ;N-N\Gefile 
Me3Sn 

3 

(SOO/o) 

chart 8. Synthesis of Group IVB element-substituted hydrazines. 

The compounds have been shown to oxidize to substituted diimines 

(80) : 

+0-O 
H SnMe3 

R- N = N - MHe 
3 

+ HO - OSnMe 
3 

(R = t - Bu, Ph; M = Si, Ge, -sn) 

The reaction between phenyl isocyanide dichloride and 

Group IVB organometalloamines of the type MegMNMe2 (M = Si,Ge,Sn) 

has been used to synthesize a variety of substituted imino compounds. 

The reactivity order of Mhas been reported to be: 

Sn ) Ge > Si (81): 

Ishii et al. studied the insertion reactions of benzoyl 

isocyanate with compounds of the type Me MNMeZ 
3 

(M = Si,Ge,Sn) 

and discussed their structure (82): 

References p_ 169 



148 B.C.PAN-f 

ZPhCON = C = 0 + Me3GeNMe2 

sealed room temp. for 12 hr. 
tube 

J 

0 
Me3GeC02Ph + 11 

($6O/o) N/C\N 

II Ii 
PhC 

\/ 

CNMe, 

0 

(5S0/o) 

0 

A 
Phi CPh 

\/ 
0 

(27O/o) 

c I:1 adduct 

(19o/o) 

New eight-membered inorganic ring systems,containing silicon 

and nitrogen and also phosphorus, boron or germanium as additional 

ring members, have been prepared and characterized by IR and NMR 

(83,841: 

Me2 
I 

MeN 

I 
- Si--Tpr 

H 

Me2Si 

-I H 

MeN -Si -kPr 
I 
Me2 

Me2 

I 
MeT"'_rr 

1. 
2. 

BuLi. 
GeCl 

4 

Germanium-phosphorus compounds 

Me2Si 

/ 

GeC12 

I 
MeN- Si -NPr 

Schumann and Benda observed that whereas the reaction of 

diphenylgermanium dichloride and phcnylphosphine ixi the presence 

of triethylamine gave only bis(diphenylchlorogermy1) 

phenylphosphine, analogous reaction with potassium hydrogen 
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phenylphosphi&e or dipotassium pheny1phosphid.e resuitod in dimeric 

and trimeric (diphenylgermyl) phenylphosphine (85): 

2Ph2GeC12 + PhPH2 + 2Et3N 

nPh2GeC12 + nK2PPh d 

(A = 2 or 3) 

+ Ph2te - P - yePh2 + 2EtjN.HCl 

Cl Cl 

(Ph2GePPh)n + nKC1 

Ph 
P 

P 

Ph 
(when n = 2) 

Organometal phosphine substituted transition metal complexes have 

been synthesized via following routes (86, 87): 

(Me3M)3P + Mn(C0)5Br + r(CO)4MnP(MMe3)212 

(M = Ge, Sn) 

+ (Me3M) 3P THF > hv + co 

OC'JO' co OC/2O\P(MMe ) 
33 

Satge' et al. reported the addition of silyli- and germyl- 

phosphineato a-dicarbonyl compounds (88): 

Me3GePEt2 + MeC - CMe p> Me3Ge0 - C - CMe 

ii II I 
0 0 PEt2 

I 
Me3SiCl 

Me 0 
I II 

Me3GeCl + Me3SiO-C - CMe 

I 
PEt2 

Referencesp. 169 
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Tris(triethylgermy1) stibine has been shown to associate 

under the influence of temperat-ure, light and in contact with 

triphenylphosphine or triethylamine. The authors observed that 

association caused a change in the nature of the process of- 

autooxidation from a chain free-radical (for monomeric forms) to 

one taking place without the participation of free-radicals 

(for polyassociates). The products have been shown to be (89, 

90): 

2(Et3Ge)2Sb + 302 -+ (Et3Ge)20 + Sb203 

Tris(trimethylgermy1) stibine has been used as ligand in 

transition metal carbonyl cornFlexes (91): 

(Me3M)3Sb c M1(cO)6 
THF , 
ilv (Me3M)3Sb-Ml(CO), f CO 

(M = Ge, Sn; M1 = Cr, MO, w) 

Drake and Anderson reported the first examples of silylated 

and germylated polyarsines (92): 

(H3Ge)3As + Me2AsCl 

1 

Allowed to warm 
slowly from -196 to -78 

0 

Me2AsAs(GeH3)2 + H3GeC1 

J 

room temp. 

Me2AsGeH 
3 

+ $ (H3GeA.s)n 

Germanium-oxyffen 

Monomeric hexafluoroisopropoxides of silicon, germanium and 

titanium could be prepared via the reaction (93): 

MC14 + 4(CF3)2CHONa ___j M10CH(CF3)214 + 4NaCl 

Thermal and hydrolytic decomposition was quantitative to the 

oxides. 
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Citron synthesized various derivations of acyl fluorides 

according to the procedure (94): 

Ge(OEt)4 

n-BuCOF 
25o;2Omin> n-BuGo2Et + GeF 4 

PhCOF 
1200; 2min.> PhCo2Et + GeF4 

Aldehydes and ketones have been found to add onto the Ge-0 

bond of organogermanium alkoxides with formation of the correspond- 

ing germanium-acetals (95): 

Et3GeOMe + FIe-CIf = CHCHO 

Et,GeOCHOMe 

CH = CHMe 

In the presence of chloroplatinic acid the products have been 

found to decompose according to the reaction: 

2R GeOCHOMe 
H2PtClo 

3 
I 

--+ (R3Ge)20 

R1 + MeOCHOCHOMe 

'1 11 
RR 

(R3 = Et3 or Et2C1; R1 = H or alkyl) 

Germanium-sulfur, - selenium and - tellurium compounds 

High yield synthesis of methylthio derivatives of Group IVB 

elements has been accomplished according to the reaction (96): 

4RX + LiA1(SMe)4 ___j 4RSMe + LiX + A1X3 

(SO-9o"/o) 

(R = Me3Si, Me3Ge, Me3Sn, GeH3 ; x = cl, Br) 
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Analogous reaction with lithium tetra (u&hylseleno) aluminate 

gave the seleno derivatives in excellent yields (65-900/o). 

Compounds containing germanium-sulfur (97) and germanium- 

selenium (98) bond+could also be prepared via the reactions: 

Ph2GeC12 f Pb(sc6Fs)z 
Et20 
5_15min>. Ph2Ge(SC6F5)2 + pbC12 

Et3GeOMe + n-BuSeH 10oo>n-BuSeGeEt 3 f EleOH 

0 

Et3GeNEt2 i- n-BuSeB Ai:? n-BuSeGeEt 
3 

+ Et2hTH 

Vyazankin et al. reported the cleavage of chalcogen-chalcogen 

bond in Et,X2(X = S,Te) by triethylgermyllithiu thus synthesizing 

germanium-chalcogen derivatives (99): 

Et3GeLi f EtX - XEt 
hexane 

> Et3GeXEt + EtXLi 

LiBr + Et3GeXEt < 
Et3GeBr 1 

(X = S, Te) 

Cleavage of the germanium-sulfur bend by electrophilic 

reagknts has been shown to proceed according to the reaction (100): 

2Bu 
3 
GeSR + SmC12 __j 2Bu3GeC1 + RSm+,R 

(I; = p-CH3C6H4, p-ButC6H4; m = 1 or 2) 

The interaction of triethylaluminum with triethylgermane selenol 

gave ethane and product with Ge - Se - Al grouping (101): 

hexane 
BtgGeSeH+Rt3Al ok > [Et3GeSeA1Et211_7 i C2H6 

Thermal decomposition of the product was studied: 

[Et3GeSeA1Et2]1_7 ___3 (Et3Ge)2Se + $ (EtAISe)n f Et3A1 

(Bt 
3 
Ge)2Se -i Et 2Et4Ge + $ (EtAISe)n 
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Alkenyl- and alkynyl-germanium compounds 

One of the routes (102, 103) to synthesize alkenyl-germanium 

compounds has been shown to be the addition of alkoxygermanes to 

alkoxyacetylenes (103): 

MeOGeX3 + HC z COR & X3GeCH = C(OMe)OR 

(X = Cl, Ph; R = Et, Bu) 

The reactions of unsaturated organogermanium compounds with 

bromine and hydrochloric acid (104) and with cyclopentadiene (105) 

have been studied (see Chart 9). 

,;- (MeCHCH2)2GeBr2 

(Ile2CHCH2)2Ge(CH = ClIe2)2 

HCl 
20O;PhH (IrIeCHCH2)2GeClZ 

C(Me)=CHMe]2 

3 

CH2BIe12 

- 
D 

CH2 

+ II GeX 
3 - CHGeX 

3 endo- 

(X = Cl, Br, I) 

Chart 9. Reactions of unsaturated germanium compounds. 

References p. 169 



154 EC. P-T 

Nametkin and coworkers studied some polymerization reactions 

of substituted vinylgermanes (106, 107). Butadiene and isoprene 

were polymerized by butyllithium and vinylgermane in heptane at 

2o". Degree of germanium incorporation increased in the order 

(106): 

Me3GeCH = CHMe, Me3GeC(Me) = CH2, 

Me3GeC(Ph) = CH2 and Me3GeCH = CHPh 

The copolymerization of 1 - triethylgermyl-1,3-butadiene 

with styrene in the presence of lo/o benzoyl peroxide has been 

shown to proceed via a g,&addition at the double bond to give 

1-triethylgermyl - 1,3-butadiene-styrene copolymer: 

1 r -i 

Structure of the copolymer was elucidated by IR spectroscopy (1~8). 

Perfluoroalkynyl (109) and mixed-acetylenic derivatives (110) 

of Group IVB metals could be synthesized according to the reactions: 

MenMX4 _n + RC E CEfgX ->&fenM(C m CR)~_~ 

LX = Cl, Br; R = CF3, C2F5, (CF3)2C~] 

Et3GeC m CK + Et3SnNEt2 .+ Et8GeC m 

R$fCH,C m CH + Et3SnNEt2 -> R3MCH2C 

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

CSnEt 3 + HNEt2 

= CSnEt 
3 

+ HNEt2 

Petrov et al. reported first examples of silyl - and germyl .' 

nitroalkynes (111): 
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EtgGeC = CCH = CHZ + L- + N204 

I 
Et20 

L 

followed by Pb(OAc)2 

EtgGeC E CCH = CHNO2 

A number of publications regarding the addition of 

organohydrogermanes to alkynyl derivatives have appeared (112-115). 

The reactions provide convenient routes to alkenyl-germanium 

compounds. Some of 

Et3GeH + RCHC = 

I 
OH 

the reactions are listed in Chart 10. 

CPh 
H2PtC16 
J_PrOH > RCH-C = CHPh 

I I 
OH GeEt3 

f R3MH 

J H2PtC16 

C1CH2CHOCCH = CH 

I I I 
OH Pi- MR3 

(MR~ = Et3Ge, Et3Si) 

Chart 10. Addition reactions of organohydrogermanes to alkynyl 
compounds. 

Seyferth and White reported the dicobalt hexacarbonyl complexes 

of a number of Group IVB element-substituted acetylenes (116): 

MegGeC E CFlMe3 + Co2 (CO) 6 

1 hexane 

(Me3GeC2MMeg) COAX 

(M = Si, Ge) 
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The preparation and reactions of mono - and di-metalated 

ketenes have been reported' (117, 118): 

R3GeC E COEt 120-1300>R3GeCH = C = 0 + C2H4 

R3MX + XM& s COBt w R3MC z COEt 

R; SnCl 

I 

%X2 

R3M \ 
c=c=o 

R*3Sn 
/ 

(M = Ge; R = Me, Et, R1 = Me, Et; X = Br) 

Efe3Sn , 

/ 
C = C = 0 -+ GeC14 Et20 > 

Me3Ge C13Ge/ 

t Me3SnC1 

Et3GeCH = C = 0 + Pr3SnOMe 

1 
room temp. 

Bt3Ge(Pr3Sn)CHCOOMe 

Germacyclanes 

Seyferth and coworkers studied the insertion reactions of 

phenyl(bromodichloromethyl) mercury derived dixhlorocarbene to 

PC- H bonds of a number of tetraalkylgermanes and germacyclanes 

(119) : 

EtBGe + CC12_ Et2Ge 

+ ccl2 -> 
CC12H 
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Pyrolysis of the insertion products resulted in germyl-substituted 

chlorocyclopropanes: 

+ Et2GeCH2CH2CH2 

I 
Cl 

Et2GeCH2 

CC12H 
ZnCl2 

145” 3- I 
Et GeCl 

2 Cl' 

1 ZnCL2; heat 

CH2 = CHCH = CH2 + Et2Ge - GeEt2 
I I 
Cl Cl 

In view of the high yields with which such insertions occur in 

some cases, this insertion - thermolysis sequence may find useful 

application in synthesis. 

Dehydrocondensation of P-germylated alcohols containing a 

Ge - H bond has been found to give germaoxetanes (120) 

which react with aldehydes or ketones to give corresponding 

dioxanes (121): 

Et 2Ge 
fH2, Haney Ni 
\ /CH2 20°; 48hr? + cyclic dimer 

H HO 

I (CF3)2C = 0 

Et2Ge 

Satgg and Rivikre synthesized some l-germylallyl alcohols 

and studied their conversion to germacycloalkanols (122): 
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PhC12GeH + OHCCH = CH2 
H2PtClo 

*. > PhC12GeCHCH = CH2 

t 
OH 

OH 

PhGe 

I 3 
H 

Pyrolysis of 1,1-dimethyl - 1 - germacyclobutane has been shown to 

give a mixture of products e.g. 1,1,2,2-tetramethyl-1,2_digerma- 

cyclopentane, cyclopropane, ethylene etc. [detected by gas- 

chromatography and IR spectra (123)1. 

Zuckerman and Yoder reviewed the preparation and reactions of 

. heterocyclic compounds of Group IVB elements (124). The 

preparation of l-germa- 3-sila(germa)-cyclobutanes has been patented 

(125). 

Carbon-functional germ&xium compounds 

The reactions involving the introduction of a methylene 

bridge (CH2, CHX, CX2 etc.) into a Group IVB element-to-other 

element covalent bond: 

I 

(M = Si, Ge, Sn, Pb; X = H, Hg, halogen etc.) 

have-been reviewed (126)_ Reagents which effect such 

methylenation include diazoalkanes carbenes and *carbenoid* 

organometallics. The reaction of trimethylchlorogermane with 

iodomethylzinc iodide has been found.$.o.give Me3GeCH21(20/o) and 

(Me3Ge)2CH2(7O/o). Formation of.the methylene-bridged digermane 
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has been explained in terms of a halogen metal exchange-alkylation 

sequence (127): 

Me3GeCH21 + ICH2ZnI 
-3 

Me GeCH2ZnI + CH212 

Me3GeCH21 f Me3GeC1 __j Me3GeCH2GeMe3+ ZnClI 

Better yields of Me 
3 
GeCH21 could be obtained Via the reaCtiOn 

scheme: 

GeC14 + ICH2ZnI +C13GeCH21 

THF/(Me2N)3P0 

i 

MeMgBr 

9/l 

Me3GeCH21 + (Me3Ge)2CH2 

(29O/o) (trace) 

Several publications regarding synthesis of a variety of 

carbon-functional germanium compounds have appeared (12%-138). 

Some of these are compiled in Chart 11. 

2Me3GeNMe2 + CH2N2 

Et20 
> (Me3Ge)2CN2 + 2HNMe2 

2Me3SiCH2COMe + CHQCOCl -- Me3SiCH2C = CH2 + MeCOMe + Me3SiCl 

I 
OCCMe 

Me3SiCH2C = CH2 f Bu3SnOMe 

I 
OCOMe 

.\1, 

Me3SiCH2C - CH2SnBu 3 + MeCOOMe 
11 
0 

Me3GeBr 

1 

Me3SiCH2C - CH2GeMe3 + Bu3SnBr 

R 
0 
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Starting from-cheaper and readily available silicon compounds. 

Phusico-chemical investigations 

The relative basicities of a number of compounds containing 

M - NorM- 0 (M = Si, Ge) bonds have been determined (142-145). 

On the basis of these results it has been concluded that a more 

significant (p - d)Tt bonding.takes place in Ge,- N bond than in 

Ge - 0 bond. Jolly explained the decrease in the acidity of 

germane and the phenylgermanes with increasing phenyl substitution 

in terms of two opposing effects of phenyl substitution: an acid 

weakening effect (which is ascribed to p, - dn bonding) and an 

acid strengthening effect (mainly.due to'pn - p, bonding) (146). 

The acidity (studied by IR spectroscopy) of hydroperoxides of the 

type Ph3M00H(M = C, Si, Ge, Sn)‘has been found to decrease in the 

order: Si > Ge > Sn. The results have been explained in terms of 

drc - p, 
conjugation (147). 

The dipole moments of alkoxy germanes, R1nGe(OR)4 n 

(R' = Me, Pr; R = Et, Pr, t-Bu), have been shown to decrease with 

increasing steric volume of the alkoxy group (148). According to 

Bellama et al. the trends of the dipole moments of X3GeH(X = Cl, 

Br, I) derivatives parallel those of methyl rather than 

compounds (149). 

silyl 

A study of the hydrolysis of-Me3MCl and,MegMOEt (M = C, Si,Ge, 

Sn) type compounds indicated the rates to fall as M changes in the 

order: 

Si> Ge > Sn > C .[for Me3MC1 (150)1 and 

’ Sn > Ge > Si > C [for MegMOEt (lsl)]. 

The rate of cleavage of XC6H4.(C f C-)nMEt3 compounds 
d 

(n = 2, 3; M = Si, Ge) by aqueous-methanolic alkali at ~9.6~ 
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indicated the 

corresponding 

in X. For a 

germanium compounds to be less reactive than the 

silicon compounds and also less sensitive to changes 

given set of Ph(C 3 C)&lEt3 compounds the ease of 

cleavage increases with the change in n from 1 to 2 to 3. The 

effect, which is attributed to the inductive withdrawal of 

electrons by the additional alkynyl groups is particularly marked 

for the change from n = 1 to n = 2 (152). Alkaline cleavage of 

carbon-metal bond in Group IVB organometallics has been reviewed 

in terms of SEl(N) mechanism (1.53). The.kinetic dats for the 

reaction: 

Ph3MMn(Co)5 + L 
decalin 

150_1900) Ph3MMn(CO)4L 

(M = Ge, Sn; L = Ph3P, Bu3p) 

suggest two competing mechanisms in which the rate-determining steps 

involve slow fission of Mn-CO bonds, and nucleophilic attack of L 

on the substrate (154). 

Kinetic data for the reaction of compounds of the type Et4M 

(M = Si, Ge, Sn, Pb) with ozone (155), iodine cleavage of Group IVB 

hexaalkyldimetals (156) and the reaction of Me MC1 
3 

and Me2MC12 

(M = Ge, Sn) with sodium (157) have been reported. 

Stereochemistry of main Group IV elements (including organo- 

germanium compounds) has been discussed (158). The compounds 

containing an asymmetric carbon directly bonded to the metal aton 

could be synthesized via the reaction (159): 

PhSMBr + Na + NH 

I 

3 + (S) - (t) - set - BuBr 

(R) - (-) - set - BuMPh3 

(M = Si, Ge, Sn, Pb) 
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A chiral germyl radical produced from an optically active hydroger- 

mane has been shown to abstract a chlorine atom from carbon 

tetrachloride to give corresponding chlorogermane with retention of 

configuration (160): 

G -dibenzoyl 2L- 
R3Ge + CC1 4 peroxide ', R3Ge^Cl 

(R = 1-NpPhMe) 

The heats of combustion of some tetraalkylgermanes (161) and 

-of tetraorganooxygermanes (162);have been reported. The results 

of thermal decomposition of tetraalkylgermanes indicated that 

with increase in the length of the alkyl chain-the extent of 

P-breakdown into hydrogen and olefin increases (163,164). The 

saturated vapour pressures of a number of organolhalogermanes have 

been measured by static and dynamic methods (165). The photolysis 

of Ph Ge-COPh 
3 

(166) and the vacuum-ultraviolet photolysis of 

H3GeC1(167) gave free radical species of the type Ph3Ge and 

H2C1Ge respectively. Force constants have been calculated for 

compounds of the type X GeH(X = F,Cl,Br,I) and verified by calculation 
.3 

of vibrational frequencies for C13GeD(168). According to Seip 

the barriers to pseudorotation in silacyclopentane and germacyclo- 

pentane calculated with the Westheimer - Hendrickson method, agree 

reasonably well with the reported experimental values (169). 

Pyramidal inversion energy barriers in RPhPMMe3 (R = Me or i-Pr; 

M = C,Si,Ge,Sn) compounds decreased linearly with the electronega- 

tivity values of the heteroatoms (M) and with chemical shifts of 

the protons in methyl groups attached to M(l70). The first 

experimental demonstration of a 'similar effect on the barrier to 

planar nitrogen inversion for the compound 
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C = NGeMe 3 has been reported (171). 
I 

Seyferth and White reported the rearrangement of o-bis 

(trimethylsilyl) benzene to its m(93O/o) and p(sO/o) isomers at 150° 

in benzene in a sealed tube in the presence of 2.5 mole O/o of 

CF3COOi-I 

benzene 

lies in 

(172). Analogous experiments with o-bis(trimethylgermy1) 

showed no rearrangement. The explanation for this probably 

the fact that the acid catalyst is consumed in germanium- 

carbon bond protolysis at a faster rate than that of the rearrange- 

ment of the o-isomer. 

Some other studies include: electroreduction of R MX and 
3 

R2MX2 ( R = Et, Bu, Phj M = Si, Ge, Sn; X = Cl, Br) compounds (173); 

solubilities of R4M (R = alkyl; M = C, Si, Ge, Sn) compounds (174); 

calculation of approximate force field of germylacetylene (175); 

electron bombardment of SiH4 and GeH4 (175); molecular association 

of Gr.IV element tetrachlorides in cyclohexane (degree of associat- 

ion for GeCl 
4 = l-6)(177); molecular orbital calculations of the 

electronic structure of fluorogermane (178); CT- n conjugation of 

carbon-metal bonds (179); fluxional behaviour of some organo- 

metallic compounds (including those of germanium) (180); mechanism 

of the reaction of germylpotassium with organic halides (181) and 

eleotronegativity and n-bonding effects on bond strengths of 
: 
silicon and germanium (182). 

Spectral studies 

. A number of publications on the spectral investigations of 

organogermanium compounds have appeared- 
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1R and Raman studies 

The far-infrared and low frequency Raman spectra of solid EtSiHg, 

EtSiD3, EtGeH3 and EtGeC13 have been recorded (183). The data 

indicated a gradual decrease in the barrier to the internal rotation 

of the methyl group as one goes from propane to ethylsilane to 

ethylgermane. FOntal and Sprio reported a staggered D3d con- 

figuration for hexamethyldigermane on the basis of Raman and IR 

frequencies assigned to the various skeleton modes of the 

hexamethyldimetal derivatives of Group IVB elements (184). More 

specific studies include the following compounds: 

MX4 (M = C, Si, Ge, Sn, Pb , X = Cl, Br, I) (135-187); 

GeHg- (188); MeGeHX2 (X = F, Cl, Br, I) (189); 

MenGe14_n (n = 1, 2 or 3) (190); MeGe13 and CD3Ge13 (191); 

R3GeOR and R3GeOGeR3 ( R = alkyl) (192); CH2 = CHGeH3 (193); 

CH2 = CHGeC13 (194); MenM(C z CR)4_n [M = Si, Ge, Sn; n = O-3; 

R = CF 
3' 

C2F5, (CF3)2CFl (109); eight-membered inorganic ring 

systems containing Si, Ge and N(84)j (H3Go)2Fe(C0)4(195); Ph3M 

[Fe(C0)2L(N0)7 [M = Ge, Sn; L = CO or P(OPh)31 (64); 

(Me3M)3SbM1(CO)5 (M = Ge, Sn; M1 = Cr, MO, W)(gl); (n - C5H5)(CO)3 

M1M2Me3 (Ml = Cr, MO or W; M2 = Ge or Sn)(l96); (Me3GeC2MMe3) 

Co2(CO)g (M = Si, Ge) (116); [(CO)4MnP(MMe3)212 (El = Ge,Sn) (86) 

and Me3MRu(CO)4 X (M = Si, Ge; X = Br, I) (67)a 

NMR studies 

Kakhniashvili and Ioramashvili investigated the addition reactions 

of trialkylhydrogermanes to vinylalkynyl systems in the presence of 

chloroplatinic acid as catalyst (197, 198), using NMR spectroscopy. 

Free radical addition of thials to 1,3-diynic germa hydrocarbons 

has been shown (by NMR spectroscopy) to take place at both the 
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triple bonds forming a complex mixture of enynic sulfides (199). 

Other studies and articles include: PMR studies of the self-exchange 

of (MegGe)2Hg (ZOO); some exchange reactions of halomethylgermanes 

(201); the exchange equilibrium of the substituents Cl, Br, I.and 

PhO between Me2Si and MeGe moities and between MeSi and Me2Ge 

moities (202); thermal rearrangement of.trialkylgermanium acetic 

acid amides into N-trialkylgermanium acetamides (203); proton 

chemical shifts and spin-spin coupling constants for compounds of 

the type MegMM1Me3 (M b M1 = C, Si, Ge, Sn) (204); 14N - NMR 

chemical shifts of some Group IVB isothiocyanates (205); 13C - 

chemical shifts and PMR data of numerous acetylenic derivatives 

including those of germanium (206); NMR spectra of Me3MTPh 

(M = Si, Ge, Sn) compounds (207); methyl chemical 
H 

shifts and 13C - H coupling constants for aryltrimethylgermanes 

(208); temperature dependence of the NMR spectra of (C5H5)BGeH2 

(209) and (C5B5)2Ge[Fe(C0)2C5H5 - ~7~(210); NMR spectra of 

germylated sulfur ylids (211); NMR data for 9 - germa - dihy- 

droanthracenes (212); NMR spectra of complexes of the type 

Ph3GeFe(C4H6)(C5H5) (213) and the study indicating that the proton 

spin-rotation constants in SiH 
4 

and GeH 
4 

are positive and the l9F 

spin-rotation constants in CF 
4' 

SiF4 and GeF4 are negative (214). 

Miscellaneous 

The results of the UV spectra of PhCH2GeMe3 (215) and 

c)- 
0 CH2MMe3 (M = C, Si, Ge, Sn)(216) have been explained in terms 

N 
ofo - n conjugation. 

Kenworthy and Myatt extended their study on the ESR spectra 

of the frozen solutions of complexes of titanocence (217). The 

ESR spectrum of a series of alkyl radicals heterosubstituted in 
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the P-position with S, Si, Ge, Sn has been investigated (218). 

Wallbridge and Fishwick (219) observed that the fragmentation 

patterns of the tetraallyl derivatives of the Group IVB elements, 

M(C3H5)4 ( M = Si, Ge, Sn), sharply depend on the central ato.m, 

and are related to the stability of the M-C bond. The most 

abundant species in the mass spectra of Me M - M'Me 
3 3 

and Me4M 

(M and K1 = C, Si, Ge, Sn, Pb) compounds has been shown to be 

the ion C3HgM+(Z20, 221). Vapour-phase bimolecular reactions of 

alkyl siliconium and other metal ions in mass spectrometry (222) 

and the mass spectroscopic study of Group IV3 acetylides (223) 

have been reported. 

A number of publications on photoelectron spectra of Group IVB 

halides have appeared (224-227). Maslowsky surveyed the vibrational 

spectra of intra - and inter-metal bonds (228). The complete 

absorption spectra for compounds of the type X3MCo(CO)4 (M = Si, 

Ge, X = Cl, Br, I) indicated the metal-metal bond being oin 

character and that although the TC character of the M-M bond is 
2 

relatively small, the Co - Sn bond has more rt character than the 

Co-Ge bond (229). Preliminary attempts regarding spectroscopic 

observation of silane and germane decomposition products under a 

variety of conditions in a flow system has been studied in view of 

the elucidation of the mechanisms of several synthetically useful 

and mechanistically interesting reactions (230). The vibrational 

spectra for trimethylgermanium nitrate (231) and. dimethyl-germanium 

dinitrate (232) have been reported. The nitrato groups are 

covalently bound to germanium atom in a unidentate manner. 

The reports regarding structural data for various organo- 

germanium compounds include:structure of tribromogermylmanganese 

pentacarbonyl in gas-phase by electron diffraction (233); crystal 

Referencesp.169 
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structure of l-(a-naphthyl) germatrane (234); crystal and molecular- 

structure of trigerma-s-triazine, (Cl,GeRMe)3(236); crystal 

structure of tris-p-(dimethylgermanio)-tris (tricarbonylruthenium) 

(235) (Fig. 1); crystal structure of tetraphenylgermane (237) 

(Fig.2) and crystal structure of cis-(hydroxydiphenylgermyl) 

Fig. 1. Perspective view of [Ru(C0)3(GeMe2)]3 (from ,".H;;,azza;id 
. 

J.Chem.Soc.A, ( 
; 

Pig. 2. The structure of tetraphenylgermane 

J..Chem. Sot. A,(1971) 3243) 
( 
from P.C. Chieh; 
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phenylbis (triethylphosphine) platinum (II) (238). 

Analysis, applications and biolbgical effects 

A modifi.ed method for the determination of germanium, carbon 

and hydrogen in organogermanium compounds has been reported (239). 

Vyazankin et al. studied the possible separation of a number of 

organogermanium compounds by gas chromatography (240 - 242). 

A number of claims have been made for the use of organo- 

germanium compounds as PVC-stabilizers (243-245). Other claims 

include: photconductive layers containing organogermanium compounds 

(246);. organogermanium compounds in hydrolysis-proof coatings 

(247); mesomorphic substances containing Group IVB elements (248); 

organogermanium compounds in the treatment of cancer cells (249) 

and addition reactions of the Group IVB organometallic compounds 

and their synthetic applications (250). 

The toxicity of organometallic compounds of the type 

R3MX ( R = Me, Et, Pr; X = AcO, OH, Cl; M = Si, Ge, Sn, Pb) to 

aquatic organisms (251) and effect of (Bu Ge)20 
3 

on the inhibition 

ofl.espiration (252) in certain types of cells have been reported. 
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