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Books and reviaws 

Apart from the Annual Survey covering the year 1971 (l), a 

review on the chemistry of organometallic compounds of Group Iv 

elements has appeared (2). In a review article Satq& et al- 

discussed the synthesis and reactions of divalent species of 

germanium (e.g. dihalogermylenes, diorqanogermylenes and germylene) 

and such species as starting materials and intermediates in 

organoqermanium chemistry (3). The b_eparation and 

various radicals containing Group &..3 elements have 

(4). Few other general articles (S-8) which cover 

of orqanogermanium chemistry have appeared. 

reactions of 

been reviewed 

broad aspects 

Revieu articles on specific classes of compounds 

belou under the relevant headings. 

Direct syntheses and qermanium-haloqa., compounds 

are included 

Kocheshkov and coworkers extended their studies (see AS71; 

p. 126) on the direct synthesis OF higher alkyltrihalogermanes (9): 

RElr + Ce 
sealed tube 

2200 ; 13 hrs. 
j RCeBrg 

[ R = n-C4H9 (51%); n-CgH13 (65%): n-l&H17 (55%)) 

and patented the method (10) involving the use of ionizing 

radiation (60CoY-rays): 

n-C4HgBr + Ce 
180-200° ; 10-15 hrs. 

sealed tube b n-CqHgGeBrg 

(54%) 

The activities of the single phase Cu-Ge alloys in the reaction 

with methyl chloride to Form methylchlorogermanes have been 
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measured at 426.7OC. mechanical mixtures of alloys and free 

germanium showed greatly enhanced reactivities which could be 

explained only by the creation of additional reaction sites. 

The X-Ray evidence has been presented indicating an initial increase 

in germanium concentration in thin surface layers of the alloy. 

This has been attributed to the removal of copper by formation and 

sublimation of Curl: 

CH3Cl + Cu _I CH3' + CuCl 

This would provide a mechanism for the transport of copper (as CuCl) 

to the particles of germanium and the formation of deposits of 

copper on the surface of these particles. The peripheries of these 

deposits would then provide additional Cu-Ge sites for the formation 

OF methylchlorogermanes (11, 12). 

A number of orgenotriiodogermanss have been prepared by the 

raaction between germanium tetraiodide and organic iodides in the 

presence OF zinc dust in an inert atmosphere (nitrogen or argon) 

(13): 

Ge14 + RI 
180-2000 

5 hrs. 
fi RGeI3 

CR = C5Hll (46%); C6Hl3 (52%); C7Hl5 (55%); C6H5 (53%)] 

Plironov et al. studied the reactions of germanium uith gem- and 

a,D-dihaloalkanes (15) and (chloromethyl) silanes (14, 15) with the 

object OF extending the preparative possibilities of the 'direct 

synthesis' of organogermanium compounds. Some OF their results are 

compiled in Chart 1. 
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X(CH2)nX 
Ge/Cu 

370-3600 
) X(CH2)nGeX3 + X3Ge(CH2),GeX3 

(x = Cl, m; n=l-5) 

c?” G&u 7” 7” 
XSiCH2Cl W XZjiCH2GeC13 + 

[ 1 
X:iCH2 

GeC12 

me mw me 2 

(I) (II) 

I X = F (I, 6%; II, 47%); Ome (I, 8%: II, 26%); OSime3 (I, 5%; 

II, 41%fl 

Gw/Cu 
C13SiCHCl - C13Si~HGeC13 + (C13Si$H)2GeC12 

I 
me ilW PiW 

(32%) (12%) 

cinm03 _nSiCH2Cl 

(n = o-3) 

Ge/Cu 

370-4000 
) C1,mw3_nSiCH2GwC13 + 

+ 

(Clnme3_nSiCH2)2GeC12 

Chart 1. Oirect synthesis of some organogermanium compounds. 

The mechanism of insertion (sew AS72; p. 223) of GeC12: 

(generated from its dioxane complex) into carbon-chlorine bonds 

has been studied through an examination of its reaction with 

benzyl chlorides (16): 

GeC12: + RC6H4CH2C1h RC6H4CH2GeC13 

(A = p-me, W, p-Br, p-Cl, m-CF3; yield: 80-95%) 

The rate of insertion decreased in the stated order OP R. 
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The method of preparation of phenyltrichlorogarmanes of the type 

ClnCgH5,nCeC13 (n = l-3)bydirect chlorination of phenyltrichloro- 

germane at 70 -7S" in the presence of a catalyst (e.g. FeC1-3) has 

been patented (17). 

Alkylation and arylation 

Curtis and Scibelli reported the synthesis of bis(Tf-cyclopenta- 

dienyl)germanium (germanocene) according to the reaction (18, 19): 

Ce8r2 + 2CSHSNa - 7oo 5- (CSHS)2Ge + 2NaBr 
Et20 

(58%) 

The polymerization OP solid germanocene has been shoun to occur much 

more rapidly than that of stannocene. Aside from its high reactivity 

touard oxygen and its tendency to polymerize, germanocene is 

surprisingly unreactive compared to the germanium dihalides and 

other carbenoids. The lack of carbenoid reactivity has been 

attributed to7T-bonding betueen the cyclopentadienyl rings and 

germanium. Striking spectral similarities between germanocene and 

n-bonded metallocenes are observed. 

The preparation and properties of the cyclopentadienyl, indenyl 

and fluorenyl derivatives of Group IVB elements have been revieued 

(2010 

The synthesis of tetre-l-adamantylgermane (21) and tetraneopentyl- 

germane (22) has been accomplished either by using the appropriate 

organolfthium reagent ar via a ldurtr-Fittig type reaction: 

Referaces p. 64 
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CeC14 + 4C10"15R= 
Na; reflux 

cyclohexane 
W (ClR"15)4Ge 

(26%) 

CeC14 + 41%33cCH2Li 
n-hexane 

-LiCl 
I, (me3CCH2)4Ce + (I’Ie3CCH2)3Geci 

The alkylation or arylation of germanium tetrahalides could be 

achieved acccrding to the reaction (13, 23): 

GeI4 + RI + Zn 
160-2ooc 

) R4Ge 
inert atmos. - - 

CR = Bu (85%); 

The chemistry 

Ph (5291 

of polyfluoroaromatic (24) and fluoroalicyclic (25) 

derivatives of metals and metalloids (including those of germanium) 

has been reviewed, 

Germanium-hydrogen compounds 

Nametkin and coworkers extanded their investigations (see AS72; 

p. 226) on the reduction of germanium tetrachloride by organosilicon 

hydrides in the presence of triethylamine (26). In the presence of 

equivalent amounts of triethylamine, the hydrogen-chlorine exchange 

has been shoun to occur readily between germanium tetrachloride and 

silicon hydrides of the more varied compositions and structures 

giving almost quantitative yields of the complex HGeC13.Et3N: 

GeC14 + R1R2SiHC1 + Et3N 

O0 

i 

hydrocarbon 
solvent 

HGeC13.Et3N + R1R2SiC12 

(~1 = alkyd, aryl, H; R2 = Cl, alkyl, aryl) 



The method seems to be a convenient route to trichlorogermane 

complexes which are excellent starting materials for a *variety 

of organogermanium compounds. 

A high yield synthesis OF triiodogermane (characterized by 

Raman spectroscopy in liquid hydrogen iodide) has been accomplished 

according to the reaction (27): 

CeI2 + 
\ 

HI ,- HCeI3 

The pale yellow solution is stable belou -SO",but decomposes at 

room temperature: 

HI&I5 + HI _ Ge14 + H2 

The authors also claim that in the reaction of stoichlametric 

amounts of hydrogen iodide with GeEir2 or a CeRrq/GeI2 mixture 

there are Formed, besides HGeI3, the trihalides HGeBrI2 and HGeBr21, 

which cannot be isolated but can be rerogni red From their Raman 

spectra. 

The sealed-tube reactions of iodine with GeHh and Gel34 have been 

shown to give HgGeI and DgGeI respectively (28), 

Uyazankin et al. synthesized tris (pentafluorophenyl 

via follouinq reactions (29): 

)qermane 

(CgFg)3GeBr + EtxGeH 
1 hr. reflux 

+ (Cgfg)$eR 

I 

no solvent 
(eg.s$) 

LiAlH4 Et20/PhFle 

room temp. 

(C6F5)3GeH 

(78.51) 

+ Et3CeBr 

fZeferenwp.64 
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Unlike non-fluorinated organogarmanas which may be readily 

brominated at the germanium-hydrogen bonds (30, 31), the above 

derivative only reacts with bromine under sufficiently drastic 

conditions: 

(C6ff=,)-$ieH + f3r2 
PhH ; under vat. 

1ooo 
+. (t6FS)3CeBr + HBr 

; 6 hrs. 
(71%) 

Some transition metal carbene complexes have been found to react 

with organ0 Group IVBhydrides in the presence of a coordinating 

base (pyridine, acetonitrile) (32, 33): 

R$‘iH + (CO)Sm1C(X)C6H4Y 
hexane 

base 
R3mCHXC6H4Y + fll(CIJ)S.base 

(46-8246) 

c 

R = Et, Pr, Ph etc.; M = Si, Ce, Sn; rll = Cr, mo, W; 

x = om9, NCnH2n (n = 2, 4) and Y = p-OMe, p-fle, H, p-cl 1 
A number of competition experiments using the reaction: 

R$IH + Cr(CO)S ~C(OI%IJ)P~ 

hexane 

I 

CSH5N 

R$‘XH(lFle)Ph + Cr(CO)+C5HgN + ci~-Cr(C0)~.2CgHgN 

( R = Et, Pr, Ph etc.: m = Si, Ge, Sn] 

have been carried out to shov that the susceptibility of R$lH to 

insertion of the fragment ~C(Ome)GJ varies in the order: 

Et3SiH)PhgSiH< ph-$eH< PhgSnH, Pr3SnH 
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Eaborn and Jenkins observed that triphenylqermane readily 

undergoes hydrogen-exchange (at the Ce- H bond) with alcohols in 

the presence of a base (34), The exchange probably arises From the 

reversible reaction: 

PhgCeH + OR- - \p PhjGe + ROH 

Germanium-metal compounds 

Uyazankin and coworkers extended their studies on the preparation 

(see AS72; p.228) and reactions of orqanogermyl-mercury derivatives 

containing pentafluorophenyl fragments (29, 35). These are 

summarized in Chart 2. 

2(C6F5)3GeH + R2Hg 

c R = Et, (mqsi)24 

Phme > [(C6F5)3Ga] 2Hg + 2RH 

(50%) 

(C&g)+eH + Et2Hg - (CGF5)sGeHgEt + EtH 

(38%) 

2(CgF5)3GeH + 
140° 

(EtgGe)pHg - [(CgF&Gd 2Hg + 2Et3GeH 

(40%) 

2(C6F5)3Ge8r + (Et3Ge)2Hg hv 
PhH 

Bc~F~)~G~~J 2Hg + 2Et3GeBr 

(75%) 



IO 

[&Fg)$e] 2Hg + NT-12 
THF 

loo0 
w Z(C6FS)3CeHgCl 

I 

; 4 hrs. 

Phi'le IJV 1 

60 hrs, SO-60° 2(C6f6)3GeCl + 2Hg 

Hg + (Cgfg)3CeCe(Cgfg)3 + (C6f6)3GeH + (C6f5)3CWCk'2ph 

(94%) (62%) (32%) (24%) 

(C&&~d+#hEt-J + (C6fS)3Sn8r 

PhMe, uv 

2o"; 30 min. 

I 

evacuated 

M-glass tube 

(C6F&%tiQk(C6F& + Et3GeBr 

(47%) (87%) 

(Et+dqHg + 2(C6FS)gSnBr 
2o";1 hr. 

+ [(c~FS)~S~]~ + 2Et3Ge8r 

20°;1 hr. 

I 

PhRe ;LJU 

@6f&jSnHQSn(C6fS)3 + 

(47%) 

Chart 2. Synthesis and 

derivatives. 

+ Hg 

2Et3Cel3r 

reactions 0P some organogermyl-mercury 

The preparation of l-triethylgarmylmercury derivatives of 1,2- 

and 1,7-dicarba-close-dodecaborane [I 12 has been achieved via the 

reactions (36): 
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(Et3Ge)zHg + Hg(C28lOHloR)2 -e ZEt3GeHgC28lOHlOR 

1 

R1HgQ810H10R 

ft3CeHgC2B10H10R + E t+eHgRl 

(R = H, fle, CH2C1, Ph;R1 = Cl, me, Ph) 

A synthetic route to optically active bis(methyl-l-naphthyl- 

phenylgermyl)mercury involves the reection (37): 

2(+)-RzGe*H + t-Bu2Hg hexane ; vat. 

80° ; 
w(-)-(RzCe*)2Hg + Pt-BuH 

8 hrs. 

c RsGe* = fle(l-C10H7)PhGe*] 

The product has been shoun to undergo an exchange reaction of the 

type : 

(R3Ge*)2Hg + Hg(CH2COOme)2 
THF : uac. 

9 days 
) 2(+)-R3Ge*CH2COONe 

+ 2Hg + (RsGe*)20 

(87%) (20%) 

The reactions of bis(triethylgermyl)cadmium with carbonyl 

compounds probably proceed through the intermediate formation of 

>e-0-Geftg radicals, uhich dimerize or withdrau hydrogen from the 

carbonyl-containing compound (38). Some of these reactions and 

others with compounds containing multiple bonds are given in 

Chart 3. 



FhC=CPh;PhPle PhC=CH;PhPle 

MO0 ; 3 hrs. 120° ;5 hrs. 

1 

pY Yh 
EtgCeC =CCeEt3 + Cd Et+C=CPh + Et3CeH + Cd 

(68%) (85%) (5’3%) (50%) (97%) 

(Et3Ge)$d 

(CGH5CHOGeEt3)2 

2C5H5CHO ;PhFle 

zoo ; 

(71%) 

20 hrs. 

I 

+ (Et3G+ + Cd 

(15%) (95%) 

Et3GeOPri 

Ple2CO;1200;6 hrs. 

+ (EtgGe)pl 

(25%) (10%) 

+ (Et3C+ + Cd 

(32%) (85%) 

Chart 3. Some reactions of bis(triethylgermyl)cadmium. 

Vyazankin et al. studied the hydrogermolysis of cadmium-carbon 

bonds (see AS72 ;p.231) to synthesize some germanium-cadmium bonded 

compounds (39) and studied their reactions. Some of their results 

are compiled in Chart 4. 
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R-jGeH + Et2Cd.L 400. R3GeCdEt.L + EtH 

/ 
(R = Ph) 

(L = TFlEDA) 

5 hrs. 

\ 

R3GeH 

Ph3GeH + EtH + Cd(OH)2 

(75%) (100%) (80%) 

(R = Et, Ph; R = Ph, L 

h 
(R3Ge)2Cd.L + EtH 

= Diglyme, HPIPA) 

(TIIEDP: = N, N, NI, N1-tatramathylathylanediamina) 

(PhgCe)pCd.TflEDA 
CH3COOH 

50 - 60° 
b phgCeCdOCOCHg.TflEDA + PhgCeH 

I 

(65%) (88%) 

EtBr 

Ph3GeCdBr.TPlEDA + Ph3CeEt 

(R3Ce)2Cd + CdX2 
Phme 

) 2R3GeCdX 

loo-150° 

1 

PhFle 

R3GeX + Cd 

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

Chart 4. Synthesis and reactions OP some germanium-cadmium bonded 

compounds. 

Some complexing reactions OP bia ~ri(pentaPluorophenyl)germy~ 

cadmium have bean reported (29, 40): 
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2(C6FS)3GeH + EtpCd 
Phl’le 

80 - loo0 
w BCSFS)3Gd 2Cd 

(CeF5)3CeCdSEt [(C6FS)3Gd2Cd.2Ph3P + 2Et2NH 

+ (C&)3GeSEt + Et2S2 

c L = Ph3P; (Et3E)2X where E = Si, Ge, Sn and X = S, Se, Te; THF etcl 

The selective cleavage OF the C-Zn-C grouping by triphenylgermane 

could be utilized to synthesize germanium-zinc bonded derivatives 

(41): 

Ph3GeH + E tpZn 
BmEE 

20-loo0 
b Ph3GeZnEt.BrlEE + EtH 

(71%) 

(Ph3Ge)2Zn.BMEE + EtH 

PPhgGeH 

(g146) 

+ Zn(ClCOCH3)2 

(92%) 

PPhgGeBr + Et2Zn 

(‘51%) (73%) 

2Ph3GeBr 

(84%) 

+ ZnBrp.BFlEE + 2CH2=CH2 

(g3%) (go%) 

(BREE = his-2-methoxyethyl ether) 

Some reactions of the alkali metal derivatives of germane have 

been reported (42, 43): 



PHgCeNa + ClCH2CH2Cl---------_) H3CeCH2CH2CeH3 

H3GeK + ClCil2SFle 
HmPT 

W H3GeCH2SRe + KC1 

15 

+ 2NaCl 

H3GeK + rle38 diglyme 

O0 
) KGeHg.BNeg (ref. 43) 

The preparation of solutions of trialkylgermyl-alkali metal 

derivatives has been accomplished (both in polar as well as nonpolar 

solvents) according to the reaction (44): 

(R3Ge)2Hg + 2l’l 
PhH 

-200 ; 3 hrs. 
W 2R3GeM i Hg 

(R = Et, i-Pr; l’l = Li, Na, K) 

Some reactions of these compounds are given in Chart 5. 

Et3GeFl + Ph2CO 
1.PhH 

I 2.HOH 
) EtgGefPh2 

OH 

in the presence 
I 

(44 - 68%) 

of equi,molar amount 

of HPlPT 

4 

EtgGeFPh2 + (Et3Ge)2 + Ph2COF: 

tiH 

(2%) 
(70%) (detected by esr) 

(m = Li, K) 

R3GePl 
l.Ci-f2=CH2 ) R3GeCH2CH3 + I’IOH 
2. HOH 

(R = Et, i-Pr; Fl = Li, Na, K; yield of RsGeC2Hs decreases in going 

Prom Li to K) 

i-Pr3GeNa + ~e2SiHC1-~ i-Pr3GeSiFle2 + NaCl 

H 

Chart 5. Reactions of trialkylgermyl-alkali metal derivatives. 



16 

Organomatallic compounds containing metal-metal bonds (including 

those of germanium)havs bean the subject of a review (45). 

Satg6 and coworkers studied the thermolysis and photolysis o? 

polygsrman8s and observed these reactions to provide a variety OP 

gsrmylgsrmylenss (46) uhich could be used for a variety of other 

synthassa(see Chart 6). 

Ph 
II, 

Cl 

PhC12Ge-Cje$eC12Ph 79 : 4 hrs. 

&I 
sealed tube 

Ph. 
‘+2C* ,!!” 

,Ge: + f: 
follousd 

PhC12Gs 
HC\ 

by MsRgI 
+ PhFlqGe-Gs 

H2C ~'IS 
and HOH 

PhGe(OFle)g + 3PhC12GaH __II) (PhC12Ge)gCsPh + 
A 

r PPhC12Ge' + I 

PhfsGsC12Ph 

1 $ 
PhClpGeGsCl$'h _I) Phi&l + PhGeC13 

I 

3ReOH 

1. “2C=F-f=C”2 2. f?sfJIgI; Et20 
me me 3. HOH me 

PhCel983 + Ph~s2G8Gsll82Ph + Phijs 

me a 

Te 
me 

+ PhGs-Gs 

48 :h 3l 
rle 

(30%) (12%) 
m 

(48%) (10%) 

Chart 6. Reactions of polygsrmanss. 

Some polygsrman8s have been synthesized according to the reaction 

(47): 

0 

C5HsGsH3 + RNHZ (or R&NH) -A* G82H6 + GwHa + C5H6 

(20%) (45%) 

(R = me, Et, CHZPh; R1 = Et, n-b) 
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The normal and branched qermanes of higher chain length 

C G9nH2"+2 (n=4, S)] could be obtained by the pyrolysis of Ce3H6 

at high temperatures ((300°) (46). 

The results from the pyrolyses of H3GeSiH3 in the presence of 

excess (10 :l) of fleSiH3 and fleSiD3 clearly demonstrate that 

H3GeSiH3 decomposed by equation 11 1 and possibly by equation 2 (49): Cl 

H GeSiH 3 - SiH 3- 4 + GeH2 1 [I 
HgGeSiH3w SiH2 + GeH4 2 Cl 

The fact that no silylene (SiH2) insertion products ware found 

under conditions uhen this diradical has been trapped suggests 

that step [2] is less significant. 

It has been 

towards acetic 

trichloro- and 

shoun that while hexaphenyldigermana is unreactive 

acid and chloroacetic acid in boiling xylene, 

trifluoroacetic acids cleave either one or tuo 

(50): phenyl groups according to experimental conditions 

Ph3CeGePh3 + X3CCOClH --p Ge2Phb(OCOCX3) 

(x = F¶ Cl) 

* beph2(0COCXSjj2 

The 1,2-digermanium esters are uhite crystalline solids unaffected 

by moist air over several weeks. These esters hydrolyse to cyclic 

oxides: 

ph2 ph2 

Ge2Ph4(OCOCX3)2 
Hq. Re2CO 

room temp. 
w + 2CX3COOH 
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PleZCO ; Hz0 

1-W (GspW)q + (Gsph2H)qO 

H2O 
NaOH 

* (GePh2O)g + H2 

(x = f* Cl) 

The reactions of carbaranes (containing Group SUBelements) with 

hydrogen chloride have baen shown to Proceed as (51): 

p-me3mC$i4H7 
H&1 w fle3MCl + C2B4H8 
1 hr. 

(m = Si, Ge, Sn, Pb) 

The rate of' cleavage has been shown to be in the order 

Pb, Sn)Ge>Si. These results are viewed as a consequence oP the 

relatively polar B-Sn and B-Pb bands uhich uould be expected to be 

highly susceptible to hydrogen chloride attack, in contrast to the 

less polar boron-metal bonds in silicon and germanium derivatives. 

Some germacarbaranes have been prepared via following reactions 

(52, 53): 

Ple3NH+7,943gC2H12- 
PhH 

n~gc2H112- 

3-Ge-1,7-BgC2Hll (ref. 52) 

l?e~NH~7,8-BgH~@XE- 
PhH 7,8-BgHgCHE2- 

NaH& 

1,2,3,-GeBgHgCHE 
(E = P, As) 
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The structures for these derivatives have been proposed on the 

basis of their spectral data. 

The literature on the transition metal complexes containing 

Group IV ligands Por the year 1972 has been revieued (54). 

Razuveev et al. extended their investigations (see AS 72; p. 237) 

on germanium -titanium bonded derivatives and reported some of their 

reactions (55) (see Chart 7). 

(C#,)2Ti(GePh3)2 Aw (CSH5)2TiC12 
HCl-gas 

+ 2PhgGeH 

2o" ;PhH 2CCl4 

1 

(CsH5)2:iGePh3 
SO0 ;PhH 

w (CgHg)2TiC12 + Ph3GeCl + C2C16 

Cl 
2Ccl4 

(al%) (75%) 

+ PhgGeCl + C2Cl6 

(CsHs)Ti(GePh3)2 
100° ; THF 

Phfle or 
m (CgH5)2TiGePh3 + Ph3GeH 

dimethoxyethane 
I 

+ (Ph+)2 

dioxane HCl-gas 

(CgH5)2TiCl2 + Ph3GeH 4 
excess 

HCl-gas 
(CgH5)2T,iGePh3 + +H2 

Cl 

Chart 7. Reactions 0P germanium- titanium bonded derivatives. 

Organometal-phosphine (56), -stibine (57) and -telluride (58) 

substituted complexes of Cr, flo and W have been synthesized via 

Following routes: 

3(&3FI)3P + (CH3CN)#(Co)3 - kPlesm)sd 3f’11(CO)3 + 3CH3CN 

(m = Ge, Sn; PI1 = Cr, i'lo; yield : 60-95%) 

(negm)gSb + ml(co)(j A& (me3m)3sb-ml(co)S + co 

(m 51 Ge, Sri; ml = Cr, m0, IJ) 
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(ne3R)pTe + +(CO)6 “,;, e (Re3n)2Te+11(CO)5 + CO 

t 

I -2NaCl 
2fle$lCl + Na2Te 

(m = Ge, Sri, Pb; FI1 = Cr, no, W) 

The use of some transition metal substituted germanium and tin 

hydrides has been made as 

reactions toward the goal 

backbone (59): 

models for metal-metal bond forming 

of preparing polymers with an all-metal 

Ph 

Ph$indelM(CO)~ 

PL 
(CO)4 

gh Ph- FOPh 

2HGeM(CO)5 + 

;h 

Fe2(CO)g -@ (OC)SnC!e--ii -GLl(CO), 

:h! \. PL 

(II = An, Re) 

Graham and coworkers reported the formation of carbene complexes 

from triphenyl- and trimethyl -germylpentacarbonylmanganese (60): 

PhgGelW(CO)5 + IleLi 
Et20 

room~Ge'n(co~c.;"' 

cls-Ph3GeIln(CO)4C(OEt)me 

1 

HCl ; H20 

Ph2Gelln(CO)4CORe + PhH 

(I) 
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On the basis of infrared and 13C-NAR spectra, (I) (which may be 

regarded as cyclic germoxycarbene derivative of Nn) has been 

assigned an alkoxide structure: 

Ph2 
Ce’y 

oc,,ln/-ne 

oc’ I ‘co 
co 

Germylpentacarbonylrhenium could be synthesized (see AS 70 ;p.213) 

according to the reaction (61): 

HgCeBr + NaRe(CO)S 
THF ) HsCeRe(CO)S + NaEir 

The complex uhile broadly similar in properties to manganese analog, 

has probably a substantially stronger germanium-metal bond as 

reflected in the stretching Force-constant, the increased thermal 

and chemical stability and the changes in the Fragmentation pattern. 

Using infrared spectroscopy, it has been shown that molecules OF 

the general Formula [&Fe(CO)4]2 (II = Ge, Sn, Pb) readily and 

reversibly undergo homolytic cleavage by relatively weak Leuis bases 

to produce tetrscarbonyliron complexes (62): 

OC,i”,~2,io,Co 28 , 
co 
I i 

oc/~e\ypco - 2oc--.Jf- mR2 

co 
oc co 

(R = me, n-iyitk;yuitE:; 19 1 Ge, Sn, Pb;_B = tetra"ydro~~~~~~i~~~~~~e, 
, dimethylformamlde, pyridrne, 

The relative cleavage propensity For metals is Ge>Sn>Pb and For 

the bases is pyridine)acetone)tetrahydroPuran)diethyl ether. 

The preparation of some heterotrimetallic derivatives has been 

accomplished via the reaction (63): 

ftdvc-p 64 
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C5H5Fe(C0)$IX3 + [CgHgNi(COd 2 

rEflUX 

! 

PhH 

I&H$e(CO)2mX2Ni(CO>(CgHg) + CSHSNi(CO)X 

(m = Ge, Sn; x = cl, Elr) 

Job and Curtis studied the photolysis of vinyl-substituted 

germanium derivatives of transition metal carbonyls (64, 65). 

These complexes LNe2Ge(C2H3)rl;where M = fln(C0)5, mo(CO)3(71-C5H5), 

Co(CO)4, Fe(C0)3NO, Co(CO)2(NO)(CN), Fe(CO)2(TI-Cr;Hg) ;fln(CO)4PPh3 

and Co(C0)3PPhd shou no tendency to rearrange to IT-ally1 complexes, 

instead transition metal carbonyl dimers, formed by scission of the 

germanium-metal bond are the most common products formed when these 

complexes are subjected to photolysis or pyrolysis. Some of their 

results are summarized in Chart 8. 

ljn(COGJ 2 
Na / Hg 

THF 
* fln( C0)5_Na* 

I 

THF 1 ,CH=CH2 

me2=e,Br 

;le2ije’ + mn(C0)5 *hv me2Ge 
,mn(CO)5 

C2H3 

1 

‘CH=CHz 
+ Naar 

dimerizes 

bn(CO)S]2 

Ile2ljeFe(C0)255Hg hv . 

C2H3 
-r 

i’le2GeFe(CO)pCgHg + C2H3 l 

h (I) 

me+3 + ‘Fe(C0)2CgHg 

C2H3 (II) 
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1 hv 
HO\ 

H~Cg(CO)Fe,Ge, Fe(CO)CSHS + CO 

Me2 

me~~emo(c0)3c5H~ z+ [C5H5mdC0)2) 2 + ~W”o(CO)ij 2 

C2H3 

Chart 8. Photochemistry of vinyl -substituted germanium derivatives 
of transition metal carbonyls. 

Some germanium- nickel complexes have been synthesized and their 

reactions studied (66): 

7T-C5H5(X)(L)Ni + HCeX3 (or CsGeX3 or Ph3GeLi) 

1 
'K-CSHS(RSCe)(L)Ni 

(RSGe = XSGe, PhSCe; X = halide; L = R’gP or R1sAs; R1 = Et, Ph) 

TT-CSHS(ClgCe)(Ph3P)Ni 

n-CSHS(PhC12Ce)(Ph3P)ki 77-CSHS(EtCl2Ge)(PhSP)Ni 

+ PhHgCl + EtgPbCl 

The reduction of OsS(CO)l2 by sodium in liquid ammonia gave a 

cream solid which reacted uith halides to give good yields of 

OS(CO)~X~ (X = lie, HSCe, PhgSn, Wa?Pb etc.) and lower yields of 

OS(CO)~XH (X = fle. H3Ge, fleSSn) (67). 

Ebsworth and Leitch 

with SiHSX (X = H, Cl, 

to give insoluble 1:l 

Ge2H6 initial reaction 

Refeencesp.64 

observed that trans- Ir(CO)Cl(PPhS)2 reacted 

Rr, I) and CeH4 in benzene at room temperature 

adducts. With GaH3Y (Y = Cl, Br, I) and 

gave soluble 1:l adducts, the stereo- 
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chemistry oP uhich was determined by NnR spectroscopy, insaluble 

adducts precipitated after 30-60 min. (68). 

Germanium-nitroaen compounds 

The preparation and reactions OP a variety OP germylhydrazines 

and germyldiazenes have been reported (69). These are listed in 

Chart 9. 

RgGeNRe2 + PhNHNH2 -b R3GeNHHHPh 

(R = Pie, Et) -LiCl T 
+ f4ezNH 

EtpO/PhH or 

THF 

R3GeCl + LiNHNHPh 

(R = Et, Ph) 

(Et3Ge)2NH + 2PhNHNH2 - 2EtgGeNHNHPh + NH3 

H20 
R3GeNHNHPh -w (R5Ge)20 + PhNHNH2 

4 dl”x 

R3GeN=NPh 

(R = Pie, Et, Ph) 

Et20 
R3GeNHNHPh + 2ReLiF 

(R = Pie) 

(ile3Ge)20 + N2 + 

+ PhNHNHPh 

Chart 9. Synthesis 

PhH Et3GeOfle + N2 + PhH 

* PhNHNHPh 

and reactions OP geraylhydrazinea and germyl- 
diazenss. 
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The phosphinimine derivatives of germanium could be synthesized 

according to the exchange reaction (70): 

R13_nGeXn+l + R3P=NSiRe3 

1 CH2C12 

R3P=N-GeR13_nxn + Ile3Six 

These rearrange as: 

R1 
R1 

\I 0x 

2R3P=N-CeR12x m R3P=N’ 
Ge\ 

‘Ge 
,N=PR3 

Rl’I \x 
R1 

** 

= me, Et, ELI; R1 = me, Et; 1 = Cl, Br, I; n = 1, 2, 3 

It has been ahoun that dimethyl(triorganogermyl)amines add to 

the triple bond OP acetylenedicarboxylic asters, leading to the tuo 

isomers. The mechanism, of an ionic nature, involves an initial 

nucleophilic attack OP the nitrogen atom onto acetylenic carbon and 

formation OP a bipole in equilibrium under tuo forms by an allenic 

intermediate form (71). 
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RgGeNPlq t nmx-t=c-come 

I I 

R,ceN?f(s,/COOme i=73GeN'f'le2 

\ \ 

/== - 

\ c=c - 

meooc 

I 
meooc’ ’ 

I 
coome 

RgGeNfleq 

He2N<eRs,COOM _ 

+ "e2N mezN\ CAGeR3 
/ 

FleOOC = 'COOrle 

IrlelN\ /OOrne & 
/C=C,GeR3 + RgCeNPle2 

meooc (R = Pie, Et) 

The preparation of some N-trimethyl -Group IV substituted 

aminoboranes (72) and l,l-bis (triPluoromethyl)methyleneamido 

complexes containing Group IV8 elements (73) has been accomplished 

via Pollowing reactions: 

F’Ie3Gef3r + 

fle;::ye3 
PlogGe~CPleg * PlegGeNCReg 

Li I 

ph"' Nfie2 

(48%) 

mQ4-nmCln + nLiN=C(CF3)2 ~-~Ae4_n~ N=C(Cfg)2 n + nLiC1 C 3 

(fl = Sl, Ge, Sn;n = l-4) 
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Germanium-phosphorus. -arsenic and -antimony compounds 

Satge end couorkers (107) extended their investigations on the 

addition reactions OP organogermylphosphines (see AS72 ; p.246) and 

observed the addition oP ketenes to germyl- and silylphosphines with 

opening of the carbonyl group and formation OP phosphorylated 

alkenoxygermanes or -silanes (74): 

R$lPEt2 + R12C=C=O-W RSROCPEt2 

/ 

:Rl2 

HOH 

R$'lOH + R12CHCOPEt2 

(R = fle, Et; R1 = H, Ph ;fl = Si, Ge) 

Diketane also reacts uith germyl -and silylphosphines with acyl- 

oxygen bond cleavage and Formation OF metallated and phosphorylated 

ketoenolates which isomerize either partially (Pl = Si) or completely 

(n = Ge): 

Ple3GePEt2 

It is interesting to note that germylamines gave C-derivatives in 

their reactions uith ketene and a mixture OP O-and C-derivatives 

uith diphenylketene uhereas germylphosphines (as shown above) give 

exclusively the O-derivatives. 

Some orgeno-Group IV pho$phines have been synthesized according 

to the reaction scheme (75): 
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flegPICl + (fle3C)2PCl f fig 
HflPTA * Me3rIP(Crle3)2 + mgc12 

GE, Sn ; yield: 36-95% 1 = nexamethylphcsphoric triamide 

The reactions of some Group IV5 element-phosphorus bonded 

derivatives have been utilised to synthesize trifluoromethyl- 

phoaphines and -arsines of these elements (76-78). Some of their 

results are summarized in Chart 10. 

W3flPH2 
HO(CFg)2 

fWW(CF3)2 

b2QCf&x 

W+lPHCF~ (CF&‘JPH2 

(ME$‘I)~P + H2QCF3 -w (me3m)$ICF3 

fIe3fIP(CF3)2 + H2AsCF3 -w Fle3MAsHCF3 

(fl = Si, Ge, Sn; 0 = p, As; X = Cl, Er, I) 

The reaction rata depends on II (Si<Ge<Sn) and 9 (P<As). 

Chart 10. Synthesis of some trifluoromethyl- phosphine and 

-arsine derivatives of Group IVBelements. 

Drake and Anderson accomplished the synthesis of some neu 

secondary germanium arsines and mixed germanium-tin arsines 

according to follouing reactions (79): 

(llesGe)2AsR + IleLi Et20 ; 5 hrs. 

room temp. 
& tlegGe!sR + PleqGe 

Li 

f'leSH 

1 

roam tamp. 

(R = tie, Ph) Ple3Ge;sR + WSLi 

H 



rne3GeRr -I- LifsR -) IlegGefsR + LiEr 

H H 

(R = me, Ph) 

PlegGa7sR + FlegSnNlle2 Et20 ) ile3GetsSnFle3 + Fle2NH 

H R 

(R = me, Ph, l'le3Ge) 

Me$l(NFle2)2 + 2(Ne3Ge)2AsH ____) ~Me3Ge)2A~2Flme2 + 2Re2NH 

(Fl = Ge, Sn) 

The reactions of tris (trimethylgermy1)phosphir.s (56) and 

-stibine (57) uith some transition metal carbonyls have been 

reported (see p.19). 

Germanium-oxyqen compounds 

Mehrotra et al. reported various preparative routes to tributyl- 

germanium oximates and studied some of their reactions (00). These 

are compiled in Chart 11. 

~~~~~~~~~~~R~:=i~~~~P~~ 

BugGeON=Cfle2 + NaCl Bu3GeON=CR1R2 + R35nCl 

= Et, Pr, ELI; R1, R2 = (CH2)4 1 (CR&j 

Ru3GeOEt + HON=CR~R2~to1uenesu1phonic aCi~Ru3GeON=CR1R2 + EtOH 
PhH;4 hrs. reflux 

c R1, R2 = Fle, Pie; Fle, Et; (CH2)4:(CH2)d 



PhH &X14 

1 

1 hr. 

au3GeC1 + 

Chart 11. 

Bu3GeCl + fle2C=NOCOi'le 

(R = (le, Ph) 

reflux 

(FlepC=NO)gGe (Bu3GeOH) + Fls2C=NOH 

Preparation and reactions of tributylgermanium oximatas. 

Cyclic organogermanium compounds of the type EeBup-0-(c-C6H10)-O-J, 

have been prepared by reaction in mole ratio 1:l of dibutyl- 

germanium dichloride with cis- 1, 4-cyclohexanediol in benzene in 

the presence of a hydrogen halide acceptor (81). The ring size has 

been found to vary with concentration of the reaction solution and 

the temperature. The dimer (I) has been isolated in extremely 

dilute solution. In contrast, the reactions of dibutylgermanium 

dichloride and germanium tetrachloride uith cis,cis, cis-2,5-di- 

tert.butyl-1,4- cyclohexanediol in mole ratios 1:l and 1:2 

respectively, gave only monomeric products DII) and (III) 

respectively]. The difference may be associated with the boat 

conformation of the diol favoured in this case. The structures 

have been proposed on the basis of spectral data. 

s”\Ge/o 
8~' '0 

(I) 

8u\ /” 
t-8u 

/Ge\ 3 t-m 

Bu 0 

(11) 
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Pentafluoroorthotellurates (82) OP silicon and germanium, 

qermoboroxanes (83) and cx-hydroxyperoxides containing silicon 

germanium (84) have been prepared via following reactions: 

flegGeC1 + AgOTeFg 
acetonitrile w FlegGeOTeFg + AgCl 

3(&J+)@ + PS(OH)g PhH;12 hrs. ) 2(8u3Ge0)38 + 3H20 
rePlux 

(9%) 

a 0 

OH 
+ (BusGe)20 + 2B(OH)z -+ 2 0 a o\ 

2 
OH BOGe8ug 

0' 

(93%) 

and 

+ 5H20 

Ph3NOOH + C13C~HORe CH2C12 ) Ph3flOOFHCC13 

OH OH 

c Pl= Ce (BSg); M = Si (38%1 

Germanium-sulfur. -selenium and -tellurium compounds 

Ishii and coworkers found that the reactions of potassium salts 

OF aromatic thio acid with chlorotrimethylsilane gave the correspond- 

ingthioneecyloxysilanes whereas analogous reactions with chloromethyl- 

germane or -stannane gave the corresponding thiol esters containing 

the sulfur-metal linkage in almost quantitative yields (85): 

i? 
C6HSCS-K+ 

flegSiC1 

I 

pet.ether 
) CgHS$OSifle3 + KC1 

S 

pet. 

ether 

I 

rle3nC1 

C8H5~Srnrk33 + KC1 

0 

(Pl = Ce, Sn) 
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The method has been used to synthesize a variety of substituted 

(benzaylthio)trimethylgermanes, XC~H4~SCeme3 (where X = P-NO2, 

m-Cl, p-me, m-me etc.), 
0 

The authors have also synthesized some trimethylmetal(IVB)esters 

of dithio acids according to the reaction scheme (86): 

” s 
ArCSSl!Ar 

?i 
+ R2NH .-w ArCS%H2Rz 

S 

Ark4 + z 
R2NH or R-JN-b ArCS-;HRs 

(Ar = aryl; R = alkyl or aryl) 

s 
+ megmcl 

room temp. ) CgHS&mme3 + C ;H2Cl- pet. ether 

The preparation of a number of methylseleno derivatives of Group 

IVB elements has been accomplished via follouing routes (87): 

mf33mrume2 + rneSeH Phrne + mgvieme + Me2NH 
or PhH 

(m = Si, Ge, Sn) 

t-im+iseme + me4 _ nmXn -b m134-~fl(Seme)n + nmegSiX 

(R=Ge, Sn; n = l-4; X = F, Cl, Br) 

4PIeSeH + LiAlH4 Et20 * LiAl(Serne)4 + 4H2 

/ 

4me3mx 

4me3msene + LiX + AlX3 

(m = Si, Ge, Sn; X = Cl, q r) 
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Some reactions ot' organometallic chalcogenides with ethyllithium 

have been shoun to proceed exothermally (88): 

EtsPlXH + EtLi hexane 
) Et$lXLi + EtH 

/ 

(I) 

n-&Cl 

Et$'lXBu" + LiCl 

(Pl = Si, Ge; X = S, Se, Te) 

(Etzm)pSe + EtLi.-& Et-JlSeLi + Et$l 

(Pl = Si, Ge) 
(1) 

The compounds (I) are associated which probably results from the 

occurrence of donor- acceptor interaction between the chalcogen 

atoms and lithium. 

Schumann et al. synthesized some pentacarbonyl (organometallic 

telluride)-Cr, Plo and W complexes (58) (see p.19). 

Alkenyl- and alkynyl- qermanium compounds 

Hydrogermylation of some naphthyl-containing di-tertiary 

acetylenic Y-glycols has been shown to involve complete dehydration 

of the expected adduct with formation of the dihydrofurans (89). 

In the case of the symmetrical glycol (IV), the product (IX) formed 

as a result of the @-breakdoun of the addition product has also been 

isolated. 

Rel- p. 64 
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, 

+ I 
&Et3 

y1 R2 

EtgGeH + R-F-C+‘la 

I 

OH OH 

(I -IV) 

9o” Speier’s catalyst 

Y2 + 
R-C=C=CH-&Ple 

A1 dH 

(1x) 

(V-VIII) 

= 1-C10H7 (V) 

R = ~1 = Pie; R2 = 2-ClOH7 (VI) 

R = me; ~1 = Pr; R2 = 2-ClOH7 (VII) 

R = me; R1 = R2 = 2-ClOH7 (VIII) 

R* = 2-c1yi7 (IX) _ 

The us8 has been made oP PFli3 spectra to establish the orisntation 

in the addition oP triethylgermane at the triple bond and to 

determine the ratio of the isomers. 

The addition reactions of organohydrogermanes to alkynyl compounds 

could be used as convenient synthetic routes to alkenyl-germanium 

derivatives (90-92): 

R3GeH + BuOC”CH -b R3GeCH=CHOBu 

(R = alkyl group) 

'fR3 yR3 

(Rg = Etg, EtEup; fl = Si, Ga) 

Eisch and Cupta observed that lithiation of vinylic Group IVB 

org2nometalloidal compound8 givea anion -radicals which, if quenched 

quickly, give synthetically useful bimolecular coupling (93): 
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Ph3CeCH=CH2 -75o ; Li 

t-guOH/THF 
Ph3GeCH2Ple + Ph3CeH 

(60%) (small amount) 

+ Ph3GeCH2FH2 
ph3GeCH2CH2 

(35%) 

The radical-anions, Ph3R'dH-CH2 ( detected by esr) seem to decrease 

in stability as Pl= Si, Ge or Sn, successively. 

The thermal dehydropolycondansation oP diethynyl derivatives oP 

silicon and germanium has been shown to give polymers containing 

Pour acetylenic groupings between the heteroatoms (94): 

HC=C-C=CH + EtPlgDr + Ph2MC12 
O-SO 

THF 
) Ph2N(C=C-C=CH)2 

nPh$(CaC-CsCH)2 

i 

HC=C-C=C- 

(m = Si, 33) 

Oxidative coupling 

been reported (95): 

1 50-loo0 Yh 
-PI-C=eC-C=CH + 

,,-lbh 
nH2 

reactions oP some Group IVB acetylenes have 

fle3RC=CH cuc1; 02 

TTIEOA ;PleqCg 
* Ple3PIC~C-C--'CPlRe3 

(m = C, Si, Ge) 
(TPIEDA = N,N,N1,N1 -tetramethylethylensdiamine) 

Germacyclanes 

A variety of neu diorganogermanium intermediates have been 

characterized and their condensation reactions uith 2,3-dimethyl- 

butadiene (OflB) used in the synthesis aP cyclic germanium compounds 
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(46,96) (see also p. 16). Some of these reactions are given in 

Chart 12. 

G~~(llfle)~ + FleCOCl~ClGe(Ol7e)3 + BeCOOPle 

me0 
\ 

me0 /Ge 
OBB 

120° ; 14 hrs. 

C1Gs(NEt2)3 + EiugSnH -+ kGe(FjEt2)3] + Bu3SnCl 
. I 

I- Et2NH 
+ 

d 
OfIf 

1200; 14 bra. 
:Ge(NEt)2 

Phrle2GeLi + PhH2GeC1-w PhFle2GeGeH2Ph + LiCl 

I PhH n-Bu2Hg 

Hg + PhPIe2GecsPh + uv 

1 DMB 

Be 

(26%) 

Fle 

(ref. 

L J" 

+ Sn-EIuH 

46) 

Chart 12. Synthesis OP some germacyclanea. 

Piarerolles et al. reported that the synthesis and chemical 

reactivity of l- sila- and l-germa- 3-cyclopentenes (97, gS), 

6-oxa-3-aila and -3-germabicyclo F.~.o] hexanes (98) and 

1-sila- and l-germa-3-cyclopsntanols (g8) are closely dependent 

upon the heteroatom and itssubstituents. The authors have made an 



extensive use of NRR spectroscopy to characterize and evaluate the 

relative amounts of various products formed in the reactions OF 

these compounds. Various reactions are listed in Chart 13. 
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R\ 
7 

IT1 3l N-Rromosuccinimide CC14 ;(PhC00)2 

Rl m (I)(%) (II)(%) (III)(Z 1 

me Si 35 65 0 

me Ge 0 0 100 

Ph Si 0 100 0 

Ph Ge 40 60 0 
I 

OH 

Ph2fl 3 0 + HX(conc.) 2oo w Ph2Si 

2o" 

I 

(m=si) ? \ 
X 

(Pl = Ge) 

H 

Ph2Ge 
2o" W Ph2feCH2CHOHCH=CH2 

X 

(X = Cl, Br) 

Ph2M CrO3 ;HilPT 

or K2Cr207 ;H2SO4 
b 

OH 

Ph2N 
-Hs (Raney Ni) 

+ H2 (LiAlH4) 
D 

(Ph21jeCH2CH2COne)20 

or OH 

[ 1 - 

Ph2:iCH2CH2COFle 

OH 

1 

LiA1H4 

Ph2yCH2CH2CHOHfle 

H 

Chart 13. Some reactions a? germacyclanes. 
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The reactions of substituted germacyclohexadiene with a two fold 

excess of perfluoro -2-butyne folloued by thermolysis of the 

product has been shown to give the digermacyclobutane derivative 

(II). The formation of (II) has been argued for the intermediacy 

of (I) and thus providing an evidence for 2 germanium-carbon (p-p 

double bond (99). 

5F3 

+ E 
sealed tube 

[I: 
70-8Oo ;S hrs. 

C1 
CF3 

!=J%) + 
(III) Et2Ce 

i! CeEt2 

(35%) 

(II) 

I 
me 

250° 

PI x 

sealed tube 

(III) + 
Re 

jG I 
GeE 

me 

(59%) 

The preparation of some silicon and germanium containing metal 

azwpiro 4,5 -decanes of the type: c 1 
(CH2)n 

R2rl~-)N(CH2)3NPIe2 

(R = Fle; II = Si; n = 0, 1 and R = Et; fl = Ce; n s 0) 

has been patented (100). 

t2 

Plironov et al. continued their studies on 'direct synthesis' 

reactions (see AS72;p.260) for synthesizing heterocyclic compounds 

containing silicon and germanium and reported the Pollouing 

reactions (101): 
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ClH2C\: ./CH2C1 

ClH2C 
,SiOSi 

"CH2Cl Me 

Me2 
H2C 

I 
--Ce-CH2 

I 
MapSi 

I 
SiMe2 

I 
H2C -Ce-CH2 

Me2 

t 

(40%) 
Et20 

MeLi 

Ge / Cu 

360-370° 
* 

Cl Cl 
\/ 

H2C-Ge-CH2 
I I 

me --si- 0 -ii-me 
I I 

H2Cz=;;CH2 

(18%) 

Et20 MeMgCl 

1 
H2C 

“c 7 
-Ge-CH2 

Me-Si-Cl Cl-Si-Fle Meii-o--_?iMe 

I I refluxad I I 
2 H "--[G"\,.C"' 

H2C~Ge\-cH2 
Me me 

(44%) 

The preparation and reactions of some 1, 4-digermacyclohexadienes 

have been the subject of a Ph.D. thesis (19) (see also AS72;p.262). 

Some reactions of organodigermanes (102) and cycloaddition of 

organodihydrodigermanes to 1,4-pentadiene (103) have been shoun to 

provide conveniant routes to 1,2-digermacyclanes. 

R1 R2 

Rpy-I;1Rp + Li + Et20/THF 
R2v 

Rl 

Cl Cl (S/l) + R2M R2 

R = me, Et: R1 = R2 = H, Me; R1 = H, R2 

yield: 30-50% 

= m8; M = Si, Ge; 1 
ABl EN 

Ph2G,e-G,ePh2 + CH2=CHCH2CH=CH2 
80°; PhH 

Ph2GT 

H H 
Ph2Ge 

3 

(A818N = Azobisisobutyronitrile) (71%) 
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llazerollos and Faucher obtained an oxagermabicyclododecane by the 

dehydrocondensation of b- methyl-6-germacycl.oundecan-l-01 in 

the presence of Raney nickel (104). Some of their results are given 

in Chart 14. 

me \GBr(CH2)4\C”oH 3-p ; 5 days 
/--(C"2)4\ 

H ' L(C"2)5/ 

*rneGe - 0 - CH 
Raney Ni 

-_(CH&- 
(9oZ> 

r 

.L "2 

C=O Zn/HCl 

-[ 

Ae\Ger 
(C"~)A\ 

c=o 

H' L(C"2)5/ + 1 1 
ne'Gen(CH ) 
H/- 

2 10 

LiAlH4 
w CHOH 

Et20 ; reflux 

CH-OCPle 

Chart 14. Synthesis and reactions of an oxagermabicyclododecane. 

A number of publications regarding the syntheses OP oxygen (96,103 

105 -log), sulPur (96, 106) and nitrogen (96, 106) containing 

germacyclanes have appeared. Some of the results reported are 

summarized in Chart 15. 





The spectral study (IR and NPIR) of compounds of the type (I) has 

been put foruard to demonstrate a dimerizetion by coordination. 

The association is disfauoured by the presence of substituents onthe 

cycle and by hindering substituents uith donor effect on the 

germanium (105). 

Sat+ et al. reported their investigations on the insertion 

reactions of carbonyl derivatives (e.g. acetaldehyde, chloral, 

hsxachloro- and hexafluoro-acetone) on the metal-oxygen bond of 

cyclic ethers containing silicon, germanium or tin atoms in the 

ring (110): 

Et2Ge + /H o=c, - Et2GeF 
cc13 IQ 

o-:-H 
X13 

Ra\ R'Ge 

a 

R1 

RbH 

c=o + 
RA 

R2 

R = I%, Et, Bu, Ph; R, = me, Pr, CC13, CF3; 

Rb = H, CF3; Rl = H, fle; R2 = H, Rs 1 

The mechanism of these reactions has been discussed in relation 

to the nature of carbonyl derivatives and metal heteroatom in the 

starting cyclic compounds, as uell as catalytic and solvent effects. 

The preparation of 2,2, 5,5-tetramethyl-l-oxa-Z-germacyclo- 

pentene has been accomplished according to the reaction (111, 112): 

Re + f'le2GeC12 ---W")C=C 
/" -Bu2SnCl 

'CPle2 A 
2)flepGe me2 

fle Bu2;n 

Cl AGe(Cl 



Carbon- functional qermanium compounds 

Various addition reactions of hydrogermanes and hydrohalogermanes 

on unsaturated groups have been used to synthesize triorganogermyl 

substituted alcohols (108, 109). Some of these reactions are given 

in Chart 16. 

Cl 

PhdeH + 

dl 

di &i k i&i 

F1 : Y : 
PhljeH + H2C=CHOCi'le -*Phte(CHp)2OCfle 

Cl Cl 

LiAlH4 

v cc14 
7 I . 

Et20 

Phije(CH2)20H t PhFe(CH2)20H + EtOH 

Cl (62%) H (74%) 

/(CH2)3-0\ 
GePh 

Chart 16. Synthesis and reactions of (x,/3 and y-phenyl- 

chlorogermyl alcohols. 



Several publications regarding synthesis of a variety of carbon- 

functional germanium compounds have appeared (113-115). Some of 

these synthetic routes are summarized in Chart 17. 

PleGeClg + MeSiHClp + ReSiC13 

F 
fleljeCH2CH2R 

Cl 

(A = CH2C1, CH$N, CH$lH, CHO, CH$lne, Ph, PhCH2) 

A A 
R?GeH + CH2=CHCH20CH2CH-CH2 H2PtC16 

phH; 
bR3Ge(CH2)30CH2CH-CH2 

16 hrs. 
I 

(R = Et) ;;'";So 

l- 
Et3Ge(CH2)30CH2~HCH2Nne2 

OH 
Et3GeH + H$=CHCH2N(SiMe3)2 (R = Et, Pr) 

1 

+.PtC16 

Et3Ge(CH2)3N(SiMe3)2 COC12 + Et3Ge(CH2)3NC0 

(46%) (50%) 

Chart 17. Synthetic routes to some carbon-functional germanium 

compounds. 

The divalent organsgermanium intermediates obtained Prom 

decomposition of some hydrogermyl -l-propanois could be used to 

synthesize other carbon- functional germanium compounds (116): 
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C13Ge(CH2)2COOH + LiA1H4 Et20 

-loo ) 
H3Ge(CH2)30H 

(I) (72%) 

HgC12 ; THF 

(I) 2o" ;2 hrs. *C1H2Ge(CH2)30H 

(=G) 

C13Ce(CH2)30H 

(30%) /3h;i)30H 

[Cl-;a-(CH&Od n C1-Ge(CH2)30H 

Br' 

(R = Et, I%) 

Some diazoacetates containing Group IV8 elements have been 

photolytically cleaved to give carbenes (117). Various insertion 

raactions of these and others (118) have been reported. 

(me3fl)p + k(N2)COOEt) 2Hg -. 
- HgS 

(N = Si, Ge) 2N2 

Me3GeeCOOEt + ReCH=CHPle 

MeCH=CHCH2$HCOlJEt 

GElRi33 

In a study of the reactions of ketene with germylated and 

stannylated amides, it has been shoun that only C-derivatives are 



formed (in contrast to the silicon analogs where O-derivatives are 

formed) (119): 

Rwoma + HZC=C=O -b f?3mCH2Co~Come 

me Me 

(A = Tie, Et; Pl = Ce, Sn) 

Also, only C- isomers were isolated when other methods were used for 

synthesizing germanium and tin containing derivatives of substituted 

acetamides: 

H$=C 
~OSilleg /me 

'NCOl'le 
+ BugSnORe p-w BuSSnCH2CON, + MegSiOlle 

come 

r&l 

It is interesting to note that above type of exchange reactions can 

be applied not only for the transfer of keto-enol residue from one 

Group IUB element to another, but also for the preparation of the 

N-gernyl-and N-stannyl- N-methylacetamides used as starting 

compounds: 

m63sipm6 + Et3SnOMe 
llO-120° 

1 hr. Et3SnYCome + 
Ple3SiOPle 

Ne 
(95%) me 

/ 

ReSGeBr 

E t3Sni3r + fie3Ge~COfle 

(73%) he 

The preparation and reactions of some metalated ketenes have been 

reported (120-122): 

R-$‘lCH2COOH + H2C=C=0 -* R~mCH~COOCOme 

(1) 
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(1) 140-150° ) R$'ICH=C=O + R3MCH2COOH 
5o- 40 min. 

(R = ile, Et; II = Si, Ge) 

C13Ge; =fOSime3 
130-Ml0 + C13Ge;=C=0 

Ph Olla 
(54%) Ph 

(R10)2P(Z)H + R3mCH=C=O~H2C='jP(Z)(OR1)2 

Ol'lR3 

I?, 2 = me, me, Si, 0; Et, Et, Si, 0; 1 lie, me, Si, S and Et, ile, Ge, 0 

lliscellaneous compounds and reacticz 

Bulten and Orenth reported their studies on non-catalyzed 

redistribution reactions of alkylmono- and -polygermanes with 

germanium- and tin- tetrachlorides 

R4m + l+Cl4- R3i"lCl + 

(m = Ge, ml = Ge, Sn; II = Sn, ml = 

(123): 

R&l3 

Ge) 

R3GeGeR3 + GeC14pwR3GeGeClR2 + RGeC13 

(R = Et, Bu) 

Ek3CeGeMe2GeEt3 + SnC14 

c/ 
EtgGeGeCll'leGeEtg 

+ PleSnC13 

medium (a) 
> 90% 

< 5% 

Et3GeGeMe2GeClEt2 

•t- EtSnC13 

(b) 

(10% 1 >=% 

References p. 64 
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Et2PrBuCe + SnC14 
NeNa2 

) EtPrEuCeCl + Etsnclg 

(rate of dealkylation being: I% >Et >Pr >Bu) 

The high selectivity of these reactions enables the facile Preparation 

of mixed alkyl- substituted mono-and polyqermanes. an the basis of 

observed substituent and solvent effects these reactions are 

concluded to proceed by an electrophilic substitution at carbon 

through transition states in uhich considerable charge separation 

has occurred. 

Some exchange reactions which provide convenient routes to a 

variety of orqanoqermanes have been reported (119, 124, 125): 

GeX4 + R4Sn 
25G0 

)R2CeX2 + R2SnX2 

(R = Et, Bu; X = Br, I) 

PlegCeBr + BugSnaMe_ FlegGeBNe + Bu3SnEr 

2rle3mx + (Bu3Sn)20-~(megm)po + 2Bu3SnX 

(il = Si, GE; X = Cl, Br) 

Tetrametallomethanes containing one, two or three Group IVB metal 

atoms and boron (126) and some complexes of the type 

CP2n(CH2mlme3)nC1 2_n (where Cp = fl-CSHS; fl = Ti, Zr; fll = Si, Ge, 

n = 1 or 2) (127) have been synthesized according to the reactions: 

b(One)2] 4c + 4HB(CH2)3BH 

PhTACl 

BfleOH 

+ LiCl 

C m = Ge (74%); Sn (70%); Pb (4B%g 
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-I- BuLi 
3 

(m = ml = Sn; m = fll = Pb; I7 = Sn, ml = G9; n = Pb, ~1 = ~8 etc) 

(n-CgHg)2TiC12 + 2ne3CeCH2Li 
Et20 +('K-CBHg)2Ti(CH2GeW~2 

+ 2LiCl 

Physico-chemical investigations 

It has been shown that successive halogen substitution in msthyl- 

germanium Fluorides and chlorides leads to different observed trends 

in the dipole moments of the various compounds. These trends may be 

explained in terms of hybridisation and polarisability effects (128). 

A study of the dipole moments of germanium tetraalkoxides be(fJR)h; 

R = alkyl group] indicated that the hindrance to normal rotation 

began at R = Bu whereas in Si(OR)a it began at R = 

a? intermolecular intsraction (dipole orientationj 

Si(OR)q to Ge(OR)b (129). 

Et. The degree 

increased From 

The stepwise salvolysis (as shown by conductivity method) of 

germanium tetrachloride (130) and conductivities and equivalent 

conductivities for various chlaromethylgsrmanes in methanol and 

ethanol (131) have been reported. The strengths of the chloromethyl- 

germanes es acids diminish in the order: meGeC13 > ne2Gec12 > FleBGeCl. 

A revieu on thermochemistry of chemical compounds including 

enthalpies of Formation of organomstallic compounds has appeared 

(132). Zaitsev and Flaslov derived certain thermodynamic parameters 

For germanium halides GeX4 , GeXzY and GeX2YZ (where X, Y, Z = F, Cl, 

References p. 64 
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Br, I, H) (133) and also calculated the heat capacities of RGaH3 

(where R = C2D5, PH2, AsD2) (134). The heats of evaporation, 

parachor, surface tension etc. of a series of covalent hydrides (135); 

specific heats and phase transitions for derivatives of the type 

Et4m (where M = Si, Ga, Sn) (136) and surface tension data for a 

variety of organometallic compounds (141) have been reported. The 

primary process in th8 mercury photosensitized d8cOmpOSitiOn Of 

t8tramethylQ8rmane has been shown to involve a C-H bond cleavage 

and the atomic cracking occurs at high intensities giving methyl 

radicals (137). The vacuum-ultrviolec photolysis (138) and the 

pyrolysis (139) of germane produced significant concentrations of 

several reactive species. A study of the pyrolysis PF some compounds 

of the typ8 phgflQOC(PIep)ph (where fl = Si, Ge, Sn, Pb) indicated the 

thermal stability to decline in the order: Ge >Si >Sn >Pb (140). 

The observed order of acidity (Si>Ge> C) For compounds of the 

type R3l'WDOH (where R = me, Ph, l'l = C, Si, Ge: R = H, Fl = C, Ge) 

has been explained in terms of the larger sizes and polarizabilities 

of silicon and germanium relative to carbon (142, 143). The pK 

values of a series of monosubstituted acetylenes of th8 type 

R3lWCaCH (where R = Me, Et; T+l = C, Si, Ge, Sn) show that the 

presence of Group IV elements at the triple bond is accompanied by 

an increase in proton mobility of the =C-H bond compared uith 

alkylac8tyl8n8S (144). The rate constants of trimethylgermyl- 

substituted alcohols Fe3Ge(CH2)n OH where n = 1 -4 invariably 

decrease with the increasing 'nr (146). Sakurai et al. reported the 

formation of a charge- transfer complex of h8xam8thyldig8rman8 with 

tetracyanoethylena (146). 

St8reOch8miStry of some coeplexes of Group IVB elements has been 

reviewed (147, 148). Eaborn and coworkers continued their 

investigations (see AS72; p-266) on the optically active germane- 
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carboxylic acid (-)Rt3GeC02H and discussed the stereochemistry of 

the conversion (149): 

2(-)-R83CeC02H zoo0 ; 10 min. 
)(-)-R'3CeC02GeRt3 + CO 

C R’3Ce = Et(l-C10H7)PhGe) 

Some reactions of asymmetric silyl- and germyllithiums have been 

reported (150, 151): 

R3NH i BuLi-w R3llLi R3MCl ) R3M-flR3 

I: 
R3 = Me(w-C1OH7)Ph; I7 = Si, 4 

RgGe*Li + ClCH2COOR1-wRgGe*CH2COORl 

I 

LiA1H4 

R3Ge*CH2CH20H 

iI Rg = Ne(l-ClOH7)Ph; R1 = me, Et] 

The radiochemistry (152) and tha radiochemical transformations 

and rearrangements in organometallic compounds (153) have been 

revieued. The radioactive tracers have been used to study the 

equilibrium distribution of microamounts of hydrocarbon, methyl- 

germane, hydrogen sulfide and arsine in monogermane between the 

liquid and vapour phase (154). 

The magnitude of the effect of metal on the ‘IT-electron system of 

PhnR3 (where N = Si, Ge, Sn, C; R = H, ile) decreased in the stated 

order of M and R (155). A comparative study of direct and across- 

space (p- d)TC bonding interactions in some selected Group IV 

compounds has been the subject of a Ph.D. thesis (156). The 

perturbational molecular orbital treatment of hyperconjugation in 

conjunction with CND0/2 calculations, has been applied to rationalize 

trends in e number of experimental properties of compounds of C, Si, 
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Ge and Sn (157). The theoretical evidence for d-n conjugation in 

compounds of the type Ne$XH2CH=CH2 (uhere Pl = C, Si, Ce, Sn, Pb) 

(158) and the conformational consequences of hyperconjugation in 

P - silyl- and P-germylethyl cations and anions have been presented 

(159). 

Dessy and Bares presented a broad survey OP organosetallic 

electrochemistry uhere special attention has been given to (a) the 

available pathways in organometallic electrochemical reactions, and 

(b) the physical consequences of the addition (or abstraction) of an 

electron from an organometallic molecule (160). The electrochemistry 

of triphenylgermanium halides (PhSCeX where X = F, Cl, Br, I) in 

1, 2-dimethoxyethane (OPlE) has been investigated. The results 

indicated the reduction of chloride and bromide to be irreversible 

single-electron processes resulting in the formation of a germyl 

radical (161): 

PhgGeX dimeri~atlhN\;E X- (X = Cl, 8r) 

(Ph+e)2 Ph3GeH 

peroxide* 

\ 
(* arising from ttte 

H2Q + (PhgGe)20 YPhgGeOH autoxidation OP OPIE uhan 

exposed to air) 

The addition of tetrachlorobenzyne to orqanometal substituted 

naphthati has been shoun to proceed as (162): 
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mmeg 

03 (1; + 

Cl 
C 

\ Cl 
Cl 

& 

/' 
I 

me-*-me 

(A) he 

Cl 

0 I 
\ Cl 

0 Cl 
Cl 

i-/ c"l' 1 "; Cl 

+ 

& 

/' 
I 

mme3 (m = C, Si, Ge, Sn) 

(R) 

Using NPlR spectroscopy to study the rotation about the carbon-Group 

IVB element single bond (in adduct A) the authors observed the 

decrease in the rotational barrier on increasing the atomic size. 

Yamamoto et al. continued their studies on the solvolysis of the 

metal-carbon bond (see AS 72 ; p.266) of ferrocenylmethyl derivatives 

of silicon and germanium (163): 

mCH2FlPla2R 

& 

+ 2PleOH + 2FeCl3 

DCHqome 1 
+ RPlegPlOFle + 2FeC12 + 2HCl 

(R = Pie, Et, i-pr etc.; Pl = Si, Ge) 

and interpreted the observed higher reactivity of the germanium 

derivative relative to the silicon one in terms of a possible change 

in the transition state depending on the nature of the leaving group. 

Some general articles on substitution, isomerization etc. of 

organometallic compounds have appeared (164-170). 

Refezencea p-64 



Some other studies include: kinetics OF the thermal decomposition 

of peroxides of the type Ph3GeOOSiR3 (where R = Et, Pr, Ru, Ph) 

(171); multiple- scattering X, study of silane and germane (172); 

calculation of ground state energies For molecules of the type FlH4 

(where Fl = C, Si, Ge, Sn, Pb) (173); polarographic behaviour of some 

Group IVB derivatives OF naphthalene (174); mechanism of a-effect 

in ti-carbofunctional organic compounds of Group IVB elements (175); 

calculation of Force Fields, Frequencies and the centrifugal 

distortion constants For compounds of the type H3CeX (uhere X = me, 

C--N, CZCH) and their deuterated derivatives (176); liquid-phase 

oxidation of germanium -mercury bonded derivatives (177); relative 

rates of gernylene and silylene insertion into alkylgermanes (178); 

product studies on reactions of recoiling germanium atoms in germane, 

digermane and germane-silane mixtures (179); reaction of alkyl 

derivatives of GroupIV8 elements with PhgCBr (180) and base 

strengths of compounds of the general formula H3M(CH2),0Me (where 

Fl = Si, Ge; n = 2, 3, 4, 6) (181). 

Spectral studies 

A number of publications on the spectral investigations of organo- 

germanium compounds have appeared. 

IR and Raman studies 

A revieu article on the infrared and Raman spectra of inorganic 

and organometallic compounds has appeared (182). According to the 

data of IR and PFlR spectra, in organosilicon and organogermanium 

compounds containing unlike substituents, the degree of dn-pn 

interaction is not the sum OP the contributions of the individual 

substituents but is determined by the nature OP the latter (163). 

Infrared spectroscopy has been used to investigate the relative 
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basicities end the effects of dn-pn interaction of various 

oxygermanes (184) and peroxides of the type Ph3GeClOSiR3 (where R = 

me, Bu, Ph etc.) (185). 

On the basis of Raman and infrared spectra under various 

conditions, together with the observed depolarization values, it has 

been possible to make a new vibrational assignment for the molecules 

of the type XSMCo(C0)4 (where N = Si, Ce, Sn; X = Cl, Br, I) (186). 

Onaka reported the infrared absorption spectra (2200-50 cm -l) for 

molecules of the type X$Wln(CO)S (where II = Si, Ge, Sn; X = Cl, Br, 

I). The metal -metal stretching force constant varies with the 

halogen atom, and increases as the electronegativity of X increases. 

The force constant depends also on the Group IV B atom, and 

increases in the order of: Si-Kn >Ce-Nn >Sn-Nn (187). 

The perturbation theory treatment of Overend and Scherer has been 

applied to compounds of the type RSNCORI or R$VCONR3 (uhere R, ~1 = 

alkyl or aryl). The results show a-metal CO electronic interact&z 

to be of similar magnitude for C, Ge and Sn. The ~(CIJ) values for 

the series PhSNCONe suggest, not surprisingly, that (d-p), bonding 

is less impcrtant for Ge and Sn than for Si (188). Cuillory and 

coworkers reported the use of Fourier trensform spectroscopy for 

obtaining Par infrared spectra of matrix-isolated species (189, 

190). 

Rosenberg and Ozier used standard far infrared equipment to 

make accurate frequency measurements of the pure rotational lines 

in GsH4 (191). The normal vibrations of some methylhydra- silanes 

and - germanes have been calculated using the force constants 

obtained from the modified Urey -Bradley force Field treatment of 

the observed vibrational frequencies (192). Some mixed halides of 

the type ClgGeBr, ClpGeBrp etc. (193) and hydrohalides of the type 
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HGeBrI2, HCeElr21 etc. (27) h ava been identified by Raman spectroscopy 

in various halogen-exchange reactions. Haszeldine et al. used 

infrared spectroscopy of several Group IV8 element substituted 

transition metal complexes to study the trans.-influence of substituted 

silyl, germyl and stannyl groups (194). Other studies and articles 

include: mechanism of methoxyphenyl-carbene insertion into GroupIVB 

element -hydrogen bond (32, 33) (see also p-8); facile and reversible 

homolysis of Fe -Ge bonds by Lewis bases (62); calculation of 

electrooptical parameters and absolute intensities in Raman spectra 

of some methylchlorogermanes (195); IR spectroscopic study of the 

reactions of silica -germania absorbents (196) and Aaman radial mode 

of gaseous germacyclopentane (197). more specific studies include 

the Follouing compounds: 

(T+CsH5)2Ge (1 8, 19); germylcyclopentadienes and germylindene (198); 

(Me$CH2)4Ce (22); MX4 (fl = C, Si, Ce, Sn etc.: X = F, Cl, Elr, I) 

(199); XCH2YH3(-03) (X = Cl, Br; Y = Si, Ge) (200); Ge04 (201); 

GeH4 (202); Re4E (M = C, Si, GE etc.) (203); t&FS)3Gd2=2L 

(L = Ph3P, Et2NH etc.) (40); 3-Ge-1,7-BgC2Hll (52); 1,2,3,-GeRgHgCHE 

(E = p, As) (53); (C5H5)2TiCePh3 (55); MegilMn(CO)5 (M = Si, Ge, Sn) 

(204); (CO)5TlSb(T'l~e3)3 (M = Cr, MO, W; Tll = Ge, kin) (57); 

(CO)gMTe(M1fle3)2 (M = Cr, MO, W; Ml = Ge, Sn, Pb) (58); 

Ph2GeFln(CO)4COMe (60) (see also p.20); H3GeRe(CO)s (61); 

(CSHS)Fe(CO)2MX2Ni(CO)(CSHS) (M = Ge, Sn; X = Cl, Br) (63); vinyl- 

substituted germanium derivativesoftransition metal carbonyls (64, 

65) (see also p:22);'TT-C5Hg(R3Ge)(L)Ni (R3Ce = C13Ce, PhgGe, Er3Ge; 

L = Et3P, Ph3P etc.) (66); Os(CO)4X2 (X = Me, H3Ge, Ph3Sn, me3Pb 

etc.) (67); H3GeXIr(CO)Cl(PPh3)2 (X = Cl, Br, I) (68); qermylhydra- 

tines and germyldiazenes (69); germanium phosphinimines (70); 

81e4_nM~=C(CF3)~n (Fl = Si, Ge, Sn; n = l-4) (73); me3RQ(CF3)2 

(Pl = Si, Ge, Sn; 9 = p, As) (76); secondary germanium-arsines and 
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mixed Ce- Sn arsines (79); f'legCeO2SMe (205); R3MOOM1R13 (R = Me, Ph; 

R1 = Pie, Et, Bu, Ph; pi, Ill = Si, Ge) (206); tributylgermanium oximates 

(60); cyclic germanium 1,4-cyclohexanediolates (61); germoboroxanes 

(93); XC6H4gSGeMe3 (X = P-N&~, m-Cl, p-me etc.) (85): R~SMMe3 

(R = alkyl,Oaryl; M = Si, Ge, Sn) (86); Me4_,M(SelW) n Trn = Si, Ce, 

Sn; n=l -4) (87); triethylgermyl-substituted dihydrofurans (69); 

Ph2M(CsC-C=-CH)2 (94); ~e3FlC=C-C=CMfleg (Fl = C, Si, Ge) (95); 

germaniumacetylide (207); germacyclanes (96, 103-105, 111); 

/o, 
Et3Ge(CH2)30CH2CH-CH2 ( 114); (CSHS)2Ti(CH2GeMe3)2 (127); R3llCOOH 

(R = H, fle, Ph; M = C, Si, Ge) (142, 143); H3M(CH2)nOMe (m = Si, Ge; 

n = 2,3,4,6) (181); pseudohalo(methyl)germanes (208); and some 

germanium complexes (209-211). 

NMR studies 

Satge and coworkers used NllR spectroscopy to characterize the 

products Formed in various reactions of divalent organogermanium 

intermediates (96, 103, 116). In the compounds OF the type PleH2GeX 

and MeGeX3 (uhere X = CN, NCS, NCO) the NNR evidence strongly 

Favours Ce -N bonding in -NC0 and -NCS derivatives uhich is 

supported by vibrational spectra. For the cyanides the NmR evidence 

suggested a carbon -bonded CN group with just a possibility of some 

isocyanide also being present (208). The integrated absorpotion 

coefficient of the C SC and acetylenic CH valence vibrations varied 

linearly with the acetylenic proton NIIR chemical shift (at infinite 

dilution in CC14) in a series of R3RC ICH compounds (where R = Fle, 

Ph; fl = C, Si, Ge, Sn, Pb) (212). However, no simple relation 

between the 13C-NRR shifts of the acetylenic carbon and the IR data 

uas Found. The results are interpreted in terms OF (d-p)n eFfect 

involving vacant d orbitals of Pl and the 7\; electrons of the triple 



bond. Job and Curtis studied the photochemistry OF a number OF 

germanium NflR spectroscopy to characterize Various 

reaction products (64, 65). The ratio of various isomers in the 

reactions of organogermanium amides with ketene (119), germyl- 

phosphines with ketene and #-diketones (74, 107) and hydrogermylation 

of naphthyl- containing ditertiary acetylenic Y-qlycols (89) has 

been determined using N!‘lR spectroscopy. The 5Slln-NmR spectra of 

compounds of the type R3flPln(C0)5 (uhere R = Cl, Ph, C6F5; fl = Si, Ce, 

Sn) have been studied (213). The large range of chemical shifts is 

attributed to increasing G- donor ability OF the liqands in the 

order: GeC13< SnClg< Ge(C6F5)3( SnCl2Ph etc. The mechanism and 

stereochemistry of addition of qermylamines to the esters of 

acetylene dicarboxylic acid (71) and various reactions of qermacyclo- 

pentenes (98) have been studied using NMR spectroscopy. Other 

studies and articles include: spin delocalization of Group IUB 

elements in organic compounds (214); variable temperature 1H-NFIR 

spectroscopy cf some qermylcyclopentadienes (198); qermanotropic 

equilibrium (215); NllR spectra of proparqylic andellenic derivatives 

oP Group IVB elements (216); restricted rotation about the carbon- 

Group IVB element single bond (162); C6H6 vs. C6F6 induced solvent 

shifts in PRR spectra of methyl derivatives of Group IV8 elements 

(217); 13C-NBR chemical shifts OP methyl groups in the compounds of 

the type Fle$lSPh (where N = C, Si, Ge, Sn, Pb) (218); 73Ge-NRR 

spectra of CeX4 (where X = 21, Br, I) (219); 14N-NNR spectra of the 

alkyl -element-azides (element = B, Al, Tl, C, Si, Ce, Sn, Pb, As) 

(220); phase transitions in solid germane (221) and IlB-NmR spectra 

of some phosphagerma- and arsagermacarboranes (53). flare specific 

studies include the Following compounds: (TI-C5H5)2Ge (16); 

tetra-1-adamantyl-germane (21); (fle3CCH2)4Ge (22); R3flCliXC6H4Y 

C uhere R = alkyl, Ph; fl = Si, Ce, Sn; X = One, NCnH2n (n = 2, 4) and 

Y = p-One, p-fle, p- Cl, H] (33); 3-Ge-1,7-BgC2Hll (52); 
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PhpGeMn(CO)4COFle (60); (CSH5)Fe(CO)2mX2Ni(CO)(CSH5) (where fl = Ge, 

Sn; X = Cl, 6r) (63); n-CgHg(RgCe)(L)Ni (where R3Ge = C13Ce, ErgGe, 

Ph3Ce; L = ph3P etc.) (66); Os(CO)4X2 (uhere X = me, H3Ge, Ph3Sn, 

Me3Pb etc.) (67); H3GeYIr(CO)Cl(PPh3)2 (where Y = Cl, Br, I) (68): 

germylhydrazines and germyldiazenee (69); Me4 -nmb=C(CF3)2Jn 

(uhsre Fl = Si, GE, Sn; n = l-4) (73); Me3NQ(CF3)2 (where M = Si, Ce, 

Sn; Q = P, As) (76); Ce -;Is bonded compounds (79); germanium- 

transition metal complexes (57, 58); some Ge-S (85, 86) and l&-Se 

derivatives (87); compounds containing heterocyclic germanium (97, 

99, 101, 104, 105, 108, 110); oc,fi and 7 -phenylchlorogermyl 

alcohols (109); carbon -functional germanium compounds (113, 114, 

143, 181); tetrametallomethanes containing Group IV8 elements and 

boron (126); (CgH5)2Ti(CH2GeMe3)2 (127) and mixed halides of the 

type C13Si(CH2),CeC13 (where n = 1, 2, 3), (XNe2SiCH2)2GeC12 

(where X = F, ONe, OSiPleg, H) etc. (15). 

Miscellaneous 

The characterization of organometallic radicals by ESR spectros- 

copy has been reviewed (222, 223). The ESR spectrum of a series of 

ally1 radicals (tH2CH=CHCH2l'lR3, where NR3 = fle3Ge, MegSi, EugSn etc.) 

show a temparature -dependent variation of the hyperfine splitting 

constants. These radicals exhibit a barrier to hindered internal 

rotation which increases uith atomic number (224). Bennett and 

Howard reported the radical stabilities of some peroxy radicals to 

decrease in the order MegPbOO' >mogSnOO'> MegSiOO' with the 

position of NegGeOO' in some doubt (225). The study has been made 

(by means of ESR spectroscopy) of the structures of some C, Si, Ge, 

Sn containing methyl and chloro radicals ('Flfie3 or'flCl3) (226). 

The trichloro radicals have been found to be more nonplanar than the 

trimethyl radicals. ihe spin delocalization of Group IV8 elements 

Ffd~ces p. 64 



in organic compounds was studied by determining the NWR and ESR data 

For the nitrosyls Fle3XC6H4N(<)CFle3 (uhere X = C, Si, Ge, Sn, Pb). 

The spin transfer mechanisms at X in rehybridization were discussed 

in terms of resonance structures and symmetry change uithout 

considering (p-d)n delocalization (214). The radical- anions, 

PhvJ7i%-CHp (93), the radical cations of p-trimethylorganometal-N,N- 

dimethylaniline (227) and the addition of organo-silyl, -gecmyl and 

-stannyl radicals to cyclopentadiene (228) have been investigated by 

ESR spectroscopy. West and Eoudjouk reported the ESR spectroscopic 

data For some organo-silyl and -germyl nitroxides (229). 

Plass spectrometry of inorganic and organometallic compounds 

(including those of germanium) has been the subject OF a monograph 

(230) and Four review articles (231-234). Ion-molecule reactions 

occurring in ionized monogermane have been studied by high-pressure 

mass spectrometry and rate constants For second-and third-order 

reactions of all primary ions have been measured. As expected the 

reactions observed and the specific reaction rates are much more 

similar to those occurring in monosilane than to those occurring in 

methane (235). miller and coworkers reported the mass spectra of 

compounds of the type R3flXC6FS (where R = me, Ph; M = Si, Ce, Sn; 

X = 0, s). It has been shown that sulfur and oxygen compounds 

undergo Fewer rearrangements leading to the Formation o? metal 

fluorides than do simple pentafluorophenyl derivatives (236). Rass 

spectroscopic data have been reported For the following compounds: 

('A-CSHS)2Ge (18); alkylgermanes (237, 238); germylcyclopentadienes 

(198); organoqetmanium esters and oxides (SO); Ce-B bonded 

compounds (52, 53); Ph2GeRn(CO)4COfle (60); H3GeRe(C0)5 (61); Ce-Ni 

complexes (63, 66); FIe3PlPln(C0)5 (Pl = Si, Ce, Sn) (204); megGeO2SPle 

(205); germacyclanes (81, 99, 101, 104, 239); R3fWHXC6H4Y (R = 

alkyl, Ph; fl = Si, Ge, Sn: X = Ome and Y = p-Olle, p-lie etc.) (33) 

end pseudohalo(methyl)germanes (208). 
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The photoelectron spectra of rleql'l (fl = C, Si, Ce, Sn, Pb) (240), 

uinyl- and allylgermanes (241) and HSMlW(CO), (ml = Si, Ge, M = mn, 

Re for n = 5; R = Co for n = 4) (242) have been reported. 3011~ and 

Perry used X- ray photoelectron spectroscopy to assess 'dt orbital 

participation in compounds of silicon and germanium. The results 

indicate relatively strong pTT-dEbonding in the tetramethyl 

derivatives and the tetrahalides of both szlicon and gsrmanlum (243). 

The banding energies for some related Ge, Sn and Pb compounds have 

been determined by X-ray photoelectron spectroscopy (244), 

The subject of microuave spectroscopy OF organometallic and 

inorganic compounds has been reviewed (245). The microwave 

spectroscopic measurements have been made on H3GeNCO (246), HsGeBr 

(247), IlegGeEr (248) and ReGeHpF (249). Some other studies and 

articles include: UV data for Qermyld~aZWIeS (69), PIeb - nm k=C(CF3)23n 

(fl = Si, Ge, Sn; n = l- 4) (73), XC6H4;SGePle3 (X = p-N02, m-Cl etc.) 

(85) and R~SlWleg (R = alkyl or aryl; MO= Si, Ge, Sn) (86); NOR 

spectra ofSGroup IVB organometallic halides (250); spin-rotation 

constants for the hydrogen or fluorine nuclei in compounds of the 

type NH4 and RF4 (N = C, Si, Ce) (251); the rotetional spectrum of 

CeH4 (252) and flegGeH (253): electronic spectra OF some organo- 

germanium complexes (254); CH-valence vibrations of compounds of 

the type fle4Fl (fl = C, 

spectroscopy molecular~~r~f:a~n~p~~~r~2~~)m~~~a~~,r~~~~~o~~~iss~~ 

germane (256). 

Various investigations of crystal structures in_U.S.S.R. have 

been revieued (257). The reports regarding structural data for 

various organogermanium compounds include: X-ray diffraction study 

of (ph3Ge)pO (259) (Ci9.1): Crystal structure of (C6Fg)4Ge (259); 

electron diPfraction study of the molecular structure OP 
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FiE. 1. Geor;etry of the nolecule (Ph3Gej2C [fro- I.-G. Kuz'nina 

aid Yu. T. Struchkov: Zh. Strukt. Khim., 13 (1972) 885-J 

hil!) 

Fig. 2. Stereoscopic view of (MeGel S 
46 

Ehowiag the atom numbering 

system used; S(5) and ~(6) lie on a crystallographic two- 

fold axis rfrom R-A. Benao and C.J. Fritchie: J. Chem. Sot, 

Dalton Trans., (1973) 543.1 
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bis (trimethylqermyl)ketene (260); crystal and molecular 8trUCtUre 

of (IleqN)SPt(GeClS)S (261); unit- cell data For phenyl(triphenyl- 

9ermYl) diazomethane (262); X-ray crystallography of 

Ru2(GO)4G&(GemeS)2 (263) and (NeGe)4S6 (264) (Fiq.2) 

Analysis and applications 

The USB OF gas chromatography For inorganic and crqanometallic 

compounds (including those of germanium) has been the subject of a 

book (265) and a review article (266). It has been shown that 

orqanometallic derivatives of the series Et$lH and Et4m (R = Si, Ge, 

Sn) can be separated by the methods of gas adsorption and gas- 

liquid chromatography. The values of the absolute ratainable 

volumes, heats of adsorption, and dissolution of the indicated 

compounds on adsorbents and solvents of different types were 

measured (267). 

Various claims regarding applications of orqanoqermanium cornpoUr& 

include: carboxylethyl germanium sesquioxide in the treatment of 

hypertonia (268); tetravalent germanium compounds as polymerization 

catalysts (269); mathylqermanium trichloride as a stabilizer to 

prevent the discoloration of maleic anhydride at elevated temperatures 

(270); germanium-acetylenic derivatives as high-resistance semi- 

conductors (94) and tetramethylammonium salts OF the MCl-3 (Pi = Ge, 

Sn) anions as convenient solvents For some homogeneous catalytic 

reactions of olefins (271). 
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