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Bocks and reviews

Apart from the Annual Survey cavering the year 1971 (1), a
review on the chemistry of organometallic compounds aof Group IV
elaments has appeared (2). In a review article Satgé et al.
discussed the synthesis and reactions of divalent speciss of
germanium (e.g. dihalogermylenes, diorganogermylenes and germylene)
and such species as starting materials and intermediates in
organogermanium chemistry (3). The r.eparation and reactions of
various radicals containing Group ..Jd elements have been reviewed
(4). Feu other general articles (5 -8) which cover broad aspects

of organocgermanium chemistry have appeared.

Review articles on specific classes of compounds are included

belou under the relevant headings,

Direct syntheses and germanium-haloge.. compounds

Kocheshkov and couorkers extended their studies (see AS71;

p. 126) on the direct synthesis of higher alkyltrihalagermanes (3):

RBr + Ge sealed tube o RGeBrg
220° ; 13 hrs,

[R = n-C4Hg (51%); n-CgHyz (65%); n-CgHi7 (55%)]

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

radiation (69Co Y-rays):

180 - 200° ; 10 - 15 hrs,
sealed tube

- n-C4HgGeBrz
(54%)

n-C4HgBr + Ge

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

with methyl chloride to form methylchlorogermanas have baen



measured at 426.79C. 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 CuCl:

CH3ClL + Cu ————— CH3' + CuCl

This would provide a mechanism for the transpart of capper (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 orgenotriiodogermanes have been prepared by the
reaction betueen germanium tetraiodide and organic iodides in the
presence of zinc dust in an inert atmosphere (nitrogen or argon)

(13):

180 - 2009
5 hrs.

Gelgy + RI » RGelg

[R = CgHyy (48%); CgHyz (52%); CoHys (55%); CgHg (S3%)]

Mironov et al. studied the reactions of germanium with gem- and
oty W ~dihaloalkanes (15) and (chloromethyl) silanas (14, 15) with the
ob ject 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) X Ge/Cu_____ 3, x(CHp)nGeX3 + X3Ge(CHp)Gexs
370 - 380°

(x =Cl, Br; n=1=5)

=]

iCHz GBClz
e 2

(1) (11)

Me Ge/Cu Me

XSiCHpCl — % XSiCHpGeCly + X
1

Me Me

3-n=3

[x = fF (1, 6%; 1I, 47%):; ome (I, 8%; 1II, 26%); 0OSimez (I, 5%;
11, 41%)]

Ge/Cu
Cl3Si[i‘.HC.l _— > Cleifl.‘HGeCI:g + (C13Sifl.‘H)2L;BC12

Me Ma Me

(32%) (12%)

ClMes _ nSiCH,C1L Ge/Cu o i Mes. ,SiCHpGeCls +
370 - 4000
+

(n= 0-3) (CloMes _ nSiCHp)oGeCls

Chart 1. Direct synthesis of some organogermanium caompounds,

The mechanism of insertion (sse AS 72 ; p. 223) of GeCla:
(generated fram its dioxane complex) into carbon-chlorine bonds
has beesn studied through an examination of its reaction with

benzyl chlorides (16):

GSC12= + RCGH4CH2C1 -_—)» RC6H4CH269C13

(R = p-Me, Y, p-Br, p-Cl, m=-CF3; yield: 80 - 95%)

The rate of insartion decreased in the stated arder of R.
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The method of preparation of phenyltrichleorogermanes of the type
ClnaCgHg = pGeClyg (n = 1 - 3)bydirect chlorination of phenyltrichloro-

germane at 70 - 75° in the pressnce of a catalyst (e.g. FeClz) has

Alkylation and arylation

Curtis and Scibelli reported the synthesis of bis(7TC~-cyclopenta-
dienyl)germanium (germanocens) according to the reaction (18, 19):

- o
CeBrz + 2CgHglNa ——————19————>-(c5H5)2Ge + 2NaBr

Et,0
(68%)

The polymerization af solid germanocene has been shown to occur much
more rapidly than that of stannocene. Aside from its high reactivity
toward oxygen and its tendency to polymerize, gesrmanoccene is
surprisingly unreactive compared to the germanium dihalides and

other carbenoids. The lack of carbenoid reactivity has been
attributed toTT-bondirg betusen the cyclopentadienyl rings and
germanium. Striking spectral similarities between germanocene and
JX-bonded metallocenss are observed.

The preparation and praperties of the cyclopentadienyl, indenyl
and fluorenyl derivatives of Group IVB elemasnts have besn reviswaed
(z20).

The synthesis of tetra=-l-adamantylgermane {21) and tetransopentyl=
germane (22) has been accomplishaed either by using the appropriats

organolithium reagent ar via a Wurtz=fFittig type reactian:
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Naj; raflux
cyclohexane

GeCl; + 4CjygHygBr

» (CygH}s5)4Ge

(26%)

GeCl, + 4MesCCH,Li n-hexanse . (mesCCH,)4Ge + (MesCCH,)sGaCl

-LiCl

The alkylation or arylation of germanium tetrahalides could be

achiaved accerding to the reaction (13, 23):

gel, + RI + Zn 160-200° . R,Ge

inert atmos.

[r = Bu (85%); Ph (52%)]

The chemistry of polyfluoroaromatic (24) and fFluorealicyclic (25)

derivatives of metals and metalloids (including those of germanium)

has besn revieuwed.

Germanium-hydrogen compounds

Nametkin and couorkars extended their investigations (see AS 72;

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

hydrides in the presence of triethylamine (26). 1In the presence of

squivalent amounts of triethylamine, the hydrogen-chlorine exchange

has baeen shoun to occur readily hetween garmanium tetrachloride and

silicon hydrides of the more varied compasitions and structures

giving almost quantitative yields of the complex HGeClz.EtzN:

cecl, + RrRIRZsiHCl EEaN
o° hydrocarbon
solvent

HGeClz.EtzN + RLIRZsicl,

(Rl = alkyl, aryl,

RZ = Cl, alkyl, aryl)
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The method seems to be a convenient route to trichlorogermane
complexes which are excellent starting materials for a wvariety

of organocgermanium compounds.

A high yield synthesis of triiodogermane (characterized by
Raman spectroscopy in liquid hydrogen iodids) has been accomplished

according to the reaction (27):

———— S
Gel, + HI T————— HGelj

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

room temperature:

HGel; + HI ———>» Gel, + Hy

The authors also claim that in the reaction of stoichiaomatric
amounts of hydrogen iodide uith GeBrj, or a GeBrQ/GeIZ mixture
there are formed, besides HGels, the trihalides HGeBrls and HGeBrslI,
which cannot be isolated but can be recognized from their Raman
spectira.

The sealed-tube reactions of iodine with GeH, and GeDg have been
shoun to give HzGel and D3Gel respectively (28).

Vyazankin et al. synthesized tris ( pentafluorophenyl ) germane

via follouing reactions (29):

1l hr. reflux (c6F5)3GEH + EtsGeBr

(Cst)sﬁeBr + EtsGeH
na soclvent
{89.5%)

LiAlH, Et20/PhMe
room temp.

(CgFg)5GaH
(78.5%)

References p. 61
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Unlike non-fluorinated organogermanes which may be readily
brominated at the germanium~hydrogen bonds (30, 31), the above
derivative only reacts with bromine undsr sufficiently drastic

rand
coenc

[* N

tions:

(CgFs5)3GeH + Bra PhH ; under vac. . (cgFg5)3zGeBr + HBr
100° ; 6 hrs.
(71%)

Some transition metal carbene complexes have besen found to react
with organo Group IV B hydrides in the presence of a coordinating

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

RsMH + (CO)gMIC(X)CgHaY —N2%3N8 o p-MCHXCgHsY + ML(CO)g.base

base
(46 - 82%)
[R = Et, Pr, Ph etc.; M = S5i, Ge, Sn; Ml = cr, Mo, u;
X = OMe, NCpH2n (n = 2, 4) and Y = p-0Me, p-Me, H, p=-Cl

A number of competition experimsnts using the reaction:
RsMH + cr(co)g Ec(nme)prﬂ
hexane CgHghN
RaMCH(OMe)Ph + Cr(CO0)g5.CgHsN + cis=Cr(CD)4.2C5HgN
(R = Et, Pr, Phostc.s M = Si, Ge, Sn)
have been carried out to show that the susceptibility of R3MH to

insertion of the fragment [}C(Dne)Pﬁ] varies in the order:

Et3SiH > Ph3SiH < PhsGeH << Ph3SnH, PrsSnH



Eaborn and Jenkins observed that triphenylgermane readily
undergoes hydrogen-exchange (at the Ge - H bond) with alcohols in
the presence of a base (34). Thse exchange probably arises from the
reversible reactien:

- ——— -
Ph3GeH + OR™ T—————— Ph3Ge~ + ROH

germanium-metal compounds

Uyazankin and couarkers extended their studies on the preparation
(see AS 72 ; p.228) and reactions of organogermyl-mercury derivatives
containing pentafluorophenyl fragments (29, 35). These are

summarized in Chart 2.

2(C5F5)359H + R2Hg —m—’ [(C5F5)3GB] 2Hg + 2RH

[r = et, (messi)N (50%)

(CgFg)aGeH  + EtpHg ————————= (CgFg)aGeHgEt + EtH

(38%)
140°
2(56F5)3GBH + (Et3Ge)2Hg —_— [(CGF5)3G8] 2Hg + 2EtsGeH
(40%)
hv
2(CeFg)0eBr + (EtjGe),Hg— ¥ o [(C.Fo) 0] Ha + 26t GeBr
PhH
(75%)

References p. 64
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THF
(CeFc)=lisf obHg + HaCl o 2(CgFg)3CeHgCl
[653]2 2 e 6
PhiMe Uy 1
60 hrs. | S0 - 60° 2(CeFs)3GeCl  + 2Hg

Hg + (CgFg)zCeCe(CgFgls + (CgFglzGeH + (CgFg)3GeCHzPh

(94%) (52%) (32%) (247)
(89.5%)

(CgFs)zGeHgGeEts + (CgFg)3SnBr

PhMe, UV
209; 30 min.

evacuated
Mo-glass tube

(CgFg)3SnHaGe(CgFg)y + EtzGeBr

(47%) (87%)

o,
(EtsGe)oHg + 2(CeFglasnBr —2 31 M=o [(CoFg)aSn], +  2EtsCeBr
+ Hg

20% : 1 hr. |Phite ; UV

(CgFs5)35nHESn(Cefs5)y + 2EtzGeBr

(a7%)

Chart 2. Synthesis and reactions of soms organogarmyl=-mercury
derivatives.

The preparation of l-triethylgecrmylmercury derivatives af 1l,2-
and l,7-dicarba-closo-dodecaborane I}ﬂ has bean achieved via thse

reactions (38):
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(EtzGe)oHg + Hg{CpB3gH1gR)p ——————@ 2Et3GeHgC2B)gH)gR
R1H9C2810H10R

Et3GeHgCyBgH gR  + EtzGeHgRl

(R = H, me, CH2Cl, Ph;Rl = cC1, me, Ph)

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

phenylgermyl) mercury involves the reaction (37):

2(+)-R30e*H + t-BuyHg he;a“e $ V8C. . (-)-(R3Ge*)pHg + 2t-BuH
80" 5 8 hrs.

[R3Ge* = ma(1-c;qH,)PhGe*]

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

type:

(RyGe*),Hg + Hg(CH,COOMe), THF s vac. o 2(+)-R3Ge*CH,COOMe
9 days
+ 2Hg + (R3Ge*),0

(87%) (20%)

The reactions of bis (triethylgermyl) cadmium with carbonyl
campaunds probably proceed through the intermediate formation of
::E—U—GeEt3 radicals, which dimerize or withdraw hydrogen from the
carbonyl-containing compound (38). Some of these reactions and
others with compounds containing multiple bonds are given in

Chart 3.
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/ — —
(EtzCe)ed + 2 | =2 DES: o cd 4 Et3CeN, >_< NCeEts
X™N 120 (100%) — —
(60%)
FhC=CPh 3 Phfle PRC=CH ; PhMe
130° ; 3 hrs. 120° ; 5 hrs.
p? ?h \\\\\\\\\\\‘~
EtzGeC=CGeEt; + Cd Et;GeC=CPh + EtsGeH + Cd
(68%) (85%) (58%) (60%) (97%)
(EtzGe),Cd
2CgH5CHO 3 PhMe MeoCd ; 120° ; 6 hrs.

20° ; 20 hrs.

|
(CgH5CHOGBE L) Et3Ge0Pri + (EtzGe)s!
(71%) (25%) (10%)
+ (EtzGe), + Cd + (Et3Ge)2 + Cd
(15%) (98%) (32%) (86%)

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

Uyazankin et al. studied the hydrogermolysis of cadmium-carban
bonds (see AS72 ; p.231) to synthesize same germanium-cadmium bended
compounds (39) and studied their reactions. Soms of thair results

arse compiled in Chert 4.
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o]
R3GeH + EtpCd.L ——20_ 5 RiGeCdEt.L + EtH

(R =
TMEDA)
H»0 5 PhMe RzGeH
2 110° ; 5 hrs. 3

PhzGeH + EtH + Cd(OH), (RzGe),Cd.l + EtH
(75%) (100%) (80Z)
(R= Et, Phy R = Ph, L = Diglyme, HMPA)
(TMEDR = N, N, Nl, Nl-tetramathylethylenediamine)

CHzCOOH
(PhzGe)oCd. TMEDA —ﬁb Ph3GeCdOCOCH3.TMEDA 4+ PhzCeH

(65%) (e8g)
EtBr

Ph;GeCdBr.TMEDA + PhsGeEt

(R3Ge),Cd + Cdxp, — M8 o 2p gecax

100 = 150° | Phme

RzGex + Cd

(R =Et, X =Cl, Bry, I3 R = Ph, X = C1)

Chart 4., Synthesis and reactions of some germanium—-cadmium bonded
compounds.

Some complexing reactions of bis [ﬁri(pentafluorophanyl)garmyg

cadmium have besn reported (29, 40):

References p. 64
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PhMe
2(CgFg)3GeH + EtyCd — 8 o [(£eFe)s0e] oCd

80 ~ 100
'(//1:T

[(ceFs)30e] 2Cd.nL

(CgFg)3GeCdsEt [(cgF5) 368 pCd.2PhzP + 2EE,NH

+ (CgFg)3GeSEt + Et,5p
[p = PhzP; (Et3E)oX where E = Si, Ge, Sn and X = S, Se, Te; THF atc]

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

could be utilized to synthesize germanium=-zinc bonded derivatives

(41):
BMEE
PhzGeH + EtsZn 5—® PhzGeZnEt.BMEE + EtH
20 - 100
(71%)
PhaGeH MEE
0 - 150°
(Ph3Ge)22n.BMEE + EtH
(76%)
excess CHzCOOH 2EtBr Br(CHsy)2Br
100° 3 2 hr 100130 min. 100° ; 15 min.
2PhzGeH 2PhaGeBr + Et2Zn 2Ph3zGeBr
(91%) (61%) (73%) (84%)
+ Zn(0COCH3)2 + ZnBrp.BMEE + 2CH2=CH2
(92%) (93%) (90%)

(BMEE = bis=-2-methoxysthyl ethsr)

Some reactions of the alkali metal derivatives of germane have

baen reported (42, 43):
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2H3GeNa + ClCHpCHCl ————3% H3GeCHyCHyGeHs + 2NaCl

HzGeK + ClCHpsme —HOET o pogecH,SMe +  KC1

diglyme
DO

H3GeK + MezB » KGaHz.BMez (ref. 43)

The preparation of solutions of trialkylgermyl-alkali metal
derivatives has besn accomplished (both in polar as uwsll as nonpolar
solvents) aceording to the reaction (44):

PhH
-20% 5 3 hrs.

(R3CGe)2Hg + 2M —» 2RzGeM + Hg

(R = Et, i-Pr; M = Li, Na, K)

Some reactions of these compounds are given in Chart 5.

1.PhH

EtzGeM + Phol0 ————-—> Et3GeCPhy
2.HOH S
in ths | presence (44 - 68%)
aof equipolar amount
of HMPT‘
Et3Ge?Ph2 + (EtzGe), + PhyCOm
OH (70%) (detected bty esr)
(2%)
(M= Li, K)
R3GaM 1.CHp=CHy _ RGeCHpCHz + MOH

2. HOH

(R = Et, i-Pr; M = Li, Na, K; yield of R3GeC2Hs decreases in going
from Li to K)

i-PrqGeNa + nazsiHC1 —_— i—Pr3Ge?inez + NaCl
H

Chart 5. Reactions of trialkylgermyl-—-alkali metal derivativss.

References p. 64
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Grganometallic compounds cuntaining metal-metal bonds {including

those of germanium)have besh the subject of a revisuw (45).

Satgé and coworkers studied the thermolysis and photolysis of
polygarmanes and observed these reactions to provide a variety of
germylgermylenas (46) which could be used for a variety of other

synthasas(ses Chart 6).

Ph c1
‘ o L) l 1)
phtlzce-gglgec1zph 5 34 hrs. Ph-ge-BePh + PhBeClz
. laed tubse a
ey sea [ )
.\‘\\”"ZPhGaCl
Ph_ H2E§ /I‘!a Fl’h Me
’,Ga: + F followed $ PhMeyGe~-Ge '
PhCloGe 4;;\ by MeMgl
Hof e and HOH (10 ~ 20%) Me

PhGe(0Me)z + 3PhCloGeH — g (PhClsGe)zGePh + 3MeOH
uv

2PhC12Ge" + PhGeGeClzPh

PhCloGaGaCloPh ——p PhGeCl + PhGsClz

1. HpC=C=C=CH> | >, mamgr; E£t,0

Me Mo
3. HOH Me qe Me
PhGeMaz + Phfles;GelGeMegsPh + Ph?e { + Phﬁa-?e ”
Me " Me Ph Me
(30%) (12%) {48%) (10%)

Chart 6. Reactions of polygermanes.

Some polyasrmanes have been synthesized asccording to the rsaction
{a7):
1 20°
CgHgGeHy + RNHy (or RNH) ——Z— .5 GezHg + GazHg + CsHg
(20%) (45%)

(R = me, Et, CHyPh; Rl = Et, n-Bu)
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The normal and branched gsrmanss of higher chain length
[GenH2n+2 {n=4, 5)] could be obtained by the pyralysis of GezHg
at high temperaturas (<300°) (a8).

The results from the pyrolyses of HzGeSiH, in the presence of
axcess (10 :1) of MeSiHz and MeSiD3 clearly desmonstrate that

HzGeSiH; decomposed by equation [}} and possibly by equation [2} (49):
. S s
HzGeSiH; &—=——————— SiH; + GeHz [1]

H3GBSiH3=> SiH, + GeH, [2]

The Pact that no silylene (SiH,) insertion products werse found
under canditions when this diradical has bgen trapped suggests

that step [é] is lass significant.

It has been shouwn that while hexaphenyldigermans is unreactive
touards acatic acid and chloroacetic acid in boiling xylena,
trichloro- and trifluoroacetic acids cleave sither one or twuo

phenyl groups according to expsrimental conditions (50):
PhzCeGePhy + X3CCOOH —— 3 GepPhg(OCOCX3) + [Gaphz(UCDCX:,S_-Iz
(x = F, Cl1)

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

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

oxides:
Ph2 Ph2
Ge— Ge
ag. Me,CO / '\
Goa2Pha(0COCX3)2 toom temp > O 0 + 2CX3COOH
Ge~™ Ge
Pho Pho

Referencesp 64
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NEZEU ;Hzo

p (GePhp0)4 + (GePh2H)20

reflux
KI 5 HoO
GeoPh,(DCOCXS)2 Fa7C0 # (CePh,0)z + (GePhyH),0
Ho0
NaDh » (GePhp0)3 + H2

(x = F, C1)

The reacticns aof carboranes (containing Group IV B slements) with
hydrogen chlaride have baen shouwn to proceed as (51):
HEl
H -MaaMCy83H7 —————p Me3MC1l + C2B4Hg
1l hr,

(M = 5i, Ge, Sn, Pb)

The rate of cleavage has bheen shown to bs in the order

Pb, SNn>Ge>>Si. These results are viewed as a consequence of the

raelatively polar B-Sn and B-Pb bonds which would bs expected to bs
highly susceptible to hydrogen chloride attack, in contrast to the

lass polar boron ~metal bonds in silicon and germanium derivatives.

Somg germacarboranes have bean prepared via following reactiaons
(52, 53):

il > 7,9-BgCoH;, 2~
n-Buli

NE3NH+7,9’BQC2H12-

PhH el2

3‘68—1,7-59C2H11 (raf. 52)

Me3NH*7,8-BgH) nCHE™ ::: % 738-BgHgCHEZ™

elsp
PhH _zFiux

1,2,3,-GaeBgHgCHE
(e =B, 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 1V ligands for ths year 1972 has been revieswed (54).

Razuvaev et zl. extended their investigations (ses AS 72; p. 237)
on germanium - titanium bonded derivatives and reported some of their

reactions (55) (see Chart 7).

(CgHg),Ti(GePhs)o o 5 (CgHg)oTiCly + 2PhsGeH
HCl-gas
209 ; PhH | 2cCl,
o -
(CsHs)2TiGePhy :0 £ PhH o (CgHg),TiCl, + PhsGeCl + CoClg
CCl,4
L (81%) (75%)
+ Ph3zGeCl + C3Clg
.
(CsHg)Ti(GePhs), 100" 5 THF » (CgHg)pTiGePhy + PhsGeH
PhMe or
dimethoxyethane + (Ph3Gs)2
dioxane | HCl—gas
(CgHg)oTiCl, + PhsGoH @—ncoSS (CgHg)»TiGePhs + &Ho
HCl-gas dl

Chart 7. Reactions of germanium - titanium bonded derivatives.

Organometal - phosphine (56), =-stibine (57) and - talluride (58)
substituted complexes of Cr, Mo and W have been synthesized via
following routes:
3(MesM)3P + (CH3CN)3mi(C0)3 ————— [(Fl93ﬂ)3|;_| aML{C0)3 + 3CHZCN
(M = Ga, Sn; M! = Cr, Mo; yield : 60 -85%)

(Mesm)ssb + ml(co)g ——¥Y— —p (MesM)ssb-ml(co)s + cO
(M = Ge, Sn; Ml = cr, Mo, W)

References p. 64
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(Mesm),Te + MI(C0)g +.. (Me3m)2Te-nl(cn)s + CO
- 2Nacl

2H93HCI + NazTB
(M = Ge, Sn, Pb; Ml = cr, Mo, W)

The use of soms transition metal substituted germanium and tin
hydrides has been made as models for metal - metal bond forming
reactions toward the goal of preparing polymers with an all - metal

backbone (59):

i Cop(CO)g fh
H?eﬂn(co)s 5 D-(Uc)snnﬁeCo(CU)4
Ph 25 Ph
hv
25° | Ph3SNNEES
Pho
Ph Ge
I S
Ph35SnGeMn(CO)g (oc)amn mMn(Cco) 4
Ph Nge”
Pha
Ph ppucz_FupP
2HgeM(C0)5 + Fez(c0)g ————— (0C)sMGs - Fa - CeM(C0)s5
Ph Pt L.P
0 o

(M = Mn, Re)

Graham and coworkers reported the formation of carbene complexas

from triphenyl-= and trimethyl = germylpentacarbonylmanganaese (60):

Et20 ot
Ph3GeMn(CO)s + Meli Toom temp # cis = Ph3GeMn(C0)4C_
¢ Me
Et308F4
H20
cis-—Ph3Geﬁn(C0)4C(0Et)Ha HC1 ; H20

PhaGeMn(C0)4C0Me + PhH
(1)
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On the basis of infraraed and 13C - NMR spectra, (I) (which may be
regardaed as cyclic germoxycarbens derivative of Mn) has bean

assigned an alkoxide structure:

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

according to the reaction (61):

H3GeBr + NaRe(C0)s — N 4 H3CeRe(CO)s + NaBr

The complex while broadly similar in properties to manganese analoqg,
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 shoun that moleculss of
the gensral formula [ﬁgﬁFe(ED)é]g (m = Ge, Sny, Pb) readily and
reversibly undsrgo homolytic cleavage by relatively weak Leuis bases

to produce tetracarbonyliron complexes (62):

co R co

(R = Mme, n-Bu, t-Bu, Ph; ® = Ge, Sn, Pb; B = tetrahydrofuran, acetone,
diethyl ether, dimethylformamide, pyridine, acetonitrile)

The relative cleavage propensity for metals is Ge>»Sn>Pb and for

the bases is pyridine>>acetone>>tetrahydrofuran>>diethyl ether.

The preparation of some heterotrimetallic derivatives has been

accomplished via the reaction (63):
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reflux PhH

CgHsFe(CO0)oMXoNi(C0)(CgHs) + CsHgNi(CD)X

(M = Gey, Sn; X = Cl, Br)

Job and Curtis studied the photolysis of vinyl = substituted

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

These complexes [hazca(C2H3)N s where M = Mn(C0)g, Mo(C0)3(TX~CgHg),
Co(C0)4, Fe(CD)3zNO, Ca(CO)o(NO)(CN), Fe(CO)2(Tt=CgHg) ; Mn(CO)4PPhy
and Co(CU)3PPhé] shou no tendency to rearrange to TX= allyl complexes,
instead transition metal carbonyl dimers, formed by scission of the
garmanium - 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.

[mn(co)g] > ”:H/F”g» Mn(Cco)g Nat

THF ﬂe2Ge

MexGe® + Mn(C0)5 a—"Y Y _ MesGe + NaBr
] “NCH=CH,
C2H3

dimerizes
[Fln(l:ﬂ)s] 2
hv

MapGeFe(CO)2CsHs MesGeFe(CO)pCgHg + CoHs®
C2H3 hS\ (1)

maqu + *“Fe(C0)2CgHg
CaH3 (11)



(1) + (II) —————p MezGe [Fe(CU)zCsHs]z

hv
co
Hscs(co)re-————::?Fe(co)t:sl-l5 + €O
GCe
Mes
hv
Me2GeMo(C0)3C5H; ——— - [csnsmo(c0)2]2 + [csHsme(co)s) 2

C2H3
Chart 8. Photochsmistry of vinyl - substituted germanium derivatives
of transition metal carbonyls.

Some germanium - nickel complexes have been synthesized and their

reactions studied (66):

T=-CgHg(X)(L)NI + HGeXg (or CsGeXs or Ph4Geli)

- CsHs(R3GS)(L)Ni

(RsGe = X3Ge, Ph3Ge; X = halide; L = RIzP or Rl3As; Rl = E£t, Ph)

T - CgHg(Cl3Ge) (PhaP)Ni

PhH
raflux 2 hrse.

TT-ESHS(PhCIZGe)(Ph3P)Ni TX= CgHg (EtC1,Ge) (PhaP)Ni
+ PhHgC1 + EtzPbCl

The reduction of Bsz{C0))2 by sodium in liquid ammonia gave a

crgam solid which reacted with halides to give good yields of

0s(C0)4%X2 (X Me, HzGe, Ph3Sn, MezPb etc.) and lower yields of

0s(CO) 4XH (X

me, HiGe, MesSn) (67).

Fbsucrth and Leitch observed that trans - Ir(CO)C1(PPhz), reacted
with SiHzX (X = H, €1, Br, I) and GeH4s in benzane at room temperature
to give insoluble 1 : 1 adducts. With GsHzY (Y = €1, Br, I) and

GegHg initial reaction gave soluble 1 : 1 adducts, the stereo=-
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chemistry of which was determined by NMR spectroscopy, insoluble

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

Germanium = nitrogen compounds

The preparation and reactions of a variety of germylhydrazines

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

Chart 9.

RzGeNMey + PhNHNHy ————————p RsGeNHNHPh + MegNH

(R = Me, Et) -LiCl | Eto0/ PhH or
THF

R3GeCl + LiNHNHPh
(R = Et, Ph)
(EtzGe)aNH + 2PhNHNHy ——————4 2EtzGeNHNHPh + NHg
H20
R3GoNHNHPh — 3 (R3G8)20 + PhNHNH,

PbO2 ; Et20
502
CaS04 1 hr. reflux

RzGeN=NPh g—

(R = e, Et, Ph)

Et,0
R3GeNHNHPh  + 2feli ————» RSGalN-l?Ph + 2CH,

0 Li Li
Br2 £t,0 ; - 70°

RzGeN=NPh (R = Me, Et, Ph)
H20
(R = me)"20l” Ne‘un s (R = Et)

(Me5Ge),0 + N, + PhH EtzGeOMe + N + PhH

+ PhNHNHPHh + PhNHNHPh

Chart 9. Synthesis and reactions of germylhydrazines and germyl-
diazenss.
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The phosphinimine derivatives of germanium could be synthesized

according to the exchange reaction (70):
Rlz . nGeXpn 41 + R3P=NSiMex
CHpClo

RzP=N-GeRl X + Me.SiX

J=n"n 3

These rearrange as:

rl

RL_T _~-x
1 —_————\ /GB\
2R3P=N=GeRi X ——m R3P=N\ 8/N=PR3
R ™~x
+
rl rt 2
1 \WG'//
= H = ; 8
[: Me, Et, Bu; R ma, Etj rR3P=N _ SN=PR3 2X
[M:}
= Cly Bry, I n=1, 2, 3
? ] i ’ ] Rl/ \Rl

1t has been shown that dimethyl (triorganogermyl) amines add to
the triple hond of acetylensdicarboxylic astsers, leading to the two
isomgrs., Thae mechanism, of asn ionic nature, involves an initial
nucleophilic attack of the nitrogen atom onto acetylenic carbon and
formation of a bipole in equilibrium under twoc forms by an allenic

intermediate form (71).
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R3GeNMlez + MeOOC-C==C-COOMe
1
f 1
RzGaN*me,  coome RzGaN'Meo
_
C=C=- S /p=c-
meOOC Me0OC coome
RzGeNMes
+
Me2N GeR3z COOMe Me2N GeR3y
C MepN™ \E c//
= + e 3
7\
MeDOC GeR3 Me0OC COOMe
MesN Co0me
\E d// RzGeNM
- + HzbLakMep
/ \
MeQOC GeRsg (R = Mme, Et)

The preparation of samg N = trimethyl = Group

IV substituted

aminoboranes (72) and 1,1 -bis (trifluoromsthyl) methylaeneamido

complexes containing Group IVB elemants (73)

via following reactions:

MezGeBr + MezCNH; ——M88 I'Ia3Gar|JCI'le3

H
BuLi (66%)
ClPhBNMe2
Me3CeNCMes » MezGeNCMes
Li P
Ph NMeo
(4a8%)

has beesn accomplished

Mes - oMCl, + NLIN=C(CF3)2 ———————9 Moy - oM [N=C(CF3)2] n + nLicl

(m = 51, Ga, Snsn = 1=4)



Germanium - phosphorus, —arsenic and -antimony compounds

Satgé and coworkers (107) extended their investigations on the
addition reactions of organogermylphosphines (see AS 72 ; p.246) and
observed the addition of ketenss to germyl -~ and silylphosphines with
opening of the carbonyl group and formation of phosphorylated
alkenoxygarmanes or =-silanas (74):

RsMPEt, + R1,C=C=0——» R3MOCPEL,
CRl»
HOH

R3MOH + RI2CHCOPELo
(R =mMe, Et 3Rl = H, Ph3;Mm = Si, Ge)

Diketene also reacts with germyl - and silylphosphines with acyl -
aoxygen bond cleavage and formation of metallated and phospharylated
ketoenolates wuhich isomerize aither partially (M = Si) or completely

(M = Ge):

(=]
MesGePEt, + CH2=tl:-CH2—-iO—§ Me3Ge0CCHZCOPE L,

i
a-C=0 / CH»
(58%)
MezGe0C(Me)=CHCOBEL>
HOH HOH
[mesGeoH] + MeCCHpEPEL
1] o
It is intersesting to note that germylamines gave C - derivatives in
their reactions with ketene and a mixture of 0= and C - derivatives

with diphenylkatsne whereas germylphosphines (as shown above) givs

exclusively the O - derivatives.

Some organo - Group IV phoéphines have been synthesized according

to the rasction scheme (75):
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MesMCl + (MesC)oPCl + Mg — HPTR o me.mp(cMes)> + MoCls
[m = Si, Ge, Sn; yield: 36 = 95% ]
HMPTA = nexamethylphcsphoric triamide

The reactions of some Group IVB elemsent - phosphorus bonded
derivatives have been utilised to synthesize trifluoromethyl~-
phosphines and —arsines of these elemsnts (76 - 78). Some of their

results are summarized in Chart 10.

Ha(CF=z)»o
MesMPHo —» MezmMQ(CF3)2
H2GCF 3 (cF3)2ax
Me3MQHCF 3 (CF3)20PH,

(MezM)3P + HZ0CF3 — 3 (Me3M)oQCF 3

MesMP(CF3)y + HoASCF3 —— 3 MeozMASHCF 4
{(m = si, Ge, SN; Q@ = P, As; X = Cl, Br, I)

The reaction rate depends on M (Si<Ge<Sn) and Q (P<{As).

Chart 10, Synthssis of some trifluoromethyl- phosphine and
- arsine derivatives of Group iV B alsmsnts.

Draks and Anderson accomplished the synthasis of soma neu

secondary germanium arsines and mixed germanium - tin arsines
according to follouing reactions (79):

(Mes3Ge)2AsR + Meli Et205 5 hrs'444>.ne3ﬁeesﬂ + MeyGe

room temp. Li

MeSH room temp,.

(R = Mma, Ph) na3Ga?sR + MeSLi
H



MezGeBr + Lil}sﬂ_—pmeg,cet:isﬂ + LiBr

H H
(R = Mme, Ph)
Me3G Eta0
3 al;\sR + MezSnNMey —  ——<___4, Ne3GeII\sSnI'183 + MepNH
H R

(R = ms, Ph, MezGe)

MaoM(NMep)y + 2(MesGe)pAsH — —p [(MesGe)oAs] oMMe; + 2MepNH
(M = Ge, Sn)

The reactions of tris (trimethylgermyl) phosphina (56) and
—-stibine (57) with some transition metal carbonyls have been

reported (see p.19).

Germanium - oxygsn compounds

Mahrotra et al. reported various preparative routes to tributyl=-
germanium aximates and studied some of their reactions (80). These

are compiled in Chart 11.

—crlR2 .
BuzGeCl HON=CR_RZ ; EtsN » Bu3GeON=CRI1R2 + EtsN.HC1
PhH ; 1 hr.reflux

R! = H, R? = me, Pr, PI
phH | NaON=CMe_ R3SnON=CRIRZ

1 hr. reflux Rl = Me, R2 = me, Et, Pr,

Ph etc.
Bu3GeON=CMez + NaCl BuzGeON=CRIRZ + Rs35nCl
Iﬁ = Et, Pr, Bu; R, R2 = (CHZ)ﬂ
(CH2)5

BusCeBEt + HON=CRIRZE toluenesulphonic ac"iBu:_v,GsUN:l:Rle + EtOH
3
PhH § 4 hrs. reflux

[Rl, RZ = Me, Me; Me, Et; (CHz)4 3 (CH2)g]
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MeCOC1

BuzGeCl + MsoC=NGCOMe
PhH 3 1 hr. reflux > 3

(R = me, Ph)

BuzGeON=CMBe9

PhH | GeCls
1l hr. reflux

Bu3zGeCl + (MezC=N0)4Ge (BuzGeOH) + MeC=NOH
Chart 1ll. Preparation and reactions of tributylgermanium oximatas.

Cyclic organogermanium compounds of the type léeBuz-U-(c-CsHlU}qgn
have been prepared by reaction in mole ratio 1 :1 of dibutyl -
germanium dichloride with cis=1, 4 -cyclohexanadial in benzene in
the presence cf a hydrogen halide acceptor (8l1). The ring size has
been found to vary uwith concentration of the reaction solution and
the temperature. The dimer (1) has been isolated in extremely
dilute solution. In contrast, ths reactions of dibutylgermanium
dichloride and germanium tetrachloride with cis, cis, cis-2,5~-di-
tert.butyl -1, 4 - cyclohexanediol in mole ratios 1:1 and 1:2
respectively, gave only monomeric products [KII) and (III)
respectively]. The difference may be assaciated with ths boat
conformation of the diol favoured in this case. The structures

have been proposed on the basis of spectral data.

/O\ Bu t-Bu
Bu\\\cé//,ﬂ 0\\\68//,Bu \\\Ge/// .
PN S -8By
8 °\<:>/° ? Bu/ \0
(1) (11)
t=-Bu
c-Buu\\\G ///n
e t-Bu
0/// \\\D

t=Bu
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Pentafluoroorthotellurates (82) of silicon and germanium,
germoboroxanes (83) and «=-hydroxyperoxides containing silicon and

germanium (84) have been prepared via following reactions:

Me3GeCl + AQDTeFg scetonitrile o mg,ge0TeFg + AoCl

PhH 512 hrs. o >(BusGe0)3B + 3Ho0

3(BuzGe)20 + 2B(0OH)3

reflux
(97%)
OH O~
2 on * (BusGe)20 + 2B(0H)z — - 2 0,5069503 + SH20O
(93%)
Ph3MOOH + Cl3CCHOMe CH2Cl2 Ph3MODCHCCL
OH OH

E'l = Ge (B85%); M = Si (30%3

Garmanium=sulfur, = selenium and = tellurium compounds

Ishii and coworkers found that the reactions of potassium salts
of aromatic thio acid with chlorotrimethylsilane gave the correspond-
ing thionascyloxysilanes whereas analogous reactions with chloromgthyl=-
germans or - stannane gave the corresponding thiol esters containing

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

[ | . 3
CgH5CS K Me3SiCl o pgH5COSiMes + KC1
pet.ether g
pet,.
ather | MeamCl

CGHsﬁSNMa3 + KCl1

(M = Ge, Sn)
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The method has besn used to synthesize a variety of substituted
(benzoylthio) trimethylgermanas, XCgH4LSGaMazg (uhere X = p = NO2,
m=-Cl, p-Me, m-Me etc.). 0
The authors have also synthesized some trimethylmetal (IV B) esters

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

ﬁ ISI M o+
ArCSSCAr + R9NH ——————p ArCS NH2R2

S )
'] || - O
ArCSH + RaNH or RN ———— g ArCS™NHR3

(Ar = aryl; R = alkyl or aryl)
i ; e
-t + -
CgH5CS™N + MezmCcl —T00M t8MB. o o poCsmmes + NHoC1
Ho pet. ether

The preparation of a number of methylasleno derivatives of Group

IV B elements has been accomplished via following routes (87):

MesMNMey + MeSeH ——PWS___ o mMgsMSeMe + MapNH
or PhH

(m = si, Ge, Sn)

nMezSiSeMe + Moy - gMXy ——— Mog - M (SeMe)n + nNMe3SiX
(M=CGe, SN; n = 1-4; X = F, C1, Br)

4meSeH + LiAlHg — Et20 o 1ia1(seme)s + 4H2

aMazMX

4MesMSeMe + LiX + AlX3

(Mm = si, Ge, Sn; X = Cl1, Br)
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Soms rsactions of organometallic chalcogenides with ethyllithium

have bsen shown to proceed exothermally (88):

hexane

— » EtaMXLi + EtH
(1)

n = BuCl

EtzMXH + EtLi

EtzMxBu” 4+ LiCl
(M =5si, Ge; X = 5, Se, Te)

(Et3M)zSe + Etli e & FEtaMSeli + Etym

(M = si, Ge) (1)

The compounds (1) are associated uhich probably results fraom the
occurranca of donor - acceptor interaction betweaen the chalcogen

atoms and lithium.

Schumann et al. synthesized some pentacarbonyl (organcmetallic

telluride) - Cr, Mo and U complexes (58) (see p.19).

Alkenyl = and alkynyl - germanium compounds

Hydrogermylation of saome naphthyl - containing di - tertiary
acetylenic Y- glycaols has bean shoun to involve complete dehydratian
of the expected adduct with formation of tha dihydrofurans (839).

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

as a result of the B-breakdown of the addition product has also besn

isolated,.

References p. 64
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rl R2
EtsGeH + R—é-EEEE-é-He

OH OH

(I1=-1v)

{ Cetts $2 }

Rf}ﬂa rlal(lx) dH

rl 1} Re
(v-VvIII)

= Rl = Me; R? = 1=-CygHy (V)

= Rl = me; R2 = 2 =C3gH7 (VI)

= Me; Rl = Pr; R2 = 2=CjgHy (VII)
= Me; Rl = RZ = 2=CjgHy (VIII)

= Me; Rl, R2 = 2 -cCj3gH7 (IX)

A 0 0 X0 X0

The use has bsen made of PMR spectra to establish the orientation
in the addition of triethylgermane at the triple bond and to

determine the ratioc of the isomers.

The addition reactions of organchydrogermanes to alkynyl compounds
could be used as convenient synthetic routes to alkenyl — germanium
derivatives (90 ~92):

R3zGeH + BuOC=CH —————— = RzGeCH=CHOBu

(R = alkyl group)

KR3 MR3
HO C=CH HQ C=CHy HO_ CH=CH
 /
R.MH + mg Speler's mta]*s; Me + Me
3 PhH ; heat
Me ’ Me Ma

(R3 = Etz, EtBus; M = Si, Ge)

Eisch and Gupta observed that lithiation of vinylic Group IVB
organometalloidal compounds gives anion = radicals which, if gquenched

quickly, give synthetically useful bimolecular coupling (93):



35

o,
Ph3GeCH==CHp ——= 3 b1 o phGeCHyMe + PhsGeH
t=BuOH/THF (60%) (small amount)
+ phsGBCHzCHz
PhsGBCH2CH2
(35%)

The radical - anions, Ph3nEH—éH2 (detected by esr) seem to decreass

in stability as M= Si, Ge or Sn, successively,

The thermal dehydropolycondensation of diethynyl derivatives af
silicon and germanium has been shoun to give polymers containing

four acetylenic groupings betwesen the hetercatoms (94):

o
HC=C-C=CH + EtMaBr + PhoMCl, 8-S  PhM(CEEC-C=CH)o
THF
nPhoM(CSSC-C==CH),

50 - 100°

" in

HCmsC-Co=C- |-M = (CS=C)4-| ~M-CS=C-CSSCH + nhy
Ph ne=1 Ph

(m = si, Ge)

Oxidative coupling reactions of some Group IV 8 acetylenes have

been reported (95):

MezMC=CH CuCl 5 02 & MesMC==C-C==CMMex
TMEDA § MeoCO

(TMEDR = N, N, N}, N1 - totramethylethylenediamine)

Germacyclanes

A variety of new diorganogsrmanium intermediates have been
characterized and their condensation reactions with 2, 3 - dimethyl =

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

Chart 12.

Ge(OMe), + MeCOCl——————¢-ClGe(OMe)3 + MsCOOMs

= Bu3SnC
BuzSnH

I'Is[l
/ /\:/L 123 ; 14 hrs. :Ca(0Me), 22 [Hoe(ame),]

ClGG(NEtz)s + BUSSI’IH _— E'GG(NEtz)::’] + BU3SI’IC].

= EtoNH

EtgN o
]
< :Ga{NEt)
e <:::I: 120° ; 14 hrs. 2

PhMeyGeti + PhHyGeCl — g PhMejGeGeHyPh  +  LiCl

PhH |n-BuzHg

Ph
1

. uv ~Ge-Hg-
Hg + PhfMezGeGsPh « Mg - [Ee - Me

i
Ph
lDHB n
Me
PhﬂazGa(lIe\/j[ + 2n=-BuH
Ph Me

(26%) (ref. 46)

Chart 12. Synthesis of soms gsrmacyclanss,

Mazerolles et al. reported that the synthesis and chemical
reactivity of l=-sila- and 1 «germa=-3-cyclopentanas (97, 98),
6 -oxa-3=8ila and =3 =germabicyclo [3.1.!]] hexanes (98) and
l=-sila- and 1-gsrma- 3 -_cyclopantanols (98) are closely dependsnt

upon the heteroatom and itssubstituents. The authors have made an
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extensive use of NMR spectroscopy to characterize and avaluate the
relative amounts of various products formed in the reactions af

these compounds. Various reactions are listed in Chart 13.

R R R —
\\n N-Bromosuccinimide \\H \\
y — + A
rY CCly ; (PhCOO)2 RY Rl Br
(1) (11)
"\
+ MCH=CHCH=CH,
1/|
R- Br (111)
R Rl y (1)(%) (11)(%) (111)(%)
Me Me Si 35 65 1]
Me Me Gs o v] 100
Ph Ph Si [0} 100 0
Ph Ph Ge 40 60 [0}
OH

20° s
Ph,M 0 + HX(conc.) ——p PhoSi
2 CD (M=5i) 225\

X
20° | (m = Ge)
H
2c0° _
PhyGe & Ph2GeCHZCHOHCH=CHz
X
(x = t1, Br)
(thqaCHZCHZCUHe)ZD
Phott Cr03 ; HMPT » |oz OH
or KoCro09 5 HaSO4
OH Ph25iCH2CHoCOMNE
OH
LiAlH,
PhoM <=Mz (Raney Ni) —%  PhoNMCHCHRCHOHMe
% +Hy (LiAlHy) o

fle

Chart 13. Some reactions of germacyclanes,
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The reactions of substituted germacyclohexadiene with a tuwo fold
axcess of perfluoro -2 -butyne follouwed by thermolysis of the
product has bsen shown to give the digermacyclobutane derivative
(11). The formation of (II1) has been argued for the intermediacy
of (1) and thus providing an evidence for a2 germanium - carbon (p-p

double bond (99).

Et Et
\GB/ [_;.F3 GeEto
+ I[l:l sealeg tube » Ms CF3
[y [=] Me C 70-80" 3 S hrs.
cl EFS Cl Me CFH
(80 - 90%)
No - flouw
H M.
Me CF3 Et 250°
+ “NGe=CH m
me l sealed tube
(S0%) v
Et,Ge
(111) 2 | fe GeEto
(II1) =+
L_GeEtz Me '
(35%) (59%)
(i1)

Tha preparation of soms silicon and germanium containing metal

azaspiro E&, E_:]-decanas of the type:

(CH2)n
RoM_ < SN(CH2)3NMe2

Il

(R=Mag M=Si3 n=0,1 and R =Et; M = Ge; n o)

has bean patented (108).

Mironov et al. continued their studies on 'direct synthesis!
reactions (ses AS 725 p.260) for synthesizing heterocyclic compounds
containing silicon and germanium and reportsd the following

reactions (101):
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Me
ClH2C} CHoCl | I
\SiDSli< 2 Ge /Cu - m—-s%—o—s.{—ne

e o
ClH,C Me CHpoC1 360 -370

HoC—Ge—CH3
/ \

cl Cl
Me (18%)
2
Me,Si SiMe,
HoC ——=Ga —CHy Eto0 | MeMgCl
m92
(40%)
EtzUT

Meli 6

Ma Me Me Me
HoC Gé CHo HpC—Ge' —CH2
Mem—Si——Cl Cl—Si—Me gantl2 312 hTs. wes; _g—sime
refluxed i |
H2L‘. Ge\ CHZ HopC—~—Ga—CHo
Me Me Me Me

(aa3)
The preparation and reactions of some 1, 4 - digermacyclchexadienss

have been the subject of a Ph.D. thesis (19) (see also AS 72; p.262).

Some reactions of organodigermanes (102) and cycloaddition of
organodihydrodigermanes to 1, 4 - pentadiens (103) have beesn shoun to

provide convenisnt routes to 1, 2 = digermacyclanss.

Rl R2 N
RoM ~MR, + Li + Et20/THE o R ™R
1 (s/1 w |
cl c1 7 N\ /1) RoM R2
[R = Me, Et; Rl = R2 = H, Ma; RL = H, RZ = Mme; M
yigld: 30 = 50%

|
wn
[v8
-
[}
(0]
I -e I

ABIBN PhoG

PhaGe=GePhy  + CHp=CHCHZCH=CHp ——————— 3 2he

0N 80Y; PhH  PhgGe
(ABIBN = Azobisisobutyronitrile) (71%)
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Mazerolles and Faucher obtained an oxagermabicyclododecane by the
dehydrocondensation of 6 - methyl — 6 - germacycloundecan -1 =0l in
the presence of Raney nickel (104). Some of their results are given

in Chart 1l4.

M <_ /“(CH2)4—\ 20° 5 5 days /—"(‘IHz)a-—-\
_>Ge CHOH _ » MaGe 0 CH
H \— (CHp)g .~ Raney N1 (god;——(CHz)s——"J_ o
y

ma‘\\ /’__(CH2)4__‘\ ne‘\~ /’—_(CHz)A -

-0 Zn / HC1 > / =0
e ¥(CH2)5 \—(5”2)5—/ |
fle
H > - (EH2)10
c CH
(CH2)a— LinlH, mes, /—( 2)4——\CHUH

MeGe o CH

>
\___(cHp)g_/ Et,0 ; raflux woo o \—(CHz)s—/

MeCOC1

/‘—(Cﬂz)a—\
na\\\ CH-UEHB

//,
c1 \h(cuz)s-—/ 0
Chart 14. Synthesis and reactions of an oxagermabicyclododecane.

A number of publications regarding the syntheses of oxygen (96, 103
105 - 109), sulfur (96, 106) and nitrogen (96, 106) containing
gaermacyclanes have appeared., Some of the results reported are

summarized in Chart 15.
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c1 X
YH = 2MeOH N ng
clGe(OMe)3 + —_— Ge
3 ux =" PhH meo~” -\
(1)
H X X
=~ BuzSnCl N - MaOH ~
(1) 3 Ge j ——— & :Ga
BussnH  © Men~” . Ny Ny
"X
Me
X Me
(X=Y=0,5, NMe;X =0, Y = S) [: :::Ge<::l
Y Me
Et
Et2Ge~GeEty + CHp=CH-CHoCHoOH —2Rt016 o FioGe=Ga=(CHp)3CHoOH
A galvinoxyl L et
CH2C12
Raney Ni
6 hrs.
EtoGe-=GeEto
Ha
0—(CH2) 4
qe
R2MPEL2 + Me-C-C-Mo ———— 3 Rfl=0= C——C=Me
H 00 H PEty O
THF | HpPtClg
100° | sealad tube
Me
~ pet
(R=Et; M =GCGe; R=Ma, M = Si) Rzl'l\ 2
o—A\nme
]
] / \t
RoGe(NRl2)2 + HO=(-C=),=0H —— 3 RyCe (-C=), + 2RIoNH
i o
(1)
HO(CHZ ) oNHo (R = Me, Et, i-Pr, n-Bu, Ph)
//fn:]
R,Ge
259y
H

(R = Rl = Et)

Chart 15. Synthesis of soms germacyclanes.
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The spectral study (IR and NMR) of compounds of the type (I) has
been put forward to demonstrate e dimerizaetion by coordination,
The association is disfavoured by the presence of substituents on the
cycle and by hindering substituents with donor effect on tha

germanium (105).

Satge et al. reported their investigations on the inssertion
reactions of carbonyl derivativas (e.g. acetaldehyds, chloral,
hexachloro- and hexafluoro-acetons) on the matal-oxygen bond of

cyclic ethers containing silicon, germanium or tin atoms in the

ring (110):

H
Etzceo + < ———-> Et26s! o
o ccl b~cin
i
cClz
Rl 1
a\C- + B Ge —_— D Ge .
Rb/ R/ ) R/ , Rz
R O>cU
Ra Rp

[R = Mme, Et, Bu, Ph; Ry = Me, Pr, CClg, CF3ﬂ
R, = H, CF3; Rl = H, Me; RZ = H, Me

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 well as catalytic and solvent asffects.

The preparation of 2, 2,5, 5 - tetramethyl -1 - oxa -~ 2 = germacyclo-

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

/“} H H -BuzsnCl /')
BuaSn :: + MezGeCly —» >c_ ~ _UZ__%ﬂezGe Meo

Bu2§n E ez
€l 0Ge(Cl)Me,
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Carbaon - functional germanium compounds

Various addition reactions of hydrogermanes and hydrohalogermanses
on unsaturated groups have been used to synthesize triorganogsrmyl
substituted alcohols (108, 109). Some of these reactions are given

in Chart 1l6.

cl cl
]
PhGeH + 0= c-prl -————<> phcecuoﬂprl
5 hrs.
cl H c1 (100%)
MaCoCl Etp 0 LiAlH,
€1 Et20 H
PhGe-CHUCUNa PhGe-CHUH
Cl Prl H Prl
G i @8
PhGeH + HpC=CHOLMe —————— PhGe(CHy)20LMe
cl cl
LiAlH, [Et2D
cl H .
! ccl :
Phllie(CH2)2UH 4———4 — PhGe(CH,),0H + EtOH
1 b
(627) (74%)
el £l
PhGeH + CH2=CHECHZ0H ————)Ph[l;e(l'_‘Hz)SDH
LiAlHg
Et70 ;
Dh?e(CH2)3UH
H
93%)
/:_) (CH,) 0 (
PGl + Ph?e<::\ 273 ™ geph
1
cl c1 0 (CHp)F C1

Chart 16, Synthesis and reactions of «,A and Y- phenyl -
chlorogermyl alcohols.
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Several publications regarding synthesis of a variety of carban -
functional germanium compounds have appeared (113 - 115). Some of

thaese synthetic routes are summarized in Chart 17.

MeGeCly + MeSiHCl, — PC13 o mepencl, + mesicls

RCH=CH,
reflux

c1
MaGeCH,CH R
c
(R = CH,C1, CHEN, CHyOH, CHO, CHy0Me, Ph, PhCHp)
0 0

N /
RzGeH + CH,=CHCH,0CH,CH—EH, —H2PECY6 o poge(CHp)50CHCH—CH,
e PhH ;3 16 hrs.

MaoNH
(R = Et o
20 - 25
OH
Et3GeH + HoC=CHCHoN(SiMes)s (R = Et, Pr)
Hzptl:].a
EtsGe(CHp)3N(5iMes)s —  C9C12 o re.ge(cH,)4NCo
(46%) (50%)

Chart 17. Synthatic routes to some carbon - functional germanium

compounds,

The divalent organogermanium intermediates obtained from
1
decomposition of some hydrogermyl - 1 - propanols could be used to

synthasize othar carbon - functional germanium compounds (116):
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Cl3Ce(CHp)pC00H + LiAlH,—E20 oy ge(cn,) om
- 10
(1) (72%)

(1) HgClp ; THF
20° ; 2 hrs.

— ClH Ge(CHy )00 — 135125 THE o ), 4Ge (CHp J30H
20" 3 24hrs.

(85%) (95%)
= HCl
ClGe(CHy)50H ClGe(CHy)30H
(30%) 1209 RBT
48 |hrs
' R
[c1-Ge-(cHz)0H] , C1~Ge(CHp)30H
Br

(R = Et, Bu)

Some diazoacetates containing Group IV B elements have been
photolytically cleaved to give carbenes (l17). Various insaertion

reactions of these and athers (118) have been reportsd.

HaS o 2Me3ME-COOEL
N2

(Masm),s +  [c(N,)CO0EE] HHg
hv
(m = si, Ge) 2MesMECOOEt + 2N3

Me3GefCOOEt + MeCH=CHMe

EtOooc Gefiey

H H + meCH=CHCH2?HCDUEt
Me Ma Geﬂe3
(34%) (12%)

In a study of the reactions of ketene with germylated and

stannylated amides, it has been shoun that only C - derivatives are
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formaed (in contrast te the silicon analogs uhere 0 -derivatives are

formed) (119):

- == —_ > -
RJMTCOMa + HZC c=0 RJNCH2C0¥C0M9
Me Me

(R = me, Et; M = Ce, Sn)

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

synthesizing germanium and tin containing derivatives of substituted

acetamides:
0SiMes Me
H2C=C< ° 4+ BuzSnOMe—— 3 su35nCH2c0N< + Me35i0Me
NCOrle COmMe
MezGeBr
fle - BuzSnBr
Me
me3cecuzcuui::
COMe
(84%)

It is interesting to note that above type of exchange reactions can
be applised not only for the transfer of keto-snol residue from one
Group IUB elemsnt to another, but also for the preparation of the

N - germyl = and N - stannyl = N - methylacetamides used as starting

compounds:

(=]
Me3SINCOMs + Et;SnOMe 110 - 120 Ee3SnNCOMe  +  Ma3SiOMe
1 hr.
Me (95%) Me
MesGeBr

EtsSndr + Na3GQwCUma
(73%) "°

The preparation and rgactions of some metalated ketenes have besn

reported (120 -122):

RaMCHoCOOH + HoC=C=0 — 3 R2MCH>COGCOMs
(1)



o
140 - 150
(1)
30 - 40 min.

_» R3MCH=C=0 + R3MCHoCOOH

(R = Mme, Et; M = Si, Gs)

o

(RID),P(Z)H + R3NCH=C=U———)~H2C=L".P(Z) (0R1)2
OMR3

R, R, my Z = Mo, Me, Si, O3 Et, Et, Si, O;
Me, M8y Siy, S and Et, Ms, Gs, O

Miscellaneous compounds and reacticns

Bulten and Drenth reported their studies on non - catalyzed
redistribution resactions of alkylmono- and -polygermanes with

germanium- and tin - tetrachlorides (123):

R4M + MICly—————9 R3MC1 + RMICLg

(M = Ga, M} = Ga, SNy M = Sn, Ml = Ge)
RzGeGeRy + GeCla—‘)R:r,GeGeClRZ + RGeCl=
(R = Et, Bu)

Et3GaGeMe2GaEt3 + SnCl4

~N
‘V N

EtsGeGeClMatetts EtGeGeMe,GeClEt,
+ l‘leSnl:l3 " EtSn813
Reaction medium (a) (b)

MecCOC1 >90% < 10%

MeNO> < 5% > 95%
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Et,PrBuGe + SnCly — °N02 o FeprguGecl + EtSnCls

(rate of dealkylation being: Me >Et >Pr >Bu)

The high selsctivity of these reactians enables the facile preparation
of mixed alkyl — substituted mono - and polygermanes. ©On the basis of
observed substituent and solvent effacts these reactions are
concluded to proceed by an slectrophilic substitution at carbon
through transition states in uvhich considerable charge separation

has occurrede.

Some exchange reactions which provids convenient routes to a

variety of organcgermanes have been reported (119, 124, 125):
250°

GeXy, + Ry4SA——m—P> Rzﬁexz + Ro5nX,

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

MeszGeBr + BuzSnOMe ——— P MezGeliMe + BuzSnBr

2MmesMX + (BuzSn)y0 ——— 3P (Me3M)20 + 2BuzsSnX

(ﬂ = Si, GB; X = Cl, Br)

Tetrametallomethanas containing one, two or three Group IV B metal
atoms and boron (126) and some complexes of the type
Cpon(CHoMImes) Clpy _ . (where €p = TX=-CgHg; M = Ti, Zr; Ml = Si, Gs,

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

o
[B(ome);] 4& + aHO(cHp)z0H BF3.Eta0 Ea’ }] C + BMeOH
THF ‘a 4
- (70%)
BulL EHF
<75
Ph nc[a )] LU LTI Ly - [B,' >] + -Bu
3 ‘o 3 3
+ LiCl

[ = ce (74%): sn (70%); Pe (a8%)]
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0 _r,0
Ph4MC E;', >] + Bui —TH___g phamE Ea: :>]
3 - 175 o 2
/vh/:,,mlm
PhaM
Phyml~" o/
m=ml =sn;m=mnl =pb; M=5n, M =Ge; Mm=Pb, M = Ge stc)

( TU=CgHg)2TiCly + 2MejGeCHyLi —EB20 g ( T0- CgHg)oTi(CHoGeMes),
+ 2Licl

Physico ~ chemical investigations

It has been shoun that successive halogen substitution in methyl-
germanium fluorides and chlorides leads to different observed trends
in the dipole moments of ths various compounds. Thess trends may be
explained in terms of hybridisation and polarisability effects (128).
A study of the dipole moments of germanium tetraalkoxides [EB(OR)Q;

R = alkyl groué] indicated that the hindrance to narmal rotation

began at R = Bu whereas in S$i(OR)4 it bsgan at R Et. Ths dsgree
of intermolecular intsraction {(dipole orientation) increased from

Si(O0R)4 to Ge(OR)4 {129).

The stspuise solvolysis (as shown by conductivity method) of
germanium tetrachloride (130) and conductivities amnd sguivalent
conductivities for various chloromethylgermanes in methanol and
athanocl (131) have been reported. The strengths of the chloromethyl=

germanes as acids diminish in the order: MeGeClz >>MepGeCly > MegGeCl.

A review on tharmochesmistry of chemical compounds including
enthalpies of formation of organometallic compounds has appeared
(132). Zaitsev and Maslov daerived certain thermodynamic paramstsrs

for germanium halides GeX,;, GeXsY and GeX2YZ (where X, Y, Z = F, Cl,
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Br, I, H) (133) and also calculated the hesat capacitigs of RGeHz
(uhere R = C20g, PHz, AsD,) (134). The heats of evaporation,

parachor, surface tension stc. of a series of covalent hydridas (135);

.

specific heats and phase transitions for derivatives of the typa
Et4M (where M = Si, Ga, Sn) (136) and surface tension data for a
variety of organometallic compounds (141) have been reportad. The
primary process in the mercury photosensitized decomposition of
tetramethylgermane has besn shown to involve a C=H bond cleavags
and the atomic cracking occurs at high intensities giving methyl
radicals (137). The vacuum-ultrviolet photolysis (138) and the
pyrolysis (139) of germane produced significant concentratiaons of
saveral reactive species. A study of the pyrolysis of some compounds
of the typs Phzmooc(mez)Ph (where M = Si, Ge, Sn, Pb) indicated the

thermal stability to decline in the order: Ge > Si >>Sn > Pb (l40).

The observed order of acidity (Si >>Ge > C) for compounds of the
type RzMCOOH (whers R = Me, Ph, M = C, Si, Ge; R = H, M = C, Ge)
has bgan 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 the type
RzM-C==CH (uhere R = Me, Et; M = €, Si, Ga, Sn) shou that the
praesaence of Group IV eslements at the triple bond is accompanied by
an increase in proton mobility of the ¥=C-H bond comparaed with
alkylacetylesnes (l44). The rate constants of trimethylgermyl -
substituted alcohols [§a3GB(CH2)nUH where n = l-é] invariably
decrease with the increasing 'm' (145). Sakurai et al. reported the
formation of a charge - transfer complex of hexamethyldigermane with

tetracyanosthylena (146).

Steresochemistry of some complexes of Group IVB elements has bseen
ravigued (147, 148). Eaborn and coworkers continuad thsir

invastigations (see A5 72 ; p.265) on the optically active germane-
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carboxylic acid (~)R'3GeCO5H and discussed the stereochemistry of

the convaersion (149):

200° ; 10 min.

2(-)-R'3CeCO2H —p (-)-R130eC05GeR's + CO

[R¥36e = £t(1-CjgH7)PRGE]
Some reactions af asymmetric silyl- and germyllithiums have been
reported (150, 151):

R3MCl » R3M-MR3

RaMH + Buli ——08 3 RaMLL

[R3 = me(x-c)gH7)Ph; m = si, Gs|
RzGe*Li + ClCH2COOR! ———— P R3Ge*CH,COORL
LiAlH,
R3Ge*CHpCH,O0H

[R3 = me(1-CigHe)Ph; RL = me, Et]

The radiochsmistry (152) and ths radiochemical transformations
and rearrangements in organometallic compounds (153) have bseen
reviewed. Thse radioactive tracers have been used to study the
equilibrium distribution of microamounts of hydrocarbon, methyl-

germane, hydrogan sulfide and arsine in monogsermane bstween the

liquid and vapour phass (154).

The magnitude of the effect of metal on the T=—-electron system of
PhMR3 (where M = Si, Ge, Sn, C; R = H, Me) decreased in the stated
order of M and R (155). A comparative study of direct and across-
space (p - dlv bonding interactions in some selected Group IV
compounds has been the subject of a Ph.D. thesis (156). The
perturbational molecular orbital treatment of hypserconjugation in
conjunction with CNDO/2 calculations, has been applied ta ratianalize

trends in a number of experimental properties of compounds of C, Si,
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Ge and Sn (157). The theoreticasl evidence for O =7\ conjugation in
compounds of the type Me3MCH,CH=CH, (uhere M = C, Si, Ge, Sn, Pb)

{(158) and the conformational consequences of hypercon jugation in

B =-s5ilyl- and g-germylethyl cations and anions have been prasentsd

Dessy and Bares presented a broad survey of organcmetallic
electrochemistry uhere special attention has been given to (a) the
available pathuways in organometallic electrochemical reactions, and
(b) the physical consequencaes of ths addition (or abstraction) of an
electron from an organometallic molecule (l60). The electrochsmistry
of triphenylgermanium halides (Ph3GeX where X = F, Cl, Br, I) in
1, 2 -dimethoxyethane (DME) has besn investigated. The rasults
indicated the reduction of chloride and bromide to be irraeversible
single - electron processes rasulting in the formation of a germyl

radical (161):

PhzGeX ———=——g» Ph3Ga® + X~ (X = Cl, Br)
dimerizatio OnE
peroxide*

(* arising from the

HoO 3 (Ph3GB)20(———Ph3GeDH autoxidation of DME when
exposed teo air)

The addition of tstrachlorobenzyna to organometal substituted

naphthalene has bsen shoun to proceed as (162):
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Ml'la3 cl
4@ it
+
cl
cl
cl

c Ccl
c1 O - ccll c

\ ) )
ARG,

ma-v-ma Mme (m = ¢, si, Ga, Sn)
() Me (8)

(¢

Using NMR spectroscopy to study the rotation about the carbon - Group
IVB elemant single hond (in adduct A) the authors obsaerved 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):

@wznnazﬁ

Fe + 2MeOH + 2FeCly

Fe + RMezMOMe + 2FeCl, + 2HC1

(R = Me, Et, i-Pr stc.; M = Si, Gs)

and interpreted the observed higher reactivity of the germanium
derivative relative to ths silicon one in terms of a possible change

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

Some general articles on substitution, isomerization stc. of

organometallic compounds have appeared (164 - 170).
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Saome other studies include: kinetics of the thermal decaomposition
of peroxides of the type Ph3Ge00SiR3 (where R = Et, Pr, Bu, Ph)
(171); multiple - scattering Xy study of silane and germans (172);
calculation of ground state anergias for molecules of the type MH4
{where m = C, Si, Ge, Sn, Pb) (173); polarcgraphic behaviour of some
Group IV B derivatives af naphthalene (174); mechanism of ot-gffect
in ot=carbofunctional organic compounds of Group IVB elements (175);
calculation of force fields, frequencies and the centrifugal
distortion constants for compounds of the type HzGeX (uhere X = Me,
C=N, C=CH) and their deuterated derivatives (176); liquid-phase
oxidation of germanium - mercury bonded derivatives (177); relative
rates of germylene and silylene insertion into alkylgermanes (178);
product studies on reactions of recoiling germanium atoms in germans,
digermane and germanse - silane mixtures (179); reaction of alkyl
derivatives of Group IV B eglements with Ph3CBr (180) and base
strengths of compounds of ths general formula HzM(CH2)n0Me (uhsra
Mm=S5i, 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 studiaes

A reviou article on the infrared and Raman spectra of inorganic
and organometallic compounds has appeared (182). According to the
data of IR and PMR spectra, in organosilicon and organogsrmanium
compounds containing unlike substitusnts, the degrse of dTT"pTX
interaction is not the sum of the contributions of the individual
substituents but is determined by the nature aof the latter (183).

Infrared spectroscopy has been used to investigate the relative
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basicities and the effects af dnu-pT‘ interaction of various
oxygermanes (184) and peroxides of the type PhzGe00SiRz (where R =

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

On the basis of Raman and infrared spectra under various
conditions, together with the observed depolarization valuses, it has
been possible to make a new vibrational assignment for the molscules
of the type XzMcCo(CB), (where M = Si, Gse, Sn; X = Cl, Br, I) (186).
Onaka reported the infrared zbsorption spectra (2200 - 50 cm-l) for
molecules of the type X3zMMn(CO)g (uwhere M = Si, Ge, Sn; X = Cl, Br,
I). The metal - mstal stretching Porce constant varies with the
halogen atom, and increases as the elsctronegativity of X increases.,
The force constant depends also on the Group IVB atom, and

increases in the order af: Si-~Mn ;;Ge—ﬂn > Ssn-fn (187).

The perturbation theory treatmant of Overesnd and Scherer has bseen
applied to compounds of the type R3MCORLl or R3MCOMR3 (uhere R, Rl =
alkyl or aryl). Thse results show ™®~-metal CO elsctronic interactions
to be of similar wmagnitude for €, Ge and Sn. The Y(CD) valuas for
the series Ph3MCOMe suggest, not surprisingly, that (d-p)qr bonding
is less impertant for Gs and Sn than for Si (188). Guillory and
couorkers reported the use of Fourier transform spectroscopy for
obtaining far infrared spectra of matrix - isolated species (189,

190).

Rosenberg and Ozier usad standard far infrared equipment to
make accurate frequency measurements of the pure ratational lines
in GeHs (181). The normal vibrations of soms methylhydre - silanss
and - germanes have been calculated using the force constants
obtained from the modifisd Urey -~ Bradley force field treatment of
the observed vibrational frequencies (192). Some mixed halides af

the type ClzCeBr, CloGeBra stc. (193) end hydrohalides of the type
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HGeBrlIz, HGeBr,I stc. (27) bave been identified by Raman spectroscopy
in various halogen - exchange reactions. Haszeldine et al. used
infrared spectroscopy of several Group IV B8 slement substituted
transition metal complexes to study the trans-influasnce of substitutsd
silyl, germyl and stannyl groups (194). Other studies and articles
include: mechanism of methoxyphenyl-carbene insertion into Group IV B
element - hydrogen bord (32, 33) (see also p.8); facile and reversible
homolysis of Fe -~ Ge bonds by Lewis bases (62); calculation of
alectrooptical parameters and absolute intensities in Raman spectra
of soms methylchlorogermanes (195); IR spectroscopic study of the
reactions of silica-germania absorbents (196) and Raman radial mode
of gaseous germacyclopentanes (197). More specific studises include
the follouing compounds:
(T0- C5H5 ) 2Ge (18, 19); germylcyclopentadienes and germylindene (198);
(Ma3zCCHs) 4G (22); MX4 (M = C, Si, Ge, Sn etc.3 X = F, Cl, Br, 1)
(199); XCHyYH3(-D3) (X = Cl, Br; Y = Si, Ge) (200); GeDg (201);

GeHs (202); Mesm (M = C, Si, Ge etc.) (203); [}cﬁr5)3ﬁé]2Cd.2L
(L

(E
(204); (co)gmsb(mimes)s (M = cr, Mo, w; Ml = Ge, Sn) (57);

Ph3P, EtpNH etc.) (40); 3-Ge-1,7-BgC2Hy1 (52); 1,2,3,-GeBgHgCHE
P, As) (53); (CsHs)2TiGePhz (55); MezMMn(CO)g (M = Si, Ge, Sn)

(co)smTe(mlmesz)2 (M = Ccr, Mo, W; Ml = Ge, Sm, Pb) (58);
PhoGeMn(cC0)4CoMe (60) (sse also p.20); HzGeRe(CO)g (61);
(CgHg)Fe(Co)omxoNi(c0o)(CgHs) (M = Ge, Sn; X = Cl, Br) (63); vinyl -
substituted germanium derivatives of transition metal carbonyls (64,
65) (see also p.22); T-CsH5(R3Ga)(L)Ni (R3Ge = ClzGe, PhsGe, BriGa;
L = EtzP, PhzP etc.) (66); 0s(C0)4X2 (X = Me, HzGe, Ph3Sn, MezPb
stc.) (67); HzGexIr(co)ci(pPphz)2 {X = Ccl, Br, I) (68); germylhydra-
zines and germyldiazenes (69); germanium phosphinimines (70);
ne4_nn[N=c(cr3)2'_]n (m = si, Ga, Sn; n = 1=4) (73); MezMQ(CF3)2

(m = 51, Ge, Sn; Q = P, As) (76); secondary germanium - arsines and
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mixed Ge - Sn arsines (79); Me3Ge02SMe (205); Rzmoomlrl:z (R = Me, Ph;
Rl = Mma, Et, Bu, Ph; M, Ml = 5i, Ge) (206); tributylgermanium oximatss
(80); cyclic germanium l,4=-cyclohexansdiclates (81); germoboroxanes

(83); XCGHQESGeMe3 (X = p-NO2, m-Cl, p-Ma etc.) (B85): RCSMMes3
3} S
(R = alkyl, aryl; M = Si, Ge, Sn) (B6); Me, _ ,M(SeMe), (M = Si, Ge,

5n; n = 1~4) (87); triethylgsrmyl - substituted dihydrofurans (89);
PhoM(CESC=C==CH)o (94); MezMC==C-C==CMMez (M = C, Si, Ge) (95);
germanium acstylide (207); germacyclanes (96, 103 - 105, 1l1l1);

0N
Et3Ge(CHy ) 30CH,CH—CH, (114); (CsHg)2Ti(CHpGeMes)z (127); R3MCOOH
(R = H, Me, Ph; M = C, Si, Ge) (142, 143); HzM(CHz),0Me (M = Si, Ge;
n=2,3,4,6) (181); pseudohalo(methyl)germanes (208); and some

germanium complexes (209 - z11),

NMR studias

Satgé and coworkers used NMR spectroscopy to characterize the
products formed in various reactions of divalent organogermanium
intermediates (96, 103, 116). In the compounds of the type MNeHpGeX
and MeGeXs (uhere X = CN, NCS, NCO) the NMR evidence strongly
favours Ce - N bonding in - NCO and = NCS derivatives uhich is
supported by vibrational spectra. Ffor the cyanides the NMR evidence
suggested a carbon - bonded CN group with just a possibility of some
isocyanide alsc being present (208). The integrated absorpotion
coefPficiont of the C=C and acetylenic CH valence vibrations varied
linearly with the acetylsnic proton NMR chemical shift (at infinite
dilution in CCl4) in a series of RzMC==CH compounds (where R = Me,
Ph; m = ¢, Si, Ge, Sn, Pb) (212). Housver, no simple relation
betueen the 13C-NMR shifts of the acetylenic carbon and the IR data
was found. The results are interpreted in terms of (d=p)yx effect

involving vacant d orbitals of M and the TX electrons of the tripls
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bond. Job and Curtis studied the photochemistry of a numbsr of
germanium compounds and used NMR spectroscopy to characterize various
reaction products (64, 65). The ratio of various isomers in the
reactions of organogermanium amidas with ketene (119), germyl-
phosphines with ketene and &~ diketones (74, 107) and hydrogermylation
of naphthyl — containing ditertiary acetylenic Y-glycols (89) has
been determined using NMR spectroscopy. The S5Mn-NMR spectra of
compounds of the type R3MMn(CO)g (where R = Cl, Ph, CgfFg; M = Si, GCe,
Sn) have been studied (213). The large range of chemical shifts is
attributed to increasing G- donor ability aof the ligands in the
order: GeClz << SnClg << Ge(CgFg)3<C SnClyPh etc. The machanism and
stereochemistry of addition of germylamines to the esters of
acetylene dicarboxylic acid (71) a2nd various reactions of germacyclo=
pentenas (98) have been studied using NMR spectroscopy. Other
studies and articles include: spin delocalization of Group IV B
elements in organic compounds (214); variable temperature lg-nmR
spectroscopy cf some germylcyclopentadienes (198); germanotropic
equilibrium (215); NMR spectra of propargylic and allenic derivatives
of Group IVB elements (216); restricted rotation about thae carbon =
Group IV B element single bond (162); CgHg vs. CgFg induced solvent
shifts in PMR spectra of methyl derivatives of Group IV B elements
(217); 13C=-NMR chemical shifts of methyl groups in the compounds of
the type MezMSPh (where M = C, Si, Ge, Sn, Pb) (218); 735a-NMR
spectra of GeX, (where X = Cl, Br, 1) (219); 14N-NMR spectra of the
alkyl - glement -~ azides (element = B, Al, Tl, C, Si, Ge, Sn, Pb, As)
(220); phase transitions in solid germane (221) and 11B-NMR spectra
of some phosphagerma- and arsagermacarboranss (53). Mare specific
studies include the following compounds: ( TU{=-CgHg)pGe (18);
tetra—-l-adamantyl-germane (21); (Me3CCHp)4Ge (22); R3MTHXCgHLY
[;here R = alkyl, Ph; M = Si, Ge, Sns X = OMe, NC,Hz, (n = 2, 4) and
Y = p-OMe, p-Me, p-Cl, H| (33); 3-Ce-1,7-BgCaH1; (52);



59

PhyGeMn(C0),C0Me (608); (CsHg)Fe(CD),MX2Ni(C0)(CgHg) (where M = Ga,
Sn; X = Cl, 6r) (63); Tr=-CgHg(R3Ge)(L)Ni (uhere R3Ge = ClzGe, BriGs,
PhzGe; L = Ph3P etc.) (66); 0s(C0)4X2 (where X = Me, HzGe, PhzSn,
Me3zPb etc.) (67); H3GeYIr(CO)Cl(PPhz), (uhere Y = Cl, Br, I) (68);
germylhydrazines and germyldiazenes (69); NBd-—nm‘P=C(CF3)é]n

(uhere M = Si, Ge, Sn; n = 1-4) (73); Me3zMQ(CF3), (where M = Si, Ga,
Sn; Q = P, As) (76); Ge - As bondad compounds (79); germanium -
transition metal complexes (57, 58); some Ge -S (85, 86) and Ce - Se
derivatives (87); compounds containing heterocyclic germanium (97,
99, 101, 104, 105, 108, 110); o, A3 and 7Y - phenylchlorogarmyl
alcohols (109); carbon - functional germanium compounds (113, 114,
143, 18l1); tetramstallomethzanes containing Group IV B elements and
boron (126); (CgH5),Ti(CHyGeMes), (127) and mixed halides of the
type Cl3Si{CH,),GeClsy (where n = 1, 2, 3), (XMepS5iCH5),Gell,

(uhere X = F, OMe, 0SiMesz, H) ete. (15).

Miscellaneous

The characterization of organometallic radicals by ESR spectros-
copy has been revieued (222, 223). The ESR spectrum of a series of
allyl radicaks(EH2CH=CHCH2NR3, whare MR3 = MezGe, MezSi, BusSn etc.)
show a tempsraturse — dependent variation of the hyperfine splitting
constants. These radicals exhibit a barrier to hindered internal
rotation uhich incrsasas with atomic number (224). Bennett and
Houard reported the radical stabilities of some peroxy radicals to
decrease in the order MezPb00" >> Me3Sn00°® > Me3Si00° with the
nosition of MezGeO00°® in some doubt (225). The study has been made
(by means of ESR spectroscopy) of the structures of some C, Si, Gs,
Sn containing methyl and chloro radicals ("MMesz or "MClz) (226).

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

trimethyl radicals. 7The spin delocalization of Group IV B elements
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in organic compounds uvas studied by determining the NMR and ESR data
for the nitrosyls masxcﬁHdn(ﬁ)cmes (uhere X = C, S5i, Ge, Sn, Phb).
The spin transfer mechanisms at X in rehybridization were discussed

Al t - evmmatnr~
i < SYymmSTr

considering (p ~d)st{ delocalization (214). The radical - anians,

PhamfH-CHo (93), the radical cations of p-trimethylorganometal-N,N-
dimethylaniline (227) and the addition of organo-silyl, —germyl and
-stannyl radicals to cyclopentadiens (228) have been investigated by
ESR spectroscopy. test and Boudjouk reported the ESR spsctroscoplc

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

Mass spectrometry of inorganic and organometallic compaunds
(including those of germanium) has been the subjsct of a monograph
(230) and four revisw articles (231 -234). 1lon-moleculs reactions
accurring in ionized monogsermane have bean studied by high - pressure
mass spectrometry and rate constants far second - and third - order
reactions of all primary ions have besn msasursd. As expectaed the
reactions observed and the specific reaction rates are much more
similar to those occurring in monosilane than to those occurring in
methane (235). Millsr and coworkers reported the mass spectra of
compounds of the type R3MXCgFg (where R = Me, Ph; M = Si, Ge, Sn;

X = 0, S). 1t has been shown that sulfur and oxygen compounds
undergo fewer rearrangements leading to the formation aof metal
fluorides than do simple pasntafluoraophsnyl derivatives (236). Mass
spectroscopic data have besn reported for the following compounds:
( TT~CgHg)2Ge (18); alkylgermanes (237, 238); germylcyclopentadienses
(198); organogermanium estars and oxides (50); Ce - 8 bonded
compounds (52, 53); Ph,GeMn(C0)4COMe (60); HzGeRe(CO)s (61); Ge - Ni
complexes (63, 66); MezMMn(CO0)s (M = Si, Ge, Sn) (204); Me3zGe02S5Me
(205); germacyclanes (81, 99, 101, 104, 239); RLMCHXCgH4Y (R =
alkyl, Ph; M = Si, CGe, Sn: X = OMe and Y = p=-0Me, p=Me etc.) (33)
and pseudohalo (methyl) germanes (208).
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The photoelectron spectra of MegM (M = C, Si, Ge, Sn, Pb) (240),
vinyl- and allylgermanes (241) and Hzmim(co), (m! = si, Ge, M = Mn,
Re for n = 5; M = Co for n = 4) (242) havse been reported. Jolly and
Parry used X - ray photoelectron spectroscopy to assess 'd! orbital
participation in compounds of silicon and germanium. The results
indicate relatively strong th-dTrbonding in the tetramethyl
derivatives and the tecrahalides of both silicon and germanium (243).
The baonding enargiss for some related Ge, Sn and Fb compounds have

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

The sub ject of microuave spectroscopy of organcmetallic and
inorganic compounds has been revisuwsd (245), The microwave
spectroscopic measurements have bsen made on HzGeNCO (246), H3GeBr
(247), MesGeBr (248) and MeGeHyF (249)., Some other studies and
articles include: UV data fFor germyldiazenes (69), He4._nN[F=C(CF3Ean

(M = Si, Ge, SN} n = 1-4) (73), xcﬁuaﬁscsme3 (X = p=-NOo, m=Cl etc.)

0
(85) and RESNHBS (R = alkyl or aryl; M = S5i, Ge, Sn) (86); NOR

S
spectra of Group IVB organomstallic halides (250); spin - rotation

constants for the hydrogen or fluorine nuclei in compounds of the
type MHy and MF, (M = C, Si, Ge) (251); the rotational spectrum of
GeH, (252) and MezGeH (253); slectronic spectra of some argano-
germanium complexes (254); CH-valaence vibrations of compounds of

the type Mmesm (M = C, Si, Ge, Sn, Pb) (255) and X - ray - photoemission~
spectroscopy molecular - orbital spactra of methane, silane and

germana (256).

Various investigations of crystal structures in_U.S5.5.R. have
been reviesued (257)}. The reports regarding structural data faor
various organogermanium compounds include: X -ray diffraction study
of (PhsCe),0 (258) (Fig.l); crystal structure of (CgFglsGe (259);

alactron diffraction study of the molecular structure of
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Fir. 1. Geometry of the molecule (PhsGe‘ZO [from L.G. Kuz'mina

and Yu. T. Struchkov: Za. Strukt. Khim., 13 (1972) 885.]

Fig. 2. Stereosccpic view of (MeGe)q_S6 showing the atom numbering

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

fold axis [from R.H. Benno and C.J. Fritchie; J. Chem. Soc

Dalton Trans., (1973) 543.]
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bis (trimethylgermyl) ketene (260)3 crystal and molecular structure
of (MeygN)3Pt(GeClz)g (261); unit - cell data for phenyl (triphenyl-
garmyl) diazomethana (262); X - ray crystallography of
Ruz(C0)4CgHg(GeMaz)2 (263) and (MeGe),Sg (264) (Fig.2)

Analysis and applications

The use of gas chromatography for inorganic and crganaometallic
compounds (including those of germanium) has been the subject aof a
book (265) and a revieu article (266). It has been shoun that
organometallic derivatives of tha series EtzMH and EtgM (M = Si, Ge,
Sn) can be separated by ths methods of gas adsorption and gas -
liquid chromatography. The values of the absolute ratainable
volumes, heats of adsorption, and dissolution of the indicatad
compounds on adsorbents and solvents aof different types were

measuraed (267).

Various claims regarding applications of organogermanium compounds
include: carboxylethyl germanium sesquioxide in the treatment of
hypertonia (268); tetravalsnt germanium compounds as polymerization
catalysts (269); methylgermanium trichloride as a stabilizer to
prevent the discoloration of maleic anhydride at elevated temperatures
(270); germanium - acetylenic derivatives as high - resistance semi -
canductors {(94) and tetramethylammonium salts of the Mtl-3 (m = Gce,
Sn) anions as conuenient solvents for some homogeneous catalytic

reactions of olefins (271).
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