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Qur studies in the field of organic chemistry of ger-
manium presented in more than 200 issues (including two
monographs) were commenced in 1955 and are still in pro-
gress.

The comparative studies of chemical conversions of
analogous compounds within the Group IVB elements in
single~type reactions made it possible to conclude that in
the chemistry of Group IVB elements (C, Si, Ge, Sn, Pb),
after obvious subatantial change between chemical proper-
ties during transition from carbon to silicon there is
another, less pronounced, chenge between germanium snd $in,
i.e. the chemistry of germanium and siliocon derivatives
despite the fact that it has much common features differs
greasly from the chemistry of organic derivatives of tin
and lead.

Initially the chemistry of trihalogermanes (HGeHhIB)
received primary emphasis. It has been found that with con-
Jugated diemnes the reaction proceeds as follows:
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1.0 1t was for the first time found that trihalogermanes
can be a source for reactive germanium dihalogenides of
carbene~type:

HoeHal,=—>= H'[GeHal,] ———= GeHal, + HEal.

With ethers or amines in reaction medium giving ethe-
rates or aminates with HGQBhlB the above equilidrium moves
to the right and the hydrogermylation reaction (I) for
example, in the case of allyl chloride is displaced by

hitherto unkmown comdemsation (II), double germylationm
(IXI) and polymerisation (IV) reasstions:
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Rydrogermylation reactiom proceeds essentially with
any compounds containimg multiple bondse. It opemned the
broad possibilities to obtaim carbofunctional organic ger-
manium compounds previously unknown. The tendency to re-
actions (II), (III) and (IV) increases from Cl to I. These
reactions proceeds often without ether or amime.

Jodides and other organohalogenides capable to reac-
tion according to SN 1 mechanism enter actively into con-
densation reaction (II):

HGeH:al3 + RHal ==t R(a‘reiisafl.3
where R = t=Buj; PhBC-, Ad~; -cnzsmB; CH ECGHZ-; PhCHZ-;
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The amine complexes of trihalogermanes can also en~-
ter in this reaction.

The comparative studies of HG9013°RBK and HS:I.ClBORBN
revealed their close similarity and opened new preparati-
ve methods for the germanium and silicon compounds hit-
herto non-availabe:
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where M = Ge and Si .

The original double germylation reaction (III) pro-
ved also to be enough conventional ,it proceeds with some
olefinic and acetylenioc compounds:
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+ HGeHa.13 ———nd '

=0 = C= St Hal3GeO-?GeHa13

The simple preparative methods for trihalogermane
etherates and aminates obtaining as well as GeHa.12 dioxo~
nates from available hydrosilanes and GeHal 4 have been
found:

Ether
HGeHal .*2R,0
HS1(0Et), [ Amine 372
GeHal == HGeHal.°R
4 3° RS
or (HMe,S1),0 I Dioxane ~—o

Dibromogermeanium dioxanate became to be the moat
convenient one in series of synthesis. It is establighed
that it reacts with practically any organobromides:

Ve RBr
0 O « GeBr, ——---Br3GeR (~80%)
where R = Ad-; Ar-; -CH,Br; -(cnz)ncoone; ~CH=CH,;

=~CHaCHPh; =CH=CHBr etc.

Trialkoxygermane aminates (new complex germeanium
compounds) have substantially extended the synthetic pos~
sibilities in the chemistry of germanium organic com=
pounds:

N(CH.,CH.,0H)
2.2 ‘3 Hc'e(ocnzcnz);n
(Et0).GeHeR
3 3 CH,=CHCOOR

In the case of &, ﬁ-unsaturated carbonyl compounds
it is unnecessary to prepare separately trichlorogermanes
and their etherates; it is sufficient to mix three star-

ting reagents:
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where R = H, Alk, Ol; R's H, Me; Hal = C1, Br.




Trihalegermanes enter into unexpected reactions with
xetones, aldehydes and ethylene oxide:
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Trichlorogermylmethanol can be a source for 63012:

— —\
OIBGeCHZOH + 0 0 e Ge012 0 0

The direct synthesis i.e. interaction of elementary
silicon with organohalogenides have been attracted much
attention. The first unsaturated organic compounds of ger-
manium have been prepared by this method. By involving of
J=~halomethylgermanes and -silanes in synthesis the diffe-
rent bridged cyclic compounds have been prepared; on base
of them germaadamantenes . have been synthesized:
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1,3-Digermacyclobutanes and other germacycloalkanes

of type:
c
Me,0¢” Hz\m
exe - ne2
., (CH,),
*‘»’ \ where M = 81, Ge, have been synthesized doth dy direct

and organometallic synthesis.

The bridged germanium oompounds in ocontrast to their
silicon analogues showed more tendency to the following
reactic-:
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MeBGeRGeMe3 —_— GeMe4 + I(l}e - R
Me x
where R = CH2; 02H4; O; RH ,

Germazanes are proved to be more reactive than silaza-
nes with protonated compounds:t

llleBGeNHGeMe3 + HX et MeBGeX + H3N
where X = acetylene, carborane .

Finally, one more new reaction for Ge-C bond formation 1
has been found:
Cu : ;

GeHal4 + RI ——tm RGeHal3
where R = Me, Pr, CH,I, Ph )@s, n-PhI, Bu, All, o-Naf,
m~MePhw~, {

The chemistry of biological active five-coordinated
germanium compounds (so~called germatrenes and their ana=
logues) as well as germyladamantanes and C-germylcarboxy-
lic and hydroxamic acids received the particular attention.
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Involving germanium dioxide in synthesis has substan-
tially aimplified the preparation of some germatranes and
germacynes, for example: .

~20% —
GeO, + N(CH,CH,O0H), ———m Hoc'e(ocnzcnz)}-ﬂao (~100%)
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0 CHy=CH0 /°“"2

Ge0,+ (HOOH;),+ RN(CH,CH,O0H), RN —-———-/Ge
‘oaz-onzo O(Jn2
Germanium dioxide react also with hexamethyldisilazane:
GeO, + H0 + (ueass.)zn ~———Ge(031Me,),




The extensive studies of biological ectivity of or-
ganic germanium compounds have been showed that because
of low toxicity they exibit high biological activity and
favourably affect the different living organisms. Besides,
‘ in contraat to silicone compounds germsnium compounds tur-
ned to be less toxic among the structure-like compounds. |
Quite possibly germenium plays an independent role as *
& blochemical trace element and its deficiency ocould :
doudbtlessly make itself felt in all living organisms as
well as that among organic germanium compounds will be
£ind that ones of great value for use in medicel prepara-
tions.
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