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FUNCTIONALLY-SUBSTITUTED ORGANOGERAMANIUM COMPOUNDS

L F.LUTSENKO., Yu. I. BAURKOY axp G. S. BURLACHENKO
Chemistry Department, Moscow State Universily 3. 1. Lomonegsor™, Mascow (U'.S.S.R.}
{Received March roth, 1956}

In 2 previous paper we reported the results of our study on the reactions of
esters of metalated carboxylic acids with halostlanes and the conditions of the re-
arrangement of O-silyvl-O-alkylketeneacetals into esters of silylacetic acidl. The later
investigation of the reaction of metalated {Hg, Sn} aldehydes, ketones and esters of
carboxylic acids made it possible te develop a number of preparation techniques for
synthesizing functionallv-substituted organogermanium compounds using hydrides
and halogermanes*-*2. These techniques enabled z-germylated ketones and esters to
be obtained comparatively easily.

Xl . R.Ge{CH.COOR), , - Hgl.

RaGeX,_n + Hg(CH.COOR), —
 X=H
— S —— R.Ge(CH.COORY},_, + Hg + CH,COOR

—x=1 __ R.,Ge(H)CH.COOR - IHgCH,COOR
R.GeHX -+ Hg{CH,COOR), — _
— 2 s R,Ge(CHCH.COOR - Hg = CH,COOR
RyGeX < MCH,COCH, —~ R,GeCH,COCH, = MX
(I = 13 Hg. IHg-, RySn-; X = Cl, Br, I)

In the present paper we give the resuits of our work on the conditions for
synthesizing functionally-substituted organogermanium compounds using {a) esters
of (trialkyvIstannyl)acetic acid and halogermanes and (b) the reaction of alkoxy-
germanes with ketene.

Esters of (irialkvistannvliacetic acid do not react so readily with halogermanes
as with the corresponding halosilanes. In this case it i5 sometimes possible to react not
only ivdogermane, but also chicrogermanes which as a mle do not react with bis-
{carboalkoxymethyl)mercurv. In the reaction of tetrahalogenmanes with esters of
{trialkvistannyl}acetic acid, one, two, three or four halogen atoms can be replaced by
carbomethoxymethyl groups.

_F, X GeCH.COOCH,
Iz -
. < RSacHcoocH, | 2Ue{CHCO0CH ],
CeXe——TREN i
225 XGe{CH.COOCH, ),
r:g
— Ge{CH,COOCH,),
N=ClLBr1
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In each case, the vields amount to 75-Go %. The same results can be obtained
also by successive replacement of the halogen atoms in halogermanes.

ClaGe(CH,CO0CH,)_n —— e 5 Cl,,Ge(CH,COOCH);_n

Furthermore, alkoxygermanes react readily with esters of (trialkylstannyl)acetic acid.

~+ R,8nCH.COOCH,
— R e — (CH;0),GeCH,COOCH,

(CH,0),G<Cl

In the case of trialkylhalogermanes the reaction proceeds readily with iodides (~ 80 %)
and poorly with chlorides (27 %;).

Et,Gel — T TG00 | gt GeCH,COOR’ (R’ = CH,, Bu)

A spectroscopic study of the reaction products was carried out in connection
with the transfer of the molecule reaction center which occurs rather frequently in the
reactions of metalated aldehydes, ketones and esters of carboxylic acids3, where one
can expect the formation of O-germyl-O-alkvlketeneacetals as well as germylated

00
Cl3GeCH,C
\0 Hy

Transmittance (%)

‘O
CH,=C—-CH,C
20 27 2 ‘QCH3
OGe{CHe)
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cm™!

Fig. 1. (a), IR spectrum of methyl (trichlorogermyl)acetate; (b}, IR spectrum of methyl (germyl)-
tetrakisacetate; (¢}, IR spectrum of methyl 3-(triethyigermyloxy)-3-butenoate.
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alkylacetates. Intensive absorption bands in the IR spectra®, at 1730-1750 cm™,
cormresponding to valency oscillations in the ester group of germylated alkylacetates,
were detected in all cases {see Fig. 1). Stretching vibrations adequate to C=C absorp-
tion were absent in the spectra. 'H NMR spectra were in agreement with the proposed
structuret.

When examining the interaction of the alkoxy derivatives of the elements of
group IVB with ketene, we found that these derivatives react differently. \Whereas
alkoxystannanes react readily evolving heat to give high yields of the esters of stannyl-
acetic acid?, alkoxysilanes do not react with ketene under these conditions and tri-
alkylatkoxygermanes react more sluggishly than the corresponding trialkylalkoxy-
stannarnes to give final products of different structure.

Methyl 3-(triethylgermyloxy)-3-butenoate in 70 %, vield was isolated from the
reaction mixture obtained by saturating triethylmethoxyvgermane with ketene. The
formatior of this compound can be expressed by the following equation:

+ 2H,=C=0

Et,GeOCH, CH,=C-CH,COOCH,

i
OGeEt,

It can be assumed that, in this case, the reaction proceeds through the intermediate,
O-triethylgermyl-O-methyiketeneacetal, which reacts further to give methyl 3-(tn-
ethyvlgermyloxy)-3-butenoate. The assumption of the existence of the intermediate,
O-triethylgermyl-O-methyvlketeneacetal {which was not isolated) is based mainly on
the analogy with the studied reactions of O-silvl-O-atkvlketeneacetals that have been
isolated. This analogy can be seen from the following reactions.

I. On saturating both trialkylalkoxygermane and O-triethylsilyl-O-methyl-
Leteneacetal with ketene, compounds of the same structure are formed.

CH,=C{OCH;)OSiEt;, .. .
y——Zie—" > CH,=C-CH.COOCH,""
Et,GeOCH,” i
OMEt,

II. On heating O-triethyisilyl-O-methylketeneacetal with Hgl,, a irreversible
isomerization to methyl {trethylsilyljacetate occurs.

CH.=C{OCH,)OSiEt, -2t

Ec,SiCH,COOCH;

\When ketene is passed into an alcoholic solution of trialkylalkoxygermane after the
addition of a small amount of Hgl,, the ester of {trialkylgermyi}acetic acid is formed,
in high yvield, as the only product and alkyl 3-(trialkvigermyloxy)-3-butenoate is not
formed at all.

Hal,- ROH
e

Et,GeOR + CH,=C=0 Et,GeCH,COOR (R = CH,, Bu)

* IR spectra were obtained with thin films using a spectrometer * Jasko™, IR-S(KRCI).
** The rearrangement, CH,=C(OMR,)CH,COOCH, to CHyC{OMR,)=CHCOOCH,, will be
reported in a following paper-
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ITI. As we have already reported?, O-trichlorosilyl-O-methvlketeneacetal is
isomerized to methyl (trichlorosilyljacetate at room temperature; the isomerization
proceeds rapidly on moderate heating. If ketene is passed into trichloroalkoxy-
germanes, alkyl (trichlorogermyl)acetate is formed. In this case, the alkyl butenoate
was again not isolated.

CH,=C(OCH,}0SiCly — L1 CLSiCH.COOCH,
CLGeOR + CH.=C=0 — Cl,GeCH,COOR (R = CH,, Et)

All these reactions can be tabulated in a scheme where the central position is taken by
the keteneacetal derivative, isolated in the case of organosilicon compounds and
assumed in the case of organogermaninum compounds.

R,"SnCH,COOR’
!
IR,SIX
3
~ OMR 22020 | cH,—C(OMR,)CH,COOR’
RMOR: —He2C620 , tey oo/ !
& 3 OR* |——52—— R,MCH,COOR’
St~ . R=Cl
— ~— CL,MCH,COOR’
M = Si, Ge

The facts presented above show that the formation of one isomeric form can
result from the rearrangement of another form produced initially and the course of
the reaction, therefore, depends on their relative stability. This fact must be taken into
account, especially when considering schemes of praoduct formation in the reactions of
compounds that exhibit dual reactivity and frequently react with transfer of the
reaction center.

EXPERIMENTAL®

Many of the compounds used in this work were prepared by methods already
described in the literature, ¢.g., methyl (triethylstannyljacetate and methyl (tributyl-
stannyljacetate’, triethyvliodogermane and triethyvichlorogermane®, triethylmethoxy-
germane and trimethoxyechlorogermane?, trichloroethoxygermane8.

1. Tridutvibutoxystannane (I)

22 g {0.068 mole) of tributylmethoxystannane and 23 g (0.55 mole) of butyl
alcohol were heated and the distillate of methyl alcohol collected. Fractionation vielded
20.7 g (849 vield) of (I), b.p. rx2-113° at 1.5 mm, ny 1.4705, 47° 1.0775; MRp
91.21 {caled. 93.78). (Found: C, 52.86; H, 9.98; Sn, 32.66. C,;H,SnO calcd.: C, 52.91;
H, 9.99; Sn, 32.69 %)-

® Together with the students, V. I. AvbeEeva and I. Yv. Beravix.

J. Organometal. Chem., 6 (1966) 366-503
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2. Butyl (¢ributylstannyl)acetate, (1)

On passing excess ketene through 21.2 g (0.058 mole) of (I), 18.9 g (80 % yield)
of (II) are obtained, b.p. 122-123° at 1 mm, »{y 1.4772, di° 1.1003; MRp 104.09
(caled. 103.58). (Found: C, 54.16; H, 9.71; Sn, 29.31. C;gH330, calcd.: C, 54.35;
1, 9.45; Sm, 29.30 %)-

3. Tricthvlbutoxygermane, (111)

Triethylchlorogermane (10.2 g, 0.052 mole) was added dropwise to 20.7 g (0-057
mole) of (I); the reaction mixture was heated for 0.5 h at 50-60°. Fractionation yielded
10.9 g (90 % vield) of (IIT), b.p. 81-82° at 9 mm, #{ 1.4420 (literature®, b.p. 2go° at
735 mm, 13 1.44006).

4. Reaction of trichloroalkoxygermanes with ketene

(a) Methy! (trichlorogermyl)acetate, Cl;GeCH,COOCH,;, (IVa). Excess ketene
was bubbled through 14 g (0.067 mole) of trichloromethoxygermane at 19-20°.
Fractionation vielded 1o g (62 ¢ vield) of (IVa), b.p. 68-70° at 7 mm.

(8) Ethyl (trichlorogermyl)acetate, Cl,GeCH COOEL, (IVD). On passing excess of
ketene through 3.9 g (0.017 mole) of trichloroethoxygermane at 19-20°, 2.9 g (61 %
vield) of IVb was obtained, b.p. 49-50° at 1.5 mm.

5. Reaction of triethylmecthoxygermane (V) with keiene

(@) Methyl 3-(triethylgermyloxy)-3-butenoate, CH ,=C(OGeEt;)CH ,COOCH, (Vaj.
Ketene was passed through 3.1 g (0.017 mole) of (V) at —5-10°. Fractionation yielded
0.g g of (V) and 2.5 g of (Va) (69 °; vield based on reacted (V)), b.p. 81-83° at T mm.

The IR and 'H NMR spectra of (\'a) are in agreement with its structure. The IR
spectrum of (V'a) shows a C=C stretching vibration at 1650 cm~*andaC=0 stretching
vibration at 17350 cm-! {Fig. 1).

The 'H NXMR spectrum” of (Va) shows a pattern, which is interpreted as follows:

a b c
CH,:-C-CH,-COOCH,

é)GeEta
a: = 3.81 and 3.85 ppm (two protons)
b: = 2.95 ppm (two protons)
c: = 3.6 ppm (three protons).
(b) Methyl (tricthvlgermyl)acetate, Et,GeCH,COOCH;, (Vb). On passing ketene
through a solution of 5.2 g (0.027 mole} of (V) and 0.4 g of Hgl. in 6 ml of methyl

alcohol, 5.8 g (g2 2, vield) of (Vb) are obtained, b.p. 50-52° at 1.5 mm (literature 2a,
b.p. 8g-92° at g mm, n{y 1.4570, d;° 1.1052).

6. Reaction of tricthyibutoxygermane, (VI), with ketene
Butyl (trithylgermylyacetate, Et;GeCH.COOBu, (V1a). Excess ketene was

* The NMR spectrum was taken in carbon tetrachloride solution with tetramethylsilane as
internal reference with a spectrograph Hittachi H-6o0.

J. Organometal. Chem., 6 (1966) 496503
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bubbled through a solution of 3.9 g (0.017 mole} of (VI) and 0.3 g of Hgl, in butyl
alcohol. Fractionation yielded 3.7 g (81 9; vield) of (VIa), b.p. 60—70° at T mm.

7-I9. Reaction of halogermanes with alkyl (trialrylstannyl)acelate

This followed a conventional pattern. The alkyl (trialkylstannyi)acetate was
added dropwise, with vigorous stirring, to the halogermane. The reaction mixture was
stirred and heated during several hours. The product was generally isolated by
distillation. The ratio of reactants, and reaction conditions are summarized in Table 2.

The properties of the compounds prepared in this investigation are summarized
in Table 1.
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SUMMARY

A number of germylated alkyl acetates have been synthesized by the reaction
of halogermanes with alkyl (trialkvistannyl)acetates and the reaction of alkoxy-
germane with ketene. It has been assumed that, in the last case, the reaction proceeds
through an intermediate keteneacetal derivative.

REFEREXNCES

1 1. F. LutsExko, Yu. [ Bavkov, G. S. BURLACHENKO aXD B. N. Kuasarov, J. Organomelal.
Chem., 5 (1909) zo.

z Yu. L. Baugov axp L. F. LuTtsexko, Zh. Obskeh. Khim., 32 (1962) 2737, 3538; 33 (1961) 3353:
I. F. Lvrsexko, Yu. I Bavkov axp B. N. KHasaprov, Z&. Obsich. Khin., 33 (1963) 2724 Yu. L.
Bavxov, I. Yu. Beravix axp [. F. LuTseExko, Zi. Odshch. Rhim., 35 (1965) 1092 YUu. L.
Batxov, G. S. BerracHeENKkO, 1. Yu. Bzravix axp . F. LuTseExko, Zh. Obshch. Khim., 36
{1966} 153 (2a) Ye. L. Batvrov, G. S. BurLacHEXKO axD [ F. LutseExxo, Zkh. Obshch. Kkim.,
35 (1965) 1173-

3 A.N. NeEsmeEvaxov, L F. Lursexko, Z. S. Kra1z axp \. P. Borovol, Dokl. Akad. Nauk SSSR,
123 (1959) 1251; A. N. NEsmevaxov, [ F. Lutsexko axXD V. A. Brarzev, Do&l. Akad. Nauk
SSSR, 123 (1959} 551; Yu. [. Bavxov, G. S. BURLACHENXKO axD L. F. LuTrsexko, J. Organo-
arzial. Chem., 3 {19635) 473

4 L. L. PETROVS®AYaA, G- S. Burracuexxo, E. L. Fepix, Yv. I. Batkov axp L. F. Lursexko,
Zh. Strukt. Khim., 6 {1963) 7S1.

5 I F. LUTSENKO axp S. V. PoxoMarev, Zi. Obshckh. Khaim., 31 (1961) 2025: S. V. PONOMAREY,
Y. I. Bavkov axp L. F. LUTSENKO, Zk. Obshch. Kkim., 34 (1064) 1933.

6 NX. S.\JazaxxIN, G. A. Rasuvaev axp O. A. Dyacuxovsrajya, Zi. Obshch. Khim., 33 (1963)
O13.

7 \'.J[. Avpeeva, G. S. BurrLacHeENKoO, Y. . Backov axp I. F. LutsExwo, Zh. Obskeh. Kaim.,

360 {1966) 1679.

R. C. MEaROTRA aXD G. CHaNDRaA, Ree. Trav. Chim., S2 (1963) 683.

M. LESBRE axD J. Sarce, Compt. Rend., 254 (1962) 40351.

V. F. Mirovov,T. K. Gar axp L. A. LEITES, {zv- Akad. Nauk SSSR, Otd. Khim. Nauk, {(1957)

1199.

P. M. CHRISTOPHER, [. Chem. Eng. Data, 10 (1965) 14-

12 A. J.VoGger, W. T. GRESSWELL aXD J. LEICESTER, J. Phys. Chem., 58 (1954) 174.

[

0O W

-
L]

J- Organometal. Chem., 6 (1966) 496—303



