
In a previous paper 11-e reported the results of our study on the reactions of 
esters of met.alated carbo_s+c acids with halosilanes and the conditiozs of the re- 
arrangement of ~~il_vl-O-~k~~~eete~ea~~t~ into esters of silylacetic acid*. The later 
investigation of the reaction of metdated (Hg. Sn) aidehydes. ketones and titers of 
carbo?rylic acids made it possible to develop a number of preparation techniques for 
synth~tig func~onall~--substiruted orgwogermanium compounds using hx-drides 
and hakgerman&.~_ Thtie techniques enabied ;t-germ-lated ketones and esters to 
be obk&ed compxatively easily_ 

s i z ----------j R,Ge;CH&OOR)a_~ f FIgI, 

RSGe~~_!a i Hg(CH,COOR), I 
S-H 

-_-A R,Gc(CH&OOR),_, f Fig t CH&OOR 

+ R&e(H)CH,COOR f IHgCH,COOR 

R_GeHS f Hg(CH,COOR), -L - s - Cl 
-- R,GefCI.;CH&OOR j Hg + CH,COOR 

R&eS + XCH&OCH, -~GcCH=COCH, + MS 

(31 = !A Hg. IHg-. R&x-; S = Cf. fir, I) 

h the prfient papr we give the results of our work on the conditions for 
st-nthesiziw functionafI~--substituted organogermanium compounds using (a) esters 
of (t~~~~~I~trtnn~-l-I)afetic acid and halogennanes and (b) the reaction of alkosy- 
germanes with ketene. 

Esters of (trialkvlitann_\-Ijacetic acid do not react so readily with haIogermanes 
as 16th the corresponding halosifan~_ fn thins case iE ii sometimes possibfe to react not 
only icxiogkmane, but also c_Wcrogemzanes which as a ruIe do not react xith bi+ 
(carboa&oqmethyl)mercury_ In the reaction of tetrahalogennanes with esters of 
(triak&tamq-ffacetic acid, one, two. three or four halogen atoms ca11 be replaced by 
caibometlioxyrnethyl groups. 

Ift _x&ecH,COOCH, 

- G+H&OOCH& 

S = Cl. Bi. I 
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In each case, the yields amount to 75-90 ‘?A_ The same results can be obtained 
also by successive replacement of the halogen atoms in halogermanes. 

C1,Ge(CH,COOCH3),_, -+ Rs:cl~;~c~ + Cln_lGe(CH,COOCH&_n 

Furthermore, alkos~~gennanes react readily with esters of (triall+tannyl)acetic acid. 

(CH,O)&eCI - Rs~c;;~~H=+ (cH,O),GeCH,COOCH, 

In the case of trialkylhalogermane the reaction proceeds readily with iodides ( - So %) 

and poorly with chlorides (27 ‘%)_ 

E&GeI 
f R,SnCH:COOR' 

-R&I - Et&eCH,COOR’ (R’ = CH,, Bu) 

.\ 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 carbosylic acids3, where one 
can espect the formation of 0-genn+O-alkylketeneacetals as well as germylated 
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Fig. I. (a). IR spectrum of methyi (trichIorogermyI)acetate; (b), IR spectrum of methyl (germyl)- 
tetrakisacetate; (c). IR spectrum of methyl 3-(triethyIgermyIosy)-3-butenoate. 
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3. But_vi (tribirt~~stan7r~Z)acetate. (II) 
On passing excess ketene through 21.2 ,g (o-0$3 mole) of (I), IS.9 g (So :L, yield) 

of (II) are obtained, b-p. x22-123” at I mm, -+J’ I.~TTZ. dr 1.1003; XRD Iol_og 
(cald 103_5S)_ (Found: C, 54.16; II, g-71; Sn. 29.31. C,,H,O, &cd.: C, s-35; 
I-I. 9-45 ; Sn. 29.30 ?A)_ 

T~ethylchlorogermaunane (10.2 S. 0.052 mole) was added dropwise to 20.7 g (o-057 
mole) of (I) ; the reaction rnisture was heated for 0.5 h at ~o-60”. Fractionation yielded 
10.9 g (go:; yield) of (III), b.p. Sx-S2” at g mm, rrg IWO (literature9, b.p. 290’ at 
755 mm, XE 1.4406). 

q_ Rcacrctio;r qf triclr~oroalko~~~errrsanes with keterre 
(a) Methyl (trichlorogermyl)acetate, ClsGeCH&OOCH,, (11’2). Excess ketene 

was bubbled through 14 g (0.067 mole) of trichloromethosygermane at xg-20'. 

Fractionation yielded IO g (62 y; yield) of (Iva), b-p. GS-70~ at 7 mm. 
(b) Et&? (triclr~orogzr77r)ac~ute. CL,GeCH,COOEt, (IVb). On passing escess of 

ketene through 3-g g (0.017 mole) of trichloroethosygermane at ~g-2o", 2-g g (61 Y-6 
yield) of I\b was obtained, b-p. -19-50” at 1-5 mm. 

5_ Reaction of trieL’i~~l~~~l~.777~7~e (V) with kete7ze 
(a) _\Ieth$~-(t7~~~;~~~er77L~YIO~~)-3-bzrtenoate, CH,=C(OGeEt,)CH,COOCH3. (Va). 

Ketene was passed through 3.4 g (0.017 mole) of (1:) at ---~--Io~_ Fractionation yielded 
o-9 g of (1’) and 2.5 g of (\‘a) (69 “b yield based on reacted (\?)), b-p. SI-S~O at I mm. 

The IR and IH STIR spectra of (Va) are in agreement with its structure. The IR 
spectrumof (Va) show-s a C=C stretching vibration at IG~O cm-’ and a C=O stretching 
x-ibration at 1730 cm-r (Fig. I). 

The rH SMR spectrum’ of (1-a) sho:vs 2 pattern, which is interpreted as follows: 

2: = ~_SI and 3-55 ppm (two protons) 

b: = 2.95 ppm (two protons) 

c: = 3.6 ppm (three protons). 

(b) Mct?z.$ (trietfrvZ,enn_v)aretate, Et,GeCH,COOCH,, (l*‘b). On passing ketene 
through a solution of 5-2 g (0.027 mole) of (V) and 0.4 g of II& in 6 ml of methyl 
alcohol, J. S g (92 “; yield) of (L-b) are obtained, b-p. 50-52~ at 1-5 mm (literature %, 
b-p. Sg-ga D at g mm, 9zg ~__+=j~o, dy 1.1052). 

6. Rzastio;r o_f tri~i~lbrsto.y~~~7~e, (VI), mitk ketene 
BiQL (trietli_?~~e~7rt_vI)nccfnfe, Et,GdH,COOBu, (t;Ia). Excess ketene was 

* The S?dIi spectrum was taken in carbon tetrachloride solution with tetnmeth~-lsilane as 
internal reference xith a spectro,=ph Hittachi H-GO. 
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bubbIed through a soIution of 3-g g (0.017 mole) of (VI) and 0.3 g of HgI, in butyl 
alcohol. Fractionation J-ielded 3.7 g (SI 7; yield) of (VIa), b-p. 69-70~ at I mm. 

T-Ig- Reucfiotc of ?u&~zmrants zziflc al&I (tri~~~l~tanjcyZ)ac~~e 

This followed a conventional pattern. The alkyl (trialkylstannyl}acetate was 
added dropwise, with vigorous stirrin,o. to the halogerman e. The reaction mixtnre 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 z _ 

The properties of the compounds prepared in this investigation are summarized 
in Table I. 
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-1 number of germ>-lated all+ acetates have been synthesized by the reaction 
of haiogermanes with alky1 (trialk~istauny~)acetates and the reaction of alkoxy- 
germane with ketene. It has been aamed that, in the last case.‘the reaction proceeds 
through an intermediate keteneacetal derivative. 
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