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A STUDY OF SOME ORGANOTRICHLOROGERMANES PREPARED 
FROM CESIUM TRICHLOROGERMANATE(II)* 

P. S. POSKOZIM** 

Chemisrrv Department. Nor:hwestern Unicersitx. Evanston, Illinois I U.S.A.) 

(Received September 25th, 1967) 

The chemical reactions of cesium trichlorogermanate(I1) to form RGeCl, 
compounds have been reexamined, the older methods improved upon, and new 
techniques put forth. In the course of these studies, tert-butyltrichlorogermane and 
see-butyhrichlorogermane and their triphenyl derivatives were prepared and char- 
acterized by means of NMR and infrared spectral data. and elemental analyses. 
Mechanistic possibilities for the reactions involved were probed in the light of steric 
limitations set by the reactants, and the overriding nucleophilicity ofthe GeCI; group. 

INTRODUCTION 

The classical techniques’ for the preparation of RGeC13 compounds (R= 
alkyl. aryl) have invariably led to the formation of mixed products of the type 
R,GeCl,_, (n = 1.2.3) and varying amounts of digermanes’. However. the formation 
of RGeCl, compounds in high yield by means of simple. catalyzed redistribution 
reactions was reported recentlylc. 

It was the purpose of this paper to reinvestigate the chemical reactivity of 
CsGeCls3, a substance which seemed to afford a direct route to organotrichloro- 
germanes : 

CsGeCl, +RI - RGeCl, +CsI 

This reaction precludes the possibility of multiple products and is somewhat analo- 
gous to the reactions of trichlorogermane with tertiary alkyl chlorides4 and with 
olefins5. More specifically, this paper deals with the preparation of new, relatively 
crowded butyltrichlorogermanes, and compares their unusual physical properties 
with those of analogous silicon compounds. 

A reinvestigation of the general nature of the reactions of cesium trichloro- 
germanate(II~* appeared to be in order. The original work was therefore extended 

* Based in part on the Ph.D. Dissertation of P. S. Poskozim, Northwestern University, 1967. 
** Present address: Department of Chemistry, Sam Houston State College, Huntsville, Texas 7734t) 
(USA.). 
** It is assumed throughout that the valence state of germanium in the CsGeCI, salt is +2. Evidence 
derived from physical and chemical properties along with far infrared data6 strongly suggest that the-con- 
clusions drawn are correct. 
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to include a solid-liquid phase ‘Wimatemixture” technique, and a more conventional 
combination of reacrants in stirred solutions of common organic solvents_ Of special 
interest were the steric requirements set by the alkyl iodides on the course of the reac- 
tion and the overall nucleophilicity of the Ge”Cl; anion in displacement type reac- 
tions. 

I. Preparation of CsGei& 
Cesium trichlorogermanate(I1) was prepared in the manner described by 

Tchakirian3. To somewhat simplify the literature process, germanium tetrachloride 
was directly reduced to germanium(I1) in aqueous hydrochloric acid. 

In a typical experiment, 70 g of hypophosphorous acid (0.53 moles or slightly 
more than a four to one excess) and 80 ml of 3 M hydrochloric acid were warmed in a 
1000 ml beaker equipped with a watch glass and magnetic stirrer. Germanium 
tetrachloride (28.19 g, 0.131 moles) was added and the temperature raised to 85-90”. 
The solution was vigorously mixed for 5 h, then cooled to 50”. The addition of a 5 % 
molar excess of solid cesium chloride produced a fluffy white precipitate upon further 
cooling to room temperature. The solid (34-40 g, 84%) was filtered and dried at 25O 
for 8 h. (Found : Cl. 33.97. CsGeCl, c&d. : Cl. 34.09 “/,.) A11 analyses were performed 
by Micro-Tech Laboratories, Skokie, Illinois. 

II. Sealed tube reactions of CsGeCI, 
In place of standard Carius tubes, 10 mm o-d. gIass break-seal tubes 

chased from Scientific Glass Apparatus) were employed as reaction vessels. 

TABLE 1 

REA~O~~~F CsGeCIJ 

No. Reaction Conditions Product” YieId Properties 

Sealed tube reactions 
1 CsGeCi, -I- CaH,I 
2 CsGeCl, + ten-C,HgI 
3 C,H,Lit tert-C,H,GeCl, 

Solid-liquid phase reacrions 
4 CsCieCI, -i-n-&H,1 
S CsGeCl, +sec-CaH,I 
6 C,H,Li+sec-CaHgGeCIs 
7 CsGeCla iCH,=CHCH,I 
8 C,H,Li+CHz=CHCHIGtX13 
9 CsGef& +iso-C,HJ 

Solurion reacfions 
10 CsGet& -NH31 

11 CsGeCl,iC,H,CH,CI 

200”. 38 h C,HJGeC13 50% 
MO”, 840 h tert-C.rH,GeCl;i 40 % 
50-60”, 7 h tert-CaHgGe(CbHS), 

f60°, 216 h 
MO”, 240 h 
50-60°, 5 h 
120”. 36 h 
50-60°, 5 h 
120”. 96 h 

n-C,H,GeCI:, 70% 
set-C,HgGeC13 26% 
set-C,H,Ge(C,H,), 
CH2=CHCH,GeC13 60 % 
CH2=CHCH2Ge(CcH& 
iso-CSHTGeCi, 4% 

CH3GeC& 47% 

C&,CH,GeC13 30% 

ReRux 17 h 
in THF 
Refiux 14 h 
in methnnol 

m.p. 66-67’ (s&l.) 
m.p. 160-62” 

b.p. 183-87O 
b.p. 184-W 
m.p. 70-71” 
b.p_ 154-57” 
mp. 87-89O 

b.p. 108” 

m.p. 33-36O 

u Anafyses: tert-BuGePh, (Found: C. 73.13; H. 6.66. CzlHz,Ge cnlcd.: C. 73.19; H. 6.70 % ); see-BuGePh, 
(Found: C_ 73.31; H. 6.90. Cz2Hz4Ge c&d.: C. 73.19; H. 6.70 %); CH2=CHCI-I,GeC1, (Found: C. 16.16; 
H. 2.24. C,H,CX,Ge &cd.: C. 1638; H. 2.29%). 
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addition of solid CsGeCl, and about a 25 y0 molar excess of reactant iodide, the tubes 
were evacuated at liquid nitrogen temperature before sealing, then heated in an elec- 
tric oven. When the reaction was completed, the break-seal apparatus was attached to 
a high-vacuum line and refrozen before opening. The contents were *-hen directly 
distilled through traps set at zero and - 196” respectively. 

In reactions 1 and 2 (Table I), RGeCl, products were collected essentially free 
of reactants in the 0” trap. and were subsequently analyzed. 

Triphenyl derivatives were prepared by addition of excess phenyllithium 
(purchased from Foote Mineral, 2 M in 70/30 benzene/ether) to the RGeCl, species. 
Upon hydrolysis, separation, and solvent evaporation, white crystals were obtained 
and recrystallized from absolute methanol. Table 1 outlines details of reactions, 
physical properties, yields, and analyses. 

Ill. Solid-liquid phase reactions of CsGeCl, 
An experimental procedure somewhat similar to that used by Lesbre’ in 

reactions of CsPbCl, was employed to prepare some alkyltrichlorogermanium 
compounds. Alkyl iodides (25% molar excess) were relluxed over solid cesium 
trichlorogermanate(I1) under a slight positive pressure of nitrogen. An oil bath was 
used to maintain a temperature approximately 20° above the boiling point of iodide 
to support a gentle rellux. When the reaction was completed_ products were directly 
distilled from the intimate mixture apparatus. purified. and characterized (Table 1). 
Triphenyl derivatives were prepared as above. 

IV. Solution reactions of CsGeCl, 
In a typical experiment, CsGeCI, (0.042 moles) and methyl iodide (0.168 

moles) were added with 500 ml of dry tetrahydrofuran (THF) to a 1000~ml round- 
bottom flask equipped with a reflux column and calcium chloride drying tube. After 
17 h of reflux. the more volatile products and solvent THF were distilled off. the major 
portion boiling at 67--68O, the final fraction boiling at 107.5-108”. Methyltrichloro- 
germane boils’ at 11 lo. NMR and infrared spectra confirm the presence of CH3GeC1, 
(4.3 g, 47 %)_ Benzyltrichlorogermane was similarly prepared in methanol solvent 
(Table 1). 

V_ Infrared and nuclear magnetic resonance spectra 
Table 2 groups the G&l,, Ge-C, and phenyl-germanium frequenkes for 

eleven organogermanium compounds_ Although it is difficult to make general- 
izations about the position of the Ge-C stretch. agreement is good with the literature 
datasv9 the region of this characteristic bandi’ being at 520-600 cm-‘. The position 
of the asymmetric Ge-Cl stretch is invariant in the RGeCl, compounds studied at 
426-430 cm-‘. These latter bands are intense and sharp in all cases. In addition to 
Whiffen’sZ3 diagnostic narrow phenyl-germanium regions at 1430 and 1090 cm- ‘, 
there appears to be another characteristic absorption area between 460 and 470 cm- I_ 

Of some interest are the near infrared C-H stretches of tert-butylorganoger- 
manes. Complex multiplets of five, medium intensity, sharp absorption bands are 
noted from 2860 through 2975 cm- ‘_ The tert-butyl skeletal vibrations occur at 
940-950 cm-l (weak), 10144020 cm-’ (medium), and 1170-l 190 cm- 1 (medium)_ 
Characteristic C-H deformation bands are observed at 1461 and 1470 cm- ’ in the 

J. Organomeral. Chm.. 12 (1968) 115421 



11s P. s. POSKOZIM 

TABLE 2 

CKARACI-ERKSTK MFRARED Vf33RiTIOK4L FREQUEXC& OF ORGAXOTRlCHLOROGERMA?XS ASD 

ORG.4NOTRlPHENYLGER?‘l~ 

Compound Ge-Cl Gez-C Ge-C,H, 

CH,GeCI, 426 631 
iso-C$Z,GeCiS 429 57.5 
n-C,Hr,GeCI, 428 593 
sec-CAHgGeCIJb 429 560,583 
tert-C,H,GeCI, 427 550 
H,C=CHCHaGeC& 429 548 
C,H,CH,Get‘t, 430 558 
CsHsGeCI, 330 610 457 1090 1438 
H,C=CHCH2Ge(CdH5)s 534 465 1094 1436 

tert-C,H,Ge(C,H,), 541 471 I089 1431 
sec-C,H,Ge(C,H&b 540.572 469 1091 1432 

“All spectra were run on a Beckman JR. 9 Recording Spectrophotometer. either as fiquid films. or Nujol 
mulls between 6 mm KBr windows. Vibrational frequencies are listed in wave numbers (cm-‘). * For 
the set-5utyl compounds the tko Ge-C vibrations probably correspond to an asymmetric stretch (5S3. 
572 cm-‘) and a symmetric stretch (560. 540 cm-r)rr_ In most cases. only one band is observed. 

form of a medium doublet. 
Pertinent features for the trichloro- and triphenyIallylgerm;mium compounds 

are listed in Table 3. The assignments agree well with the figures reported by Chu- 
maevskii’. 

TABLE 3 

PERTINENT IM%ARED ABSORPTIONS OF TWO ALLYLGERXANIU~I COMPOUSDS 

Cl,GeCHaCH=CHa (C6Hs}sGeCHICH=CH2 Assignment 

429 (s) 
548 (w) 

1165. 1186(w) 
1637(m) 
3092 (m) 

534 (tv) 
1 I88 (w) 
1632(m) 
3073 (m) 

Ge-CI stretch 
Ge-C stretch 
Allylie C-H bands 
Allylic C=C stretch 
Terminal H-C= stretch 

Table 4 lists nuclear magnetic resonance data confirming structures of seven 
org+rotrichlorogermanium compounds prepared above. 

RESTJL-LS AND DlSCUSSION 

The organotrichlorogermanes described herein are either high-boiling liquids 
or volatile solids. All RGeCls species are readily hydrolyzed by moist air or water to 
the corresponding solid oxide form (RGeO)20*,. 

Table 5 records boiling and melting points of the butyltrichforo isomers of 
germanium and silicon. One observes a nearly invariant list of boiling points for all 
the butyl compounds of a particuIar Group IV metal except in the case of tert-butyl- 

* The startin? material CsGeCl, is initially hydrolyzed to Ge(OH),, loses water to form GeO, and is 
eventually oxtdized to the <itable GeO, for&. 
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TABLE 4 

NMR SPECiRfiL DATA FOR SGXE ORG~~~~OTRICHLOROGERMA~-XS 

Compound Chemical shift” Integration 

CH,. CH, Cd-b - ratios 

CHJGeCl, 1.77b (singlet) 
ten-C,H,GeCl, 1.42 (singIet) 
CeH,GeCIs 7.10. 7.23 3:2’ 
CBHsCH2GeCl, 3.43 (singlet) 7.43 (singlet) 2:5 
n-C,H,GeCl, 1.1, 1.75.2.15 3.:4:2d 
set-C,H,GeCl, 1.4.2.0 8:l’ 
iso-C,H,GeQ 1.37,2.24 6:1* 

p Parts per million from tetramethylsilane; multiplets unless stated otherwise. * Lit. 10: 1.83 ppm. ’ Ratio 
of mete. paru to ortho H’s_ a Ratio of three terminal H’s to two H’s on the carbon atom a to the GeCl, 
group. e Ratio of one tertiary H to eight primary and secondary H’s r Ratio of one tertiary H to six methyl 
H’s_ 

trichlorogermane. Both tert-C,H,GeCl, and tert-C4H9SiCl, are white, sublimable 
solids at room temperature and atmospheric pressure. In addition. tert-butyltrichloro- 
silane exists in the form of “well defined fern-like crystals”i4. The same phenomenon 
has now been observed in the case of the germanium analog. as well as for tetrakis- 
(trimethylsilyl)silane’5. The effect of symmetric branching on the physical state and 
melting point of molecules has elicited a good deal of interpretation and discussion’6. 
Apparently, the three compounds listed above have the correct symmetry to tit rather 
tightly into compact crystalline lattices, thus maximizing intermolecular forces and 
producing volatile solids. 

The reaction of CsGeCl, with alkyl iodides to produce organotrichloroger- 
manes was first studied by Tchakirian 3_ Whereas it appeared necessary to employ 
drastic conditions of heated. sealed Carius tubes to make the reaction feasible. it 
was thought that less severe methods should be investigated in light of the ease of 
preparation and good stability of the cesium trichlorogermanate(I1) starting material. 
To that end, work was done with solid-liquid phase reactions, and a preliminary 
attempt at solution reactions of CsGeCl, was carried out. The former empirical tech- 
nique provided not only a somewhat general method for producing primary and some 
secondary alkyltrichlorogermanes, but also added insight into the riature of the reac- 
tive process. 

Yields of RGeCl, products reflected the degree of steric interference at the site 

TABLE 5 

BOILING AND MELTING POIPrJ OF THE ISOMERS OF BUTYLTRICHLOROGERMAh~ AND BUTYLTRlCHLOROSlLAhZ 

RGeClP B.p. rC(mm)] M.P. W) RSiCl,” B.P. W(mm)3 M.p. (=C) 

n-C,H9- 184” (760) n-C,H,- 148.fY (760) 
se&C,H,- 184O (752) sec-C.,H,- 144” (760) 
tert-C,H,- 92.5O (68) 66-67” = tert-C,H,- 133O (740) - 98-99° 
iso-C,H,- 108’ (25) iso-C,H,- 139.5” (745) 

a For germanium compounds not described above see ref. 1. ’ For silicon compounds see ref. 17.’ Mironov 
and Gar4 list a (apparently sealed tube) melting point of 95-98”. 
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of attachment of the iodine atom in the alkyl iodide reactants (Reactions 4, 5, 7, 9; 
Table 1). Both ally1 and n-butyl iodides produced yields in excess of 60 %_ The crowded 
set-butyl iodide gave a 26 o/0 yield of RGeC13 ; isopropyl iodide only 4 %_ 

It is interesting to note that in solution, the reactivity of GeCl;, as derived from 
CsGeCl,, seems to be enhanced to some degree. Solvent assistance by either tetra- 
hydrofuran or methanol could be taking place to solvate the cesium cation, thereby 
activating the trichlorogermanate(II) anion. Thus the relatively high yields of CH3- 
GeCl, (47 “/,) and C,H,CH,GeCl, (30 %) noted above could be explained (Reactions 
10 and 11). 

A simple assignment of oxidation states in these reactions shows that a 
formal oxidation ofgermanium from + 2 in CsGeCl, to +4 in RGeCl, is taking place. 
An expected driving force, the formation ofa stable germanium(IV) entity, is apparent- 
ly partially negated by a nearly equal force to retain the stable CsGeCl, species in 
preference to the product CsI. This latter postulate might take some precedence from 
the fact that the relatively “hard” Cs+ ion would be expected to prefer the relatively 
hard GeCIy anion over the “soft” iodide anion. 

A more complex situation seems to exist in reactions of SnCl; (ref. 18) and 
PbCl; (ref. 7) with alkyl iodides. The authors report that isopropyl iodide reacts more 
easily than n-piopyl iodide. Furthermore, the products are respectively iso-propyl- 
trichlorostannane and n-propyltriiodostannane. Similar iodine-chlorine exchanges 
have never been observed in the corresponding germanium cases. 

Another steric problem was encountered in the course of the present study. 
The reaction to produce tert-butyltriphenylgermane proceeded in a straightforward 
manner, apparently uncomplicated by the coupling mechanism’ by which digermanes 

tert-C,H,GeCl, + 3 C,H,Li - tert-C,HgGe(C,H,), + 3 LiCl 

are formed in similar cases. 

GeCl,&excess CsHsLi + Ge(C,H,),+(CeH&Ge-Ge(C,H,), 

The fact that three phenyl groups were substituted with relative ease is a little sur- 
prising when the precursor to the triphenyl compound. (tert-C,H,)Ge(C,H,),Cl. 
appears to be quite sterically hindered from further nucleophilic attack. The melting 
point of the new compound tert-butyltriphenylgermane is relatively high (16O-162o) 
and no sign of sublimation was observed_ Similarly, the ready formation of sec- 
butyltriphenylgermane through the crowded intermediate set-C,HgGe(CsHS),Cl 
occurs without any hint of coupled product. It might be postulated that the large, 
branched, three-dimensional butyl groups are impeding a lithium transfer process no 
doubt responsible for digermane formation. The flat, two-dimensional~phenyl rings 
could then be said to be incapable of such steric blocking_ 

This research was supported by the Advanced Research Project Agency of the 
Department of Defense, through the Northwestern University Materials Research 
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of this work. 
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