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Summary

The integrated intensity (A) of Ge—H stretching modes in IR spectra of 30
trisubstituted germanes (R;);GeH, has been studied. For R3;GeH compounds
in which the R substituents do not form d,—p, bonds with the germanium
atom, the correlation between A''? and the sum of inductive Taft Zo* constants
of the R; substituents has been established. The contributions made by conju-
gation effects of a germanium atom with the R; substituents to the integrated
intensity of v(Ge—H) bands are estimated. The formation of weak labile com-
plexes of {p - d)o triorganogermanes with carbon tetrachloride has been studied.
The values of ¥(Ge—H) intensity are compared with the data on disubstituted
germanes (R;),GeH, and silane derivatives (R;)sSiH.

Introduction

The analysis of a great deal of literature on reactivity (for example [1—3]) and
physical and chemical properties [1—4] of organometallic compounds of
silicon subgroup elements (M) shows that the substituents bound to these ele-
ments are capable (together with inductive effect) of resonance interaction with
the M atoms. This capability is only characteristic of these substituents which
contain atoms with lone pairs of electrons and o 3-unsaturated hydrocarbon
radicals bound to the M atom. The possibility of resonance effects is in general
accounted for by the existence of vacant nd-orbitals in M atoms [4—11]. The
alternative treatment of the properties of organometallic compounds of non-
transition elements has recently arisen [12]. However, the hypothesis connect-
ing the resonance effects with nd-orbitals in M atoms seems at the present time

to be more valid.
The vacant nd-orbitals participate both in intra- and inter-molecular processes.
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In the ground electronic state three of them are thought to be most significant:
(a) intramolecular (p - d)7 or d,—p, interaction in fragments M—X where X is
the atom having the lone pairs of electrons or an «,3-unsaturated hydrocarbon
radical [4—111, (b) intramolecular (p > d)o interaction or the «-effect between
M and X atoms in compounds having the fragment ;M:—/:x [4,13—19], (¢)
CH,
intermolecular (p - d)o interaction between M and X atoms of two different
molecules or between the M atom and the electron-donor centre of the solvent
[19—23].

At the present time using spectroscopic methods for organometallic com-
pounds of the silicon subgroup elements the process a has received the most
study and the process ¢ is still not clearly understood. It is essential that firstly
the relative ability of the M atom to participate in the processes a—c depends
greatly on its nature. Secondly, various spectroscopic methods have different
sensitivities to study the processes a—c. Thirdly, in a number of spectroscopic
investigations the contributions to spectroscopic parameters under the influence
of factors a—c (especially b and c¢) were groundlessly ignored or not taken into
account at all.

It is clear from the above that a correct study of the processes a—c requires,
on one hand, a careful choice of the compounds to be investigated which would
permit a separate study of the contributions made by a—c processes and, on the
other hand, a sensitive method for their investigation.

This brief analysis of the problem shows that some work where due attention
was not paid to the role of some contributions of a—c need to be critically
reviewed.

As is seen from the literature [11,19, 24—28], the integrated intensity of
stretching modes in IR spectra is a highly sensitive method to investigate intra-
molecular interactions. Therefore, the purpose of this paper is a study of the
integrated intensity of Ge—H stretching modes in IR spectra of trisubstituted
germanes, (R;)3GeH. Special consideration is given to the purely inductive influ-
ence on the intensity, as well as the above-considered processes a—c. We have
compared the intensity values of Ge—H stretching modes A{Ge—H) with those
of the disubstituted germanes, (R;).GeH, [27] and silane derivatives (R;);SiH
[11,19]. The purpose of this comparison was to obtain the initial relationship
for systematic studies of the relative role of factors a—c in organo-silicon and
-germanium compounds in subsequent works.

Results and discussion

The integrated intensity of Ge—H stretching modes in IR spectra of organo-
germanium compounds have been studied insufficiently [27,28]. First of all,
this refers to the compounds R;GeH in which the R substituents are incapable
of (p = d)m or (p - d)o bonding to germanium atoms and therefore exert only
inductive influence upon frequency and intensity of the v(Ge—H) band. Although
the theoretical calculations for v(Ge—H) are not available, v(Ge—H) vibrations
are considered [29—32] to be as characteristic as p(Si—H). According to the
experimental data on v(Ge—H) vibration may be considered to take place almost
by changing the Ge—H coordinate. The mass of the R; substituent exerts no
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influence on Ge—H vibration. Mechanical interaction between Ge—H modes

and the R; substituents are absent. Therefore, the electrcenic effects of R; sub-
stituents are responsible for the change in ¥(Ge—H) and A(Ge—H). It is simply

the main correlation between v = f(Z0) and A'/? = {(Z£0¢) (the Hammett—Taft
g-constant of the R; substituents). In an earlier communication it was noted

that the correlation equation connecting v(Ge—H) bands with the sum of the
inductive Taft 2 0* constant of three substituents for R;GeH does not contain

the contributions of the a-effect [ 28]. Moreover, to write the eq. 1 for compounds

AY2=13832-—-0.12 0% (1)

R3;GeH [28], the values of A2 of only four compounds were used, two of them
containing chloro- and dichloro-methyl groups. The investigations carried out
on studying the frequency and intensity of v(Si—H) [18—19] showed that a
chlorine atom in a chloromethyl group participates in intramolecular coordina-
tion (a-effect) Ssr—ic The v(Si—H) intensity of the coordinated mole-
CH
cules is greater than that 1121 the same compounds which do not participate in
intramolecular coordination. For s lu it was shown [18] that the

germanium atom, as well as silicon can form intramolecular complexes. In this
connection the eq. 1 describes the influence of two factors: inductive effect
and «-effect. Due to the a-effect, the integrated intensity values of v(Ge—H)
for compounds containing chloro- and dichloro-methyl groups appear to be
overestimated. This was confirmed by a small slope of the correlated straight
line (Fig. 1).

To refine eq. 1, we have obtained more experimental data on A(Ge—H) in
compounds R;GeH in which the R substituents exert exclusively an inductive
influence. For this purpose the compounds 1—8 (Table 1) fulfilling this con-
dition were specially synthesized. The A!/? values obtained for the solutions of
the above compounds in heptane are connected with the sum of inductive con-
stants of the R substituents by the linear relation (eq. 2).

Af3=1.30—0.20 Zo* (r=0.991;5s = 0.01) (2)

Let us compare eq. 2 with the similar ones for the compounds R;SiH [19] (v(Si—H)
vibrations are proved theoretically [33,34] and experimentally [5,7—9,29,30]
to be highly characteristic) and R,GeH, obtained for heptane solutions (eq. 3, 4).

A¥3=1.20 —0.21 Zo* (R,SiH) (3)
A3 =1.79 — 0.20 Zo* (R,GeH,) (4)

By comparing eq. 2 and 3 it follows that the correlated straight lines have prac-
tically identical slopes. This indicates that the atoms of silicon and germanium
transmit the inductive influence of the substituents (or possess the same conduc-
tion of the inductive effect) in the case when these atoms do not participate in
conjugation. The intensity values of v(M—H) stretching modes agree well with
the results obtained earlier in a study of organo-silicon and -germanium com-
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TABLE 1

INTEGRATED INTENSITY OF Ge—H STRETCHING MODES IN THE IR SPECTRA OF TRISUBSTI-
TUTED GERMANES

1/2 1/2

No. Compound v(Ge—H) Aep Aexp Zg*
(em™1) (heptane) (CCla)

1 (n-C4Hg)3GeH 2013 1.37 1.46 —0.39
2 (C2Hs)3GeH 2015 1.35 1.44 —0.3

3 (C2H5)2(CICH,CH,2CH2)Ge H 2019 1.30 1.40 —0.06
4 {C2H35)2(CcH5CH2)GeH 2020 1.30 1.39 0.015
5 (C2H35)CH3(CICH,CH,CH9)GeH 2021 1.30 1.38 0.04
6 (CaH35)(CICH,CH,oCH)2Ge H 2023 1.26 1.37 0.18
7 (C2Hs5)(CgHsCH2)2,GeH 2029 1.24 1.32 0.33
8 (CgH5CH7)3GeH 2038 1.15 1.21 0.645

pounds by other methods. So, the data on v(M—H) [7,31,32] and v(M—C)
[35] frequencies in IR spectra and on chemical shifts in PMR spectra [36]
enable us to conclude that when the substituents capable of d,—p, interaction
are absent in the molecule, the silicon and germanium atoms have practically
the same capability to transfer the inductive influence of the substituents.

Comparison of the eq. 2 and 3 also shows that the intensities of v(M—H)
stretching modes in compounds R3;GeH are greater than those in R;SiH. Accord-
ing to the values of electronegativities of silicon, germanium and hydrogen
atoms [37] one may presume a greater polarity of the Si—H bond, unlike
Ge—H, and, consequently, a greater intensity of v(Si—H) stretching modes. As
has already been stated [27], one of the possible reasons for the disagreement
mentioned may be a more prominent role of 0,0-conjugation in organogermanium
compounds when compared with those in organosilicon ones. The more promi-
nent role of 0,0-conjugation may be due to the large polarizability of bonds in
germanium compounds than those in silicon.

It follows from the comparison of the eq. 2 and 4 that the correlated straight
lines have practically identical slopes. This is not unexpected. Parallel alignment
of correlated straight lines were observed in studying v(M—H) frequencies in
mono-, di- and tri-organosilanes [7], and in di- and tri-organogermanes [32].
When investigating the acid hydrolysis of silicon hydrides with differing extents
of substitution, a plot was made in log K, Zo* {K is the rate constant of the
hydrolysis) coordinates which illustrates three parallel straight lines [38]. The
dependence of spin—spin coupling constants, J(*!°Sn—'H) on X o* substituents
for stannanes is represented by three approximately parallel straight lines for
mono-, di- and tri-alkylstannanes [39]. The parallel alignment of correlated
straight lines 2 and 4 indicate, in our opinion, that the germanium atom does
not change its conduction of the inductive effect when passing from triorgano-
germanes to diorganogermanes. The greater values of A'/2 for R,GeH, are due
to the fact that v(Ge—H) consist of two absorption bands with practically equal
frequencies of v,(Ge—H) and v, (Ge—H). Really, the literature data show that
in most cases symmetric and asymmetric M—H stretching modes of MH, and
MH; groups in hydrides of silicen, germanium and tin are observed as a single
band [7,29,32].

The tetrahalide derivatives of silicon subgroup elements are known to form
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complexes with electron-donating solvents. In this case the Group IVB element
forms additional bonds of o-type and changes hybridization from sp® to spd or
sp3d? [1]. The labile complexes even form organosilanes [20]. It was shown [19]
that IR spectroscopy makes it possible to study the formation of weak labile
complexes of triorganosilanes with carbon tetrachloride. Therefore it is of
interest to compare the integrated intensity values of v(Ge—H) stretching modes
measured in heptane (inert solvent) and in CCl, which can show weak electron-
donating properties towards organogermanes.

The root square intensity values of Ge—H stretching modes in IR spectra of
triorganogermanes, measured in heptane and CCl, solutions, are presented in
Table 1. Taking into account the conclusions drawn in the literature [21—23],
the compounds 1—8 may be regarded as models for the following reasons:

(1) the influence of universal interaction upon A (Ge—H) remains practically
constants; (2) the =Ge—H::-L hydrogen bond is absent since the +I-effect (or
small —I-effect) of substituents bound to a germanium atom, and the great
electronegativity of the hydrogen atom when compared with the germanium
atom, results in the polarity of Alk3Ge5+—H5‘—H of Ge—H bond, i.e., there is a
partial negative charge on the hydrogen atom; (3) the main contribution to
v(Ge—H) bands intensities is made by the action of the solvent.

It is seen from Table 1 that the intensities of IR bands of »(Ge—H) in CCl,
and heptane solutions vary symbathically. The relationship between the values
of A2 measured in CCl, solutions and Zo* is given by the straight line eq. 5.

AYZ=1.39—0.19 So* (r = 0.99; s = +0.01) ®)

Identical slopes of the correlation straight lines 2 and 5 indicate that the induc-
tive influence of the R substituents in compounds R3;GeH upon the Ge—H bond
polarity is constant and does not change when passing from heptane to CCl,
solutions. The increase in the intensities of v(Ge—H) stretching modes in CCl,
solutions is due to the large dipole moment of the Ge—H bond, i.e. its great
polarity. The increase in the dipole moment of Ge—H bond and the intensity

of v(Ge—H) band, in our opinion, is caused by formation of the solvate com-

plex Cl3C—Cl| - Ge(H)R 3. The complex formation is accomranied by the electron
density transfer on the hydrogen atom of the Ge—H bond.

It should be noted that the point No. VIIT in Fig. 1 corresponding to tribenzyl-
germane, is derived from equation 2 but deviated inconsiderably from the corre-
lation straight line 5 towards smaller values of A!/2. This may be caused by the
influence of some factors the main of which are, in our opinion, the following.
Firstly, the steric factors. Data [40] are available that indicate that the forma-
tion of intermolecular complexes by compounds which contain bulky substi-
tuents (tribenzylgermane included) is hindered because of overlapping Van der
Waals radii of substituting groups. Secondly, the increase in acceptor proper-
ties of benzyl radicals. It is established [41] that formation of the complex
MX, - L is accompanied by an increase in the electron density on the X atom
(i.e., increasing their acceptor character), whilst the electron density on the
central atom M does not vary considerably. Therefore, even a partial electron
density distribution arising from solvation for Ge—CH,—CsH; must lead to an
increase in the acceptor properties of benzyl radicals and, consequently, to a
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Fig. 1. The relationship between AY2and Zg* of the substituents in {ricrganogermanes: (2) heptane
solutions, (5) CCly solutions.

decrease in v(Ge—H) stretching mode intensities. Thus, the analysis of v(Ge—H)
band intensity values indicates the electron-donating properties of CCl, towards
triorganogermanes. The solvation action of carbon tetrachloride, in respect to
triorganogermanes and triorganosilanes, [19] is practically the same.

Now the dependence of the intensity values of v(Ge—H) stretching modes in
IR spectra on the inductive influence of the substituents has been clarified, the
possibilities are open to study the conjugation effects with participation of the
germanium atom. For compounds I—XXII (Table 2) the values of A}3 calculated
from equation 2 are much less that those of A}/%found in the experiment. In
our opinion, the reason for this is d,—p, interaction effect in Ge—X bonds.

The values of AAY? = A} —Al3 quantitatively characterize this interaction.
The values of AAY? show the increase in the Ge—H bond polarity under the
influence of d,—p, interaction between the X substituents and the germanium
atom.

From theoretical works [11,42—46], the extent of d,—p, interaction in the
molecule is enhanced with the increase of the effective positive charge on the
central atom. In addition, it is shown in some papers that the Hammett constants
o, are the values proportional to the effective charge [11,28]. In this connection
one may expect that the AA'? values correlate with Zo,, constants of three
substituents bonded to the germanium atom. The relationship between these
values for compounds R3;GeH is given by the striaght line equation 6 (Fig. 2).

AAY?=1.09 Zo, + 0.36 (r = 0.996; s = +0.04) (6)
A similar relationship for compounds R,GeH, is shown (eq. 7).
AAY?=0.93 Zo, +0.16 [27] (N

Comparing the equations 6 and 7 indicates that the increase in the positive
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TABLE 2
VALUES OF »(Ge—H), A8'5, Alt%4. Aa'? AND Av IN THE IR SPECTRA OF THE COMPOUNDS STUDIED

No. Compounds v(Ge—H) Aé?p Allx'% aal’? Zop Av
(em™1) (em™?)
I (CeH35)(CH3)2GeH 2044 1.16 1.i8 —0.02 —0.35 —9
1 (CgH35)CH3(C2H5)GeH 2038 1.27 1.20 0.07 —0.33 —3
I (CeH5)2(CH3)GeH 2047 1.19 1.06 0.13 —0.19 2
v (CeHs)2(CgH)3)GeH 2039 1.27 1.09 0.18 —0.13 7
v (C2Hj5)21GeH 2057 1.07 0.87 0.20 —0.12 15
Vi (CH3);ClGeH 2085 0.98 0.72 0.26 —0.11 5
Vi (n-CsHg)2BrGeH 2062 1.05 0.79 0.26 —0.09 19
VI (C2Hj5),C1GeH 2065 1.05 0.76 0.29 —0.08 20
iX (CpHs),BrGeH 2062 0.99 0.78 0.21 —0.07 20
X {CeH3)3GeH 2046 1.19 0.94 0.25 —0.03 18
X3 (CeHs5)2FGeH 2086 1.28 0.86 0.42 0.04 36
XI1 (CgHs)(CH3)ClGeH 2084 1.01 0.60 0.41 0.05 20
X111 (CeH5)CH(CsH13)GeH 2074 1.12 0.63 0.49 0.11 26
xiv (CeHj5)2ClGeH 2082 1.08 0.48 0.60 0.21 36
Xv (CH3)ClGeH 2125 0.82 0.14 0.68 0.29 33
XVI (C2H3)ClGeH 2113 0.87 0.16 0.71 0.31 42
XVII (C2Hs5)BroGeH 2100 0.96 0.20 0.76 0.31 51
XVIiil (n-C3H7)Cl;GeH 2112 0.90 0.16 0.74 0.33 43
XIX (CsH5)BrClGeH 2109 0.89 0.04 C.85 0.45 61
XX (CgH5)BroGeH 2106 0.89 0.02 0.87 0.45 66
XX1 Cl3GeH 2157 0.64 —0.44 1.08 0.69 69
XXII (CeF5)3GeH 2150 0.58 —1.10 1.68 1.23 154

charge on the germanium atom (i.e., when the values of 20, constants increase)
the extent of d,—p, interaction in the molecule increases. The difference
between the values p (1.09 and 0.93) is probably determined by the nonuni-
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Fig. 2. The relationship between AA1/2 angd Eap of the substituents in triorganogermanes.
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formity of the choice of objects, since not all types of substituents are equally
represented in the correlation analysis of AA'? for R,GeH and R,GeH,. For
compounds R.GeH there is available a great number of substituents for which
the 20, values vary within the range —0.35 + 1.23.

Av is the independent value which characterized the conjugation effects in
germanium derivatives. It is the difference between the frequency of Ge—H
stretching mode, calculated on the assumption of purely inductive influence of
substituents on the position of this frequency (¥, 4), and the experimental value
of this frequency (Ve,p). The values of Av in the IR spectra of germanium
derivatives were analysed earlier [32,47]. The values of Av show the influence
of the conjugation effect with participation of the germanium atom on the
force constant of Ge—H bond and, therefore, on the energy of this bond. Conse-
quently, the values Av, as well as AAY?, quantitatively characterize the conjuga-
tion effects (d,—p, interaction effect in this case). These values characterize the
properties of the Ge—H bond closely related to each other - its energy and
polarity. It is therefore of interest to compare the values AA'2 and Av. For
compounds [—VIII (Table 1) in which the R substituents exert exclusively the
inductive influence, the dependence between the values vy, 4 and the sum of
inductive Taft constants of three substituents (£0%*) is of the form shown in
equation 8.

Vina = 23.6 Zo* + 2021 (heptane) (8)

The equation 8 is slightly diffefent from the equation obtained earlier [31]. In
this work »(Ge—H) data taken from several references were used. The values
v(Ge—H) used to calculate equation 8 are measured under quite similar experi-
mental conditions. The linear relationship between the values A}3 and vy, 4
and the value Zo* indicates that they are linearly related to each other. In
accord with equations 2 and 8, the relationship between the values A3 and

Ving is of the form shown in equation 9.
All%2=18.42 —0.0085 v, 4 (9)

Therefore, in the IR spectra of the compounds in which the substituents are
incapable of d,—p, interaction with the germanium atom, the values of A¥2
and v;,4 are connected by the linear equation 9.

Let us consider the correlation of values AAY2 and Av presented in Table 2.
Fig. 3 shows that these values are related to each other by linear dependence.
It should be noted that the correlation between AAY2 and Av given in Fig. 3
is highly limited in character. Indeed, when studying the frequencies and inten-
sities of Si—H stretching modes we pointed out that the dependence between

AAY2and Av for silane derivatives is represented as a curved line (eq. 10) [11].

Av =4 AAY? + 52(AAY2)1/2 [(R;)sSiH] (10)

Thus, the values v;,4 and Al 3 are related linearly and the values Av and AAY?,
as followed from [11], are related, in the general case, by a non-linear depen-
dence. Therefore, the linear dependence observed between the values AAY?2 and
Av for compounds (R;);GeH (Fig. 3) is of specific and, to some extent random,
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Fig. 3. The relationship between AA1/2 and Avin triorganogermanes,

character. The existence of this dependence is due to a limited number of com-
pounds used for correlation. The substituents capable of d,—p, interaction
with the germanium atom are only halogens and phenyl groups.

Experimental

IR measurements

The IR spectra were measured on a UR-20 ““Zeiss’” spectrometer. Heptane
and carbon tetrachloride solution (0.04—0.09 mol 1™!) were used to obtain
spectra. The integrated intensity of Ge—H stretching modes A (mol™* 1cm™ X
10*) was measured by Iogansen’s method [48].

Gas liquid chromatography was used to control the purity of the compounds.

Synthesis of studied compounds
(C.H;)(CICH,CH,CH,)GeH. Diethylchlorogermane, Et,GeHC], (9.72 g,
0.0582 mol) and allyl chloride (4.46 g, 0.0582 mol) were heated 2 h at 100—110°C
with 50 mg of azobis(isobutyronitrile) (AIBN). 6.84 g of Et,Ge(C1)(CH,),Cl,
b.p. 118—120°C/13 mmHg was isolated (48%). The reduction of this compound
by LiAlH, in Et,0 gave 5.15 g of Et,Ge(H)(CH;)3Cl (88%). B.p. 96°C/30 mmHg;
NMR (C¢Hg): §(GeH), 3.78(m); 6 (CH,Cl), 3.18(t) ppm.
(C.Hs)(CH3)(CICH,CH,CH,)GeH. Methylethylchlorogermane (MeEtGeHCl)
(11.11 g, 0.0725 mol) and allyl chloride (5.55 g, 0.0725 mol) were heated for 8 h
at 100—110°C with 50 mg of AIBN. Distillation gave 6.95 g of MeEtGe(Cl)-
(CH,)5Cl, b.p. 102°C/12 mmHg (42%). The reduction of this compound by
LiAlH, in Et,O gave 4.70 g of MeEtGe(H)(CH);Cl. B.p. 62°C/12 mmHg (85%);
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NMR (CeHs): 8(GeH) 3.82(m); §(CH,Cl), 8.13(t); §(CHj3), 0.01(d); §(C,Hs),
0.40—0.75(m) ppm.

(C,H;)(CICH,CH,CH,),GeH. Ethylchlorogermane (EtGeH,Cl) (10.00 g,
0.072 mol) and allyl chloride (11.16 g, 0.144 mol) were heated 2 h at 130°C
with 50 mg of AIBN. Distillation gave 6.20 g of EtGe(Cl)[(CH,)sCl],, b.p.
136—140°C/4 X 1072 mmHg (30%). The reduction of this compound by LiAlH,
in Et,0 gave 5.27 g of EtGe(H)[(CH,)3Cl], (87% undistillated); NMR (CCl,):
§(GeH), 3.80(m); 6 (CH,Cl), 3.47(t); 6 (C;Hs), 0.78—2.08(m) ppm.

(C,H )(CsHsCH,),GeH. Dibenzylchlorogermane ((CsHsCH;),GeHCI) (12.00 g,
0.041 mol) was added to a 15% excess of a solution of EtMgBr in Et,0. The
mixture was heated for 2 h at 85°C. After hydrolysis and extraction by Et,O/
CsH,, distillation gave 8.25 g of Et(CsHsCH,),GeH (70%), b.p. 138—142°C/5 X
1072 mmHg. NMR (CsDg): 6§(GeH), 4.18(m); §(CH,), 2.18(d); 6(C,H;), 0.60—1.00
(m) ppm.

(CH)(C,H: (C¢Hs)GeH. C,Hs(CH;3)ClGeH (3.72 g, 0.019 mol) was alkylated
by EtMgBr (0.027 mol, 50% excess) in Et,0. 2.88 g of CcH;{CH;){C,H;s)GeH
was obtained after hydrolysis and distillation (78%). B.p. 110°C/55; n® =

CH,
1.5180; NMR (CCly): GeH, 4.47(sext) ppm, J H—Ge< = 3.0 Hz.
CH;

(CeHs)(CH3)GeHCL Methylphenylgermane CsHs(CH3)GeH, (5.6 g, 0.031
mol) was treated with CICH,OCH; (2.50 g, 0.031 mol) according to ref. 49.
Distillation gave 4.67 g of CsH;(CH;)GeHCI. B.p. 108—110°C/25 mmHg;
n2® = 1.5544; NMR (CCL): 5(GeH), 6.0 (q); 5(CH;), 0.87(d) ppm J (H—Ge—CHj3)
3 Hz.

{CcH s )(Cl)(Br)GeH. Phenylmethoxychlorogermane (C;H;(Cl1)(OCH;)GeH)
(2.20 g, 0.011 mol) was treated with 1 cm® of 40% HBr and extracted by CsHs.
The benzene solution, dried over Na,SO,, was distilled to give 1.92 g of C;H;-
(C1)(Br)GeH (72%). NMR (CCl;): 6(GeH), 6.84(s) ppm.

The other compounds were prepared using methods previously described
[49—60].
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