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Summary

A kinetic study has been made of the base cleavage of di- and trihalomethyl(tri-
methyl)germanes (Me;,;GeCHX,. Me;GeCXy; X = Cl. Br) in n-propanol /water in
the presence of ammonia buffer. Two processes leading to the Ge-C bond cleavage
were detected, and their rate constants were determined. The results for the
dihalomethyl(trimethyl)germanes are compared with those for the corresponding
processes at silicon and tin centres.

Introduction

Over thirty vears ago Hughes [1] drew attention to the analogy between
nucleophilic substitution at silicon and that at a carbonyl centre and the same
analogy was recently made by Dewar [2]. Experiments in this laboratory have
confirmed that mechanistic similarity between B, -2 type process at carbonyl carbon
in MeC(O)CX, compounds and nucleophilic substitution at silicon and tin atoms in
Me;SiCHX, and Me,SnCHX,; (X = Cl, Br) compounds {3]. It has been now found
that polyhalomethyl(trimethyl)germanes (Me,GeCHX,, Me;GeCX ;) undergo reac-
tions of the same type.

Results and discussion

The rate of solvolytic cleavage of polyhalomethyl(trimethyl)germanes in 8 /2 v /v
n-propanol /water can be determined by observing the change of haloalkane con-
centration by GLC using an internal standard. Thus, solutions of germanes in

n-propanol /water solvent, containing ammonia buffer, LiCl *, and an internal
standard [3] were kept at 25°C. Samples were withdrawn with Hamilton micro-

* Jlonic strength was maintained at 0.4 by the addition LiClL
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TABLE L

SOLVOLYSIS OF (POLYHALOMETHYDTRIMETHYLGERMANES IN n-PrOH - HL.O %00 v
25°C, 1 0.4

Compound A N

dmol T thmol s
Me, GeCHCL I T YO
Me GeCHBr. 5.4 i\,?

Mo GeCCT, 181 244
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'ABLE 2
COMPARISON OF THE DATA FOR CLEAVAGE OF DIHALOMETHYT (GROU PS FRONM SIUE-

CONCGERMANTUNM AND TIN

Compound 10 % b 10
tmal s 7y itmael C s s

Me SiCHCE 0492 i 0,94 i
Me GeCHOT, 003 (1033 [BREE! AR
Me SnCHCT, .43 0,47 [ )43
Me SiCHBr 7 1 i |
MeGeCHBr, R (03 £ t
Me SnCHBr- 437 a.04 S

T Refl 4 7 Refll 300 Rate relutive to that of the corresponding stiicon componnd

syringe at appropriate intervals of time and analvsed by GLO. The first order rate
constants & were derived from the haloaltkane /standurd peak arcas. The A, values
were plotted against the ammonia concentration. as described eurlicy 4]0 and the two
catalviic rate constants in e, 1 owere caleulated. The results are shown in Table 1.
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The features of the Ge-C bond cleavage processes considered in terms of the
stepwise mechanism estabhished for the other Group TV clectrophilic centres [3] are
as follows:

y The kinetic data are fully consistent with those obtained carlier for di-
halomethvlsilanes and dihalomethylting. as can be seen from Tuble 2. which gives
data for the simple base catalysis {4 1) and base/nucleophile catalvsis (4 *

{2} The contributions of the \smmon!\\h (given by A a4 . which has a value of
1.3 for Me.GeCHCL, and 1.1 Jor Me,GeCHBr.) are between thase for silicon
analogues (7.6 Tor Mc SICHCE. and 1.6 {for Me SICHBr.y and those for the tin
analogues (0.7 for Me . SnCHCT, and 1.2 for Me,SnCHBr- b with o slight relative

ln umlrM to the situation with the germanes and silanes, the main process for the dibalotins clewm aae
i the reaction catalysed by weak base ¢ NH L the rate equation having the formg.

Koo A INHG e A INHULINELCH s A NHL L {NH O
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decrease in the reaction rate with nitrogen nucleophile for the less electronegative
and softer dibromomethyl leaving group.

(3) Decomposition of the unstable intermediates [ROGe(Mey)CHX,]™ and
[H.NGe(Me,)CHX,] is the rate determining step in the reactions with RO~ and
H;N. The rates are markedly greater for the better polybromomethyl leaving
groups; the relative rates for CHBr, /CHCI, and CHBr,/CHBr; being as follows &,
(CHX,) . 180; k5 (CX3), 44 &k, (CHX,) . 1525 k4 (CX5), 271.

(4) (Dichloromethyltrimethylgermane (Table 2) is less reactive than the corre-
sponding silicon and tin derivatives. (Dibromomethyl)trimethylgermane is also less
reactive than the analogous silane but fairly close in reactivity to the analogous tin
compound. It should be emphasised, however, that the observed low reactivity of
organotins arises from the fact that the general catalysis route &, is favoured in the
medium used 5]

As the reactivities of dihalomethylsilanes and phenylethynylsilanes are of the
same order [6], it 1s of interest that the increase in the rate constant for the simple
base catalysed process on going from the germanium to the silicon derivative,
involving factors of 31 and 20 for the dichloromethyl- and (dibromomethyl)trimethyl
compounds are consistent with the corresponding factor of 34 observed for (phenyl-
ethynyl) trimethyl-silane and -germane in the reaction with RO™ (R = H, Me) [7].

Experimental
The methods used for rate measurements have been described previously [3].

{ Dibromomethyl)trimethylgermane

A solution of bromoform (25.3 g (0.1 M)) in 100 ml THF was cooled to —90°C
and 0.1 M i-PrMgCl in 50 ml of THF was added during 15 min at —80°C. After
addition of 20 g (0.1 M) Me;GeBr in 40 ml THF at the same temperature the
mixture was stirred for 0.5 h at —80°C then allowed to warm to room temperature
and hydrolysed with saturated NH,CIL. The organic layer was separated. dried over
Na,SO,, and distilled to give 22.6 g Me;GeCHBr.. b.p. 72°C /60 mmHg with 78%
yield. MS m/e: 296 (M™). Found: C, 16.48; H. 3.40; Br. 55.11. C,H,,Br,Ge caled.:
C, 16.54; H, 3.47; Br, 55.00%.

{ Dichloromethyljtrimethylgermane

This was prepared as described above for Me,;GeCHBr, but using CHCl; instead
of CHBry; 55% yield, b.p. 65°C /30 mmHg/(Lit. 150-160°C [8]). MS (m/e): 208
{M 7). Found: C, 24.01; H. 4.89; CL 35.25. C,H,C1,Ge calcd.: C, 23.82; H, 4.96:
Cl, 35.19.

(Tribromomethyl)trimethylgermane

Me;GeCHBr,, 11.5 g (0.04 M) was treated with 7.55 g (0.04 M) of N-bromosuc-
cinimide in the presence of 0.2 g of benzoyl peroxide in 50 ml CCl, at 100°C for 1 h.
The solution was filtered then evaporated, and the crude product was crystallized
from n-propanol. Me,GeCBr,, 15.4 g, was obtained in 90% yield. m.p. 109°C. MS
myse: 376( M 7). Found: C, 12.92; H. 2.54; Br, 64.79. C,H,Br Ge caled.: C. 13.00;
H, 2.46; Br, 64.90.
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{( Trichloromethyljvrimethvigermane

A mixture of 2.6 g (0,11 My Mg 23 g (0.15) CCl, and 14.8 g (0.075 A ) Me . GeBr
was stirred under argon and 30 g (016 Ay HMPT was slowly added. the tempera-
ture heing kept below 60°C. The mixture was then stirred for 4 b at 457C, 100 ml
EGO was added. and the mixwre hvdrolysed with dilute HOL The orgame faver was
separated and dried over MgSO,. After removal of the Bt O the product was
crystalized from n-propanaol 1o give 10 ¢ of Me ,GeCCl with 56% vield, mop. 937C
Lit 253°C [9). MS meser 2440 M ). Found: €0 20300 HL 386 O, 4300 C,H CL.Ge
caled.: €0 20,35 H, 3.84: 1L 45.05%.
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