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A kinetic study has been conducted on the reactions of (arylthio)trimethylgermanes with various haloal-

kanes.

Bimolecular nucleophilic attack of the sulfur atom has been found as the mechanisms for the reactions

with normal haloalkanes while the mechanism was found to deviate from bimolecular attack to unimolecular
ionization of the haloalkane, dependent on the structure of the alkyl groups with increasing of the steric

hindrance.

The length of the germaniume-sulfur bond in (aryl-
thio)trimethylgermane has been appeared critical
allowing the bimolecular attack of the sulfur atom on
benzyl halides.!? In fact, the sulfur atom in a shorter
silicon-sulfur linkage has been found loosing nucleo-
philicity toward haloalkanes? and steric crowd
around the sulfur atom was suggested controlling the
reactivity.!) Increment of steric hindrance had been
expected to disturb the bimolecular nucleophilic
attack of the sulfur atom for the reaction of the thio-
germane with benzyl halides. Thus, the reaction of
l-aryl-1-bromoethanes with the arylthiogermanes was
examined expecting deviation of the mechanism from
the bimolecular nucleophilic attack to 5-coordination
of the germanium atom as like as was observed in the
reactions of the arylthiosilane analogues with phe-
nacyl bromide.? Inhibition of the bimolecular
nucleophlic attack was observed as expectation by
introducing a methyl group into the a-position of the
benzyl moiety. However, the mechanism, suggested
based on the results, was not 5-coordination but uni-
molecular ionization (Sx1) of 1-aryl-1-bromoethane.?

The reaction would be an abnormal unimolecular
nucleophilic substitution in view of the reaction con-
ditions used. The reaction was carried out under
typical bimolecular reaction conditions in nonpolar
solvents with nearly equal amount of diluted (ca. 0.26
mol dm=3) nucleophile of the arylthiogermanes. The
particular mechanism would undoubtedly be due to
the nature of the haloalkane generating much stabi-
lized secondary benzylic cation on ionization.

A kinetic study will be reported here, on the reac-
tions of (arylthio)trimethylgermanes with various
haloalkanes. The subject of this work is examining a
possible 5-coordination process for the reactions and
also to examine unimolecular ionization of haloal-
kanes, other than 1-aryl-1-bromoethane, under typical
second-order reaction conditions.3

Results and Discussion

Iodoalkanes, the most reactive haloalkanes, were
chosen for the present study since haloalkanes have

Reaction of a secondary haloalkane also proceeded by unimolecular ionization.

been known to be substantially less reactive than
benzyl halides. The iodoalkanes are iodomethane
and iodoethane as standard primary iodoalkanes, and
stereochemically hindered primary iodoalkanes
including 1l-iodo-2-methylpropane and l-iodo-2,2-
dimethylpropane. 2-Iodopropane was also chosen as
a typical secondary iodoalkane. All the reactions of
those iodoalkanes with trimethyl(phenylthio)germane
were found to give corresponding alkyl phenyl sul-
fides and iodotrimethylgermane (Eq. 1). No detecta-
ble amount of a side product was found. The reac-
tion of the thiogermanes has thus been found to be

R-I+ Me3sGe-SCsHs —> R-SCsHs + MesGe-1 (1)

similar to that of tin analogues? and different from
that of the silicon compound in which side reactions
of the thiosilane dominated rather than the reaction
with most of the haloalkanes.?

Kinetic runs were done by 1H NMR spectroscopy by
following the relative ratio of the decreasing and
increasing amounts of the starting and the product
trimethylgermanes at time. A polar aprotic solvent,
benzonitrile was used for the kinetic runs in order to
observe the rates conveniently, because the reactions
were found to proceed much slower than that of
benzyl bromide.13)

Rate constants for the reaction with iodomethane
and iodoethane with (arylthio)trimethylgermanes are
given in Table 1. The reactions apparently obeyed a
second order kinetic equation, each first order in both
the reactants. The relative reactivity of these iodoal-
kanes and the activation parameters were also quite
reasonable for the difference in reactivities of those
iodoalkanes toward bimolecular nucleophilic substi-
tutions.#% The observed substituent effects (o=
—1.25 and —1.00) were also quite reasonable for the
suggested process. Thus, a bimolecular nucleophilic
substitution has been confirmed for the reactions of
the thiogermanes with these two iodoalkanes. The
reactions of smaller primary iodoalkanes with the
thiogermane were appeared to be quite resemble with
that of the reaction of the tin analogues.¥

Stereochemically hindered primary iodoalkanes, 1-
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Table, 1. Rate Constants for the Reactions of MesGe-SCeH¢X with R-I in CéHsCN

Entry R(mol dm~-3) X(mol dm-3) Temp/°C  k2X104/dm3®mol-1s-1

1 CH3(0.159) H(0.131) 110 4.28+0.19

CHj3(0.159) H(0.131) 120 7.8110.31

3 CH35(0.159) H(0.131) 130 13.15+0.36

4 CHs(0.159) p-OCH3(0.131) 120 12.21+0.32

5 CHs(0.159) p-CHj(0.131) 120 11.0210.34

6 CH3(0.159) p-Cl(0.131) 120 3.09+0.04

7 CHs(0.159) m-Cl1(0.131) 120 2.16%0.05

8 CHsCHz(0.159) H(0.131) 130 1.5440.04

9 CH3CH2(0.159) H(0.131) 140 2.0810.05

10 CHsCH2(0.159) H(0.131) 150 5.0510.16

11 CH3CH2(0.159) p-OCH3(0.131) 150 7.74£0.07

12 CH3CH2(0.159) p-CH3(0.131) 150 6.8110.07

13 CH3CH2(0.159) p-Cl1(0.131) 150 2.3910.10

14 CH;3CH2(0.159) m-Cl(0.131) 150 1.9710.03
AH%400=72 kJmol-}; AS*50=—124 JK-1mol-?!, y=0.999 for CHsl. AH*400=84 k] mol-};

AS*10=—114 JK-1mol-1,

p(0)=—1.00, y=0.989 for CH3CHaI.

¥=0.957 for CH3CH2l. p(0)=—1.25, ¥=0.987 for CHsl and

Table 2. Rate Constants for the Reactions of MesGe-SCgHsX with R-I

k/dm3mol-1s-1

Entry R(mol dm-3) X(mol dm-3) Solvent  Temp/°C (or s-1 for k1)
15  CHsCH(CHs)CHz(0.159) H(0.066) CeHsCN 150 ks (2.51£0.10)X10-¢
16  CHsCH(CHs)CHz(0.159) H(0.131)  CeHsCN 150 ki (3.13£0.24)X10-6
17 CH3CH(CH3)CHz2(0.159) H(0.197) CsHsCN 150 k1 (5.2010.16)X10-8
18 CHsCH(CHs)CHz(0.159) H(0.131)  CeHsCN 130 ks (1.01£0.05)X10-
19  CHsCH(CHs)CHz(0.159) H(0.131)  CeH5CN 140 ko (2.04£0.09)X10-5
20  CHsCH(CHs)CH3(0.159) H(0.131)  CeHsCN 150 ko (4.21£0.29)X10-5
21 CH3CH(CHs)CH2(0.159)  p-OCH3(0.131) CeHsCN 150 ks (5.02£0.17)X10-6
92 CHsCH(CHs)CHz(0.159)  p-CHs(0.131)  CeHsCN 150 2 (4.47£0.13)X10-5
23 CH3CH(CH3)CHz(0.159) p-C1(0.131) CeHsCN 150 2 (2.4310.34)X10-5
24 CH3CH(CH3)CHzy(0.159) m-Cl1(0.131) CsHsCN 150 ke (2.0410.19)X10-5
25 CH3C(CHs)2CH2(0.477) H(0.197) CH3:CN 160 (1.6920.30)X10-¢
26 CH3sC(CHs)2CH2(0.477) H(0.393) CH3CN 160 1 (1.801£0.05)X10-¢
27 CH3C(CHs)2CH2(0.477) H(0.591) CHsCN 160 k1 (1.9810.05)X10-6
98  CHsC(CHs):CHx(0.477) H(0.393) CHsCN 140 1 (0.36£0.01)X10-6
29 CH3C(CHs)CH3(0.477) H(0.393) CHsCN 150 k1 (0.82+0.05)X10-¢
30 CH3C(CHs)2CH(0.477) p-OCH3(0.393) CH;3;CN 160 (1.3310.09)X10-6
31 CH3C(CH3)2CH2(0.477) p-CH3(0.393) CH;3;CN 160 (1.4610.03)X10-8
32 CH3C(CH3)2CH2(0.477) p-Cl(0.393) CH3CN 160 1 (1.27£0.10)X10-¢
33 CHsC(CHs):CHx(0.477) m-Cl(0.393)  CHsCN 160 ky (1.07£0.08)X10-8
34 CH3CH(CHs)(0.159) H(0.131) Ce¢HsCN 130 k1 (3.23£0.07)X10-4
35 CH3CH(CHs3)(0.159) H(0.131) CsHsCN 140 k1 (6.821+0.31)X10-4
36  CHsCH(CHs)(0.159) H(0.131)  CeHsCN 150 ky(14.53£0.55)X10-4

AH"400=101 k] mol-%; AS*40=—92 JK-1mol-!, ¥=0.999 for R=CHsCH(CHs)CH2. AH"s0

=120 kJmol-%; AS%400=—8l JK-lmol-!, y=0.999 for R=CHsC(CHs);CH2. AH™40=104

kJ mol-1; AS*400=—95 JK-1mol-!, y=0.999 for R=CH3CH(CHs). p(c)=—0.63, v=0.974 for
R=CH3CH(CH3)CHa. Little effect of X on the rates of the reactions of R=CH3C(CHz3)2CHo.

iodo-2-methyl and 1-iodo-2,2-dimethylpropanes, gave
somewhat complicated results. The rate of the reac-
tion with 1-iodo-2-methylpropane could be measured
in a similar manner at slightly elevated temperatures.
Both first-order and second-order kinetic plots gave
slightly curved correlations. The rate constants with
various concentrations of the haloalkane were calcu-
lated by a first-order kinetic equation in order to
observe the rate dependency clearly. The results are
given in Table 2. As seen in the Table, the rates of
the reaction of 1-iodo-2-methylpropane were appar-

ently dependent on the concentrations of the haloal-
kane (Entries 15 to 17). The dependency, however,
was appeared not in first-order but substantially less
than unit. Triple concentration of the haloalkane
accelerated the reaction only about twice. The sub-
stituent effect due to substituents on the arylthio
group of the thiogermane (Entries 20 to 24) appeared
negative (p(g)=—0.63), but too small to be considered
that the reaction involved a bimolecular nucleophilic
attack of the sulfur atom. These results may suggest
a borderline mechanism which consists of both Sxl
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Fig. 1.

and Sn2 characters. The carbon-iodine bond would
be much stretched at the transition state than that of a
typical bimolecular nucleophilic substitution.

The rate of the reaction of 1-iodo-2,2-dimethyl-
propane, on the other hand, appeared too slow to be
measured under the same reaction conditions. Aceto-
nitrile, a much polar solvent was used for this
reaction, instead of benzonitrile, and higher concen-
trations of the starting materials were employed to
observe faster conversion of the reactions. Here
again, slightly curved kinetic plots were obtained by
both first-order and second-order kinetic equations
although the former gave a much better plot, as sum-
marized in Table 2. The dependency of the rates on
the concentration of the haloalkane was observed
almost negligible (Entries 25 to 27), which supports
first-order reaction of the haloalkane. The substitu-
ents on the arylthio moiety had little effect on the rates
of the reactions (Entries 26 and 30 to 33). The result
does not conflict with the mechanism involving uni-
molecular ionization of 1-iodo-2,2-dimethylpropane.
Thus, the mechanism of the reaction would involve
unimolecular ionization of the haloalkane at the rate-
determining step almost exclusively, although minor
contribution of bimolecular reaction cannot be ruled
out.

The reaction of 2-iodopropane with the thioger-
mane clearly obeyed a first-order kinetic equation.
The results are given in Table 2. A unimolecular
ionization of 2-iodopropane would be suggested as the
mechanism for the reaction.

The activation parameters for the present reactions
resulted a linear correlation as shown in Fig. 1. The
isokinetic relationship suggests a gradual change of
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the kinetic characteristics of the reactions from Sx2 for
the simple iodoalkanes to Sx1 for the stereochemically
hindered primary iodoalkanes and secondary iodo-
alkanes.

The particular mechanism i.e., Sx1 reaction under
second order reaction conditions has thus been found
being not limited to the reaction of 1l-aryl-1-
bromoethanes,® but common to the reactions of
secondary and stereochemically hindered primary
iodoalkanes. The reactions of tertiary iodoalkanes
would proceed by the same manner. Thus, the pres-
ent study revealed universality of the unimolecular
ionization mechanism. Steric hindrance of iodoal-
kanes and iodoalkanes generating stabilized cation on
ionization, promote the particular process even under
typical bimolecular reaction conditions in aprotic sol-
vents with small amounts of nucleophiles. The
expected 5-coordination process was not found in the
reactions presently examined.

Experimental

Materials. The preparations of (arylthio)trimethylger-
manes were reported previously.® Commercial haloal-
kanes and solvents were distilled before use.

Product Analysis. Trimethyl(phenylthio)germane (0.5
g, 2.2 mmol) was heated in a sealed tube in the presence of
an equal amount of iodomethane (0.31 g, 2.2 mmol) at
100°C for 16 h. The resulting mixture was distilled under
reduced pressure connecting with a cold trap. Methyl
phenyl sulfide was obtained as the distillate (bp 160°C/30
mmHg, 0.45 g, 83%, mmHg=133.322 Pa) and iodotrimethyl-
germane was obtained in the trap (0.14 g, 52%). The prod-
ucts were identified by their spectra and by comparison
with the authentic samples. Product analysis of the reac-
tions of other haloalkanes were performed by HNMR
spectra. Dilution by solvents did not change the product
distributions. Possible rearranged products were not
detected.

Kinetics. The procedure was essentially the same to that
previously reported.®) Concentrations of the reactants and
temperatures are recorded in Tables 1 and 2.
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