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Unusual Oxidation Reaction of an Overcrowded Thiagermacyclohexene Derivative
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Oxidation of extremely overcrowded 1,2-thiagermacyclo-
hex-4-ene derivatives with m-chloroperbenzoic acid resulted in
competitive formation of the ring expanded 1,2,7-oxathiagerma-
cyclohept-4-ene derivatives and the ring contracted 1,2,3-oxa-
thiagermacyclopentane derivatives. The latter reaction products
are found to isomerize into the former ones very slowly at room
temperature not only in solution but also in the crystalline state.

Recently, we have succeeded in the synthesis and charac-
terization of the first stable germanium—sulfur double bond com-
pounds, i. e., germanethione Tbt(Tip)Ge=S (1),! by taking ad-
vantage of an extremely bulky and efficient steric protection
group, 2,4,6-tris[bis(trimethylsilyl)methyl]phenyl (denoted as
Tbt hereafter).2 During the course of our study on the reactions
of this newly obtained germanethione 1, we carried out a [2+4]-
cycloaddition of 1 with 1,3-dienes to obtain the corresponding
cycloadducts, 1,2-thiagermacyclohex-4-ene derivatives 2, in
high yields.!-3
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We have also found that cycloadducts 2 undergoes a facile
thermal cycloreversion into the starting germanethione 1 and a
diene.3# These findings prompted us to examine the S-oxida-
tion of 2, which will provide us with a promising precursor for
the unprecedented germasulfine, Tbt(Tip)Ge=S=0, via thermal
cycloreversion. Interestingly, however, the oxidation of 2 with
m-chloroperbenzoic acid (mCPBA) did not afford the expected
S-oxide (3) but resulted in the formation of rearranged products.
Here, we wish to present the outcome of the peracid oxidation of
these overcrowded 1,2-thiagermacyclohex-4-ene derivatives 2
together with a unique crystalline-state isomerization of the re-
sulting allyl-substituted 1,2,3-oxathiagermacyclopentane deriva-
tives.

When the 4,5-dimethyl-1,2-thiagermacyclohex-4-ene 2a
(300 mg, 0.317 mmol) was treated with an equimolar amount of
mCPBA (68.6 mg, 80% content, 0.317 mmol) in dichlorome-
thane (20 ml) at room temperature for two days, not the ex-
pected S-oxide 3a but 1,2,7-oxathiagermacyclohept-4-ene de-
rivative 4a was obtained as a major product (160 mg, 53%)
together with small amounts of 1,2,3-oxathiagermolane deriva-
tive Sa (36 mg, 12%) and cyclic germyl sulfinate 6a (21 mg,
7%) after purification by GPLC with a recycling system and
flash column chromatography (silica gel, hexane/CH,Cl, =

15:1) (Scheme 1). In the oxidation of 2b, i. e. the isoprene
adduct of 1, with mCPBA, similar reaction products, 4b, 5b, and
6b were obtained in 43, 11, and 17%, respectively.5 The mole-
cular structures of 4a, 5a, and 6éa were definitively determined
by X-ray crystallographic analysis, and the ORTEP drawings of
4a and 5a are shown in Figure 1.6
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The isolated minor product 5a was relatively labile and
underwent slow isomerization at room temperature in solution
giving the ring expansion product 4a quantitatively after several
days, while 4a was stable even in a CDCl3 solution at 150 °C
(sealed tube) for a week.
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Scheme 2.

The formation of the unexpected ring expansion product 4
and the ring contraction product 5 in the oxidation of 2 is most
likely interpreted in terms of the high reactivity of initially
formed S-oxide 3. One of the possible isomers of 3 would most
likely undergo ready ring expansion via Stevens-type rear-
rangement leading to 4 (Scheme 2, path a), while the other one
would result in the ring contraction via 2,3-sigmatropic rear-
rangement to give 5 (Scheme 2, path b). The reaction path b is
very similar to that of a well-known allyl sulfoxide—allyl sulfe-
nate rearrangement.”-8  Since this type of rearrangement is
known to be reversible, the isomerization of 5 into 4 can also be
explained in terms of the reverse process followed by the ring
expansion reaction of the regenerated intermediary S-oxide 3.
Compound 6 probably results from the overoxidation of the ring
expansion product 4.

Furthermore, compound 5a was found to undergo an in-

Copyright © 1999 The Chemical Society of Japan



130

Chemistry Letters 1999

Figure 1. ORTEP drawings of (a) ring contraction product Sa, (b) intermediary structure during
the crystalline-state rearrangement of Sa to 4a, and (c) ring expansion product 4a.

teresting isomerization into 4a in the crystalline-state, the reac-
tion rate of which was much slower than that in solution.
Although the crystals left for 1 month at room temperature was
found to contain both Sa and 4a (ca. 1:1) as judged by 'H NMR,
standing the crystals of Sa for 4 months at room temperature
resulted in the quantitative formation of 4a.9
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In order to confirm the progress of the isomerization from
Sa to 4a in the crystalline-state, we examined the X-ray struc-
tural analysis of a single crystal of 5a left for 1.5 month at room
temperature.!0 It revealed that the single crystal still retained
the crystallinity but showed a new lattice parameters fairly
different from those of 5a.11 Structural analysis based on the
intensity data collected at this stage indicated a severely
disordered structure as depicted in Figure 1b,!! which can be
regarded as an intermediary structure on the way from Sa to 4a.

Although the complete monitoring of this crystalline-state
reaction by crystallographic analysis failed due to the crystal
crumbling, observations mentioned above suggest that the ex-
treme steric bulkiness of the combination of Tbt and Tip groups
on the germanium atom may provide a space large enough for
the sequential rearrangement from the allyl sulfenate Sa to the
ring expansion product 4a via unstable S-oxide 3a.

Further investigation on the oxidation of these over-
crowded 1,2-thiagermacyclohex-4-enes 2 using other oxidizing
reagents is currently in progress.
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