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1,2,3,8a-Tetrahydro-1-mesityl-5,7,8a-trimethyl-2,2,3,3-tetrakis(trimethylsilyl)-2,3-disilanaphthalene (3), the formal [2+4] cyclodimer of the transient 2-mesityl-l,l-bis(trimethylsilyl)silene (2), on thermal treatment gradually isomerizes to give a mixture of the [2+2] products
(E)- and - predominantly - (Z)-3,4-dimesityl-1,1,2,2-tetrakis(trimethylsilyl)-l,2-disilacyclobutane [(E/Z)-4], By prolonged heating or at higher temperatures both (E/Z)-3 and (Z)-4 are
converted into (E)-4, the thermodynamically most stable head-to-head dimer of 2. Possible
pathways of the isomerization processes are discussed.
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Recently we succeeded in generating 2-mesityll,l-bis(trimethylsilyl)silene (2 ) by a base in
duced elimination of trimethylsilanolate from
mesityl[tris(trimethylsilyl)silyl]-methanol ( 1 ) ac
cording to a modified Peterson mechanism
[1, 2], The silene 2 proved to be un
stable and underwent a rapid dimerization
to give l,2,3,8a-tetrahydro-l-mesityl-5,7,8a-trimethyl-2,2,3,3-tetrakis(trimethylsilyl)-2,3-disilanaphthalene (3) (Scheme 1). This reaction was
the first case of a formal [2+4] head-to-head
cyclodimerization of a 2 -aryl-silene in which
the silene acts as the monoene and - involv
ing the aromatic substituent - simultaneously
also as the diene. Interestingly, when Grignard reagents were used for the deprotonation
of 1 instead of organolithium compounds, be
sides 3 also (Z)-3,4-dimesityl-1,1,2,2-tetrakis(trimethylsilyl)-l,2-disilacyclobutane [(Z)-4], the for
mal [2 + 2 ] cyclodimer of the silene 2 , was obtained,
and as the result of preliminary experiments we
observed that by thermal treatment 3 is gradually
converted into (Z)-4[2].
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In continuation of these studies we were able to
optimize the procedure o f the synthesis of 3, which
is now available in a 92 % yield as the mixture of the
two (E/Z) isomers. (E)-3 and (Z)-3 were separated
by fractional crystallization and chromatographic
purification. The structural and spectroscopic data
characterizing (E)-3 were described previously [1].
(Z)-3 proved to be rather labile and its structure
could therefore only be elucidated by 1H NMR and
MS studies (see Experimental).
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The Thermal Isomerization of (E)- and (Z)1,2,3,8a-Tetrahy dro-1-mesity 1-5,7,8 a-trimethy 12,2,3,3-tetrakis(trimethylsilyl)-2,3-disilanaphthalene [(E/Z)-3] into (E)- and (Z)- 3,4-Dimesityll , l , 2 ,2 -tetrakis(trimethylsilyl)-l,2 -disilacyclobutane [(E/Z)-4]
By prolonged thermal treatment both (E)-3
and (Z)-3 are converted into the isomeric 1,2disilacyclobutanes (E/Z)-4(Scheme 2). This was re
vealed by 1H NMR studies of solutions of the two
compounds in Dö-benzene. Whereas a 50 % conver
sion of (E)-3 at room temperature needed 24 days,
at 70 °C the same turnover was achieved after 52
min. (Z)-3 is much less stable and already after 4 d
at room temperature it is completely converted into
(E/Z)-4. If it is assumed that the isomerization is ini
tiated by a cleavage of the C 1-C 8 a bond, the lability
of (Z)-3 is easily understood as a consequence of the
(Z)-arrangement of the mesityl and methyl groups,
which causes a destabilization of this bond. (E/Z)-4
is considered to be the thermodynamically favoured
isomer of (E/Z)-3. The driving force for the conver
sion of (E/Z)-3 into (E/Z)-4 is the rearomatization
of one mesityl group.
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Scheme 2.

These results are in good agreement with
the observation that the treatment of 1 with
phenylmagnesium bromide in THF gives the 1,2disilacyclobutane (Z)-4 as the main product besides
(E)-3 and further trapping products of the unstable
silene 2[2]. The higher reaction temperature and
the longer reaction time necessary allow the for

mation of the thermodynamically favoured [2 + 2 ]
silene dimer (Z)-4.
The isomerization of both diastereomers (E)3 and (Z)-3 leads to the two isomeric 1,2disilacyclobutanes (E)-4 and (Z)-4. The ratio of (E)4 and (Z)-4 obtained is independent of the config
uration of the starting disilanaphthalenes (E)-3 and
(Z)-3, but is considerably influenced by the temper
ature. Surprisingly, in all experiments (Z)-4 was the
preferred isomerization product. At room temper
ature (E)-4 and (Z)-4 were formed in a ratio of 1
: 7, at 55 °C this ratio decreased to 1 : 2.3, and at
70 °C to 1 : 1.6. Thus, (E)-4 is thermodynamically
favoured not only with respect to (E/Z)-3 but also
relative to (Z)-4.
Complete isomerization of (E)-3 into (E)-4 in a
preparative scale was achieved by heating the ma
terial under argon to 170 °C for 3h. Under these
conditions (Z)-4 was also completely converted into
(E)-4.
The structure of (E)-4 was elucidated by NMR
and MS studies (see Experimental). Due to the poor
quality of the crystals of E-4 the accuracy of the
X-ray structural analysis was not very high, but the
connectivity of the E-configuration was unambigu
ously confirmed.
As mentioned, the ratio of the two formal [2+2]
cycloadducts (E)-4 and (Z)-4, formed by the dimerization of the silene 2 or by isomerization of the dis
ilanaphthalenes (E/Z)-3, is influenced by the tem
perature. (E)-4 is the thermodynamically most sta
ble head-to-head dimer of the silaethene 2. The high
amount of (Z)-4 in the product mixtures during the
isomerization of (E/Z)-3 and also in the reaction
of the polysilanyl alcohol 1 with phenylmagnesium
bromide is most noticeable and not readily under
stood. In this context it is worth mentioning, how
ever, that a dynamic effect was observed in the study
of the 1H NMR spectra of (E)-4 and (Z)-4. The spec
tra of both compounds indicate a restriction of the
free rotation of the mesityl substituents around the
C-aryl axis. Surprisingly, the coalescence tempera
ture for the o-methyl signals of the mesityl groups
in (Z)-4 (Ar-ortho-CH3 in Ds-benzene: Tc = 312 K,
A v - 108 Hz, Z\G* = 62.3 kJ/mol) was found to
be lower than that of (E)-4 (Ar-ortho-CH3 in Döbenzene: Tc = 334 K, A v = 72 Hz, -AG* = 68.0
kJ/mol), indicating a slightly stronger interaction of
the mesityl and trimethylsilylsubstituents of (E)-4 in
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toluene solution. This, perhaps, is of significance in
the kinetics of the 1 ,2 -disilacyclobutane formation.
The mechanism of the conversion of (E/Z)-3
into (E/Z)-4 is an open problem. It may proceed
through the silene 2 , reproduced by the thermal
dissociation of its [2+4] dimer 3. Transient 1,1bis(trimethylsilyl)silenes with structures similar to 2
have been proven to dimerize via radical intermedi
ates [3, 4]. After Si-Si bond formation the resulting
1,4-diradicals usually give 1,2-disilacyclobutanes
or (in the presence of "allylic" protons) linear dimers
[1], In the particular case of the dimerization of 2,
the mesityl substituent allows the extension of the
7r-system in the diradical 5, and the 1,6-diradical
undergoes the formation of a new C-C linkage to
give the product (E/Z)-3(Scheme 3). Such [2+4] cyclodimerizations were found also for other 2 -aryll,l-bis(trimethylsilyl)-silenes [5]. By thermal treat
ment (E/Z)-3 may reproduce the silene 2, which at
the higher temperatures applied preferably dimerizes with formation of the [2+2] product (E/Z)-4.
To prove the intermediacy of the silene 2 in this
isomerization process, a THF solution of (E)-3 was
heated with an excess of phenylmagnesium bromide
to 70 °C for 15 hours. The nucleophilic Grignard
reagent was expected to add to the polar Si=C bond
of 2 resulting after hydrolysis of the organomagnesium intermediate in the formation of the trisilane 6 . This trapping reaction is considered to be a
general proof of the existence of transient silenes
[1]. A total result of 34 % of the (E/Z)-mixture
of the 1,2-disilacyclobutanes 4 [(E)-4 : (Z)-4 = 1 :
1.15] was obtained besides the trisilane 6 (57 %)
(Scheme 4). Complete conversion of (E)-3 into 6
was not accomplished. Consequently, since the re

action of the alcohol 1 with excess PhMgBr at room
temperature gives the trisilane 6 quantitatively, we
conclude that regeneration of the silene 2 and its di
rect [2 + 2 ] dimerization is only one way of the 1 ,2 disilacyclobutane formation accompanied by the
intramolecular isomerization of the tetrahydrodisilanaphthalene 3 which probably proceeds via the
diradical 5.
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In conclusion it appears that the silene 2, gen
erated by base induced trimethylsilanolate elimina
tion from tris(trimethylsilyl)silylalcohol 1 , rapidly
dimerizes to give in a kinetically preferred reac
tion the [2+4] cycloadduct E/Z-3, which on thermal
treatment affords the [2+2] dimer E/Z-4. In this iso
merization process the formation of Z-4 is favoured,
but on prolonged heating it is completely converted
into E-4, the most stable head-to-head dimer of the
silene 2 .
Interestingly, 2,4-dimesityl-1,1,3,3-tetrakis(trimethylsilyl)-l,3-disilacyclobutane [2], the formal
[2 + 2 ] head-to-tail cycloadduct and probably the
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thermodynamically most stable dimer of the silene
, could not be identified in any of the isomerization
experiments.
2

Experimental
All reactions involving organometallic reagents were
carried out under purified argon. - NMR: Bruker AC 250
or Bruker ARX 300, tetramethylsilane as internal stan
dard. - MS: Intectra AMD 402. - The syntheses and the
spectral data characterizing the structures of 1, (E)-3, (Z)4 and 6 were described previously [1,2].
(Z)-3: Following the known procedure [ 1], the reaction
of 0.5 g (1.26 mmol) of 1 and the equivalent quantity of
MeLi in ether gave after hydrolytic workup and chromato
graphic purification (silicagel/heptane) 0.36 g (92 %) of
(E/Z)-3. (E)-3 was separated by crystallization from ace
tone. From the mother liquor (Z)-3 (contaminated with
some (E)-3) could be obtained by chromatography as
colorless crystals. - 'H NMR (Dö-benzene): 6 = 0.03 (s,
SiCH3, 9 H), 0.42,0.43 and 0.44 (3s, SiCH3, 27 H), 1.44,
1.67, 2.11, 2.21, 2.52 and 2.96 (6s, CCH3, 6x3 H), 3.62
(s, SiC//Mes, 1 H), 5.07, 5.57 and 6.07 (3s, olef. H, 3x1
H), 6.74 and 6.76 (2s, aromat. H, 2x1 H). - MS (70 eV),
m/z (%): 612 (5) [M+], 597 (10) [M+-CH3], 539 (10)
[M+-SiMe3], 348 (100) [(Me3Si)2SiSi(SiMe3)2+].
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(E)-4: In a Schlenk tube 0.1 g (1.610~4mol) of (E)-3
or (Z)-4 were heated to 170 °C for 3 h. Recrystallization
of the solid obtained from acetonitrile gave 0.085 g (85
%) of (E)-4, m.p. 142-144 °C. - 'H NMR (D6-benzene):
6 = 0.25 and 0.41 (2s, SiCH3, 2x18 H), 2.07 (s, p-CH3,
6H), 2.37 and 2.64 (2s, o-CH3, 2x6 H), 4.74 (s, CH, 2
H), 6.62 and 6.69 (2s, aromat. CH, 4 H). - l3C NMR
(Dö-benzene): 6 = 0.2 (SiCH3), 18.2 (p-CH3), 20.7 and
21.3 (o-CH3), 37.1 (CH), 130.1 and 132.3 (aromat. CH),
133.5, 134.1, 134.8 and 140.4 (aromat. quart.C). - 29Si
NMR (Dft-benzene): 6 = - 52.8 (S7SiMe3), - 11.9 and 12.5 (SiMe3). - MS (70 eV), m/z (%): 612 (1) [M+], 597
(6) [M+-CH3], 348 (100) [(Me3Si)2SiSi(SiMe3)2+]. C32H60Si6 (613.3)
Calcd C 62.67 H 9.86,
Found C 62.43 H 9.66.
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