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ABSTRACT

Reactions of a sterically crowded 1,3,2-dithiastan-
netane derivative bearing 2,4,6-tris[bis(trimethyl-
silyl)methyllphenyl (=Tbt) and 2,4,6-triisopropyl-
phenyl (=Tip) groups on the tin atom are described.
Both thermolysis and photolysis of the 1,3,2,-dithia-
stannetane [Tbi(Tip)SnS,CPh;,] resulted in the for-
mation of products derived from the corresponding
stannanethione [Tht(Tip)Sn=S8], while the oxidation
reaction by m-chloroperbenzoic acid gave a novel tin-
containing heterocyclic system, an 1,2,4,5-oxadi-
thiastannolane derivative.

INTRODUCTION

The chemistry of small ring metallacycles of group
14 metals such as silicon, germanium, and tin has
attracted much attention from the viewpoint of
comparison with the corresponding strained car-
bocycles [1]. For example, we have recently suc-
ceeded in the synthesis of novel tin-containing four-
membered ring systems, 1,2-chalcogenastannetes
1 and 2, which are the first examples of tin-con-
taining chalcogenete analogues, by taking advan-
tage of a new and efficient steric protection group,
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2,4 ,6-tris[bis(trimethylsilyl)methyl]-phenyl  (de-
noted as Tbt hereafter), and revealed their unique
molecular structures by X-ray crystallographic
analysis [2]. The successful isolation and notice-
able stability of a novel class of small ring metal-
lacycles 1 and 2 suggest that the bulky Tbt group
effectively protects these highly strained mole-
cules against their ring-opening reaction by nu-
cleophiles. Furthermore, we have also reported the
synthesis of a 1,3,2-dithiastannetane derivative 3
bearing Tbt and 2,4,6-triisopropylpheny! (denoted
as Tip hereafter) on the tin atom starting from a
novel tin-containing cyclic polysulfide, Tbt(Tip)SnS,
(3]. In this article, we present some reactions of
this overcrowded 1,3,2-dithiastannetane derivative
3 leading to the formation of interesting organotin
compounds.

1042-7163/95/85.00 + .25 155



156 Tokitoh et al.

RESULTS AND DISCUSSION

When a mixture of 1,3,2-dithiastannetane 3 and an
excess amount of 2,3-dimethyl-1,3-butadiene in
toluene was heated at 120°C for 5 hours in a sealed
tube, products 4-8 were obtained after chromato-
graphic separation in yields as shown in Scheme
2. The six-membered ring products 4 and 8 are
considered to be formed by the cycloaddition re-
action of the butadiene with intermediary stan-
nanethione 9 [4] and thiobenzophenone 10, re-
spectively, which are most likely produced by the
thermal retro-cycloaddition of the dithiastanne-
tane ring of 3. While the mechanism for the for-
mation of 1,2,4,3-trithiastannolane 6 is not clear at
present, the formation of 1,3,2,4-dithiastannetane
5 and hydroxymercaptostannane 7 can be reason-
ably explained as the results of self-dimerization
and hydrolysis of the intermediary stannanethione
9, respectively. All the products here isolated were
found to be identical with those obtained from the
reactions of 9 generated by alternative synthetic
methods [2,3].

Photolysis of dithiastannetane 3 in hexane was
also performed to give 5, probably derived from
the intermediary stannanethione 9, as depicted in
Scheme 3, but most of 3 was recovered regardless
of the light source, suggesting the existence of a
photochemical pre-equilibrium between the start-
ing material 3 and the thiones 9 and 10.

Of particular note among the reactivities of an
overcrowded dithiastannetane 3 is an oxidation re-
action with a peracid. When 3 was treated with an
equimolar amount of m-chloroperbenzoic acid
(mCPBA) in dichloromethane at 0°C, 1,2,4,5-oxa-
dithiastannolane 2-oxide 11 was isolated in 42%
yield together with the recovery of 3 (44%) after
chromatographic separation.

Since neither the sulfone nor the bis(sulfoxide)
of 3 was obtained and almost half the amount of

the starting material was recovered in this reac-
tion, the formation of 11 can be interpreted in terms
of the initial formation of sulfoxide 12 followed by
the facile rearrangement leading to a ring-ex-
panded oxadithiastannolane 13 and the successive
oxidation of the sulfur atom in the position B to
the Sn atom of 13, which is sterically less hindered
than that in the a-position. As for the stereochem-
istry of the sulfinyl group in 11, the second mole-
cule of mCPBA is considered to undergo stereospe-
cific attack at the sulfur atom in a position B8 to
the Sn atom of 13 from the less hindered direction,
as illustrated in Scheme 4. The molecular geome-
try of 11 experimentally obtained by X-ray struc-
tural analysis (vide infra) and inspection of the CPK
models dismissed the possibility that the oxidation
takes place from the other direction. This reaction
mechanism was further confirmed by the almost
quantitative formation (86%; 98% conversion yield)
of 11 in the oxidation of 3 using 2 equivalent moles

- of mCPBA under similar reaction conditions.

The molecular structure of the newly obtained
tin-containing heterocyclic system 11 was satisfac-
torily confirmed by the spectral and analytical data
and finally determined by X-ray crystallographic
analysis. In Figure 1 is shown an ORTEP drawing
of 11 together with its schematic views including
the selected bond lengths and angles, which clearly
indicate the cyclic sulfinic acid ester structure of
11.

CONCLUSIONS

Some new reactivities of the overcrowded 1,3,2-
dithiastannetane derivative 3 have been revealed,
which reflect the remarkable bulkiness of the Tbt
group. The formation of 11 in the oxidation of 3
should be noted as the first example of a 1,2,4,5-
oxadithiastannolane ring system and is in sharp
contrast to the ready formation of sulfone and bis
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(sulfone) in the oxidation of the carbon analogous
1,3-dithietane derivative [5]. The high liability of
the intermediary monosulfoxide 12 to ring expan-
sion is most likely due to the ring strain caused by
the bulky substituents and the higher affinity be-
tween tin and oxygen atoms than that between
carbon and oxygen atoms.

Further investigation on the syntheses and re-
actions of the other small ring metallacycles con-
taining group 14 metals is currently in progress.

EXPERIMENTAL SECTION
General Procedure

All melting points were uncorrected. All solvents
used in the reactions were purified by the reported
methods. THF was purified by distillation from
benzophenone ketyl before use. All reactions were
carried out under an argon atmosphere unless oth-
erwise noted. Preparative gel permeation liquid
chromatography (GPLC) was performed by use of
an LC-908 instrument with JAI gel 1H and 2H col-
umns (Japan Analytical Industry, styrene-divinyl-
benzene copolymer, pore size 25 A) with chloro-
form as solvent. Column chromatography was
performed on silica gel (Wakogel C-200). Prepara-

ORTEP Drawing of 11

FIGURE 1 Molecular structure of 11.

tive thin layer chromatography (PTLC) was car-
ried out with Merck Kieselgel 60 PF254 Art. 7747.
The '"H NMR spectra were measured in CDCl; with
a Bruker AM-500 spectrometer using CHCl; as an
internal standard. FABMS and high-resolution
FABMS spectra were recorded on a JEOL SMX-102
mass spectrometer with o-nitorophenyl octyl ether
as a matrix solvent.

Thermolysis of Dithiastannetane 3 in the
Presence of 2,3-Dimethyl-1,3-butadiene.

A toluene solution (3 mL) of 3 [3b,c] (100 mg, 0.091
mmol) was heated at 120°C for 5 hours in a de-
gassed sealed tube. After the solvent was evapo-
rated, the residue was subjected to GPLC chro-
matography to give a fraction containing the Tbt-
substituent (115 mg) and 2H-thiopyran derivative
8 (23 mg, 90%). The former fraction was purified
with PTLC to afford 1,2-thiastannacyclohexene 4

- (30 mg, 33%), 1,3,2,4-dithiadistannetane 5 (18 mg,

22%), 1,2,4,3-trithiastannolane 6 (9 mg, 9%), and
hydroxymercaptostannane 7 (6 mg, 7%). Com-
pound 5 was obtained as a mixture of cis and trans
isomers, the molar ratio of which was found to be
almost 1:1. The spectral and analytical data for 4~
7 were identical with those we have previously re-

S 1.836(3)
@ \
2.429(1) CPh;
2.167(3)
Sn

1.911(4)
2.152(3) yosnz)

S 1.465(3
@ oﬁ(a)\o()

bond lengths (A)

@ S a; 115.6(1)
b; 117.55(9)

-8 /\e/\kCth c; 86.98(7)
p d; 105.3(1)

e; 99.9(1)

i £ 107.8(2)
~ h 9
S g; 99.6(1)
d 2 h; 118.5(1)
0 i \o i 107.6(2)

j; 106.9(2)

bond angles (deg)



Thermolysis, Photolysis, and Oxidation of an Overcrowded 1,3,2-Dithiastannetane Derivative 159

ported [3b,c]. The compound 8 was identified by
comparison with the reported data [6].

Photolysis of Dithiastannetane 3

Irradiation with a Xenon Lamp. A solution of
3 (25.7 mg, 0.023 mmol) in 3 mL of hexane in a
Pyrex glass tube was irradiated with a light of 300
< A < 350 nm by a xenon lamp with a filter for 3
hours at —50°C. After removal of the solvent, the
residue was separated by GPLC to afford cis-sub-
stituted 1,3,2,4-dithiadistannetane cis-5 (2.2 mg,
10%) and the recovered 3 (22.9 mg, 89%). The spec-
tral data of cis-5 were identical with those we have
previously reported [3c].

Irradiation with a Mercury Lamp. A solution
of 3 (25.8 mg, 0.023 mmol) in 3 mL of hexane in a
quartz cell was irradiated by a low pressure mer-

cury lamp for 30 minutes at room temperature. Af-

ter removal of the solvent, the residue was sepa-
rated by GPLC to give cis-5 (4.6 mg, 22%) together
with the recovered 3 (15.5 mg, 60%).

Oxidation of Dithiastannetane 3

Reaction of 3 with an Equimolar Amount of
mCPBA. A solution of 3 (50.6 mg, 0.046 mmol) in
10 mL of dichloromethane was cooled to 0°C. To
this solution was added a dichloromethane solu-
tion (8 mL) of mCPBA (10.1 mg, 80% purity, 0.047
mmol) at the same temperature during 35 min-
utes. After evaporation of the solvent, the residue
was separated by column chromatography (SiO,/
hexane:chloroform = 2:1) and PTLC (SiO,/hex-
ane:chloroform = 1:1) to afford 1,2,4,5-oxadithia-
stannolane 2-oxide 11 (23.1 mg, 42%) along with
the recovered 3 (22.1 mg, 44%).

11: white crystals, mp 239-240°C (decomp). 'H
NMR (CDCl;) 6 0.03 (s, 9H), 0.05 (s, 18H), 0.07 (s,
9H), 0.09 (s, 18H), 1.16 (br s, 12H), 1.26 (d,J = 6.9
Hz, 6H), 1.36 (s, 1H), 2.02 (s, 1H), 2.26 (s, 1H), 2.67
(sept, J = 6.6 Hz, 2H), 2.88 (sept, J = 6.9 Hz, 1H),
6.46 (s, 1H), 6.55 (s, 1H), 6.84-7.55 (m, 12H); IR(KBr)
1133 ecm™ (vs-o); MS (FAB), m/z 1137 (MH", 0.7%),
1073 (2), 874 (20), 671 (41), 73 (100); high-resolu-
tion FABMS, obsd m/z 1137.4255; caled for
CssHy;0,S,Si,'2°Sn 1137.4312.

Reaction of 3 with an Excess Amount of
mCPBA. To a dichloromethane solution (8 mL) of
3 (43.0 mg, 0.037 mmol) was added 16.0 mg (80%
purity, 0.074 mmol) of mCPBA dissolved in 8 mL
of dichloromethane at 0°C during 30 minutes. After
removal of the solvent, the residue was chroma-
tographed on PTLC (SiO,/hexane:dichlorometh-
ane = 2.5:1) to give 38.0 mg (86%) of 11 together
with the recovered 3 (5.3 mg, 12%). The conversion
yield of 11 was 98%.

TABLE 1 Crystal and Intensity Collection Data for 1,2,4,5-
Oxadithiastannolane 2-Oxide (11)

Mol formuia CssHe202S8,Si:Sn
Mol weight 1136.65
Crystal system triclinic
Space group P

a A 12.651(2)
b, A 25.608(4)
c A 10.611(2)
a, deg 90.51(2)
B, deg 108.48(2)
v, deg 99.08(1)
vV, A3 3213(2)
V4 2

Deacs, @ CM73 1.175

Crystal dimensions, mm 0.60 x 0.50 x 0.20
Linear absolute coefficient, cm™' 6.04

Radiation Mo K,(A = 0.71069 A)
20 range, deg 5-55
Scan type ]
Total number of reflections
scanned 15,491
Number of unique reflections 14,818

Number of observed refiections

9798 [/ > 3o(/)]
Number of variables 595

R 0.041
R, 0.043
Residual electron density, e A~ +0.84/-0.51

fiifzgle-Crystal X-ray Diffraction Analysis of 11
7

Single crystals of 11 suitable for X-ray diffraction
analysis were grown by recrystallization from
chloroform. All measurements were made on a Ri-
gaku AFC5R diffractometer with graphite-mono-
chromated Mo Ka(A = 0.71069 A) radiation and use
of a 12 KW rotating anode generator. Initial lattice
parameters were determined from 25 accurately
centered reflections with 26 values in the range from
37° to 39°. Cell constants and other pertinent data
were collected and are listed in Table 1. The in-
tensity data were collected at 22 = 1°C using the
w scan technique to a maximum 26 value of 55.1°.
Of the 15,491 reflections collected, 14,818 were
unique (R;,, = 0.024). The intensities of three rep-
resentative reflections, which were measured after
every 150 reflections, remained constant through-
out data collection, indicating crystal and elec-
tronic stability (no decay correction was applied).
Azimuthal scans of several reflections indicated no
need for an absorption correction. The data were
corrected for Lorentz and polarization effects. The
structure was solved by direct methods [8]. The
nonhydrogen atoms were refined anisotropically,
while the hydrogen atoms were located in the cal-
culated positions. The final cycle of full-matrix least-
squares refinement was based on 9798 observed
reflections [I > 3.00 o(1)] and 595 variable param-
eters and converged (largest parameter shift was
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0.20 times its esd) with unweighted and weighted
agreement factors of R = 0.041 and R,, = 0.043. All
calculations were performed using the TEXSAN [9]
crystallographic software package of Molecular
Structure Corporation.

ACKNOWLEDGMENTS

This work was partially supported by a Grant-in-
Aid for Scientific Research (No. 05236102) from the
Ministry of Education, Science and Culture, Japan.
We also thank Shin-etsu Chemical Co., Ltd., and
Tosoh Akzo Co., Ltd., for the generous gifts of chlo-
rosilanes and alkyllithiums, respectively.

REFERENCES

[1] For reviews on small ring compounds containing
group 14 elements, see the following: (a) T. Tsu-
muraya, S. A. Batchellar, S. Masamune, Angew.
Chem., Int. Ed. Engl., 30, 1991, 902; (b) J. Barrau, J.
Escudié, J. Satgé, Chem. Rev., 90, 1990, 283.

[2] (a) N. Tokitoh, Y. Matsuhashi, R. Okazaki, J. Chem.
Soc., Chem. Commun., 1993, 407; (b) Y. Matsuhashi,
N. Tokitoh, R. Okazaki, M. Goto, Organometallics, 12,
1993, 2573.

[3] (a) N. Tokitoh, H. Suzuki, T. Matsumoto, Y. Mat-
suhashi, R. Okazaki, M. Goto, J. Am. Chem. Soc., 113,
1991, 7047; (b) N. Tokitoh, Y. Matsuhashi, R. Oka-
zaki, Tetrahedron Lert., 33, 1992, 5551; (c) Y. Mat-
suhashi, N. Tokitoh, R. Okazaki, M. Goto, S. Nagase,
Organometallics, 12, 1993, 1351.

(4] (a) N. Tokitoh, Y. Matsuhashi, M. Goto, R. Okazaki,
Chem. Lett., 1992, 1595; (b) N. Tokitoh, M. Saito, R.
Okazaki, J. Am. Chem. Soc., 115, 1993, 2065.

[5] R. Seelinger, W. Sundermeyer, Angew. Chem., Int. Ed.
Engl,, 19, 1980, 647.

[6] M. Weidenbruch, A. Schifer, H. Kilin, S. Pohl, W.
Saak, H. Marsmann, Chem. Ber., 125, 1992, 563.

[7] Atomic coordinates, bond lengths and angles, and
thermal parameters for compound 11 have been de-
posited at the Cambridge Crystallographic Data
Centre, University Chemical Laboratory, Lensfield
Road, Cambridge CB2 1EW, United Kingdom.

[8] MITHLIL. An integrated direct method computer
program. C. J. Gilmore, J. Appl. Crystallogr., 17, 1984,
42 (University of Glasgow, Scotland). DIEDIF. P. T.
Beurskens, Direct Methods for Difference Struc-
tures—an Automatic Procedure for Phase Extension
and Refinement of Difference Structure Factors,
Technical Report 1984/1, Crystallography Labora-
tory, Toernooiveld, 6255 Ed Nijmegen, Netherlands.

[9] TEXSAN. TEXRAY Structure Analysis Package, Mo-
lecular Structure Corp. 3304 Longmire Drive, Col-
lege Station, TX 77840, USA, 1985.



