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The pyrolysis of lC,1,2,2-tetramethyl-l,2-disila-3,6-dïthiacyc~ohexane (1) 
yields 1,1-dimethyl-l-sila-2,klithiacyclopentane (II), 1,1,2,2,4,4-hexamethyl- 
1,2,4-trisila-3,5dithiacyclopentane (III) and ethylene in equal amour&. While 
pyrolysis of a mixture of 1 and tetramethylcyclodisilthiane yields equal 
amounts of II, III, and no ethylene. Finally, pyrolysis oî a mixture of 1 and 
hexamethylcyclotrisiloxane yields 1,1,3,3,5,5,7,7-octamethyl-2,4,6-trioxo- 
1,3,5,7-tetrasila-%thiacyclooctane_ Possible mechanisms to explain these results 
are presented. In addition, the first example of insertion of dimethylsilylene 
into a silicon-sulfur single bond is reported. 

There has been considerable interest in the last ten years in reactions which 
involve intermediates which possess silicon-carbon [l-7], siliconqxygen [ 1, 
S-101, silicon-nitrogen [ 11,12], silicon--silicon [ 13-161 and siliconsulfur 
[17,18] double bonds. Of these intermediates, those whikh possess silicon- 
sulfur double bonds have been the least studied. We should like to report our 
results on the pyrolysis of 1,1,2,2-tetramethyl-l,2-disila-3,6-dithiacyclohexane 
(1) which may be explaincd by reaction pathways which involve dimethylsila- 
thione [ (CH&Si=S ] as a reactive intermediate. 

The synthesis of 1 was achieved by reaction of 1,2-dichlorotetramethyldi- 
silane with ethanedithiol in the presence of pyridine. Although 1 is a six-mem- 
bered heterocycle, slow addition of both difunctional reagents to a vigorously 
stirred solution of pyridine was required to minimize polymer formation. Even 
SO, the yield of-1 was low (35%). Heating a solution of 1 in t-butylbenzene at 
215” C for several days (tila = 1 d) gave l,l-dimethyl-1-sila-2,5-dithiacyclo- 
pentane (II) [19] (78%), 1,1,2,2,4,4-hexamethyl-l,2,4-~s~a-3,5_dio- 
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dimethylsilathione’intermediate into a silicon-oxygen single bond of VI, was 
produced in 24% yield, along with II (32%), III (26%), and ethylene. 
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The observation that IV, the espected product of dimerization of two 
dimethylsilatione intermediates reacts rapidly at 215” C ( tl,* = 15 min) with 1 
to yield almost equal amounts of II, III and a small amount of V provides addi- 
tional support for this proposal. The formation of a small amount of V in tbis 
reaction is expected since IV and V are known to be in rapid thermal equilibri- 
um [ 27,281. 

Thus we believe that the pyrolysis of 1 to yield II, III, and ethylene in 
approximately equal amounts occurs by a three step mechanism. The first step 
involves a [nZs, nZs, 7CZs] cycle-reversion reaction of 1 to yield ethylene and 
two dimethylsilathione intermediates. This step is apparently slow. In the pre- 
sente of VI these dimethylsilathione intermediates cari partially be trapped to 
yield VII. In the absence of VI, the second step is head to taïl dimerization of 
the dimethylsilathione intermediates to yield IV. The third step involves a rapid 
redistribution between 1 and IV to yield II and III. Control experiments have 
demonstrated the stability of both II and III to the long and strenuous thermal 
reaction conditions. 
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Tde mechanis,m of the rapid thermal redistribution reaction between 1 and 
IV isjnot known at present. One possibility involves an a elimination of dimeth- 
ylsilylene from 1 to yield II. Rapid insertion of.dimethylsilylene into a strained 
silico~n-sulfur single bond of IV would yield III. Tbis seems improbable since 
the p/yrolysis of 1 would haveto occurby two differentpathways atapproxi- 

mately equal rates since the yield of II and III are equal. 

\/ 

CH,=CH, 
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Furiher, pyrolysis of 1 in the presence of p-tolyldimethylsilane (VIII) [29], 
in plat+ of t-butylbenzene as solvent, yields no 1,1,2,2-tetramethyl-p-tolyldi- 
silane (30,311, the expected product of inserticn of dimethylsilylene into the 

silicon-khydrogen bond of VIII. These two pieces of evidence cast serious 
doubt bn the intermediacy of a free dimethylsilylene in the thermal redistribu- 
tion rektion. 

How&er, this possiblity cari not be excluded for when dimethylsilylene wa.s 
genera&d by photolysis (2537 A) o asolution ofdodecamethylcyclohexa- f 

silane [!32,33] in the presence of IV, a 26% yield of III was obtained. This is 

the fi& example of insertion of a silylene into a siliconsulfur single bond. 
The hechanism of this redistribution reaction as well as the scope of silylene 

insertion into sulfursilicon single bonds are under active study. 

Exper&ental 

IR spLctra were determined as neat liquids on a Perkin-Elmer 281. They 
were calibrated against known peaks in a polystyrene film. UV spectra were 
determiked in cyclohexane solution on a Beckman Acta M spectrometer. NMR 
spectra {vere recorded on a Varian T-60 or XL-100 spectrometer. Spectra were 
taken u&g 10% solutions in CD&. Samples of ail compounds for spectral and 
elementd analysis were purified by preparative vapor phase chromatography on 
a Hewlet$-Packard F&M 700. Yields of various products were determined by 



181 

GLPC. Max spectra were determined on a Dupont 21-492 at 70 eV_ Microanal- 
ysis was performed by the California Institute of Technology Microanalytical 
Laboratory, Pasadena, Califomia, or by Elek Microanalytical Laboratories, 
Torrance, California_ 

Reparation of 1.1.2,2,-tetramethyl-l.2-disila-3,6-dithiacyclohexane (I). Into 
a dry, 500 ml three-necked flask fitted with two pressure equalizing addition 
funnels and a mechanical stin-er were placed 40 ml of pyridine (freshly distilled 
from KOH) and either 200 ml of benzene (freshly distilled from sodium) or 
200 ml of dichloromethane. 1,2-Dichlorotetramethyldisilane [34] (18.6 g, 
0.1 mol) in CH-j& was placed in one addition funnel and ethanedithiol (10.3 g, 
0.11 mol) in CH1C12 was placed in the other addition funnel. These solutions 
were added dropwise at equal rates over 1 h to the vigorously stirred mixture. 
After addition was complete, the reaction was stirred for 5 h. 

Pyridinium hydrochloride was removed by filtration under nitrogen. The sol- 
vent and excess pyridine was removed by distillation through a 25 cm V&eux 
column at atmospheric pressure_ Fractional distillation using the same column 
gave a fraction (b-p. 68”C/O.l mmHg, m-p. 23-24OC) found to be I(7.3 g, 35 
mmol, 35%). A polymeric residue of 10 g did not distill. 

Properties of 1: NMR: G(ppm) 0.43 (s, 12 H), 2.92 (s, 4 H). IR: Y(Si-Me) 
1250 cm-‘. UV: h,, 2527, E 1370. Mass spectrum: parent m/e 208 (8%), (P - 
15) m/e 193 (4%), m/e 90 (66%), m/e 73 (lOO%)_ An analytical sample was 
purified by preparative GLPC on a 18” X 1/4” 20% SE-30 on Chromosorb P 
column at 80°C. Anal. Found: C, 34.46; H, 7.74. C6HZ6Si2S2 calcd.: C, 34.56; 
H, 7.74%. 

Prepara’fion of 1,1,2,2,4,4-hexamethyl-l,2,4-trisila-3,5-dithiacyc~o~entane 
(HI). A 200 ml two-necked flask was fitted with a gas inlet and a reflux con- 
denser on top of which was a N2 inlet. 1,2-Dichlorotetramethyldisilane (6.6 g, 
35 mmol), dimethyldichlorosilane (5.0 g, 38 mmol), pyridine (10.9 g, 0.14 
mol), and benzene (100 ml) were placed in this flask. Hydrogen sulfide was 

passed into the magnetically stirred solution for 2 h. The solution was stirred 
overnight, filtered, and the solvent removed by distillation at atmospheric pres- 
sure. The residue was fractionally distilled under reduced pressure to give III 
(2.5 g, 11 mmol, 30’%), b-p. 117”C/19 mmHg, and a solid residue which was 
sublïmed under reduced pressure (7O”C/O.l mmHg).,It was found to be identi- 
cal with an authentic sample of 1,1,2,2,4,4,5,5-octamethyl-l,Z,4,5-tetrasila-3,6- 
dithiacyclohexane (2.7 g, 9 mmol, 52%) [20]. 

Properties of III: b.p. 117”C/19 mmHg. NMR 6 (ppm) 0.46 (s, 12 H), 0.61 
(s, 6 H). IR: Y(Si-Me) 1245 and 1255 cm-‘. UV: h 2273 (sh), E 2175. Mass 
spectrum: parent m/e 238 (S%), Found: 238.015 C,H,,Si,S, calcd.: 238-016. 
(P - 15) m/e 223 (lO%), m/e 90 (60’%), m/e 73 (100%). An analytical sample 
was purified by preparative GLPC using a 54” X 1/4” 20% SE-30 on Chromo- 
sorb P column at 200°C. Anal. Four-rd: C, 29.88; H, 7.23. CbH1,$i3S2 calcd.: C, 
30.20; H, 7.60%. 

Solution pyrolysis of 1. t-Butylbenzene (freshly distilled from sodium, 236 
mg) and 1 (69 mg, 0.33 mmol) were placed in a NMR tube. The solution was 
degassed by several freeze-thaw cycles at the vacuum pump. The tube was 
sealed and heated at 215°C. The reaction was followed periodically by NMR. 
The methylene protons of 1 absorbed at 6 2.92 .ppm while those in II absorbed 



182 i 

at 6 3.08 Apm. Another peak, a singlet at 6 5-5 ppm also increased as the reac- 
tîon progressed. A solution of ethylene in t-butylbenzene was found to have an 
identical chemical shîft. After 5 d, the reaction was found to be about 70% 
complete &y NMR). The tube was connected to a flask containing a solution 
of brominé in CCL,. The tube was opened and warmed to expel the ethylene 
into the brbmine/CCl, solution. The excess bromine was destroyed with a Na2- 
S207 solutïon. The organic layer was separated and dried. The presence of 
1,2_dibrombethane was confirmed by GLPC (15’ X 0.25” 10% DCQF-1 on 
Chromosorb P column at 130°C) and NMR (by comparison with an authentic 
sample). i 

The rem&ning solution iii the pyrolysis tube was analysed by GLPC on a 
6’ X 0.25” iO% DCQF-1 on Chromosorb W column at 115” C to give II (13 mg, 
0.086 mmoi, 72%) and III (21 mg, 0.088 mmol, 78%) whose properties weré 
identical to ithose of authentic samples. The amount of ethylene (NMR) was 
calculated tc? be 2.8 mg, 0.10 mmol, 88%. AII yields are corrected for recovered 
1 (21 mg, 0.699 mmol, 30%). 

Co~yroZ&s of I and IV, t-Butylbenzene (384 mg), I (53 mg, 0.256 mmol), 
and IV [21];(51 mg, 0.283 mmol) were placed in a NMR tube which was sealed 
and heated +215’C as before. In 15 min, about 46% of 1 had disappeared and 
an equivalen! amount of II had been formed; this was determined by NMR as 
above. Heatihg was contînued for 6 h. The tube was connected to a bromîne in 
Ccl, trap and opened. The reaction mixture was analyzed as before to give III 
(34 mg, 0.14’5 mmol, 72%) and II (26 mg, 0.176 mmol, 87%) conected for 
recovered 1 (il mg, 0.054 mmol, 21%). In add’t’ 1 ion, hexamethylcyclotrîsil- 

thiane (14 mg, 0.051 mmol, 27% based on the amount of IV used) was also 
found. This y$eld is calculated based on the following equilibrium: 3 [CH,),- 
Sis]* * 2[(C$I,),SiS],. The NMR of the mixture showed no significant forma- 
tion of ethyl+e_ Analysis of the bromine trap by GLPC and NMR confîrmed 
that less than 12% 1,2-dibromoethane had been formed. 

In a second experiment, 1(24 mg, 0.113 mmol) and IV (39 mg, 0.218 mmol) 
in t-butylbenjene (292 mg) were heated as above for 180 min. This gave III (18 
mg, 0.074 mniol, SO%), II (12 mg, 0.081 mmol, 85%), corrected for recovered 1 
(4 mg, 0.019 mmol, 17%). In addition, hexamethylcyclotrisilthiane (15 mg, 
0.055 mmol, 38%) was found. 

Solution phbtolysis of I_ A solution of 1 (52 mg, 0.25 mmol) in spectral 
grade cyclohedane (390 mg) was placed in a quartz NMR tube. Oxygen was 
removed by bdbbling purified N2 through this solution for 15 min prier to 
.photolysis. This NMR tube was placed in a quartz water jacket to maintain con- 
stant temperatbre of 25°C. This tube was photolyzed at the tenter of a circular 
array of sixteeh 12” G.E. germicidal low pressure mercury Iamps at 2537 A for 
5 h. The soluti&n was analyzed as before to give IV (9 mg, 0.05 mmol, 26%), V 
(4 mg, 0.02 mr&ol, 13%), and ethylene (2 mg, 0.08 mmol, 40%). Al1 yields are 
correctèd for ricovered 1 (10 mg, 0.05 mol, 20%). 

Photolysïs 04 dodecame th ylcyclohexasilane [32,33] in the presence of IV_ A 
solution of dodecamethylcyclohexasilane (56 mg, 0.16 mmol), IV (65 mg, 0.37 
mmol) in spectkl grade cyclohexane (555 mg) was degassed, photolyzed for 
9 h, and anaIyz+d as before to give III (21 mg, 0.09 mmol, 26%) based on 
recovered IV (6img, 0.03 mmol, 9%). 
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Solution pyrolysis ofIL t-Butylbénzene (335 mg) and II (75 mg, 0.50 
mmol) were placed as before in a sealed NMR tube and heated at 215” C for 
60 h. NMR indicated no change of starting mixture_ This was confirmed by 

GLPC analysis as before which indicated onIy recovered II (74 mg, 0.49 mmol, 
99%). 

Solution pyrolysis of III. t-Butylbenzene (335 mg) and III (119 mg, 0.50 
mmol) were placed in a sealed NMR tube and heated at 215” C for 60 h as 
before. NMR indicated no change of starting mixture. This was confirmed by 
GLPC analysis as before which gave recovered III (117 mg, 0.49 mmol, 98%). 

Copyrolysis of I and VI. I(l04 mg, 0.5 mmol) and VI [35] (1.11 g, 5.0 
mmol) were heated as before at 215°C for 6 d. The reaction mixture was ana- 
lyzed by GLPC on a 8’ X 0.25” 10% DCQF-1 on Chromosorb W column at 80- 
130°C to give II (12 mg, 0.08 mmol, 32%), VII (74 mg, 0.24 mmol, 24%) [18], 
and III (15 mg, 0.065 mmol, 26%). The presence of ethylene was determined 
by NMR 6 5.5 (s) ppm. 

Pyrolysïs of I in the presence of VIII [29/. A solution of 1 (520 mg, 2.5 
mmol) in VIII (860 mg) was heated as before in a sealed NMR tube at 215°C 
for 3 d. The mixure was analyzed by GLPC to give II (127 mg, 0.85 mmol, 
72%) and III (168 mg, 0.71 mmol, 60%). Yields are corrected for recovered I 
(30 mg, 0.14 mmol, 6%) and VIII (830 mg). 

No 1,1,2,2-tetramethyl-p-tolyldisilane [ 30,311 was detected. 

Acknowledgements 

This wqrk was supported by the Air Force Office of Scientific Research 
AFOSR-77-3123. 

References 

1 

2 
3 

4 

5 
6 
7 

8 
9 

10 
11 
12 
13 

14 
15 

16 
17 
18 
19 

20 

21 
22 

23 

L.E. Gusel’nikov. N.S:Nametkin and VX. Vdovin, Accounts Chem. Res.. 8 (1975) 18. 

T.J. Barton. G. Marquardt and J.A. Kilgour. J. Organometal. Chem.. 85 (1975) 31’7. 
P.B. x3aIkovïch Lnd W.P. Weber. J. i)rganometaI. Chem.. 99 (1975) 231. 

A.G. Brook and J.W. Harris, J. Amer. Chem. Soc.. 98 (1976) 3381. 
N. Wiberg an-d G. Preiner, Angew Chem. Int. Ed.. 16 (1977) 328. 
hl. Ishikawa, T. Fuchikami and h1. Kumada, J. Organometal. Chem.. 133 (1977) 19. 

T.J. Barton and G.T. Burns. J. _Amer. Chem. Soc.. 100 (1978) 5246. 
R.D. Bush, C_&I~ Golino, G.D. Homer and L.H. Sommer, J. Organometal. Chem.. 80 (1974) 37. 
C_&I. Golino, R_D. Bush and L.H. Sommer. J. Amer. Chem. Soc.. 97 (1975) 7371. 

W. Ando and A. Sekiguchi. J. Organometal. Chem.. 133 (1977) 219. 
D_R_ Parker and L.H. Sommer, J. Amer. Chem. Soc., 98 (1976) 618. 
N. Wiberg and G. Preiner, Angew Chem. Int. Ed.. 17 (1978) 362. 

D.N. Roarkand G.J.D. PeddIe. J. Amer. Chem. Soc.. 94 (1972) 5837. 

CL. Smith and J. Pounds, J. Chem. Soc. Chem. Commun.. (1975) 910. 
T.J. Barton and J.A. Kilgour. J. Amer_ Chem. Soc.. 98 (1976) 7231. 
R-T. Conlin and P.P. Gaspar. J. _4mer. Chem. Soc.. 98 (1976) 868. 

L.H. Sommer and J. McLick. J. Organometal. Chem.. 101 (1975) 171. 
H.S.D. Soysa and W.P. Weber. .J. Organometal. Chem.. 165 (1979) Cl. 
V.BI. Wieber and hl. Schmidt. A. Naturforschg. B. 18 (1963) 846. 

U. Wannagat and 0. Brandstatter. Bfonatsh. Chem.. 94 (1963) 1090. 

Y. Étienne. C.R. Acad. Sci. Paris, 235 (1952) 966. 
T. Xomura. M_ Yokoi and K_ Yamasaki. Japan _4cad. Proceed. 29 (1954) 342. 
R.B. Woodward and R. Hoffman. The Conservatix*e of Orbital Symmetry. Academic Press, London. 

1971 pp. 101-107. 

24 R.E. Lehr and A.P. hfarchand, Orbital Symmetry. Academic Press, London. 1972, pp. 14-24. 




