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Summary 

Sila-3-cyclopentenes were obtzmed iiom reaction of 1,3-butadiene with 
SiHz, ClSiH and CH,SiH generated from disilane pyrolyses. 1-Silylsila-3-cyclo- 
pentene and 1,2-disila-4-cyclohesene were obtained in near equal quantities from 
the reaction of 1,3-butadiene with Si,HJ (H,SiSiH or H2Si=SiHT) generated from 
the pyrolysis of Si,H,. Competitive reactions of SiH: with 1,3-butadiene and 
Si,H, and of GeH, with 1,3-butadiene and digermane have demonstrated that 
while SiH, addition to 1,3-butadiene can compete favorably with insertion into 
Si7_H6, GeH: addition to 1,3-butadiene cannot compete with insertion into 
Ge,H6. 

tntroduction 

The addition of (CH&Si and (CHsO)$i, generated from the pyrolysis of 
methosymethyldisilanes, to 2,3-dimethyl-1,3-butadiene has produced the cor- 
responding sfla-3xyclopentenes [ 11. The addition of SiHz, generated from the 
“?(tz,p)-“Si nuclear transformation of PHJ or from the pyrolysis of SilH6, to 
1,3-CJHb forming sila-3-cyclopentene has also been reported [ 2.31. 

We have demonstrated that Si,H6 [4], GezH6 [4], CISi2HS [5], CH$izHS 
[6! and Si3H8 [7] decompose thermally by 1,2-hydrogen shifts forming SiH, 
and GeH? from Si,H6 and GelH, and forming SiH2 along with CISiH, CHISiH 
and SiHBiH from ClSizHj, CH3Si2H5 and Si3Hs respectively. We have proposed 
that the Si,H, reactive intermediate is SiH$ZI [7), while Strausz et al. have 
suggested that Si,H, exists as H,Si=SiH2 [ 81. 

In this paper, we report our results on the reactions of the silylenes, GeHz 
and Si2H3 mentioned above with 1,3-butadiene. 

Results and discussion 

The following reactions were carried out in a recirculating flow system 
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containing a thermal zone and a low temperature cold trap which removed 
products less volatile than the reagents. 

Addition of silylenes to 1,3-butadiene 
The volatile products from the flow pyrolysis of Si?H6 and 1,3-G% at 

385” were SiH*, sila-3cyclopentene (C,H,Si), Si3Hs and 4-vlnylcyclohexene 
produced in the neat pyrolysis of 1,3-CqH6. Disilane 141 decomposes into SiH~ 
and SiH2 which then react-s with Si2H6 or 1,3-CLH6: 

SizH6 -+ siH3 + SiH, (1) 
SiH2 + Si2H6 + SilHe 
SiH2 + 1,3-CJH6 + CqH8Si I:,’ 

The gas phase ratio of 1,3-CJH6/Si:H6 was 1.2 while the Si3HB/GH& product 
ratio was 3.6. If one assumes that both SiHz trapping products are removed 
before any significant decomposition, the relative rate of SiH2 addition to Si,Hb 
compared to 1,3-CJH6 is 4.2/l on a molecular basis. We have previously demon- 
strated that SiaH8 is essentially quantitatively removed by our cold traps in these 
systems [ 71. The thermal stability of CAH8Si appears similar to that of Si3H6 so 
that it should also be essentially quantitatively removed by our cold trap. 

The products from the flow pyrolysk of CHJSizHj and 1,3-CJH6 were SiHJ, 
CH&I-I~, C,H,Si, I-methylsila-3-cyclopentene (C,H,SiCHJ and 4.vinylcyclo- 
hexene. Due to complications in the flow pyrolysis of CH,Si2Hi 191, the ratio 
of SiH? to CH,SiH formed is not known so that we cannot accurately compare 
the reiative addition rate of SiH2 and CH&H to 1,3-CJH6. 

The products from the flow pyrolysis of CiSizHj and 1,3-CAH6 were SiHJ, 
CISiHx, CJH8Si and 1-chlorosila-3.cyclopentene (C,H,SiCI) in a ratio of g/7/4/5. 
We have suggested that the SiHa/CISiHS ratio is a measure of the yields of ClSiH 
compared to SiH2 from reactions 4 and 5 [ 51: 

ClSi2Hj - CISiH + M-I; (4) 
CIQi2Hs + W-i2 + ClSiH, (5) 

However, the lifetime of CISiH may be significantly greater than that of SiH2, so 
we cannot obtain relative addition rates of SiH2 and CISiH to 1,3-CaH6. We ca.. 
note that the formation of the CISiH and SiH, adducts with 1,3-CaHb were ob- 
tained in similar ratios to the apparent formation yields of the two silylenes. 

It has been previously observed that for (CH,):Si, the relative reactivities 
for trapping are [ 1] : saturated hydrocarbons < benzene < ethylene < dimeth- 
osytetramethykikilane < dienes. Our results demonstrate that on a molecular 
basis, the insertion of SiH, into S&H6 (eqn. 2) is about 4 times faster than the 
addition of SiH? to 1,3-CAHb forming III (eqn. 3). 

- 

c) 
Sl IllI) 

Hz 

In the neat pyrolysis of CH3SiZHS, the SiHz and CH$N-l insertion products 
(CH,SiJJ, and (CH,),Si,H,) were obtained in significant quantities [6]. How- 
ever, these products were not observed when CH,Si2H5 was pyrolysed in the 
presence of a 20/l excess of 1,3-CAH6 while both sila-3-cyclopentenes were pro- 
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duced. Thus, it appears that CH&H addition to 1,3-C,H, can also compete 
reasonably with insertion into silicon-hydrogen bonds. The addition of ClSiH 
to 1,3-CqH6 appears to occur with a rate similar to that of SiH, addition. 

Thermal reaction of trisilane with 1,3-butadiene 
Si,HR [7,9] decomposes to generate the reactive intermediates SiH2 and 

Si2H, (eqns. 6 and 7): 

Si3H8 -c SiHz + Si,H, (6) 
SiJ-Is -+ H$iSiI-I + SiHJ (7) 

The neat pyrolysis of Si,Hs [7] produces both tetrasilanes and n- and i-penta- 
silane from the reactions of SiH, and S&H, with SiJH8: 

SiH, + Si3H6 - Si,H,. (n and i) (8) 
Si?H, + SillHs 4 SijH,? (n and i) (9) 

We have e.uamined the thermal reaction of Si,Hs with 1,3-&H+ The products 
obtained in addition to those from the neat pyrolysis and 4-vinylcyclohesene 
(obtained in the neat pyrolysis of 1,3-&H,) were sila-3-cyclopentene, l-silyl- 
sila-3-cyclopentene (I), and 1,2-disila-4cyclohexene (II). The ratio of I and II 

(I) (if:) 

was about l/l. The last three products are undoubtedly from reaction of SiH, 
and SizHJ with 1,3-&H+ 

Ln an effort to determine the possibihty of interconversion of I to II (or II 
to I) under our reaction conditions, we examined the flow pyrolyses of I and II 
at low pressure (0.8 mm) with an Inert propane carrier at 35 mm Hg. At 450°, 
the only observed product from the pyrolysis of I was sila-3.cyclopentene while 
no product was observed from the pyroIysis of II. At most, only a few percent 
of I or II decomposed under these conditions. Tt:& there was no interconversion 
of I and II in our trisilane-butadiene thermal reaction. Since I is a substituted 
disilane, it is not surprising that it decomposes by a 1,2-hydrogen shift forming 
sila-3-cyclopentene and Sti2 141. 

The nature of the reactive intermediate, Si,H4, is unresolved. It is presumed 
that when formed in the pyrolysis of Si,H8, SizHa can be represented as SiH$W-I 
[7,9]. However, the species that reacts with 1,3-CJH6 could be represented as 
SiH$iH, H2SiSiH2 or H2Si=SiH2. 

We evamined the copyrolysls of a l/l mixture of Si3Hs and SillDs and the 
only disilanes produced were Si2H, and Si,D;.. If Si,D, existed as D,Si&iD,, it 
shouid have extracted H atoms from Si3Hs forming the disilanes Si2D5H and 
Si,D4H,. Since these were not observed, it wouId appear that the chemistry ob- 
served in the pyrolysis of trisilane is not due to biradical species such as H2%%Hz, 

It appears that the reaction of SiH, and Si?H., with Si2H6 and SixH8 occur 
with very low activation energies [ 7,9,10] (possibly as low as 1 kcai/mol). Since 
it is difficult to envision a low activation route for the reaction of &Si=SiH, 



350 

H3S1 -S,H + H$=C-C=CH2 

(-7 . 
SI -5 bl 
H2 H2 /\ 

H S,H3 

r 
s1-SI 

J 
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(II) 
H/“\,H 3 

(1) 

Fig 1. Reaetmo of silylsilylene wltb 1.3-buladwne. 

with Si2Hb or Si,H, to form tetra- and penta-silanes it would appear that the 
Si2HJ species that reacts with Si,Hs to form the pentasilanes is SiH,SiH. Thus a 
significant &action of the reactive intermediate, S&H4 appears to react as SiH,Si!!. 

‘The addition of Si.H2 to tram-%, trans-4-hexadiene does not occur by a 
concerted 1,6cycloaddition [ll]. We assume the addition of SiH$%-l to 1,3-CAH,5 
would be similar. The addition of SiH,SiH to 1,3-CqH6 could produce both 
products I and II by a nonconcerted 1,4-cycloaddition as described in Fig. 1. If 
H2Si=SiHl mere present, it would add to 1,3-CaH6 to form II. 

Unfortunately our results do not allow for an identification of Si2Hq, but 
do suggest that SizHa does, to some extent, react as SiH$WX 

Rmction of gem ylene with 1,3-bu tadiene 
The products from the flow pyrolysis of Ge2H6 and 1,3-CaH6 were GeH,, 
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GeJHs and germa-3-pentene (&H,,Ge). The expected GeH, addition product 
with 1,3-C4Hs, germa-3-cyclopentene was not observed. The product ratio, 
GeJHs/CaHIoGe, was very dependent on the diameter of the thermal zone. In a 
small diameter thermal zone (short residence time), the Ge3H8 yield was at least 
70% and the Ge,H&,H,,Ge ratio was very large. In a large diameter thermal 
zone (long residence time) the yield of Ge,Hs was low and the product ratio, 
Ge1H8/C,H,,Ge, was near unity. These results are consistent, with the following 
eqns. 13-19. We are unsure of the source of GeH3 radicals. A logical choice 
appeared to be from seconday GeHJ decompositions. However, control exper- 
iments with GeH, and 1,3-C&H6 under our reaction conditions demonstrated 
that the GeH, radicals for eqn. 18 were not generated from GeH3. 

(i) For short residence time: 
GezH6 --c GeH? + GeH, (13) 
GeH2 + GezH6 + Ge,H, (14) 
(ii) For long residence times: 

=?Hb -GeHz+GeH, (15) 
GeHz + Ge2Hb+ Ge,Hs (16) 
Ge,H8 -* H3GeGeH + GeH, (17) 

V-! 
GeH, + 1,3-CaHb --L H3GeCHzC=CCH2- (18) 

w YY 
H ,GeCH ?C=CCH 2 - H abslnct,o; H 3GeCH &=CCH 3 (19) 

The fact that germa-3-cyclopentene was not obtained by reaction of GeH2 
with 1,3-CqHb could be due to its formation followed by complete decomposi- 
tion prior to removal by the cold trap or by the GeH-, insertion rate into GezH6 
being much greater than addition to 1,3-C3H6. It would appear that the latter is 
much more likely. 

In acetone, GeBr:, readily adds to 1,3-CqHb forming l,l-dibromo-1-germa-3- 
cyclopentene [ 121. Thus, germylenes do add to 1.3-&H. forming germa-3-cyclo- 
pentenes. 

EZvperimental 

Si,H6 and CH3SiH3 were prepared by the reduction of the corresponding 
chloride with Li AlH,. Disilane-d, was prepared from the reaction of SizC16 with 
LiAlD, while Si,Ds was prepared from the flow pyrolysis of Si,D6. CH3Si2HS [S] 
and CISilH5 [ 131 were prepared as previously described while GeH, was pre- 
pared by reduction of GeOl, [14]. The purity of these reagents was checked by 
IR, mass and proton NMR spectral methods. Products such as SiH,, CISiH,, 
CH@-i~, GeH4 and GexH8 were identified by their IR spectra. 

Improved prepamtion of trisilane 
A synthesis for SiJHs has been developed by which SixHs can be obtained 

in 44% yields from Si2Hb. 
The apparatus consisted of a heated zone 7 cm long and 18 mm in diameter 

wrapped with a heating tape. A 500 cm3 bulb next to the heated zone acted as 
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a reactant container while three “ti” traps after the heated zone acted as prod- 
uct traps. The pressure in the heated zone was controlled by a Teflon needle 
valve located between the heated zone and the product traps. The rate at which 
the reactants entered the heated zone was controlkd by a Teflon needle valve 
located between the heated zone and reactant bulb. 

In a typical experiment with the oven at 418-422”, Si& (12.2 mmol) 
was allowed to flow through the heated zone. The product traps were immersed 
in liquid nitrogen and opened to a vacuum line so that hydrogen could be re- 
moved- The flow rate of Si,H, was regulated at 1.7 mmol/min while the pres- 
sure in the heated zone was maintained between 35 and 40 mm Hg. The prod- 
uct fraction was separated by trap to trap distillations. The fraction condensed 
at -196O was SiE& (2.2 mmol) while the fraction condensed at -160” was Si2H6, 
(8.9 mmol). The product fraction condensed at -103” was Si,H8 (0.72 mmol). 
A polysilane mixture (0.26 mmol) which was mainly SiHlo was collected in the 
-78” t-tap. 

Improlled preparation of digermane 
The prepa-mtion of GezH6 from the pyrolysis of GeH, was carried out in a 

flow system containing an automatic Toepler pump, a 50 mm diameter* 25 cm 
long thermal zone and a “U” trap. The thermal zone was heated by a very well 
insulated heating tape. The cold trap was maintamed at -112” which set the GeHJ 
pressu_z in the system at 240 mm provided that some GeH4 was present con- 
densed in the cold trap. The trap also removed Ge2H, from the stream as it was 
produced. The pyrolyses were carried out at between 240-280”. The tempera- 
ture required for reaction very slowly increased presumably due to polymer (of 
Ge mirror) deposition inside the reaction chamber. The effect of temperature 
on conversions and yields can be seen in Table 1. 

Thermal reactions of 1,3-butadiene with disilane, methyldisilane, chlorodisilane 
and trisiiane 

The pyrolysis experiments with the polysilanes were carried out in a pyres 
tube 9 mm in diameter and 15 to 20 cm long, which was wrapped with a heating 
tape and insulated with several layers of asbestos tape. The thermal zone was 
connected to a “U” cold trap and an automatic Toepler pump for cycling the 

TABLE I 

PYROLYSES OF CeH4 AT 240 mm Hg FOR 30 MI?4 IN OUR FLOW SYSTEM 

Temp. GeHq consumed 
CC) (mmol) 

GE+6 producrd 
(mmO1) 

Yield 
(5) 

280 286 0.47 32 
2i0 246 0.42 31 
260 1.80 0 40 4-l 

251 1.12 0.38 66 

l in order to produce useful qualILies (> 0.5 maolila) it was necessary to use tbe much wider dum- 
et- thed zone whieb allowed more GeH4 to be in the thermal zone at a tiwn time and which 
also mcreased the rendence Me in the thermal zone (me. semntirred Row). 
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reactants. The cold trap removed any products less volatile than the reagenti. 
The inner wall of the thermal zone was coated with a silicon mirror deposited 
from the pyrolysis of SiHJ to prevent pyres catalysis. The Ge,H, experiments 
were carried out in a tube as described above which was coated with a germanium 
mirror formed from the pyrolysis of GeH,. 

The pyrolysis of disilane in the presence of I,3-butadiene 
In a typical experiment, SizH,=, (1.31 mmol) was pyroIysed in the presence 

of 1,3-CqHb (2.62 mmol) for 10 h at 385” with the cold trap maintained at -83”. 
The gas phase ratio, 1,3-CzH6/Si2H6, was determined by GLPC to be 1.22. Very 
little Hz was produced. The reaction mixture was separated by trap to trap dis- 
tillations. The fraction passing the -160” trap was SiH, (0.54 mmol). The f?ac- 
tion (3.01 mmol) condensed at -160” which passed the -95” trap was a mix- 
ture of S&H6 and 1,3-CAH6 as identified by an IR spectrum. The fraction (0.37 
mmol) condensed at -95” which passed a -78” trap was a mixture of Si,Hs and 
sila-3-cyclopentene. The GLPC spectrum of this misture consisted of two peaks 
with relative intensities of 4.2 (Si,H,) to 1 (C,H,Si). This assignment was based 
on the known retention time of Si3H8_ From repeated GLPC separations we ob- 
tained a pure sample of &H&i. 

The compound sila-3cyclopentene was identified as follows: The proton 
NMR spectrum in DCCIJ consisted of resonances at 5 1.35 (complex due to 
--CHz--), 3.85 (triplet due to SW,) and 5.75 (comples due to =CH-) of relative 
intensities 2.2/1.1/1.0 (calcd. 2/1/l). This NMR spectrum was that of the entire 
miuture (Si,Hs and CqH&) and demonstrated that the ratio Si,HR/C,HsSi, was 
3.6. The mass spectrum at 15 V contained the following envelope intensities: 
C,H,Si’ (loo), C3HASi* (8), C2H,Si’ (35) and CH,Si’ (4). The highest main peak 
was at m/e 84 as espected. No higher mass peaks were observed except those at 
85 and 86 due to ‘gSi and 3oSi The gas phase IR spectrum consisted of the foI- _ 
lowing bonds (cm-‘): 3030m, 2920m, 216Ovs, 215Ovs, 161Ow, 1270m, lllOs, 
965s, 955s, 87Os, 675s, 660~. 

The pyrolysis of methyldisitane in the presence of I,3-butadiene 
The flow pyrolysis of CHJSi,Hj (0.50 mmol) was carried out for 10 h at 

385” in the presence of 1,3-CJHs (2.21 mmol) with the cold trap maintained 
-78”. The cakxlated gas phase ratio 1,3-&H&H ,Si2H5 was about 20/l. The 
reaction misture was separated by trap-to-trap distillations. The fraction con- 
densed at -196” which passed a -160” trap was SiH, (0.04 mmol). The fraction 

condensed at -160” was CH,SiH, (0.07 mmol). The fraction condensed at -130” 
which passed a -95” trap was a mixture of CH3SizH5 and 1,3-CqH6 (2.5 mmol). 
The fraction condensed at -95” (0.09 mmol) was determined to be a mixture 
of C,H,Si (0.07 mmol) and l-methy!siIa-3-cyclopentene (0.02 mmol). The anal- 
ysis of this mixture was based on GLPC and mass spectral data. The identifica- 
tion of 1-methylsila-3cyclopentene was based soleIy on the mass spectrum 
which had the main large intensity peak at m/e 98 as espected. No larger peaks 
other than those due to 2gSi at 3oSi (m/e 99 and 100) were observed. 

The pyrolysis of ClSi2H5 in the presence of 1,3&utadiene 
The flow pyrolysis of CISilHj (0.58 mmol) was carried out in the presence 



of 1,3-CAHB (1.97 mmoi) at 385’ for IO h with the cold trap maintained -63”. 
The calculated gas phase ratio of 1,3-CJH6/CISiZHj was 40/l. The product frac- 
iion passing a -160” trap condensed at -196” was SIH~ (0.09 mmol) while the 
fraction condewed at -160” was ClSiH3(0.07 mmol). The fraction condensed at 
-123” was 1,3-C4H6 with a little CISi,H,. The fraction condensed at -95” 
(0.30 mmol) was a mixture of CISi2H5 and sila-3-cyclopentene. The ratio in this 
fraction, CISizH5/C,Fi&, -.vas 7/l as determined by a proton NMR spectrum. 
The fraction condensed at - ‘iSo (0.05 mmol) was identified as I-chlorosila-3- 
cyclopentene. This compound \v - Us identified as follows: The proton NMR spec- 
trrlm in DCCI, consisted of resonances ;,t 6 1.68 (CH2), 5.21 (CISiH) and 5.89 
(=CH-) of relatrve intensrties 3.8/1.O/I.S (calcd. 4/l/2). The spectrum was not 
of high quality. The mass spectrum at 15 eV consisted of peaks due to the frag- 
ments of C,H,SiCI’ (loo), C,H,SiCI’ (45), C4:K,Si’ (84), C,H,Si’, SiCI’ (22), 
C,H: (50). The gas phase IR spectrum consistec. of bands at (cm-‘): 304Om, 
2930m, 218Os, 163Ow, 142Ow, 121Ow, 11105, 950m, S6Os, SlSw, 798w, 760s. 
670m, 64Ss, 530s. 

The pyrolysis of digermane in the presence of 1,3-btrtadiene 
Jn a typical experiment Ge,H, (1 mmol) was pyrolyzed in the presence of 

I,3-C&a (2 mmol) at 230” for I h with the cold trap mamtained at -78” in the 
flow system described earlier for the preparation of Ge,H,. The fraction 
condensed at -196” which passed a -130” trap was GeHJ (0.55 mmol). The 
fraction condensed at -130” was Ge:H+ The fraction condensed at -78” (0.04 
m_moE) consisted of Ge,Hy and a second product in about equal quantities as es- 

timated by a mass spectrum of this misture. The molecular weight, with “Ge, 
of this second product as determined from the mass spectrum was 132 and not 
130 (C,H,Ge). We were unable to separate these two compounds by low tem- 
perature cclumn distillations. Therefore the mixture was pyrolyzed at 235” in 
our flow system rvithout a cold trap to destroy the GeJHs. After 1 h, all of the 
Ge,H, had decomposed leavrng what was pres-umably the other compound. The 
iI2 and mass spectra of this compound were identical to that of the original 
mixture minus those peaks due to Ge,H8. This compound was then prepared by 
the 1 h flow pyrolysis of Ge,H, (0.8 mmol) in the presence of 8 mmol of 
2,3-C&, at 230”. The desired product was obtained in about 6% yield (0.4 
mmol). The proton NMR spectrum in DCCI, consisted of resonances at 6 1.65 
(comples due to CHJ and CH,), 3.54 (triplet due to GeH,) and 5.40 (comples 

due to =CH-) of relative intensities 5.2/3.0/1.98 (cakd. for GeH,CH,CH=CCHx, 
5/3/Z. The gas phase IR spectrum of this compound consisted of absorptions at 
(cm-‘): 3015m, 292Os, 285Ow, 206Ovs, 1410m, 965m. 882s, 833vs, 698m, 
622m, 57Ow, 500m. 

The pyrolysis of digermane in the presence of 1,3-butadiene 
This was also examined in a flow system containing a small diameter (8 mm) 

thermal zone, where the residence tune in the thermal zone was short. These 
pyrolyses were carried out as in the preceding preparation at 240, 252 and 
294”. The volatile products were GeH,, Ge3H8 and only trace quantities of 
GeH,CHICH=CHCHJ. The yields of Ge,Hp were in escess of 70% at 240 and 
252”. 
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The pyrolysis of t&lane in the presence of 1,3-butadierze 
The thermal reaction between SiJHs and 1,3-C4Hb was carried out in a flow 

system with a -45” bath on the “U” trap. In a typical reaction Si,Ha (0.5 mmol) 
and 1,3-C4Hh (2.2 mmol) were pyrolysed for 6 h at 400”. The products which 
passed a -78’ trap :vere separated by trap-to-trap distillations and the com- 
pounds identified by their IR spectra. The products and reactants so obtained 
are listed in Table 2. The products condensed in the -78” trap were analyzed 
by GLPC. These products are also listed in Table 2. The tetra- and penta-sllanes 
were identified by their retention times. Mass spectra were obtained for i-SiJHlo 
and i-SijH, 2_ The other products were Identified as follows: 

Sila-3-cyclopentene (III) was identified by its retention time compared to 
an authentic sample. The compound was also isolated by trap-to-trap distillations 
in other runs and its identity verified by an IR and a mass spectrum. 

The new compound, stiylsila-3-cyclopentene (I), was isolated relatively 
pure (-90%) by GLPC. The impurity was isopentasilane. The proton NMR 
spectrum consisted of a comples multlplet centered at 1.70 (CH?), a doublet at 
3.18 (SiH,) and a poorly defined resonance at 6 3.76 (SiH) and a singlet at 
8 5.92 (HGCH). The relative intensities were 4.0/3.04/1.03/1.94 compared to 
espected ntias of 4/3/l/2. This spectrum is as expected since that of sila-3- 
cyclopentene has similar resonances at 6 1.35 (CH,), 6 3.S5 (SiH:) and 5.75 
(HC=CH). The proton resonance in Si2H, [ 151 is at 6 3.26 while the SiH, reso- 
nance in Si,Hs [15] is at 6 3.36 compared to 6 3.18 in I. 

The mass spectrum of I at 20 eV consisted of a parent peak at m/e 114, a 
P-CH, peak at m/e 33 and a P--SI.H~ peak at m/e 83. The mass spectrum at 
‘70 eV consisted of the followmg heavy atom envelopes: C$i:H,+ (2S), C&H,+ 
(13), &SiH, (loo), C,SiH,’ (12), C4H,x’ (33) and C3H,’ (16). The major peaks 
were at de 113,99, S3, 67, 55 and 43. The gas phase IR spectm;n consisted of 
the following absorpiions (cm-‘): 3030m, 2910m, 215Ovs, 162Ow, 146Ow, 1200: 
llOSm, lOOOw, 935m, 890m, 84Os, 730s 650~. 

The compound 4-vmylcyclohesene (IV) was prepared by the neat pyrolysis 
of 1,3-C-H6 under our reaction conditions and identified by its NMR and IR 

TABLE 2 

PRODUCTS FRO>1 THE THERhlAL REACTION OF SIJH~ (0.5 mmol) AND 1.3-C4H, (2.2 mmol) 

Products 

- ..-. -___ 

Qusnllty (mmol) 

HZ 0.06 
SI,H~ 0.04 
SI+S 01 
1.3.C4H,5 3.0 

III C4H& 0.01 
i-&H 10. 0.01 

n-%Hlo 0.01 
n-SijH 12 trace 
i.SjHI trace 

I CaHIoSi, 
IV CaH12 

0.018; 
0.082 

II CAH I oSl> 0.017a 

a Relative ratios checked by NhlR speclra and Zound consistent wiLh GLPC data 
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spectra [16, 17 1. The product obtained during the reactions with Si3Hs had 
the same retention time and NMR spectrum. 

The new compound, 1,2-disiIa-4-cyciohexene (II) was isolated along with 
4vinylcyclohesene by GLPC. The spectral data were obtained from mktures of 
II with 4-vinylcyclohexene. The IR and mass spectrum sample was about 75% 
II while the NMR spectrxun sample was about 30% II. 

The NMR spectrum of II consisted of a multiplet at 6 1.70 (--CHz-_), a 
multiplet at ii 3.55 (-HzSiSiHll-) and one at 6 5.70 (HC=CH). The integrated 
intensities were 1.6/2.2/1.0 while the calculated values are 2/2/l. The mass 
spectrum was very similar to that of silylsila-3-cyclopentene (I) with major 
peaks at m/e 114,99, and 83 which infer that II is an isomer of 1. The infrared 
spectrum consisted of absorptions (cm-‘): 303Ow, 295Ow, 288Ow, 213Ovs, 
1190m, 114Ow, 94O.q 84Os, 760m, 710m, 680m, 63Ow, 59Ow. 

The IR spectra and GLPC retention times of I and II clearly demonstrate 
the presence of two compounds with almost identical mass spectra (15 and 70 eV). 
The identification of I as silylsila-3cyclopentene appears clear based on its NMR 
spectrum. While the NMR spectra obtained for II were not as definitive, it does 
appear that II is 1,2disila-6cyclohesene. 

Copyrolysis of trisilane and deuterotrisilane 
The copyrolysis of a l/l mixture of Si,H, and Si,D, (0.4 mmol total) was 

carried out at 350” in our flow system with the “U” trap cooled to -63”. The 
trisiIa.nes used were purified by trap-to-trap distillation and condensed at -95”. 
The pyro’lyses were stopped every 15 minutes and the silanes and disilanes pro- 
duced were removed by distillation through a -95” trap. After 4 pyrolyses, the 
disilane product fraction (0.002 mmol) which distilled through a -112” trap, 
was analyzed by IR and mass spectra. These de_monstrated that onIy Si2D6 [18] 
and Si2H6 [ 181 were present with a trace of SizDjH [ lS] which resulted from 
the SilD,H impurity in SilDs. 

Control reaction 

The pyrolysis of S&H6 (2 mmol) was carried out in the presence of 0.4 mmol 
of siia-3-cyclopentene in our flow system at 400” with a -45” cold trap. The 
products were sikne, trisilane, tetrasilanes and pentasikmes. Butadiene and 
si.IyIsiIa-3-cyciopentene were not ob’tained. 

The pyrolysis of 1-silylsila-3-cyclopentene (I) and 1,2disila-4-cyclohexene 
(II) was carried out in the single pass flow reactor, described for the preparation 
of Si,Hs. Appro-ximately 0.1 mmol of the compound (I or II) was mixed with 
4.5 mm01 of CaHs (as a carrier for thermal equilibrium). The mixture was allow- 
ed to flow through the thermal zone which was heated to 450”. The pressure in 
the thermal zone was maintained at 35 mm Hg. The flow rate was 1 mmol/min. 
After the reaction, the C,Ha was removed by trap-to-trap distillations using a 
-95” cold trap. The initial reactants and products were analyzed by their reIa- 
tive GLPC retention times compared to authentic samples. Under these condi- 
tions, at most, only a few percent decomposition occurred. No products were 
obtained from the pyrolysis of 1,2-disiIa-4-cyclouene (II) while the only product 
from the pyrolysis of I-siIyIsila-3cycIopentene (I) was siIa-3cyclopentene. 
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