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The synthesis of o-(N,N-dimethylamino)methylphenyl-

tris (trimethylsilyl) silane (II), a photochemical precursor

of o- (N,N-dimethylamino) methylphenyl (trimethylsilyl) sila-

ammonium ylide (intramolecular silylene complex) and o-

tolyl(trimethylsilyl)silylene is reported. Photolysis of II

at room temperature in a cyclohexane solution of triethyl-

silane produced the silylene ylide and the presumably

uncomplexed isomer, a silylene, which is trapped to afford

the 2-(o-(N,N-dimethylamino)methylphenyl) -1,1,1-triethyl-

3,3,3-trimethyltrisilane, 33% yield. A second decomposition

pathway, a photodeamination, produced o-tris(trimethyl-

silyl) silyltoluene. UV spectra of the silaammonium ylide

formed in the photochemical reaction of II was observed at

77k in hard or soft matrices. The silylene ylide is an

intramolecular complex whose 7ym is 478 nm. The matrix UV

spectrum of the second silylene from the C-N cleavage

reaction showed a 'AW at 662 nm.



TABLE OF CONTENTS

Page

LIST OF ILLUSTRATIONS.................................iv

Chapter

I. PHOTOCHEMICAL SILAYLIDE AND SILYLENE
SYNTHESES....................................1

II. PHOTOCHEMICAL PRECURSORS OF SILENES AND SILENE
SYNTHESES... ............................. 27

BIBLIOGRAPHY. .........................................44

iii



LIST OF ILLUSTRATIONS
Page

time course

time course

time course

time course

time course

UV spectrum

of the UV spectrum.........8

of the UV spectrum........--9

of the UV spectrum ......- 10

of the UV spectrum ....... ii

of the UV spectrum...o. .... 13

.
.... ...*.o.9.. ....&.o.o .. ......o16

iv

Figure

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1.

2.

3 .

4.

5.

6.

The

The

The

The

The

The



CHAPTER I

PHOTOCHEMICAL SILAYLIDE AND SILYLENE SYNTHESES

Introduction

The studies of the generation and reactions of

silylenes have been actively studied in recent years 1,2*

With the advancement of the techniques including

spectroscopic studies of silylenes in various glass

matrices, the reactivities and structures of silylenes have

gradually become evident .One notable topic in

silylene chemistry is whether a silylene forms complexes

with heteroatom-containing molecules. Since a silylene-ether

complex was first proposed by Weber and Steel in 1980 6,1it

has been supported by Ando and West that silylenes can form

complexes(ylides) with P, 0, S and N heteroatom-containing

molecules in isopentane(IP) and 3-methyl-pentane(3MP) soft

matrices ' 8

hv .N-RSiMes 2

Me 3SiSiMes2SiMe 3  Mes 2 Si: -

77K 77K R

It has been known that photochemical reaction for the

tris(trimethylsilyl)phenylsilane(tetrasilane Si4 ) 9 is:

1



2

hv

(Me3Si) 3SiPh Me3Si-Si-ph

-Me3SiSiMe
3

Photogenerated trimethylsilylphenylsilylene can be

trapped by "ene" and "diene" 1 . If the group Ph- in above Si4
is . replaced with the group o-(Me2NCH2)C 6H4-, it was expected

that an intra-molecular ylide would be formed when Si4 is

photolyzed. This idea was realized by the synthesis of o-

(Me2NCH2) C6H4SiMe3 (I) & o- (Me 2 NCH2 ) -C 6 H4 Si (SiMe 3) 3 (II) and a

study of their spectroscopy and photochemical reactions.

N Me -Me

MKe Q-Me,-Me..-SiMe
3

i Me
Me ~SiMe 3Me I

S iMe3

I II

Results and Discussion

1. Syntheses of (I) & (II): The synthetic scheme for

obtaining compounds (I) follows: N,N-dimethylbenzylamine

was converted to o-lithiobenzyldimethylamine using the

reaction described by Frank ":
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n-BuLi

Me2NCH2C6H5  " o- (Me2NCH2 ) C6H4Li

ether

To the o-lithiobenzyldimethylamine was added trimethyl-

chlorosilane to yield the corresponding o-trimethylsilyl-

benzyldimethylamine12

dist.

0- (Me2 NCH2 ) C6H4Li + Me3SiCl ) o- (Me2NCH2) C6H4SiMe3

(I)

The synthetic scheme used for the compound(II) follows:

To the above o-lithiobenzyldimethylamine was added tris-

(trimethyl-silyl)chlorosilane to yield the corresponding

o- (N,N-dimethylamino) methylphenyl-tris (trimethylsilyl) -

silane(II):

dist.

o- (Me 2 NCH2 ) C6 H4 Li + (Me3Si) 3SiCl

o--(Me2 NCH2 ) C6 H4Si (S iMe3 )3 (II)

(II) is a new compound, the data of GC/MS, 'HNMR and
13CNMR agree with its structure.

2. Photochemical reactions of (I) and (II): Compound

(II) was photolyzed with the medium presure mercury lamps to

produce silylenes that have been conformed with trapping

-P , 'AA-4
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reactions and no any silene was observed.

The preliminary photolysis was performed for 5 hours

with t-butanol as a trapping agent. The four products of

(II) with 16 fold excess of the t-butanol in cyclohexane,

except hexamethyl-disilane (HMDS), an unidentified

product(l), 1-(o-(N,N-dimethyl-amino)methyl)phenyl-l-t-

butanoxy-2 , 2, 2-trimethyl-disilane (2) and o-methylphenyl-

tris(trimethylsilyl)silane(3), were formed in 8%, 16% and

11% yields respectively:

N + Me3COH hv Me3 SiSiMe3  +
r +NMe 3CQH

Si (S iMe3)3

CH3  CH3
N

0. /H + 01-NH +

/Si me iS i (S iMe3)3Me3 S i OCMe 3  Me3S i NOCMe3 
3

1 (8%) 2 (16%) 3 (11%)

According to the data of GC/MS (m/e=251, M-15), above

compound 1 (unknown product) may be 1-(o-methyl)phenyl-l-t-

butanoxy-2,2,2-trimethyldisilane, but corresponding data of

1HNMR do not agree with this structure and they are very

difficult to be explained. When the photolysis was carried

out for 4.5 hours in a solution of 2,3-dimethyl-1,3-
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butadiene ( > 50 times excess), three products, HMDS, o-

methylphenyl-tris (trimethylsilyl) silane (3) and 1- (o- (N,N-

dimethylamino) methyl) phenyl-l-trimethylsilyl-3 , 4-dimethyl-

silacyclopent-3-ene(4), were formed in 33%, 9% and 16%

yields respectively:

Si (SiMe3)3

+ hv

CH
3

Si (SiMe3)3

3 (9%)

+0 N
Me3 siv.

4 (16%)

me3SiSi1e3

33%

2 ,3-dimethyl-1,3-butadiene is a good trapping agent for

silenes, what no any silene was trapped by 2,3-dimethyl-1,3-

butadiene indicateed that photolysis of IV did not produce

silene. By using mesitylene as an interal standard material,

it was calculated that 33% of (II) was transfered to

silylene and hexamethyldisilane:

hv

II - , Silylenes + Me 3SiSiMe 3

0 H/
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Thirdly, the photolysis was carried out 100 minutes in

a 10 fold excess of triethylsilane dissolved in cyclohexane,

four products, except HMDS, 2-(o-methyl)phenyl-1,1,1-

triethyl-3 , 3, 3 -trimethyltri-silane (5), o-methylphenyl-

tris(trimethylsilyl) -silane(3) and 2 -(o-(N,N-dimethylamino) -

methyl) phenyl-1, 1, 1-triethyl-3 , 3, 3-trimethyl-trisilane (6),

were formed in 20%, 24% and 33% yields respectively:

C)-+ Et3 Si 1h Me3SiSiMe 3 +
Si (SiMe 3 ) 3

CH3  CH3

0 H + 0 HF
Si

Me3 Si SiEt3  Me3Si,' SiEt 3  S i (S iMe3 ) 3

5 (20%) 3 (24%) 6 (33%)

Obviously, the yield for photolysis of (II) using

triethylsilane as a trapping agent was higher than that of

the t-butanol or 2 ,3 -dimethyl-1,3-butadiene. But, the

retention time of hexamethyldisilane is very similar with

that of the triethylsilane, although three different kinds

of columns were employed to separate them, there was no any

result. It can not be known what percentage of (II) was
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transfered to hexamethyldisilane.

It has been reported that the C-N cleavage is the major

process for tribenzylamine in solution, and the products are

an imine and a saturated hydrocarbon 13:

hv(254 nm)

(PhCH2 ) 3N ; (PhCH2) 2N- + PhCH2 *

> PhCH=N-CH 2Ph + PhCH3

The results observed on photolyses of compound I agreed

with above report. Compound I was photolyzed with medium

presure mercury lamps to produce o-methylphenyl-trimethyl-

silane(7) and a dimer(8). No any trapping product was

observed:

N e 3 COH hv

- CH2=N-CH3

S iMe3

SiMe3
CH3

0 + 0 H2--CH2 Q

Si Me3

Me3Si

7 (60%) 8 (21%)

It is likely that the photolysis mechanism of I is

similar with that of (PhCH 2 ) 3 N:
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hv 8 (Dimer)

I 3 Me2 N- + o-(Me3 Si)C6H4 CH 2 7

7 + 14e-N=CH2

But with photolysis of II, no dimer was observed.

Probably, the dimer molecule is too large to be analyzed by

GC or GC/MS, it is not produced.

In 3MP at 77K o- (N, N-dimethylamino) methyl-phenyl-

tris(trimethylsilyl)silane(II) was photolyzed with the

2.54
272 nm

2.0

C

Cc CC

0.5 i)

300 400 500rrs rt tb i
W~ave length(nm)

Fig. 1. The time course of the UV spectrum observed in the

photolysis of compound II in a 3-methylpentane glass matrix

at 77K. 1 (before photolysis); 2 (21mmn.); 3 (11 mmn.); 4

(85 mmn.).

medium presure mercury lamps to produce the three absorption
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bands with X .Xare 272 nm, 328 nm and 478 nm(Fig. 1). It

can be observed that intensity of the absorption band with

? W = 478 nm increased with longer photolysis times, that of

the absorption bands with \Mx = 272 nm and 328 nm would

increase rapidly and reach maxia when irradiated at times

>11 minutes, and decrease as photolysis time going on.

Considering these results combined with the trapping

experiments, the former may be related with silylene or

ylide, the latter may be related with the photolyzed

2.5-

cc

0.5",

E

C

r.l

i~lLM

300 400 500 600
400 500

Wave length (nm)

Fig. 2. The time course of the UV spectrum observed with

annealing after the photolysis of compound II in a 3-

methylpentane glass matrix at 77K.

fragments, such as CH3 -N=CH 2 . Certainly, they are all

unstable and will decomposed as the temperature is raised

an - M&% *.Awwupm*.

6003a-0-
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(Fig. 2). With the soft matrix (IP/3MP=4:1), the results of

photochemical reaction of the compound II are similar with

that in 3MP (Fig. 3.):

Absorption bands withAm = 478 nm & 326 nm and their

change in trend are almost the same as that in 3MP. But a

new absorption band with AM = 386 nm appears when

photolysis is greater than 20 minutes. Possibly, it is

related with unstable disilene at room temperature. From

comparison of the two results, the absorption band with

1.4 C

':' . 6 -

S0.2

300 400 500 600 700
Wave length(nm)

Fig. 3. The time course of the UV spectrum observed in the

photolysis of compound II in an isopentane/3-methylpentane

(4:1) glass matrix at 77K. 1 (before photolysis); 2 (1

min.); 3 (20 min.); 4 (75 min.); 5 (the spectrum observed

after annealing).

ax = 478 nm is probably related to an ylide -- an
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intramolecular complex, not a free silylene, because

silylene will react with amine to produce a ylide in soft

matrix at 77K.:

N hV 0N

Si(Sime3SI: Si

Me 3 SMe 
3S'-

478 nm

Since this ylide is an intramolecular complex, it is

indifferent to the type of matrix.

270 nrm

4

C
02.0

LL

..... . ...

300 400 500 600700
Wave length(nm)

Fig. 4. The time course of the UV spectrum observed in the

photolysis of compound 3 in a 3-methylpentane glass matrix

at 77K. 1 (before photolysis); 2 (1 min.); 3 (11 min.); 4

(85 min.).

That the absorption band with?\ , = 478 nm is related
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with ylide not silylene is supported further by additional

experiments. Under the same conditions as photolysis of II

in 3MP, o-methylphenyltris (trimethylsilyl) silane (3)

produced two absorption bands with Na = 270 nm & 662 nm

respectively (Fig. 4.). Undoubtedly, km = 662 nm is related

to the free silylene:

hv

o-CH3 C6 H4 Si (SiMe 3 ) 3  ) o-CH3C6H4-Si-SiMe3

3MP, 77K

If the photolysis of compound II produced silylene, there

would be an adsorption band with which 7 mx is approximatly

662 nm. Nevertheless, it is not reasonable that the 7-of

the silylene shifts from 662 nm to 478 nm due to group CH3-

replaced by group (CH 3) 2NCH 2 - unless the electronic

environment of the silylene is changed.

Above o-methyl-phenyltrimethylsilylsilylene has also

been trapped by triethylsilane:

hv

o- (Me 2 NCH2 ) C6 H4Si (SiMe3 ) 3  4

(II) Et3 SiH, cyclohexane

SiEt3

o-CH3C 6H 4-Si-SiMe 3 ) o-CH3C6H4-Si-SiMe3 (5)

662 nm H

Obviously, from Fig. 4. we can see, the adsorption band
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withX% = 270 nm is unrelated to the silylene because its

change

276 nn

3.0-

3(.0

300 400 500 600 700
Nave length(nm)

Fig. 5. The time course of the UV spectrum observed with

annealing after the photolysis of compound 3 in a 3-

methylpentane glass matrix at 77K. 1 (begining annealing) ; 2

(annealing 6 min.) ; 3 (annealing 8 mim.) ; 4 (annealing 36

is different from that of = 662 nm. In addition, in

comparison with Fig. 4 and Fig. I. , we discover that the

absorption band with %,= 328 nm may be related with

nitrogenous compound -- probably imine or nitrogenous free

radical.

After compound 3 was photolyzed in 3MP for 85 minutes
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at 77K, it was annealed (Fig. 5.). It is very interesting

that an unstable intermediate ( ax = 388 nm) appears as the

silylene disappearing after annealing for 6 minutes, and

disappears after 8 minutes. It seems that absorption band

with2N. = 388 nm can be sumed up an unstable disilene:

annealing X SiMe3

X-Si-SiMe3 - Si=Si' decomposed

Me3 S1 X

662 nm 388 nm

X = o-CH3 -C 6 H4 -

But the photolysis of compound II (X = o-(Me2 NCH2)-

C6H4.) in an isopentane/3-methyl-pentane(4:1) glass matrix at

77K also produced an adsorption band with Nma = 386 nm (Fig.

3.). Possibly, the disilene was directly formed from the

ylide in a soft matrix.

In addition, it is known that an excimer (A*) can react

with another molecule (B) to form exciplex 14:

A* + B - A*B -4AB* ( ) AB~ -+ A~B

For the photolysis of compound II with maleic anhydride, it

was expected:



o- (Me 2NCH2 ) C6H4Si (SiMe3 ) 3 +

(o- (Me 2NCH2 ) C6 H4 S iSiMe3 ) *

F' +
(o- (Me 2NCH2 ) C6H4SiSiMe 3 )

(o- (Me2rCH2) C6HisiMe3)

0 hv

+

0/1

exciplex

Ef0

Actually, after II was photolyzed in a THF solution

containing maleic anhydride (2.0 M), the color changed from

colorless to very dark brown. It is possible that brown is

due to absorption of exciplex. Analytical GC showed the two

products were formed and GC/MS did not give the data. But

obviously, they are not exciplexes because the exciplex will

be decomposed at high temperature for GC. I tried to

crystallize exciplex but failed to do that. I can only

obtain a slush when I concentrate the solution. I have also

attempted to isolate the exciplex unsuccessfully by using an

alumina column. UV spectrum of above solution (dilution

1:100) indicated two absorption bands with ;a = 268 nm and

448 nm. I feel that this experiment deserves further

15

.......... -- --
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attention.

3.0 (

200 300 400 500 600 700 800
Wave Iength(nm)

Fig. 6. The UV spectrum observed in a solution of compound

II, maleic anhydride and THF which was photolyzed 5 hours

(dilution 1:10 0) .

Finally, above discussions may be summarized in

following scheme:



N hv r+CH2

N hy ; (CH3 2N* .+H.

Si (SMe3 H3 Si(SiMe3)1

hv

Me -S i # 478 nm

CH-2=N-CH3

328 nm 7

dimer
't'5 ,b

'Cr

6

17

CH3

Si (SiMe3) 3

I hv

CH3

disilene C 70

388 nm7a
662 nm

Me3Si

I-
S

Q 1b

2

(

L
4

I
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Experimental Section

General Data: Proton NMR and Carbon NMR spectra were

recorded on a Varian Gemini-200 spectrometer with deuterated

chloroform as a lock solvent. Silicon NMR spectra were

obtained on a Varian VXR-300 spectrometer with deuterated

chloroform as a lock solvent. All chemical shifts are

reported in ppm downfield from tetramethylsilane.

Preparative gas chromatography was performed on a

Varian 920 gas chromatograph(thermal conductivity detector).

Analytical gas chromatography was performed on a HP 5840A

gas chromatograph (flame ionization detector). Product

yields from photolysis were based on the amount of decompo-

sition of starting material and determined chromatogra-

phically with cyclohexane as an internal standard for the

organosilanes.

UV spectra were obtained on a HP 8452A DIODE ARRAY

spectrophotometer. Photolyses were carried out in a Rayonet

Photochemical Reactor(RRR-100) equipped with 254 nm lamps.

Mass spectra were obtained on a HP 5970A gas chromatograph/

mass spectrometer. High-resolution mass spectra were carried

out in Rice University facility for mass spectral analysis.

All solvents used in syntheses and photolyses were

dried and distilled before used. Ether and THF were dried

over LiAlH4 (LAH) and freshly distilled. Cyclohexane was

dried over CaH2 and freshly distilled. 3-methylpentane and

isopentane were dried over sodium/potassium alloy and
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freshly distilled. t-Butanol was passed through an aluminia

column to be dried. 2,3-dimethyl-1,3-butadiene was dried

over LAH and fresshly distilled. Triethylsilane was dried

over molecular sieves. All samples used in photolysis

experiments were degassed on a Hg-free vacuum line by three

freeze/thaw cycles or purged of oxygen by passing argon

through the solution.

Synthesis of o-Lithiobenzyldimethylamine -- 8.5 g of N,N-

dimethylbenzylamine (63 m mole) and 25.2 ml of 2.5 M(63 m

mole) n-Butylithium (n-BuLi) in hexane were mixed in 250

ml of anhydrous ether in a flask and stirred magnetically.

Within one hour precipitation began, the reaction was

allowed to proceed over night at room temperature.

Analytical GC indicated the reaction was completed. The

solution was decanted and a yellow solid was obtained.

Synthesis of o-trimethylsilylbenzyldimethylamine (I) -- 63

m mole of o-Lithiobenzyldimethylamine was added to 10.3 g

(95 m mole) of trimethylchlorosilane and stirred

magnetically. The color of mixture rapidly changed from

yellow to white and released heat. The remaining trimethyl-

chlorosilane was removed by vacuo and the product was

distilled under reduced pressure (ca. 10 mm Hg). The yield

was 5 g (purity over 91%, 35% of the theoretical amount) as

white oil.

Proton NMR (neat): 6 0.4 (9H, s, Si-CH3 ); 2.2 (6H, s,

N-CH 3 ) ; 3.5 (2H, s, N-CH2 -Ar) ; 7.3 (4H, m, Ar-H). Mass
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Spectral Data: m/e (relative intensity) 208 (1.7); 207, M,

(9.2); 206 (2.8); 192, M-15, (30); 176 (15); 149 (17); 73

(21); 58 (100).

Synthesis of o-(NN-dimethylamino)methyliphenyltris(tri-

methylsilyl)silane (II) -- 9 g (86.4%, 27.5 m mole) of

tris(trimethylsilyl)chlorosilane was added to 42 m mole of

o-lithiobenzyldimethylamine with a syringe during 8 minutes.

The mixture was stirred and refluxed (ca. 100*C) 80 h and

analytical GC showed that the reaction was completed. Then,

10 ml of water was added to quench the reaction mixture. 50

ml of ether was added and the two layers were separaed. The

organic layer was washed by 30 ml of water. The aqueous

layer was extracted with two 15 ml portions of ether, and

all of organic phases were combined and dried over anhydrous

magnesium sulfate. The filtrate was distilled to remove

solvent and to yield 12 g of brownish crude product (26%).

It was purified by preparative GC with the conditions:

injector temperature -- 260*C; column temperature -- 100 -

2400; detector temperature -- 270*C; column -- 1/4 in x 10

ft, 20% OV-17 on Chromobsorb W; rate of carrier gas(Helium)

-- 50 ml/min.; The yield is 3.0 g (purity over 92%, 26% of

the theoretical amount) as white oil.

Proton NMR (CDCl3): 6 0.24 (27H, s, Si-CH 3 ); 2.33

(6H, s, N-CH 3); 3.60 (2H, s, N-CH2 -Ar) ; 7.10 (1H, m, Ar-

H); 7.30 (1H, m, Ar-H); 7.56 (2H, m, Ar-H). Carbon (CDCl3 )

NMR: 6 2.15 (q); 45.31 (q); 65.50 (t); 125.37 (d); 127.07
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(d); 128.22 (d); 138.64 (d). Silicon NMR (CDCl3): 6 -

76.82; -12.60. Mass Spectral Data: m/e (relative

intensity) 368 (2); 367 (4); 366, M-15, (10); 310 (15); 309

(33); 308 (100); 73 (20).

Photolysis of o-(N.N-dimethylamino)methylphenyl-tris-

(trimethyl-silyl)silane (II) with t-butanol -- A solution

containing 180 mg II (0.47 mmol), 0.71 ml of t-butanol (7.5

mmol) and 3 ml of cyclohexane was placed a 12-mm quartz

tube. After degassed, the solution was irradiated for 5

hours by medium pressure mercury lamps. Three products were

formed in 8:16:11 (A:B:C) ratio and they were isolated by

preparative GC. The products were:

A. Compound 1. Unidentified product. Proton NMR

(CDCl3 ): 6 0.08 (9H, s, Si-CH3 ); 1.23 (9H, s); 1.30 (9H,

s); 2.41 (3H, s); 2.53 (1H, s); 5.42 (1H, s); 7.15 (3H, m,

Ar-H); 7.55 (1H, m, Ar-H). Carbon NMR (CDCl3): 6 -2.28

(q); 22.36 (q); 30.82 (t); 31.51 (t); 124.99 (d); 129.32

(s); 129.46 (s); 129.64 (d); 130.03 (d); 134.90 (d).

Silicon NMR (CDC1 3 ): 6 -20.68; -0.04. Mass Spectral

Data: m/e (relative intensity) 251, M-15, (11); 211 (10);

210 (29); 209 (100); 207 (12); 195 (35); 193 (21); 154 (28);

153 (30); 149 (10); 138 (12); 137 (94); 136 (36); 135 (12);

119 (15); 103 (11); 93 (11); 92 (42); 91 (25); 73 (18); 57

(22); 45 (50); 41 (13).

B. Compound 2. 1-(o-(N,N-dimethylamino)methyl)phenyl-

1-t-butoxy-2,2,2-trimethyldisilane. Proton NMR (CDC13): 6
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0.02 (9H, s, Si-CH3) ; 1.19 (9H, s, C-CH3 ) ; 2.12 (6H, s, N-

CH3) ; 3.05 (1H, d, J=7.1 Hz, N-CH 2 -) ; 3.74 (1H, d, N-CH2-);

5.23 (1H, s, Si-H); 7.25 (4H, m, Ar-H). Carbon NMR (CDCl3):

& -2.15 (q); 26.79 (q); 31.12 (q); 45.30 (t); 125.37 (d);

127.10 (d); 128.04 (d); 128.21 (d); 129.46 (s); 138.64 (s).

Silicon NMR (CDCl3 ): 6 -24.2017. Mass Spectral Data: m/e

(relative intensity) 294, M-15, (3.6); 237 (11); 236 (52);

181 (17); 180 (100); 178 (10); 164 (10); 162 (17); 137 (34);

135 (11); 73 (14); 45 (25).

C. Compound 3. o-tolyltris (trimethylsilyl) silane.

Proton NMR (CDC1 3 ): 6 0.21 (27H, s, Si-CH3 ) ; 2.41 (3H, s,

Ar-CH3 ); 7.10 (3H, m, Ar-H); 7.53 (IH, d, J=7.1 Hz, Ar-H).

Carbon NMR (CDC 3): 6 1.91 (q) ; 25.56 (q) ; 124.72 (d) ;

128.01 (d); 129.66 (d); 135.0 (d); 138.36 (s); 144.2 (s).

Silicon NMR (CDCI3): 6 -75.56; -12.40. Mass Spectral Data:

m/e (relative intensity) 339 (10); 338, M, (26); 323, M-

15, (14); 265 (22); 264 (26); 250 (21); 249 (23); 207 (10);

205 (26); 192 (14); 191 (64); 176 (38); 175 (29); 174 (78);

161 (11); 159 (29); 149 (44); 145 (15); 131 (13); 129 (11);

121 (18); 73 (100); 45 (36); 43 (12).

Photolysis of o-(NN-dimethylamino)methyl-phenyltris(tri-

methylsilyl)silane (II) in 2,3-dimethyl-1,3-butadiene -- A

solution containing 200 mg II (0.52 mmol), 3.0 ml 2,3-

dimethyl-1,3-butadi-ene (26.5 mmol) was placed in a 12-mm

quartz tube. After degassed, the solution was irradiated for

4.5 hours by medium pressure mercury lamps. Accompaining
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hexamethyldisilane formed (internal standard experiment

showed 0.172 mmol hexamethyldisilane in the solution), two

products were formed in 8.5:16.3 (A:B) ratio and they were

isolated by preparative GC. The two products were:

A. Compound 3. o-tolyltris (trimethylsilyl) silane.

B. Compound 4. 1-(o-(N,N-dimethylamino)methyl)phenyl-1-

trimethylsilyl-3 , 4-dimethyl-silacyclopent-3-ene. Proton NMR

(CDCI3) : 6 0.012 (9H, s, Si-CH3 ) ; 1.72 (6H, s, =C-CH3 ) ;

1.80 (4H,m,Si-CH 2-) ; 2.19 (6H, s, N-CH3 ); 3.42 (2H, s, N-CH2-

); 7.30 (4H, m, ArH). Carbon NMR (CDC13): 6 -1.66 (q);

19.05 (t); 23.64 (q); 45.62 (t); 65.26 (q); 126.34 (d);

128.48 (d); 128.57 (d); 130.88 (d); 135.68 (s); 137.94 (s);

145.10 (s). Silicon NMR (CDCl3 ): 6 -18.19; -13.42. Mass

Spectral Data: m/e (relative intensity) 303 (2); 302,

M-15, (9); 245 (16); 244 (70); 235 (100); 221 (20); 220

(86); 162 (53); 161 (11); 159 (10); 146 (15); 119 (19); 73

(17).

Photolysis of o-(NN-dimethylamino)methyl-phenyltris(tri-

methylsilvl)silane (II) with triethylsilane -- A solution

containing 130 mg II (0.34 mmol), 0.54 ml of triethylsilane

(0.40 g, 3.4 mmol) and 2 ml of cyclohexane was placed a 12-

mm quartz tube. After degassed, the solution was irradiated

for 100 minutes by medium pressure mercury lamps. Three

products were formed in 19.8:24.2:32.7 (A:B:C) ratio and

they were isolated by preparative GC. The three products

were:
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A. Compound 5. 2-(o-tolyl)-1,1,1-triethyl-3,3,3-

trimethyltrisilane. Proton NMR (CDCd 3 ): 6 0.13 (9H, s,

Si-CH3) ; 0.68 (6H, q, Si-CH2 -); 0.91 (9H, t, -CH3) ; 2.36 (3H,

s, Ar-CH3 ) ; 3.91 (1H, s, Si-H); 7.10 (3H, m, Ar-H) ; 7.38

(1H, d, J=8.0 Hz, Ar-H) . Carbon NMR (CDCI3) : 6 0.09 (q);

4.67 (t); 8.00 (q); 24.18 (q); 124.85 (d); 128.34 (d);

129.51 (d); 137.21 (s),; Silicon NMR (CDCl3) : 6 -14.17;

-71.86. Mass Spectral Data: m/e (relative intensity)

309(13); 308, M, (35); 293, M-15, (6); 235 (18); 234 (71);

206 (25); 205 (56); 192 (13); 179 (17); 178 (37); 177 (100);

163 (15); 149 (31); 145 (12); 121 (18); 119 (22); 115 (15);

87 (31); 73 (20); 59 (32); 45 (13); 43 (11).

B. Compound 3. o-tolyltris (trimethylsilyl) silane.

C. Compound 6. 2-(o-(N,N-dimethylamino)methylphenyl)-

1,1, 1-triethyl-3, 3, 3-trimethyltrisilane. Proton NMR

(CDC1 3 ): 6 0.15 (9H, s, Si-CH3 ) ; 0.70 (6H, q, J=8.0 Hz, Si-

CH2 -) ; 0.93 (9H, t, J=7.5 Hz, -CH3) ; 2.23 (6H, s, N-CH3) ;

3.49 (2H, s, Ar-CH2-N); 4.03 (1H, s, Si-H); 7.2 (3H, m, Ar-

H); 7.39 (1H, d, J=7.1 Hz, Ar-H). Carbon NMR (CDC13): 6

0.45 (q); 5.00 (t); 8.40 (t); 45.34 (t); 65.14 (q); 126.30

(d); 128.43 (d); 129.72 (d); 135.20 (d); 137.48 (s).

Silicon NMR (CDC1 3 ): 6 -14.06. Mass Spectral Data: m/e

(relative intensity) 336, M-15, (6): 279 (16); 278 (57);

237 (21); 236 (83); 220 (14); 163 (20); 162 (100); 149 (12);

146 (17); 119 (27); 87 (13); 73 (17); 59 (33); 45 (13); 43

(10).

m- -- --
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Photolysis of o-trimethylsilylbenzyldimethylamine (I) with

t-butanol -- A solution containing 103 mg I (0.5 mmol),

0.71 ml t-butanol (7.5 mmol) and 2 ml cyclohexane was placed

a 12-mm quartz tube. after degassed, the solution was

irradiated for 10 h by medium pressure mercury lamps. Two

products were formed in 59.5:21.4 (A:B) ratio and they were

isolated by preparative GC. The two products were:

A. Compound 7. o-tolyltrimethylsilane. Proton NMR

(CDC3): 6 0.35 (9H, s, Si-CH 3 ); 2.48 (3H, s, Ar-CH3 ) ; 7.2

(3H, m, Ar-H); 7.48 (1H, d, J=6.2 Hz, Ar-H). Carbon NMR

(CDCl 3 ): 6 -0.39 (q); 22.77 (q); 125.00 (d); 129.28 (d);

129.83 (d) ; 134.41 (d) . Silicon NMR (CDC13) : 6 -4.34. Mass

Spectral Data: m/e (relative intensity) 165 (3); 164, M,

(13); 150 (21); 149, M-15, (100); 121 (15); 73 (4); 43 (19).

B. Compound 8. 1 ,2-bis (o-trimethylsilyl) phenylethane

(dimer) . Proton NMR (CDCl3) : 6 0.35 (18H, s, Si-CH 3 ); 3.11

(4H, s, Ar-CH2-) ; 7.3 (6H, m, Ar-H); 7.53 (2H, d, J=6.0 Hz,

Ar-H). Carbon NMR (CDCI 3 ): 6 0.67 (q) ; 37.70 (t) ; 125.85

(d); 128.56 (d); 129.87 (d); 135.20 (d); 138.91 (s); 148.06

(s). Silicon NMR (CDCI 3 ): 6 -4.53. Mass Spectral Data:

m/e (relative intensity) 328 (5); 327 (13); 326, M, (21);

313 (24) ; 312 (65); 311, M-15, (100); 163 (36) ; 148 (29);

133 (11); 105 (19); 73 (35).

Photolysis of o- (N, N-dimethylamino) methylphenyltris (tri-

methylsilyl)silane (II) with maleic anhydride -- A solution

containing 200 mg II (0.52 mmol), 0.60 g of maleic anhydride



26

(6.1 mmol) and 3 ml of THF was placed a 12-mm quartz tube.

After degassed, the solution was irradiated for 5 hours by

medium pressure mercury lamps. Two products were formed in

12.6:21.0 ratio and it was difficult to isolate them by

preparative GC. UV spectrum of above reaction mixture

(dilution 1:100) indicated two absorption bands with ^.. =max

268 nm and 448 nm.



CHAPTER II

PHOTOCHEMICAL PRECURSORS OF SILENES AND SILENE SYNTHESES

Introduction

Since an important step in the process of establishing

the existence of transient silenes and the nature of their

bonding was the direct observation of their matrix-isolated

IR spectra 15, 16, 17 , silenes have been actively studied

for their preparation and structures 1 19, 20, 21, 22, 23

The photochemical 1,3-sigmatropic shift of a silyl group

from silicon to carbon is an important method for syntheses

of silenes 24, 25 26

hv

-Si--Si- CH2-S1

Si-

So, I attempted to synthesize 1-vinyl-1,2,2,2-tetra-

methyldisilane (III) and 2-pentamethyldisilanyl-1,3-

butadiene (IV) and also to examine their photochemical

reactions. Especially, latter is expected as an excellent

candidate for understanding the fundamental steps of

reaction mechanisms and dynamics of r-bonded silicon:

hv SiMe3

iMe2 SiMe3 iMe2

27
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Results and Discussion

1. Synthesis and photochemical reaction of 1-vinyl-

1,2,2,2-tetramethyl-disilane (III): The synthetic scheme for

obtaining compound III follows 27, 28

Li PCI5

3 Me3SiCl + MeSiCl 3  - (Me3 Si)3SiMe -

THF CC14

CH2 =CHMgBr

Me3SiSi (Me)C12  Me3 Si-Si (Me) Cl

THF

LAHf

) Me3Si-Si(Me)H (III)

When photolyzed, 1-vinyl-1,2,2, 2-tetramethyldisilane

are expected produce silenes -- E & Z isomers. But the

transient silenes are prone to dimerize and a neat photo-

lysis produced two dimers, which were detected by GC/MS:

hv

Me3Si-S i (Me) H

Me CH2SiMe 3  Me H

Si=C + \Si==C 9 + 10

H H H CH2SiMe 3  two dimers

Z E

It is possible, however, that there are five kinds of

dimers:
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Me CH2SiMe3

Si

H H H H

Si

CH2SiMe 3 Me

dimer A

Z + Z (antarafacial)

or E + E (antarafaci

Me H

H H Me H 2SiMe 3

Si.

CH2S iMe3

dimer C

E + E (suprafacial)

Me CH2SiMe

12Sei H

Me3S iCH H H H

e CH 2SiMe3

Si

Me3SiH2C H Me H

ei

H

dimer B

Z + Z (suprafacial)

al)

1 e H2SiMe3

H Me H

CH2 SiMe3  H

dimer D

Z + E

3

dimer E, Z + E

Proton NMR data of the obtained two dimers showed that

molecules of dimers are symmetrical, from above structures

of dimers, it is easy to find that the symmetry of dimer D

1 1-
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or E is lower than that of other dimers. So, the obtained

products are not D or E. Carbon NMR data support with this

conclusion, because there existed four kinds of carbon atoms

in dimers. Dimer A, B and C all have four kinds of carbon

atoms, dimer D has six kinds of carbon atoms and dimer E has

five kinds of carbon atoms. Obviously, dimer D and E are

elimilated from further consideration. But it is difficult

to determine if two dimers are A, B or C from obtained data

of proton and carbon NMR. It may be supposed that there are

not two silenes produced in photolysis because no any Z + E

dimer was observed -- only Z + Z or E + E dimer. In other

word, photolysis of compound III predominantly produced a

silene -- Z isomer or E isomer. So, the two products should

be dimer A & B, or A & C. Certainly, this conclusion has yet

to be proved further.

The results of trapping experiments are disappointing.

Four trapping agents were used: 2,3-dimethyl-1,3-butadiene,

methanol, 1,3-butadiene and t-butanol. There were not any

products when compound III was photolyzed with the first two

trapping agents. When III was photolyzed with 1,3-butadiene,

three products were observed by GC/MS as additive products,

but it was very difficult to isolate them by preparative GC.

When III was photolyzed with t-butanol, there were also

three products and they were able to be isolated by

preparative GC. However, only one product could be confirmed

as an addition product by GC/MS and NMR data:
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hv Me3COH

Me3Si-Si(Me)H O Me(H)Si=C(H)CH2SiMe3

H HrI i
Me-Si-C-CH

2SiMe3

Me3CO H

11 (64%)

+ +

12 (23%) 13 (13%)

Obviously, above results are not enough for us to

understand the photochemical reactions of III. Further

research is required.

2. Synthesis of 2 -pentamethyldisilanyl-1, 3-butadiene

(IV): There two ways to synthesize IV:

Scheme 1

Ar-S0 2Cl + NH2 NH2 H20 -) Ar-S0 2 -NHNH 2
THF

H SO2-Ar

N-

MeLi-LiBr

DME, - 78*C

/*C

Qdec

Li
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Me3SiSi (Me2 ) Cl

(IV)

SiMe2 SiMe3

Ar- = 2 ,4,6-tri-isopropylbenzene

Scheme 2

n-BuLi Li Me3 SiSi (Me2) Cl

02 HMPA, THF, -105*C S02

SiMe2SiMe3

so2 SiMe 2 SiMe 3

(IV)

Firstly, I selected Scheme 1 to synthesize IV. I have

successfully synthesized 2,4,6-tri-isopropylbenzenesulphonyl

hydrazide and N'-but-3-en-2-ylidenehydrazono-2,4,6-tri-

isopropyl-benzenesulphonohydrazide by using the methods

described by Cusack and Brown 29, 30, but next step failed.

GC/MS showed that product was Me3 SiMe 2Si-0-SiMe 2 SiMe3 not IV.

I repeated this experiment but the result was the same as

earlier. It is possible that the alkenyl-lithium was not

formed since I tried to use benzaldehyde as a trapping agent

to trap lithium compound:
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Li OLi

+ Ph-CHO H-Ph

H2 0 OH

LH-Ph

The expected alcohol product was not produced. When I

attempted to synthesize IV with Scheme 2, I did not obtain

the lithium compound again. It is possible that I did not

control the reaction temperature well (low temparature:

-78 0 C and -1050 C respectively) to result in experiments

failed.

Experimental Section

General Data: They were performed as described in Chapter 1

but Proton NMR and Carbon NMR spectra were recorded on a

JEOL FX90Q or a Varian VXR-300 spectrometer with deuterium

oxide as a lock solvent.

Synthesis of tris(trimethylsilyl)methylsilane -- 100 g (0.67

mole) of methyltrichlorosilane (Me 3SiCl, freshly distilled

before used) dissolved in 400 ml of dried THF was added

dropwise to 220 g (2.03 mole) of chlorotrimethylsilane and

30 g (4.3 mole) of lithium dissolved in 600 ml of dried THF.
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The reaction turned greenbrown after 3 minutes of dropwise

addition and the time of dropwise addition was 60 minutes,

then the mixture was stirred overnight. During this time,

the reaction was monitored by analytical GC. After 39 hours,

GC showed that the reaction was completed. The mixture was

hydrolyzed with 200 ml of a 5% HCI solution (ice). Then it

was washed with three 300 ml portions of water and the water

phase was extracted with two 300 ml portions of ether. All

of organic phase were combined and dried over sodium

sulfate. The filtrate was distilled to remove most of

solvent and remained mixture was distilled under reduced

pressure to yield 160 g of crude product. It was further

purified with fractional distillation under reduced pressure

and yielded 100 g of tris(trimethylsilyl)methylsilane (over

81%, 46.1% of the theoretical amount).

Mass spectral data: m/e (relative intensity) 263 (4);

262, M, (13); 247, M-15, (6); 189 (13); 175 (12); 174 (47);

173 (22); 159 (23); 131 (21); 129 (19); 115 (17); 74 (12);

73 (100); 59 (17); 45 (51).

Synthesis of 1,1-dichloro-tetramethyldisilane -- 31 g (96

mmole) of tris(trimethylsilyl)methylsilane (over 81%) was

dissolved in 45 ml of carbon tetrachloride (CC1 4 , purified

by distillation before used) in a 250 ml three-necked flask

with a magnetic stirrer and a reflux condenser. Phosphorous

pentachloride (PC1 5 ) was added in 11 g portions every

fifteen minutes with stirring until a total of 55 g (0.26
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mole) was added. During this time the reaction temparature

was controlled between 60-700C. The reaction was monitored

by analytical GC and after stirred 15 hours another 15 g of

PC15 was added. After stirred 45 hours, gas chromatography

indicated the reaction was completed. The solvent was

removed under vacumn and remaining mixture was fractional

distilled under reduced pressure to yield 16 g of 1,1-

dichloro-tetramethyldisilane (65.3% of the theoretical

amount).

Mass spectral data: m/e (relative intensity) 188

(1.6); 186, M, (2.1); 171, M-15, (2.5); 93 (14); 74 (20); 73

(100); 45 (31); 43 (33).

Synthesis of vinylmagnesium bromide -- 26.7 g (0.25 mole) of

vinyl bromide dissolved in 100 ml of dried THF was very

slowly added dropwise to 13 g (0.53 mole) of magnesium

turnings in 133 ml of dried THF with 0.1 ml of 1,2-

dibromoethane as an initiator filled in a 500 ml three-

necked flask with a magnetical stirrer and a long reflux

condenser. After stirred 10 hours, the reaction was

completed. A solution (1.0 M, ca.250 ml) of vinylmagnesium

bromide was obtained.

Synthesis of 1-vinyl-1,2,2,2-tetramethyldisilane (III) -- 80

ml of a 1.0 M solution of vinylmagnesium bromide was added

dropwise to 16 g (63 mmole) of 1,1-dichlorotetramethyl-

disilane dissolved in 80 ml of dried THF. The mixture was

stirred magnetically for 4 hours, then 3.0 g (79 mmole) of
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LAH dissolved in 100 ml of dried THF was added dropwise to

the mixture and was stirred for another 4 hours. The solvent

was removed to yield a mixture containing 45% 1-vinyl-

1,2,2,2-tetramethyldisilane and 8.0% 1,1-divinyltetramethyl-

disilane. Then the mixture was purified by preparative GC to

yield 4.70 g 1-vinyl-1,2,2,2-tetramethyl-disilane (over 99%,

51.3% of the theoretical amount) as a white oil.

Proton NMR (neat): 6 -0.44 (12H, s, -Si-CH 3 ) ; 3.36

(1H, m, Si-H) ; 5.40 (3H, m, Si-CH=CH 2) . Carbon NMR (neat): 6

-9.63 (q); -2.54 (q); 132.01 (d); 133.89 (t). Mass spectral

data: m/e (relative intensity) 144, M, (2.2); 129, M-15,

(17); 117 (11); 116 (63); 101 (11); 85 (52); 74 (15); 73

(100); 71 (10)0; 59 (60); 55 (15); 45 (74); 44 (12); 43 (58).

Photolysis of 1-vinyl-1,2.2,2-tetramethyldisilane (III) -- A

solution containing 280 mg III (1.94 mmol) and 5 ml of

cyclohexane was placed a 12-mm quartz tube. After degassed,

the solution was irradiated for 27 hours by medium pressure

mercury lamps. Two products (dimers) were formed in

28.0:10.9 (A:B) ratio and they were isolated by preparative

GC. The two dimers were:

A. Compound 9. Proton NMR (neat): 6 0.139 (18H, s,

-Si(CH 3 ) 3 ); 0.422 (6H, d, J=3.6 Hz, Si-CH 3 ) ; 0.867 (6H, m,

-CH-CH2-); 4.873 (2H, m, J=3.3 Hz., Si-H) ; Carbon NMR

(neat): 6 -4.65 (q); -1.51 (q); 5.52 (t); 12.82 (d). Mass

spectral data: m/e (relative intensity) 289 (0.7); 288, M,

(2.2); 273, M-15, (2.4); 214 (15); 199 (26); 155 (19); 141
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(15); 116 (17); 113 (11); 102 (9); 85 (15); 74 (9); 73

(100); 59 (38); 45 (45); 43 (15).

B. Compound 10. Proton NMR (neat): 6 0.016 (18H, s,

-Si(CH 3 ) 3 ); 0.235 (6H, d, J=3.6 Hz, Si-CH3 ); 0.593 (4H, d,

J=7.8 Hz, -CH 2 -); 0.723 (2H, m, J=3.6 Hz, C-H); 5.3 (2H, m,

Si-H). Carbon NMR (neat): 6 -7.41 (q); -1.61 (q); 4.84

(t); 10.36 (d). Mass spectral data: m/e (relative intensity)

289 (0.9); 288, M, (2.7); 273, M-15, (2.2); 214 (14); 199

(27); 155 (20); 141 (17); 116 (18); 113 (11); 102 (10); 85

(17); 74 (11); 73 (100); 59 (41); 45 (51); 43 (17).

Photolysis of 1-vinyl-1,2,2,2-tetramethyldisilane (III) with

1.3-butadiene -- A solution containing 160 mg III (1.11

mmol), 1.5 ml of 1,3-butadiene (0.975 g, 18 mmol) and 4 ml

of cyclohexane was placed a 12-mm quartz tube. After

degassed, the solution was irradiated for 30 hours by medium

pressure mercury lamps. Three products were formed in

32.3:28.1:16.5 (A:B:C) ratio, but it is very difficult

toisolate them by preparative GC. GC/MS showed that they may

be additive products (isomers):

A. Mass spectral data: m/e (relative intensity) 183,

M-15? (6.7); 155 (17); 116 (32); 98 (10); 97 (16); 96 (20);

85 (24); 73 (100); 59 (18); 45 (32); 43 (19).

B. Mass spectral data: m/e (relative intensity) 183, M-

15? (5.3); 155 (16); 116 (31); 98 (10); 97 (16); 96 (19); 85

(23); 73 (100); 59 (18); 45 (34); 43 (21).

C. Mass spectral data: m/e (relative intensity) 198, M,
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(4.3); 183, M-15, (12); 155 (24); 116 (24); 98 (16); 97

(25); 96 (26); 85 (17); 73 (100); 59 (25); 45 (39); 43 (26).

Photolysis of 1-vinyl-1.2,2,2-tetramethyldisilane (III) in

t-butanol -- A solution containing 240 mg III (1.67 mmol)

and 5 ml (53 mmol) of t-butanol was placed a 12-mm quartz

tube. After degassed, the solution was irradiated for 17

hours by medium pressure mercury lamps. Three products were

formed in 64:23:13 (A:B:C) ratio and they were isolated by

preparative GC. The three products were:

A. Compound 11. 1-(methylbutaoxy)silyl-2-trimethyl-

silylethane. Proton NMR (neat): 6 -0.566 (9H, s,

-Si(CH 3 ) 3 ); -0.459 (3H, d, J=1.6 Hz, Si-CH3 ); -0.083 (4H, s,

-CH 2 -CH2 -); 0.693 (9H, s, -C(CH 3) 3 ); 4.14 (1H, m, Si-H).

Carbon NMR (neat): 6 -2.47 (q); -1.95 (t); 7.48 (q); 8.58

(q); 31.15 (t); 71.27 (s). Mass spectral data: m/e

(relative intensity) 218, M, (2.8); 203, M-15, (10); 161

(11); 147 (29); 145 (31), 144 (18); 133 (19); 131 (17); 117

(18); 116 (12); 101 (13); 88 (17); 87 (14); 86 (12); 85

(10); 75 (44); 74 (13); 73 (97); 61 (100); 59 (27); 58 (15);

57 (77); 45 (55); 43 (28); 41 (16).

B.Compound 12. Unidentified product. Proton NMR

(neat): 6 -0.566 (9H?, s, -Si(CH 3) 3 ?); -0.441 (3H?, d,

J=2.6 Hz, Si-CH3 ?); -0.069 (4H?, d, J=1.5 Hz, -CH 2 -CH 2 - ?);

4.14 (1H?, m, Si-H?). Carbon NMR (neat): 6 -2.73; -2.41;

-2.08; -1.69; 7.02; 7.67; 8.45; 9.10. Mass spectral data:

m/e (relative intensity) 306, M? (1.9); 291, M-15? (4.6);
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231 (15); 217 (11); 204 (13); 203 (11); 145 (42); 131 (35);

117 (13); 103 (12); 73 (100); 59 (21); 45 (22).

C.Compound 13. Unidentified product. Proton NMR

(neat): 6 -0.515 (9H?, s, -Si(CH 3 ) 3 ?) ; -0.422 (4H?, s);

-0.383 (9H?, s); -0.054 (4H?, s); 0.087 (3H?, s); 0.727

(9H?, s); 3.18 (1H?, m). Carbon NMR (neat): 6 -2.60;

-1.89; -1.68; -1.17; -0.85; 31.67; 32.38; 32.71. Mass

spectral data: m/e (relative intensity) 291 (1.7); 290,

M? (2.5); 275 M-15? (3.2); 219 (13); 218 (24); 217 (100);

145 (22); 131 (15); 129 (13); 117 (12); 75 (13); 73 (71); 59

(16); 57 (89); 45 (17); 41 (12).

Synthesis of 2,4.6-tri-isopropylbenzenesulphonyl hydra-

zide 29 --A magnetically-stirred solution of 2,4,6-tri-

isopropylbenzene-sulphonyl chloride (30.3 g, 0.10 mole) in

60 ml of THF was cooled to -100 C in an ice-salt freezing

mixture and 98% hydrazine hydrate (10.2 g, 0.22 mole) was

added dropwise to it over a period of 15 minutes. The

temperature rose to -40C and after stirring at OC for 3

hours, water (ca. 3 ml) was added dropwise to dissolve the

precipitation solids. The products were then transferred to

a separating funnel and the lower aqueous layer discarded.

The organic layer was washed with ice-cold brine (3x100 ml)

and dried over sodium sulfate for 3 hours, filtered through

funnel and then concentrated under reduced pressure below

room temperature. 100 ml of petroleum ether was added to the

crystalline mass so obtained. The material was collected by
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filtration, washed three times with petroleum ether and any

remaining solvent removed by evaporating under reduced

pressure at room temperature. The product was then

triturated with ice-cold water (3x100 ml) and finally dried

in vacuo at room temperature for 30 hours to yield 15 g (51%

of the theoretical amount) of 2 ,4,6-tri-isopropylbenzene-

sulphonyl hydrazide as a colorless solid, m.p.=1170 C.

Proton NMR (CDCI3) : 6 1.24 (18H, d, J=6.8 Hz, C-CH3 );

2.92 (1H, m, Ar-CH-); 4.16 (2H, m, Ar-CH-); 7.08 (2H, s, Ar-

H); Carbon NMR (CDCI3): 6 23.54; 24.91; 29.78; 34.21;

123.95; 128.83; 151.85; 153.67.

Synthesis o f N'-But-3-en-2-ylidenehydrazono-2 ,4, 6-tri-

isopropyl-benzenesulphonohydrazide 30 -- 37.9 g (0.54 mole)

of methyl vinyl ketone was added via a syringe to 20.11 g

(67 mmol) of 2,4, 6 -tri-isopropyl-benzenesulphonyl

hydrazide at 0*C under argon. The resulting yellow solution

was stirred and the disappearance of starting material

monitored by t.l.c. (ca. 15-35 minutes). The excess of

methyl vinyl ketone was then removed under reduced pressure

at 00C and the resulting viscid white solid was triturated

with cold hexanes (30 ml). It was then filtered , washed

with further portion of cold hexanes (30 ml), and dried in

vacuo to afford 10.5 g (45% of the theoretical amount) of

NI-but-3-en-2-ylidenehydrazono-2,4,6-tri-isopropyl-

benzenesulphono-hydrazide as a white powder, m.p.=117*C.

Proton NMR (CDCl3): 6 1.24 (18H, d, J=6.4 Hz, Ar-C-
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CH3) ; 1.89 (3H, s, =C-CH3) ; 2.90(lH, m, Ar-CH-) ; 4.30 (2H,

m, Ar-CH-) ; 5.41 (2H, m, C=CH2) ; 6.39 (1H, m, C=CH-) ; 7.18

(2H, s, Ar-H). Carbon NMR (CDCI3): 6 10.35; 23.48; 24.72;

29.85; 34.08; 118.36; 123.69; 131.37; 137.02; 151.40;

153.22.

Synthesis of pentamethylchlorodisilane31 -- A mixture of

30.7 g (0.21 mole) of hexamethyldisilane , 55.3 g (0.51

mole) of trimethylchlorosilane and 0.7 g of anhydrous

aluminum chloride was placed in a 250 ml flask fitted with a

40 cm fractional distillation column, packed with glass

helices and mounted with a heat-isolator. The flask was

heated to gentle reflux for 30 minutes, tetramethylsilane

(b.p.=26-27*C) soon began to distill. After five hours, 30

ml of tetramethylsilane was collected. During this time, the

reaction was monitored by GC. When the starting material

almost disappeared, 10 ml of acetone was introduced into the

flask and the residue in the flask was fractionally

distilled to give 40 ml of mixture. The mixture was

fractionally distilled again to yield 25 g (46.5% of the

theoretical amount) of pentamethylchlorodisilane. The proton

NMR spectrum agreed with that known for pentamethylchloro-

disilane, but the data of GC/MS agreed with Me3 SiMe2 Si-O-

SiMe2SiMe3 . It is possible that there was a hydrolytic

reaction during the GC.

Proton NMR (CDCl3): 6 -0.183 (9H, s, -Si(CH 3 ) 3 ); 0.103

(6H, s, Cl-Si-CH3 ). Mass spectral data: m/e (relative

I E
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intensity) 279 (1.6); 278, M, (4.7); 263, M-15, (13); 206

(14); 205 (55); 189 (11); 175 (11); 147 (53); 117 (27); 116

(21); 73 (100); 45 (24).

Attempted Synthesis of 2-pentamethyldisilyl-buta-1,3-

diene 30 -- 3.8 ml of MeLi-LiBr complex (1.5 M of ether

solution, 5.7 mmol) was added to a stirred solution of 1 g

(2.8 mmol) of N'-but-3-en-2-ylidenehydrazono-2,4,6-tri-

isopropylbenzenesulphonohydrazide in 20 ml of ethylene

glycol dimethylether (DME, dried over LAH and freshly

distilled before used) at -780C (dry ice in isopropanol)

under argon to give a slight effervescence and precipitation

of LiBr. The solution was warmed to OC when evolution of

nitrogen was accompained by formation of a characteristic

pink color. The reaction mixture was then recooled to -780 C

and a solution of 1.08 g (4.2 mmol) of pentamethylchloro-

disilane in 5 ml of DME added, which discharged the pink

color. After stirring at 0*C for one hour the mixture was

quenchedwith saturated aqueous NH4 CI (150 ml) and extracted

with ether (3x75 ml). Each extract was washed with saturated

brine (75 ml) and the combined extracts were dried over

magnesium sulfate. Removal of the solvent followed by

preparative GC. But the data of GC/MS agreed with

Me3SiMe2 Si-O-SiMe 2SiMe3 (M=278) not the target compound.

Attempted Synthesis of 3-(trimethylsilyl) -2, 5-dihydrothi-

ophene-1,1-dioxide 32 -- To a mixture of 3-sulfolene (900

mg, 7.6 mmol, purified by recrystalization from THF) and 3
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ml of hexamethyl-phosphoramide (HMPA, dried over BaO,

stirred for 24 hours and refluxed 6 hours, then distilled

under reduced pressure before used) in dried THF (30 ml) at

-1050C was added n-BuLi (3 ml, 2.5 M in hexane, 7.5 mmol)

dropwise. After the addition was complete, the mixture

turned brown and was stirred for an additional 10 minutes.

Freshly distilled trimethylchlorosilane (540 mg, 4.95 mmol)

was added at once via syringe, and the reaction mixture

turned reddish-brown. The resulting mixture was warmed to

room temperature gradually for 3 hours, and an excess of

EtOAc (30 ml) was added. The solvent was removed under

reduced pressure. The crude product was eluted through a

silica gel column (hexane/EtOAc, 2:1, 400 ml) to remove

HMPA. But GC/MS showed that the target compound was not

formed (m/e: 126 (M-64) and 111).
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