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This investigation deals with the preparations of cyclic 

organosllanes via two different types of organometallic 

precursors! borane adducts to chlorovinylsllanes and tert-

butylllthlum adducts to chlorovinylsllanes, 

The regiospecificity of the hydroboratlon of various 

types of boranes to chlorovinylsllanes was studied by three 

different methods. It was found that, by using bulky hydro-

boratlng agents, about 80$ lsomerically pure terminal borane 

adducts to chlorovinylsllanes could be obtained. While the 

adducts are potential precursors to sllacyclopropanes, 

when these borane adducts were treated with bases such as 

sodium methoxide and methyl Grlgnard, no evidence for sila-

cyclopropane formation was found. 

The reaction of chlorodlmethylvinylsllane with tert-

butyllithium in hydrocarbon solvent produced 1 tl,3t3-'fcetra-

methyl-2,4-dineopentyl-l ,3-dlsllacyclobutane• All the 

evidence obtained in this investigation strongly suggested 

the intermedlaey of l,l-dimethyl-2-neopentylsilaethylene in 

this reaction. In the presence of butadiene, this reaction 

produced vlnylsilacyclobutanes along with sllacyclohexene and 

the 1,3-disilacyclobutane, 

The reaction of chlorodimethylvlnylsilane with tert-



butyllithium In THF produced several products whioh could 

be formed "by the addition of chlorosilane or tart-butyl-

lithium across the silicon-carbon double bond of the silene 

intermediate. 
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CHAPTER I 

INTRODUCTION 

Silicon-carbon bonds are generally very stable. These 

bonds are highly heat resistantt e.g., tetramethylsilane 

decomposes at 600°-700°C (l). Although silicon-carbon bonds 

have about lt% ionic character, these bonds undergo heterolytic 

fission only with strong ionic reagents by an attack of either 

a electrophile on carbon or of a nucleophile on silicon (2)• 

However, there are some exceptions to this generalization. 

Small cyclic silicon compounds such as silacyclobutanes, 1,3-

disilacycl©butanes, silacyclopropanes and silenes* (silicon 

analogs to alkenes) are very reactive. These small cyclic 

silicon compounds are very susceptable to both electrophilic 

and nucleophillc attack. The reactivities of these cyclic 

silicon compounds depend mainly on the ring size with smaller 

rings being more reactive. Although in the gas phase 1,3"" 
o 

disilacyclobutanes are thermally stable up to about 600 C, 

most silacyclobutanes decompose readily at about $00 C (3)» 

In the liquid phase both silacyclobutanes and 1,3-disila-

cyclobutanes polymerize at temperatures about 150°-200°C (^,5), 

*For the convenience of discussion silenes are treated 

as the smallest member of the cyclic silicon compounds. 



Silacyclopropanes with higher ring strain are even less stable. 

Some silacyclopropanes even undergo ring-opening reaction on 

prolonged standing at room temperature (6), No silenes are 

known to exist at room temperature. Because of the unique 

structures and unusally high reactivities of these compounds, 

small cyclic silicon compounds have been the subject of 

intensive investigations. 

The first preparation of a silacyclobutane was reported 

by Sommer and Baum in 195^ (7)» A 66% yield of 1,1-dimethyl-

silaoyclobutane was obtained when 3-bromopropyldimethylchloro-

silane was treated with magnesium in ether# Subsequently, a 

variety of substituted silacyclobutanes have been prepared by 

Me Ke 
) Mg/ether | 

Br-CHgCHgCHg-Si-Cl — » Me-Si—. 

Me ' ' 
Scheme 1.1 

this method (8). The yields of silacyclobutanes vary from a 

trace to 80#. Factors which influence the yields have been 

reviewed by Damrauer (8). Even though silacyclobutanes can 

also be produced by the cycloaddition of silenes to alkenes 

(9), only the Grignard method has synthetic applications. 

Mg/ether R* H - C — SiY* V 

X'-CHR'-CHB--CHB">-SlY«y-X" » a"HC—CB"H 

"x* and X" « halogens 
H* t R

w and R"* « H, alkyl or aryl 
Y* and Y* = alkyl, aryl and halogens 

Scheme 1.2 



Many substitution reactions are applicable to sllacyclo-

butanes provided the reaction conditions are carefully chosen 

to prevent the cleavage of the silacyclobutane rings] e.g., 

the less reactive Grignard reagents rather than alkylllthium 

reagents were used in the alkylation of chlorosllacyclobutanes 

(8). Substitution on silacyclobutane rings permits the prepa-

ration of various silacyclobutanes• A great number of nucleo— 

philes sucessfully replace chlorine on the ring silicon. These 

nucleophiles include alcohols (10), primary and secondary 

amines (10), and lithium aluminum hydride (11), and Grignard 

reagents (12). However, there has been reported only one example 

of substitution on the silacyclobutane ring carbon in the 

literaturej that is the bromination of l,l-dlmethyl-2-phenyl-

sllacyclobutane by N-bromosuceinimide (NBS) (13)• 

Me H Me Br 
| | NBS | | 

Me-Si C-Ph » Me-Si C-Ph 

Scheme 1.3 

Silacyclobutanes undergo a variety of ring expansion and 

ring opening reactions (1^, 15» 16), but the most intriguing 

reaction is the gas phase thermal decomposition of silacyclo-

butanes (17). It has been known for years that the gas phase 

pyrolysis of silacyclobutanes produce 1,3-dlsilacyclobutanes, and 

the intermediates in this reaction may contain silicon-carbon 

double bonds (17). However, this pyrolysis of silacyclobutanes is 



2X 
M®2Si MegSisCH^ 

H2°- C H2 

-) MSgSl 

-SiMe, 

Scheme l,H> 

hardly the best method to synthesize 1,3-disilacyclobutanes. 

In 1958, Knoth and Lindsey reported the preparation of 

the first 1,3-disilacyclobutane, 1,1•3.3-tetramethyl-1,3-dl-

silacyclobutane (I), by treating 2-fluoro-5-chloro-2.^-dl-

methyl-2 disilapentane (XI) with magnesium in ether (l8). 

P-SiMeg-CHg-SlMeg-CHg-Cl Mg/ether ^ 

(ID 

Scheme 1.5 

MeoSi 

SiMe, 

(I) 

Most of the 1,3-disiIacyclobutanes are prepared in the 

same manner as the silacyclobutanes. The two ring closure 

reactions shown below are the most widely used in preparing 

1,3-dlsilacyclobutane rings (8). The yields of the 1,3-disila-

2 X-C-Sl-X* 
Mg/ether 

-Si 

-SI-

X-C-Si-C-X* + )S1C12 

[X and X* - halogens] 

Mg/ether 
-Sl" 

-31 
I 

Scheme 1.6 



cyclobutanes vary from a trace to 70$. 

Mixed condensation of 1-chloroethyltrlchlorosilane and 

chloromethylchlorodimethylsilane has been carried out, but 

the yield of the disilacyclobutane product, as expected for the 

mixed condensation, was low (19)• 

Mg/ether 
Cl-CHMe-SlCl^ + Cl-CH2-SiMe2-Cl » C1 2S1—C-Me 

-SiMe2 

Scheme 1.7 

There are other direct ring closure reactions which 

produce interesting substituted 1,3-dlsilacyclobutanes in 

low yields! e.g., in the presence of a catalyst, tris(tri-

chlorosilyl) chloromethane gives 2,2,^,Wtetrakis(tri-

chlorosilyl)-l,1,3«3-tetrachloro-l,3-disilacyclobutane (III) 

(20, 21). Si, Pe, Pe-Si and Sl-Cu have been used as catalysts 

CI SiCl3 

catalyst | | 
(Gl-jSl)^GCl — — — > Cl-Sl C-S1C13 

(III) 

CloSi-C Sl-Gl 
J i 1 

Si CI ̂ CI 

Scheme 1.8 

in this synthesis. 

Most of the substitution reactions for silacyclobutanes 

also work for 1,3-disilacyclobutanes (8). However, substi-



6 

tution reactions on disllacyclobutane rings have not yet been 

fully exploited. This is especially true for substitutions 

on the ring carbon, for which there are no examples in the 

literature. 

Numerous attempts to synthesize silacyclopropanes have 

been fruitless, even though the intermediary of silacyclopro-

panes was claimed in many of these attempts. Xn 1951» Roberts 

and Dev reported the first attempts to prepare a sllacyclo-

propane, i n w h i c h bis(iodomethyl)dlmethylsilane was treated 

with magnesium in ether, or with zinc in ethanol (22). 

Polymeric materials were obtained under the first conditions, 

and tetramethylsllane in the latter, but no sllacyclopropane 

was obtained in either case. Skell and Goldstein reacted 

bis(chloromethyl)dimethylsilane, dichlorodimethylsilane and 

dichloromethyltrlmethylsllane separately with Na/K in the gas 

phase at 260°C (23). The products from these reactions were 

vinylsilanes. It was suggested that the vlnylsilane products 

were the result of rearrangements of sllacyclopropane inter-

mediates. 

HR'Sl—r~ CHo > RB*HSi-CH=CH2 
\ V 
^CH [R and R* « alkyl] 

H 
Scheme 1.9 

In 1966, Manakov and Nefedov reported the reaction of 

dimethyldlchlorosilane with metallic lithium In the presence of 



ethylene (24). 1,1^.^-Tetramethyl-l.^-disilacyclohexane and 

1,1-dimethylsilacyclopentanes were obtained in addition to 

a large amount of polymeric materials. The addition a 

Me2SlCl2 + Li Me2Si i 

I^OCHg 

•GHC 
Me2Si_ I 

2 CHg 
* M e 2 S l ^ I*

2 

C * *CH2 
HgC-CHg 

Me 2 Si Si Me 2 + M e 2 S i ^ ^ 

Scheme 1.10 

+ Polymer 

silylene to ethylene was proposed as the intermediate step 

in this reaction. 

In the photolysis of disilanes, Kumada (25) and Sakurai 

(26) obtained strong spectral and chemical evidence for the 

existence of silacyclopropane intermediates, but none of the 

silacyclopropanes could be isolated. 

In 1972, Seyferth and Lambert reported the first sucess-

ful preparation of a stable silacyclopropane, dimethyldispiro. 

[4.1.0 ] heptane-7,2 • -silacyclopropane-3* ,7"-bicyclo [4.1.oj-

heptane (IV), by treating dimethylbis(7-.bromo-7-norcaranyl)-

silane (V) with magnesium in tetrahydrofuran (THF) (27)• 

Br Br Br Br 

^ Me Me 

Mg/THP 

Me Me 
Scheme 1.11 

(IV) 
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To date all the isolable silaoyolopropanes have been prepared 

"by this method, and all of them are heavily substituted. It 

is now apparent that appropriate substituents on the ring are 

essential for a stable silacyolopropane (6), Simple sila-

oyolopropanes with few substituents on the rings are sus-

oeptable to rearrangements as mentioned above (17, 6). 

Despite claims (28, 29) for their preparation, no stable 

silenes are known. In the 1960*8 the intermediaoy of silenes 

was suggested for many reactions, among which were the isomer— 

Ization of dimethylsilylene (30), and the pyrolysis of sila-

cyolobutanes (11) and tetramethylsilane (31)• Because of the 

simplicity of the reaction, the pyrolysis of 1,1-dimethylslla-

cyclobutane has been extensively investigated* Although 

there has been no direct detection on the 1,1-dimethyl-

silaethylene*, much indirect evidence strongly favors the 

transient existance of this intermediate, Silenes can be 

effectively trapped in situ by compounds which contain acidic 

protons, such as alcohols, water and ammonia (3^» 35)• 

The silene is so reactive that in the absence of trapping 

*Hecently two claims were made on the observation of 

the IR absorption of 1,1,2-trimethylsilaethylene at low 

temperatures (32, 33). However, no IS absorption bands could 

be unambiguously assigned to the silicon—carbon double bond. 



Me2Sl=CH2 + H-X » Me^Si-CH^ (X = OH, OH and NH2"] 

Scheme 1*12 

reagents, It dlmerized to i,l,3,3-tetrswaethyl-l,3-disila-

cyclobutane (11). These derivatization and dlmerlzatlon 

products are generally accepted as evidence for species 

containing silicon-carbon double bonds* 

Some substituted sllacyclobutanes are capable of under-

going photolytic decomposition to produce intermediates which 

behave as silenesj e.g., the photolysis of 1,1-diphenylsila-

cyclobutane gives ethylene and 1»1,3»3-tetraphenyl-l,3-disila-

cyclobutane (36)• 

hv 2X 
P h2 S, 1—l P h 2 S i = C H 2 ] " P h 2 S 1 1 

I 55 C ** I 
1 1 H*C«CHo I 1 HgC^GHa 

Scheme 1.13 

SlPh-

In 1972, Barton and Kline reported that the pyrolysls of 
1 

2,3-bis(trifluoromethyl)-7,?-dimethyl-7-silacyclo[2,2,2] octa-

2,3-diene (VI) at 400°C generated 1,1-dimethylsilaethylene as 

an intermediate (37). 

SiMe0 400°C M-uu U yv 
* / CCF~ Me9Si=CHo 
mjcf, » O I 3 + t 

% 2 _ i 2 X 

V^~ J b w3 
(VI) 

Me 2 Si n 
I s -SlMe2 

Scheme 1,14 
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Formation of silicon-carbon double bonds has also been 

postulated in the thermolysis and photolysis of various non-

cyclic silanes and polysilanes (31. 38. 39). All of these 

reactions may involve the initial formation of radicals or 

carbenes, Immediately followed by rearrangements to produce 

new intermediates containing silicon-carbon double bonds. 

Me3Si-SiMe3 » \2 Me^i'] > [Me2Si=CH2-]+ Me3SiH 

Me3Si-CH=N2 — [Me^Si-CH] »• [Me2Si=CHCH3 ] 

Scheme 1.15 

Although some syntheses of silacyclobutanes, 1,3-disila-

cyclobutanes and silacyclopropanes give satisfactory yields# 

all of them suffer one common drawback! JL.e., the precursors 

in these syntheses are generally difficult to prepare. Most 

of these require multistep preparations from available com-

pounds . The preparation of the first stable silene is still 

a great challenge to silioon chemists. Thus» it was decided 

that the objective of this work was to develop alternative 

convenient preparations for these silacycli© compounds. 
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CHAPTER II 

ORGANOBORANE PRECURSORS 

A widely used approach in designing a synthesis of a 

silaalkane is to adopt a method of preparation of its carbon 

analog. If a carbon atom at an appropriate position in the 

precursor can be replaced by a silicon atom and the presence 

of the silicon atom in the precursor does not change the 

course of the reaction drastically, the desired silaalkane 

can be readily prepared. 

P -Chloropropylborane has been known for a long time to 

produce cyclopropane by the action of base such as sodium 

hydroxide (1). This preparation of cyclopropane is superior 

)B-C-C-C-C1 + OH" » :B-OH + * C 1" 

Scheme 2.1 

in two aspects$ i.e., the yield is generally high and the 

precursor easily prepared from the hydroboration of allylchlo« 

ride. When this method is adopted for the synthesis of sila-

cyclopropane» the carbon atom T to boron is replaced by a 

silicon atom because this precursor can be prepared by the 

hydroboration of readily available chlorovinylsilanes. 

However, in the hydroboration of vinylsilanes, boron may add 

to the internal or terminal vinyl carbon to produce oc or ft 

borane adduct, respectively. 

In 1958, Seyferth reported that the hydroboration of 

Ik 
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trimet hylvinyls ilane produced oc and <s borane adduets in appro-

ximately equal amounts (2). In "that; study* the borane adduets 

were oxidized with alkaline hydrogen peroxide to oc and & silyl 

ethanols. Because it has been established "that the hydroxyl 

group goes to the same carbon previously occupied by the boron 

(3)» the ratio of the alcohols reflects the ratio of the borane 

adduets (3)* 

BtCgH^JSiMe — * 2 2 > Me^SlCHgCHgOH + Me^SiCH(OH)CH^ 
OH 

£ % 
Scheme 2.2 

Jones and Myers extended this study to the hydroboration 

to chlorovinylsilanes (fc). Because the chlorosllyl function-

ality cannot survive the oxidation step, the chlorosllyl 

groups in the borane adduets were methylated with a methyl 

Grignard reagent prior to the oxidation* It was found that 

with excess diborane the chlorovinylsilanes studied produced 

more <*. adduets than trimethylvinylsilane did. This predominant 

formation of oc adduets has been explained in terms of the 

electronic effects of the silyl groups on the double bonds 

(1 * • 

Only /3 borane adduets to vinylchlorosilanes are the 

potential precursors of silacyclopropanes, and any other 

compounds present with them may only complicate the reactions 

of these 0 borane adduets. Because of the thermal Instability 

of alkylboranes these borane adduets to vinylchlorosilanes 
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are difficult to purify. Thus it would, be highly desirable 

to have regiospecific preparations of 06 and /3 boroorganochloro-

silanes. The objectives of this investigation were to develop 

a procedure of hydroboration of ohlorovlnylsllanes which 

would selectively produce 6 adduots, and to explore the 

possibility of using these /3 borane adduots to generate sila-

cyclopropanes• 

Results and Discussion 

It has been firmly established that due to sterlc hin-

drance, bulky hydroborating agents heavily favor the attack 

by boron at the less substituted carbon in the double bond 

(5). Therefore, it is possible that by using bulky hydro-

borating agents, greater yields of # borane adduots to 

vinylsilanes can be obtained. Thus, a disubstituted borane, 

dicyclohexylborane, was chosen to be the hydroborating agent. 

In this study of the direction of hydroboration of ohloro-

vlnylsllanes, the Grlgnard/oxidatlon procedure of Jones and 

Myers was usedj i. e,, the borane adducts were methylated 

with methyl magnesium bromide, and then oxidized with alkaline 

hydrogen peroxide. The results are shown in Table 2,1. The 

H-BC 
—> Cl„Me0 _S1(C0H„)BC 

33 
Cl Me, SiCH-CBL > CI Me. SMC-HjBC 
n 3-n 2 n 3-n 2 k [n-0,1,2, 

MeMgBr Hg02 
^ Me SKC.HJBC > Me SKCJJHJNJOH 

3 2 * oh- 3 2 ^ OH" 

Scheme 2,3 
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TABLE 2.1 

ISOMER DISTRIBUTIONS FROM THE GRIGNARD/OXIDATION 
OP CHLORGSILILORGANOBORANES 

R-CH^CHg, R 
Hydroborat1on 

Reagent— 

Me^SiC£ 

oC-OH 

BjjOH 

/3-OH 
Held Ref 

Me^Si A 47 53 62 (4) 

B 24 76 64 (6) 

C 12 88 76 

Me g CI Si A 70 30 69 (4) 

78 22 77 (6) 

G l6 84 31 

MeClgSi A 90 10 59 (4) 

B 16 84 70 (6) 

C 22 78 50 

Cl^Si A 88 12 51 (4) 

B 11 89 30 (6) 

C 16 84 30 

" A » BH^«— THPt 2il hydride to olefinj B * Disiamylborane, 

111 hydride to olefinj C = Dicyclohexyl-borane, lil hydride 
b 

to olefin, Disiamylborane possibly contaminated with 

excess borane• 
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yield and isomer ratios are the averages of four runs. For 

all the vinylsilanes studied, ?8 to of the trlmethylsilyl-

ethanols produced were the /3 isomer. Clearly this Is the 

result of the domination of steric effects over electronic 

effects. However, with dicyelohexylborane In the hydro-

boration of terminal alkenes such as dichloromethylvinylsllane, 

more than 20# of the adducts are internal. Therefore, it Is 

apparent that the electronic effects of the sllyl groups 

still play a rather Important role in affecting the direction 

of hydroboration. 

In interpreting these results, one must be aware that 

methyl magnesium bromide Is a base, and this base may attack 

at the borons in the $ adducts to produce "ate" complexes, I, 

and these "ate" complexes may subsequently produce silacyclo-

propanes• These silacyclopropanes can react with the methyl 

magnesium bromide (7) to form /3 silylalkyl Grlgnard reagents, 

II, These new Grlgnard reagents then may attack borons to 

form new "ate" complexes, III, and subsequent oxidation of 

these "ate" complexes produces the # sllaethanol. 

C1S1(C2H^)B< + MeMgBr — » MeSl(C2H^)B< 

i MeMgBr MeMgBr 
[C1S1 (C«H, )BMe] ~MgBr * 

| 2 4 [MeSl(C2H^)BMe]~HgBr 

G — C ^ B M e / * III 
\ / MeMgBr / 
Si MeSiCH, 0HoMgBr II 
/ \ c * 

Scheme 2.*f 
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Jones and coworkers have spectral evidence that strongly 

implies the existence of "ate" complexes, I and III# during 

the methylation step (6). The formation of these "ate* 

complexes also leads to complications in the alkaline hydrogen 

peroxide oxidation. Because the initial step in the oxidation 

Involves attack at the boron by the hydroperoxide anion (8), 

the oxidation of "ate" complexe is especially prone to 

anomalous results (9), The fact that the results of this 

Grlgnard/oxldatlon procedure are not always reproducible may 

be due to these complications. 

In order to determine whether silacyclopropane can be 

generated in this system, a trapping reagent which is capable 

of derivatizing sllacyclopropanes to a more stable compound 

Is needed. 

In 197^» Hopper and Fine reported that treatment of tris-

(trimethylsiloxydlmethylsilylmethyl)borane with sodium ethoxlde 

In refluxing ethanol for two days gave a 66% yield of ethoxytri-

me thyl si lane along with a yield of hexamethyldlslloxane (10), 

Evidence was presented consistent with the suggestion that the 

ethoxytrimethylsllane resulted from reaction of ethanol with 

an intermediate, 1,1-dimethylsllaethylene. This work of Hopper 

and Pine prompted us to take a similar approach to explore the 

possibility of generating sllacyclopropanes via organosilylboranes, 

When borane adducts were treated with sodium methoxide 

in methanol and then subjected to destructive distillation, 

there was obtained, in addition to dehydroboration products 
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(V), products resulting from cleavage of the silicon-carbon 

bonds (VI)» and products arising from protonlysis of boron-

carbon bonds (IV)• 

Rn C 13-n S i C H ! SC H2 + R , 2 B H * B n C 1 3 - n S i ( C 2 H 4 ) B R , 2 

NaOMe destructive distillation 
— K(HeO)3.nSi(C2H4)Ba.2OMe]- Q r p y r o l y s l s > 

R n ( M e 0 ) 3 - n S i C H 2 C H 3 + R n ( M e 0 ) 3 - n S 1 C H s s C H 2 + R n ( M e 0 ) 3 - n S 1 0 M e 

"l? V VI 

jRssalkyl or aryli n=0 to 31 H*=H, 9-BBN or cyclohexylT] 

Scheme 2.5 

To determine if this protodeboration was general for 

many borane adducts, this reaction was repeated with various 

kinds of olefins, Under the reaction conditions described 

abovei 1—octene gave no octane, and styrene gave no detectable 

ethylbenzene. 

For the l»3 borane adducts to triethylvinylsilane or 

dimethylphenylvinylsilane and for the 9-borabicyolo[3.3.|| -

nonane (9-BBN) adducts to dimethylphenylvinylsilane the 

saturated products, tetraethylsilane or ethyldimethylphenyl-

silane, were minor components of the product mixture, and a 

great deal of polymeric material remained in the reaction pot 

after the destructive distillation, However, for methoxysilyl 

adducts, protonlysis became the major reaction. Apparently 

the silyl groups oc or (S to boron are important in this 
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TABLE 2.2 

METHOXIDE PROMOTE PROTONQLYSIS OP SILYLQRGANGBORANES 

% yield" 

Alkene Boranea 
Saturated 

(IV) 
Alkene Si 
(V) 

-C Cleavage 
(VI) 

Et3SiCH«CH2 A 10 30 17 

PhMegSiCH-CHg A 13 11 26 

B 8.4 34 0 

GljSlGE»(m2 A 79 20 trace 

B 58 17 10 

C 0 0 

Cl3SiCH=CHCH3 A 62d 

52 

0 0 

B 

62d 

52 0 0 

Cl3SiC(CH3)-GH2 A 69® 0 0 

B 0 0 

aA=BH3*-THF, lil hydride to olefinj B=9-BBN, ltl hydride to 
b 

oleflni C=dicyclohexyl borane, 1j1 hydride to olefin. For the 

chlorosilanes the products are the methoxy derivatives. Yield 

based on alkene and determined by GLC analysis of distillates 

using internal standards. Roman numerals refer to compounds 

indicated in Scheme 2,5. °Yield based on (dicyclohexylboroethyl) • 

trimethylsllane, dn-propyltrimethoxysilane only. eiso-propyl-

trimethoxysilane only. 
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protodeboration reaction. 

In typical experiments, the borane adducts were prepared 

by addition of a tetrahydrofuran (THF) solution of the alkene 

to a THF solution of the hydroboratlng agent (1 equivalent of 

hydride per mole of alkene). The resulting borane adducts 

were added to solutions of excess sodium hydroxide in anhydrous 

methanol and refluxed for a minimum of 9 hours before being 

subjected to destructive distillations. Control experiments 

demonstrated that similar results were obtained when the 

chlorosllylorganoborane were derlvatized with methanol in the 

presence of pyridine in a separate step, and the resulting 

methoxysilylorganoboranes subjected to the sodium methoxlde 

in methanol treatment. Thus, when the dlcyclohexylborane 

adduct to trichlorovinylsilane was converted to the trlmethoxy 

derivative, and then refluxed with 1/3 equivalent of sodium 

methoxlde In methanol, destructive distillation of the 

resulting mixture gave a kZ% yield of ethyltrlmethoxysilane. 

The dlcyclohexylborane adduct was greater than 80$ of the 

g-boroorganosilane, Base promoted e1imination-dehydroborat1on 

NaOMe 
(C6H11)2B(C2%)Si(OMe)3 ^ » (MeO^SiC^CILj kZ% 

Scheme 2*6 

reactions of organoboranes containing heteroatoms (3 to boron, 

which are good leaving groups, have been observed. However, 

our reactions represent the first examples of base promoted 
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protonolysls of organoboranes containing a heteroatoo 0 "to 

boron. 

In contrast to Hopper's results (10), after refluxing 

the reaction mixtures with alcoholic alkoxide, examination 

by GLC indicated the presence of only trace amounts of pro-

tonated alkyltrimethoxysilanes or products resulting from 

siliconcarbon bond cleavage. The difference between Hopper's 

findings and those in this study might be related to the 

lability of the leaving group on silicon. In Hopper's sys-

tems, the loss of a trlmethylsiloxy group from silicon to 

produce "silaethylene" type intermediates could reasonably be 

expected to require a lower activation energy than the loss 

of methoxide from silicon, which would be required for anal-

ogous reactions in our systems. In one experiment, the 9-BBN 

adduet to trichlorovinylsilane was treated with excess sodium 

methoxide in refluxing methanol for over 9 hours. High 

vacuum was then applied to the reaction mixture, and all 

volatile components were collected in a liquid nitrogen trap. 

In addition to THF and methanol, there were only traces of 

ethyltrimethoxysilane and trimethoxyvinylsilane in the trap. 

When the remaining pot residue was heated to 200-300°C, a 57% 

yield of ethyltrimethoxysilane was obtained. It appears that 

in this system, the protonolysis occurs during the destructive 

distillation of the residue from the sodium methoxide/methanol 

treatment* Further support for this conclusion was obtained 

from pyrolysls studies of the methoxy derivative of the lil 
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borane adduct to chlorodiicthylTlRylsilanfi• 

NaOMe oa.350^C MflOStMegCHgCH, 
Me©SiMe5>(C;)H,1)B(OMe),> • — » 

2 d * 2 MeOH + 

(MeG)2SlM©2 

Scheme 2.7 

Examination of the reaction mixtures by GLG prior to 

pyrolysis showed only traces of protonated and cleaved pro-

ducts which might be produced in the injection port of the 

gas chromatography The results given in Table 2,3 show that 

no protonolysis or silicon—carbon bond cleavage occurs in the 

absence of methoxide. In the presence of one or more equiva-

lents of methoxide more than 80% of the borane adduct is 

accounted for as either protonated or cleaved product. 

Increased amounts of methoxide in the pyrolysis mixture favor 

silicon-carbon bond cleavage, while increased amounts of meth-

anol favor the protonolysis reaction. 

It might be suggested that the protonolysis product 

arises from addition of methanol to a dlmethylsllaethylene 

intermediate produced by pyrolysis of the « borane adduct. 

MeOSiMe2CHB(OMe)2 Me2Sl=CH-CH3 + B(OKe)^ 

CH, 

Jfe2Si«GHCH3 + MeOH MeOSiMe2CH2CH3 

Scheme 2*7 



TABLE 2.3 

PYHGLYSIS OP MeOSlMe2(C2H^)B(OMe)2 

25 

NaOMe 
(equivalent) MeOSiMe2Et 

* Yields 
(NeO)2SiHe2 

0 none none 

trace traee none 

i 58 23 

1.6? 52 

1.6?a 63 36 

9 39 kk 

^The pyrolysis sample from the preceding experiment was 

diluted with an equal volume of dry methanol. 
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However, In separate experiments employing methanol-O-d, the 

saturated product Is MeOMe2SICHDGH^ and MeOMe^SiCHgCHgD. 

Furthermore, all of the saturated product Is monodeuteriated. 

The results of these deuterium labeled experiments show that 

a silene intermediate is not the sole precursor of the 

saturated product and demonstrate that the hydroxyl group of 

the methanol Is the proton source. 

When either borane or 9-BBN was used as the hydroboratlng 

agent, propenyltrichlorosilane gave n-propyltrlmethoxysllane as 

the only saturated product. Similarly isopropenyltrlohloro-

silane gave only isopropyltrimethoxysllane. These results rule 

out a silacyelopropane as the precursor of the protonated 

product. Both the propenyl and lsopropenyl silanes would give 

the same silacyclopropane if cyclization occurred. Methanolysis 

of this Intermediate should give the same mixture of n-propyl and 

isopropyl silanes regardless of which alkene was the starting 

material. 

Based on these results and Brown's observations (9)» 

is reasonable to assume that the borane adducts in this study 

are attacked rapidly by sodium methoxide to form "ate" com-

plexes, VII, which are the direct precursors of all products. 

The dissociation of these "ate11 complexes to give carbanions 

prior to the protonation step seems highly unlikely. Anionic 

, Me<T , _ -SiCH2CH2-
-SiCHgCHgBBg * [-SiCHgCHgB^OMeJ > 1 ^ 

VII 
MeOBBg 

Scheme 2.8 
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rearrangements of organosillcon compounds are well known 

reactions (11, 12, 13). The lack of rearrangement for the 

propenyl and isopropenyl adducts Is thus evidence that a 

carbanionic pathway is not involved in the protonolysis 

reaction. 

The protonolysis of tetraalkylborate anions has been 

explained in terms of an electrophilic attack at the carbon 

oc to boron because of the high electron densi ty at that 

carbon (l*). A similar pathway involving electrophllie attack 

by the hydroxyl proton of methanol on the methoxyborate com-

plexes would be consistent with our results# The high tem-

peratures required for the reaction are suggestive of a rather 

high aotivation energy for this attack# The methanol involved 

in the protonation is presumably complexed with the "ate" com-

plex in some way, Kramer and Brown have noted that methoxy-

trialkylborate complexes are stabilized by ether or THF (15)» 

and sodium methoxide is known to complex with methanol (l6). 

It is clear from our results that the trlmethoxysilyl group 

oo or (5 to boron facilitates the protonolysis reaction of the 

methoxyborate complexes. 

By using methanol-O-d as solvent, this methoxide-promoted 

protonolysis of methoxysilylorganoboranes provided a new means 

of determining the regiospecificlty of the hydroboratlon 

reaction. This derivatlzatlon method has the advantage that, 

by using excess sodium methoxide, the chlorosilyl groups are 

converted to methoxysilyl groups in the Initial step of the 
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analysis procedure. The relative amounts of oc -deuteroethyl-

NaOMe 
CI M e - S M C g H j B * (JleO^Me^ SiCHDCH-j VIII 
n 3-» c * MeOD 

+ 

(HeO) jjMe^—^SiCH^CHgD IX 

[n®l,2 or 3] 

Scheme 2.9 

silane, VIII» and |S-deuteroethylsilane, IX, can be readily 

determined "by analysis of the NMB spectra of the products. 

Table 3.4 gives the results of these analysis. Even though 

it has not been demonstrated that the deuterium incorporation 

occurs at the specific site of boron substitution in the 

hydroboration adducts, the agreement of the results obtained 

in the Grignard/oxidation method, Table 2.1, and in the 

methoxide-promoted deuteration, Table 2.4, strongly indicates 

that this is the case. Further support for this conclusion 

arises from the analysis of the NKR spectra of the borane adducts 

to trimethylvinylsilane, chlorodimethylvinylsilane and di-

chlorome thylvinylsilane, which show oc and & isomer distri-

butions in good agreement with those obtained by the methoxide-

promoted deuteration procedure {see Table 2.5)* 

Taken together, the results from the Grignard/oxidation 

and the methoxide promoted deuteration indicate that the hydro-

boration of methylchlorovinylsilanes can be highly regio-

specific. When excess is used as the hydroborating 

agent, there is a clear trend favoring the oc adducts. 
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TABLE 2.4 

ISOMER DISTRIBUTIONS FROM THE ^ O H D E PROMOTED DEUTERATION 
OP CHLORO SILXLO RGANOBQRANES 

H-CH^CHg, E 

B * C 2 H ^ 

Hydrobor&tion- ^ £ »d 
Reagent (h) 

Yield* 

Me^ClSi 

MeGlgSi 

Cl^Sl 

A (46) 56 44 45 

B (46) 36 64 35 

C (12) 20 80 64 

A (17) 86 14 60 

B (1?) 68 32 57 

C (12) 23 77 47 

A (18) 88 12 80 

B (18) 73 27 71 

C (12) 24 76 61 

—A « BH-a THP. 3tl hydride to olefinj B * BBU«-THF, 1«1 
3 * 

hydride to oleflni G * 9-BBN, 111 hydride to olefin. 

—In R* the chlorines on silicon have been replaced toy 

methoxy groups, 

—Determined by GLC using DME as the internal standard. 



TABLE 2,5 

ISOMER DISTRIBUTIONS PROM THE NMR ANALYSIS OP 
SILILORGANOBORANES 

R3SiC2H^B« R3S1G2H4B« 

l3SiC2%B«, (R3Si ^ oc 

Me^Si 

GIMegSi 

Cl2MeSl 

68 32 

58 ^2 

3^ 66 

30 
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Increasing chlorine substitution on silicon leads to increased 

amounts of the oc adducts so that, for dichloromethylvinyl-

si lane and trichlorovlnylsilane, the hydroboration has suf-

ficient regiospeclficity to be of synthetic utility. The 

trend of electron withdrawing substltuents has been previously 

observed to a lesser extent in the hydroboration of various 

substituted styrenes (17). 

Ms the steric requirements of the hydroborating agent 

increase, increasing substitution at the p position is observed. 

Thus, with 1»1 BH^THF, increased amounts of the & adduct are 

produced. When very bulky hydroborating agents are used, such 

as 9-BBN, disiamylborane or dicyclohexylborane, the adducts 

are 80 to 90% of the 0 isomer. For these boranes with high 

steric requirements the reaction is again of sufficient regio-

specificity to be synthetically useful in the preparation of 

§ —boro-organochlorosllanes. Based on the relative amounts of 

oc and 0 adducts obtained, the steric requirements of the hydro-

borating agents appear to increase in the orderi 

111 BH-^THF < 9-BBN cDieyclohexylborane < Disiamylborane 

This order is roughly consistent with the structures of the 

several hydroborating agents. Overall, the electronic and 

steric effects are consistent with the mechanism for the hydro-

boration reaction which Jones has proposed (18), 

In summary, by using bulky hydroborating agents, about 

80% isomerieally pure (5 borane adducts to chlorovlnylsilanes 

can be obtained. Iven though no evidence for silacyclopropane 
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formation from these borane adducts was found in this work, by 

no means should they be ruled out as precursors of silacyclo-

propanesj more exploratory work should be done at this direction, 

Experimental 

Nuclear magnetic resonance (NMR) spectra were obtained 

with a Jeolco PS-10G nuclear magnetic resonance spectrometer 

or a Hitachi Perkln-Elmer H24B 60 MHZ NMR spectrometer. Tetra-

methylsilane or chloroform were employed as internal standards 

for all samples and carbon tetrachloride was used as sample 

solvent. Gas liquid chromatography (GLC) was performed 

employing a Varian Aerograph Series 1800 instrument with a 

thermal conductivity detector. For the GLC analyses a 5* by 

1/4" stainless steel column containing 10# SE-30 on 60-70 mesh 

acid washed Chromosorb W was used for products other than 

chlorosilanes. For the chlorosilanes a 5* by lA" stainless 

steel 10# QF-1 column pretreated with silicon tetrachloride 

was used. Twenty foot by 1.2" columns of the same types were 

used for the preparative work. Yields were determined in most 

cases by GLC analysis of the concentrated product solutions or 

the distillates using hydrocarbon or diethyl glycol methyl 

ether (diglyme) as an internal standard. Elemental analyses 

were performed on new compounds by C. F. Geiger, Ontario, 

California, and Galbraith Laboratories, Inc., Knoxville, 

Tennessee. All of the products were identified by NMR and 

mass spectra (MS) of GLC purified samples, or by comparison 

of retention times with those of authentic samples. Mass 
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spectra were obtained on a Hitachi Perkin-Blmer RMU-6E mass 

spectrometer. Infrared spectral data was obtained with a 

Perkin-Elmer Model 23? grating Infrared spectrophotometer. All 

glassware was oven-dried prior to use, assembled hot, and 

cooled while flushing with dry nitrogen. All reactions were 

conducted under an atmosphere of dry nitrogen or argon. 

Reagents.--The solvents used for organcmetallic reactions 

were dried and purified by distillation from appropriate 

drying agents prior to uses i, e., sodium/potassium alloy 

for hezanes and n-pentane, lithium aluminum hydride for ether 

and THF, magnesium metal for methanol, and potassium hydroxide 

for pyridine, Styrene was distilled immediately prior to 

use. Reagent grade olefins were used, Borane-tetrahydrofuran, 

dicyclohexylborane, and 9-BBN were prepared using procedures 

given by Brown (19). Brown*s titration procedure was used to 

standarize the borane-THF solution (19). 

General method for the preparation of borane adducts.— 

fo a solution of 10 nanoles of the appropriate hydroborating 

agent In 20 ml of THF was slowly added one equivalent of the 

o 

olefin at 0 <3. The resulting solution was slowly warmed to 

room temperature and then was stirred for a minimum of 9 

hours to insure completion of the hydroborat1on reaction. 

General method for methylatlon of organochlorosllyl-

boranes.—To a solution of an organochlorosllylborane In THF 
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* 

was slowly added a solution of methyl magnesium bromide In 

ether at 0°G, The resulting solution was warmed to room 

temperature and stirred overnight. The solution was then 

hydrolyzed with dilute hydrochloric acid, which produced two 

layers. The aqueous layer was washed with ether three times. 

The ether washings were combined with the organic layer. This 

solution was now ready for the oxidation reaction. 

General method for the oxidation of borane adducts.--

Alkallne hydrogen peroxide solution was used to oxidize the 

borane adducts as described by Brown (19). To a solution of 

10 mmoles of trialkylborane in THF was added 10 ml of 3M 

sodium hydroxide solution and with extreme cetutulon, 10 ml 

of a y$% hydrogen peroxide solution. The reaction solution 

was kept cold with an ice bath during the addition of hydrogen 

peroxide. The resulting solution was stirred for one hour. 

The solution was then saturated with sodium chloride, and two 

layers separated. The aqueous layer was washed with three 

ether aliquots. The ether washings were combined with the 

organic layer. The resulting solution was concentrated on a 

rotary evaporator, and concentrate was analyzed by GLC, 

Authentic samples of oc and ft trlmethylsilylethanol were 

prepared by the oxidation with alkaline hydrogen peroxide of 

# 
One equivalent of MeMgBr to one equivalent of Cl-Si was 

used. 
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the dlborane adducts to trimethylvinylsilane and charac-

terized by their mass spectra, GLC retention times, infrared 

spectra and NMR spectra, 

NMR of He^SiCH(OH)CH^t $ G.l6 (singlet, 9H, ( C H ^ S U i 

1.24 (doublet, 3H, CH^j 3.3© (quartet, 1H, CI) i 1.99 (singlet, 

1H, OH). 

NMR of Me^SiCHgCHgOH? S 0.l6 (singlet, 9H, ( C H ^ S D j 

0.94 (triplet, 2H, CHgSDi 3.57 (triplet, 2H, CHgO) | 3.06 

(singlet, 1H, OH), 

The retention times of the alcohols (5*» 10$ Carbowax-

20M on Chromosorb W, 80°C, 90 ml He/min) were* Me^SiCH(OH)CH^( 

2.1 min.| Me^SiCHgCHgOH, 4.8 min. 

Results of the analyses are given in Table 2.1. 

General methed for the protodeboration by destructive 

distillation.—-The solution of the borane adduct was added to 

a methanolic solution of sodium methoxide containing at least 

one equivalent of sodium methoxide in excess of the amount 

required to derivatize the chlorosllane. All mixtures were 

refluxed for a minimum of 9 hours before products were 

distilled. The solutions or volatile portions of the reaction 

mixtures, examined by GLC, showed only traces of protonation 

or cleavage products• The saturated products were obtained 

when the pot residues were subjected to destructive distil-

lation after the removal of solvents. The results are 

summarized in Table 2.2. 
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General method for the deuterodeborat1on of organosilyl-

boranes.—'The protodeboration procedure described above with 

DOCH^ replacing HOCH-j was used* All the saturated products 

were deuterium—labeled ethylsilanes whioh had the same retention 

times as the nonlabeled compounds. These saturated products 

were purified by preparative GLG, and their NKB spectra were 

recorded on the Jeolco PS-100 spectrometer. 

The labeled ethylsilanes, MegMeOSiC^H^Dt Me(MeO)gSiCgHjjD, 

and (Me0)_SiCoH. D, produced in this work have two groups of 
j 4 if 

peaks for their ethyl protons in the NMB, The methylene 

protons occur in the region of S 0.4-0-0.66, and the methyl 

protons of the ethyl group occur in the region of S 0,76-1.00. 

In addition, the methyl protons on silicon occur at S 0,04, 

and the methoxy protons at ca, $ Comparison of the 

integration of the ethyl protons with that for the methoxy 

protons showed that in each case, one deuterium was incor-

porated per ethyl group. Mass spectra of GLC-purified 

samples verified this observation. 

Using the relative integrations of the methylene protons, 

A, and the methyl protons, B, in the NMB, the following 

simultaneous equations were solved to calculate the ratio of 

oc and /3 deuteroisomers, 

A * ct + 2 B m 3 * 2/8 

The results are given in Table 2,4, 
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General method, for NMR analysis of bomne adducts. —The 

solvent was distilled from a solution of 10 mmoles of borane 

adduct In THP at room temperature at about 10 torr. The 

resulting viscous liquid was diluted with 10 ml of dry carbon 

tetrachloride. An aliquot of this solution was transfered to 

a NMR tube under a nitrogen blanket using a syringe. The NMR 

tube was capped and the NMR spectrum was recorded without any 

delay. 

Analyses of NMR spectra of borane adduots.—The NMR peaks 

of the three borane adduots, (Me^SlCgH^J^B, (ClMe2SlG2H^)^B 

and ((H^MeSlCgHi,,)^®! were assigned by the comparison of the 

chemical shifts of these borane adduots with those of tri-

alkylboranes and sllanes. Because for each borane adduots 

there are four possible isomers, (B^SiCI^CHgJ^B, (R^SlCHgCE-,)2B« 

CHCE^SlRy R3S1CH2CH2B(GHCH3S1R3)2 and BtCHCH^SlR^)^, the NMR 

peaks are fairly broad and detailed analysis of them are 

very difficult, 

( M e ^ S i C g H ^ B i S 0.10 (broad singlet, GH^Sih 0,29 to 

0.75 (multiplet, CHgSi) i 0.90 to 1.28 (multiplet, GHgB and 

CCH^)i 1,28 to 1,6? (multiplet, CH). The multiplet in the 

region of £ 0,29 to 0.75 seems to be half of an AA*BB* 

patternj the multiplet in the region of S 0.90 to 1.28 may 

contain the other half of the AA'BB* pattern and the A 

portions of at least two sets of AB^ patterns, and the 

multiplet in the region of S 1.28 to 1,67 seems to be the B^ 

portions of the AB^ patterns. 
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( C l M O g C g H ^ ) » j B i S 0.40 (broad singlet, CH Sl)t 0.60 to 

0.98 (multiplet, CHgSl)* 1.00 to 1.40 (multiplet, CH2B and 

CH^C)| 1.40 to 1.86 (multiplet, CH). 

(Cl2MeSlC2H^)3B» S 0.?0 and 0.75 (broad singlets, CH S1)| 

1.00 to 1.50 (multiplet, SiC^CHgB and CH^Oj 1.65 to 2.20 

(multiplet, CH). 

Using the relative integrations of the methylene protons 

adjacent to silicon, A, the methylene protons adjacent to 

boron and the methyl protons, B, and the methide protons, C, 

in the NMR, the following simultaneous equations were solved 

to calculate the ratio of the oc and the £ borane adducts. 

A= 2 0 B= 2 fi + 3 ** C= 06 

The results are given in Table 2.5* 

General method for the pyrolysls of organosllylboranes.— 

To a solution of 20 mmole of BH^THF in terahydrofuran at 0°C 

was added 20 mmoles of vinyldlmethylchlorosilane. After the 

resulting solution was stirred at room temperature for 45 min., 

a mixture of 20 mmoles of pyridine in approximately 2.5 

ml of dry methanol was added, resulting in formation of a 

white precipitate. The mixture was stirred for 3 hours, then 

filtered to remove the pyridine hydrochloride. The volatile 

components were removed by applying vacuum. The residue was 

Indicated to be about 97% Me0Me2Si(C2H^)B(0Me)2, along with 

traces of pyridine and methanol, by its 1H NMB spectrum. 
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•c 

Pig. 2.1 p a r t i a l NMH spectrum of the dlborane adduct to 
t r imethylvinylsl lane. 
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The residue was dissolved in 20 ml of dry tetrahydrofuran. 

Measured volumes of this solution were mixed with methanol 

or with measured volumes of an 0.2 M solution of sodium 

methoxide in methanol to give the desired pyrolysis samples, 

Pyrolyses were performed using a pyrolysis apparatus 

similar to that described by Sommer and coworkers (20), A 

flow of dry nitrogen of approximately 2? ml/min was maintained 

through the tube, and the pyrolysate condensed in a U trap 

cooled to -78°, The pyrolysis temperature, measured through 

use of an iron-constantan thermocouple, was 330-360°, 

Pyrolysis samples were introduced at the rate of 1 ml in 

5-10 min,, through a rubber septum at the upper end of the 

pyrolysis tube using a syringe. The pyrolysate was analyzed 

by GLC and yields were calculated using n-hexane as an 

internal standard to give the results reported in Table 2.3. 

Fropenyl- and isopropenyltrlchlorosllane.—In a dry 

stainless steel lecture bottle were placed 25 ml (250 mmole) 

of triehlorosilane and 0.4 ml of chloroplatinic acid catalyst 

solution (1.0 g of H2PtC1^.6^0 in 20 ml of isopropanol). 

The valve of the lecture bottle was attached. By means of a 

high vacuum system, 250 mmoles of propyne were condensed into 

the lecture bottle, using standard vacuum transfer techniques. 

The valve on the lecture bottle was closed, the lecture 

bottle removed from the vacuum line, and a stainless steel 
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pressure gauge attached to the valve. The bottle was warmed 
. o 

to room temperature, and then heated in an oil bath to oa, 60 

for a period of about 7 h, at which time the pressure was no 

longer decreasing. The bottle was cooled to room temperature, 

opened, and the contents distilled to give a yield of the 

mixed propenyltrichlorosilanes, b, 108°. GLC analysis of the 

distillate showed that it was %7% trans-propenyltrlchlorosilanet 

NMR(CCl^) $ 1.98 (m# 3H, e-«e), 5.86 (m, 1H, oc-H), 6.76 (m, II, 

3-H), J(ocH-ftH) • 18 Hz. J(ocH-&«e) « 7 Hz, J({iH-0Me) * 2 Hzi 

and 13# isopropenyltrichlorosilanej NUBtCGl^) 8 2.05 3H, 

oc-Me), 5.95 (m» 2H, @-H*s)t Samples of these compounds for the 

hydroboration experiments were purified by preparative GLC 

prior to use. 
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TABLE 2.6 

SPEGTBAL DATA OP SOME SILANE PBGDUCTS 

SILANE 
MS , 

m/e(M ) 
PMH (CC14) ($) 

Et^SiOMe 146 0.58 (6H, q, J«6Hz), 0,90 (9H, t, 
J=6HZ), 3.38 (31. s) 

Et^SiCH-CHG 142 0.55 (6H, <1, J==6HZ), 0.90 (9H, t, 
J«6HZ), 5.20 to 6.15 (3H, m) 

SlEt^ 0.58 (8H, q, J«6HZ), 0.90 (12H, t, 
J«6HZ) 

PhM©2SlEt l&* 0.24 (6H, S), 0.31 (2H, q, J-6.5H*) 
0.90 (3H, t, J«6.5Hz), 7.1 to 7.6 
(5H, m) 

PhMegSiCH-GHg 162 0.32 (6H, S), 5.20 to 6.28 (3H, m), 
7.10 to 7.60 (5H, m) 

(MeO)^SiCH=CH2 148 3.55 (9H, s), 5.20 to 6.31 <3H, m) 

(MeO)^SiEt 150 0.60 (2H» 1, J»6HZ), 0.95 (3H. t, 
J«6HZ), 3.55 (9H, s) 

Si(OMe)3 152 3.55 (s) 

(MeO)3SiCHMe2 164 0.90 to 1.05 (7H, m), 3.52 (9H, s) 

(MeO) ̂ S1GH2 CHg CH^ l64 0.55 (2H» t, J«7Hz), 0.95 (3H» q, 
J»7.5Hz), 1.30 to 1.45 (2H, m), 
3.52 (9H» s) 

PhMe2SiOMe 166 0.32 (6H, S), 3.36 (3H, a), 7.10 
to 7.60 (5H, m) 



CHAPTER BIBLIOGRAPHY 

1. M. P. Hawthorne and J. A. Dupont, J. Amer. Chem. Soc., 

80, 5830(1958). 

2. D. Seyferth, J. Inorg. Nucl. Chem., 90» 152(1958). 

3. H. C. Brown, "Hydroboration", W. A* Benjamin, Inc., 
New York, 1962, 

4. P. R. Jones and J. K. Myers. J. Organometal. Chem., 34, 
C9(1972). 

5. H* C. Brown and B. C. S. Rao, J. Amer. Chem. 3oo., 8l, 
6 4 2 3 ( 1 9 5 9 ) . 

6. P. R. Jones, G. T. Rogers, J. K. Myers and T. P. 0. 

Lim, J. Organometal. Chem., In press. 

7. 0. Seyferth, J. Organometal, Chem.. 100, 237(1975). 

8. H. Mlnato, J. C. Ware, and T. G. Traylor, J. Amer. Chem. 
S o c . , 8£ , 3 0 2 4 ( 1 9 6 3 ) . 

9. G. W. Kramer and H. C. Brown, J. Organometal. Chem,, 90. 
C1(1975) . 

10. S. P. Hopper and S. J. Pine, J. Organometal. Chem., 80, 

C21(197&). 

11. R. West, Pure APPI. Chem.. 19. 2 9 1 ( 1 9 6 9 ) . 

12. A. G. Brook, Accounts Chem. Research. £, 77(1974). 

13. A. Wright and R. West, J. Amer. Chem. Soc.. 96, 3214, 

3222, 3227(1974). 

14. R. Damico, J. Org. Chem., 29. 1971(1964). 

15. G. W. Kramer and H. C. Brown, J. Organometal. Chem., 73. 
1(1974). 

16. P. J. Wheatley, J. Chem. Soc.. 4270(1960). 

17. H. C. Brown and R. L. Sharp, J. Amer. Chem. Soc.. 88, 
5851(1966). 

18. P. R. Jones, J. Org. Chem.. 37. 1886(1972). 

45 



k6 

19. H. C. Brown, "Organic Synthesis Via Boranes", Wiley-
Interscience, New York, 1975* 

20, C. M. Golino, R. D. Bush, D. N. Roark and L. H. Sommer, 
J. Organometal. Cheat.. 66. 29(197*0, 



CHAPTEB III 

ORGANOLITHIUM PBECUHSOHS 

As mentioned in chapter one, one method for the pre-

paration of 1,3-disilacyclobutane is treatment of an oC-chloro-

organochlorosilane with magnesium in ether (1). It is rea-

sonable to suggest that the first intermediate of the reaction 

is an 06 metallated organochlorosilane, This intermediate 

may proceed through two possible pathways to the final end 

product, a 1,3-disilacyclobutane. Surprisingly, no work on 

Cl-C-Si-Cl 
i i 

Pathway (A) I Mg/BtgO Pathway (B) 

Cl-Mg-C-Si-Cl 
i i 

Cl-C-Si-Cl 
I I 

-MgCl2 -MgCl2 

G=Si 

I 

i I 
•C-Si-Cl 
I 
•Si-C-Cl 
I I 

I 
•Si-
I 
.0-
I 

G-
I 
Si-
I 

-MgClg 

Scheme 3»1 

investigating the possibility of generating silaethylene, I, 

from an oc-chlorosilylorganomagnesium chloride has been reported. 

In the oarbon analogs, pathway (B) does not compete with 

k? 
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pathway (A) as the reaction of ethylene chloride and magnesium 

in ether yields only ethylene (2), However, for silicon 

compounds opposite results are expected. Because silenes are 

highly unstable, their formation Is thermodynamically (3)» and 

probably klnetically, unfavorable compared to the formation of 

cyclic silanes. 

In 1970, Buell and coworks reported the reaction between 

tert-butylmagnesium chloride and chlorodlbenzylvinylsilane in 

ether (4). The intermediate in this reaction presumably is 

1 -(chlorodibenzylsllyl) -l-neopentylmet hylmaignesium chloride, 

Me^CCHg-CH-Si-CCHgPh)2 

CIMg CI 

II 

II. Due to acute steric effects, this Grignard reagent does 

not couple with chlorodlbenzylvinylsilane (4), it also appears 

to be quite stable. Upon refluxlng in ether for several hours, 

it does not eliminate magnesium chloride to give the corres-

ponding silene. This inability of II to undergo an elimination 

reaction to produce silene may be attributed to the relatively 

low reactivity of Grignard reagents in coupiling with chloro-

silanes (5). Nevertheless, the formation of the metal chloride 

is such an energetically favorable process that, under 

appropriate conditions, it may facilitate the generation of 

highly unstable compounds such as silenes. 

It is well known that organolithium reagents are much 
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more reactive than the corresponding Grignard reagents in 

coupling with chlorosilanes ($), By replacing magnesium with 

lithium, the reluctance of II to undergo self coupling may be 

overcome. Using oc-lithioorganochlorosilanes as precursors in 

the preparation of silene may provide a better route. Numerous 

examples in the literature demonstrate the importance of solvent 

effects in organometallic reactions (6)• Most organolithium 

reagents» being soluble in both polar and nonpolar solvents, 

are much more versatile than Grignard reagents, which are 

soluble only in polar solvents (7). Furthermore, many dif-

ferent methods of preparation of lithium reagents such as via 

metallation, metal-halogen exchange or addition of organo-

lithium reagents to unsaturated compounds are known, which 

permit the freedom of choosing different starting materials. 

The preparation of the prospective silene precursor, oc-

lithioorganochlorosilane, can be carried out under a wide 

range of experimental conditions. 

In 1952, Cason and Brooks first reported the addition 

of organolithium reagents to vinylsilanes (8). Subsequently 

this reaction was developed as a practical method of prepa-

ration of various a-lithioorganosilanes (9, 10, 11, 12, 13}. 

However, the only example of the addition of an organolithium 

reagent to a vinylsilane bearing substituents susceptable to 

nucleophllic displacement on silicon is contained in the 

original report. 

The fact that there had not been any attempts to 
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prepare sllenes from a-lithioorganochlorosilane suggested a 

need for investigation in this area. Thus it was decided to 

employ the addition reaction mentioned above to prepare oc-

lithioorganochlorosilanes and to investigate the potential 

of these cc-lithiosilanes as precursors of silenes, sila-

cyclobutanes and 1,3-disilacyolobutanes• 

Results and Discussion 

The reaction of chlorodlmethylvinylsilane with tert-

butyllithium in hydrocabon solvents to produce 1,1 ̂ ^-tetra-

methyl^^-dineopentyl-l^-disilacyclobutane, III, was the 

first approach utilized in the attempted synthesis and der-

ivatization of a silene. Tert-butyllithium was selected 

t-BuLi hydrocarbon 2X Me9Si—CHCH9CMe^ 
+ ?.Me2Si=CHCHoCMe- „ c\ \ J 

CIMegSiCH-CHg solvent * J Me^CCHgHC SiMe2 

III 

Scheme 3*2 

because of its high reactivity in its addition to carbon-carbon 

double bonds (6), and its relatively low reactivity in dis-

placing chlorine in a trialkylchlorosilane (5)» Hydrocarbon 

solvents were employed because the rate of nucleophilic 

substitution of organolithium reagents is much slower in 

hydrocarbon solvents than in basic solvents (6), 

The addition of one equivalent of te rt-but y II it hium to 

chlorodimethylvinylsilane at room temperature resulted in an 
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exothermic reaction with the formation of a large amount of 

white precipitate. Hydrolytic work-up gave a yield of 

III, and some higher boiling materials tentatively identified 

by their mass and IB spectra as a mixture of 1»1»3»3»5»5**hexa 

methyl-2,4,6-trineopentyl-l,3» 5-trisilacyclohexanes. Gas 

chromatographic analysis of III premits separation of two 

isomers. Based on the spectral data, they were identified as 

the E-isomer, Ilia, and the Z-isomer, IIIb. 

Me3CCH2 

Me g Si 

'CH2CMe3 

Me3CGH2 

SiMe Me2Si 

H NCH2CMe3 

Ilia 

In order to minimize polymerizations reactions, inverse 

addition was performed at -78°C» No visible reaction was 

observed at low temperatures, but the formation of a white 

precipitate occured when the reaction solution was allowed 

to warm to room temperature. The yield of III obtained with 

this method was greater than ?0$. 

It seems reasonable that the first step in the reaction 

Scheme 3.2 is the addition of tert-butylliyhium to chloro-

dimethylvinylsilane to form 2—chloro»3,,*lî ftl-®"*2»̂ »5»5—̂ etra— 

methyl-2-silahexane, IV. This reaction bears a marked 

similarity to a reaction recently reported by Seyferth and 



52 

t-BuLi + ClMegSiCH^CHg — • ClMe^iCHCHgCMe^ 

LI 

IV 

Scheme 3,3 

Lefferts (1^, 15). They observed that the reaction of bls-

(trimethylsilyl)bromomethyllithium with dimethyldichlorosilane 

at low temperature gave moderate yields (36$) 1»1»3» 3-

t e t rame t hyl-2,2, , k-t e t raki s (t r ime t hyl s ilyl) -1,3-<*i s i la-

cyclobutane, V, as the major product# Subsequently, they 

(Me^SiJgCBrLi + Me2SiCl2 » Me^Si^SiMe^ 

* Me0Si SiMe9 
i X 

(Mey31)2C(Ll)SiMe2Cl — » — > — > Me^Si SiMe3 

VI V 

Scheme 

demonstrated that the«-lithio compound, VI, could be an 

intermediate in the formation of V, using trapping experiments 

with the bromine derivative of VI, (MeSl)2C(Br)SiMe2Cl, which, 

when treated with tert-butyllithium, gave a yield of V, 

presumably by lithium-halogen exchange to form VI. 

One has to remember that the reactions shown in Schemes 3.2 

and 3.& were run in different solvents, and the behavior of the 

proposed lithioorganosilane intermediates may be very solvent-

dependant. Thus the mechanisms of the two reactions are not 

necessarily the same, and should be considered separately. 

It seemed desirable at the time to spectroscopically 
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detect the intermediates of the reaction shown in Scheme 3*2t 

and to determine at what temperature the reaction proceeds 

at a reasonable rate. When the reaction was monitored by 

NMH over the temperature range of -78° to 25°G, peaks corres-

ponding to III grew as peaks corresponding to chlorodimethyl-

vinylsilane diminished, and only at temperatures close to 

25°C was the formation of III reasonably fast. At no time 

were peaks which could be attributed to the possible inter-

mediate, IV, observed.* This result indicates that, at least 

in hydrocarbon solvents, the-lithlosilane, IV, has an 

extremely short life-time. 

In order to gain a better understanding of the relative 

rates of tert-butyllithlum coupling with chlorosilanes and 

adding to vinylsilanes in various solvents, competition exper-

iments were carried out in hydrocarbon, ether, and THF solvents. 

In these competition experiments, an equimolar mixture of 

trimethylvinylsilane and ohlorotrimethylsllame was treated 

with one equivalent of tert-butyllithium. 

When tert-butyllithium was added to the silane mixture 

at -78°C, no visible reaction was observed. A mildly exothermic 

reaction accompanied by a formation of a white precipitate 

*The methylene protons in llthiomethyltrimethylsilane 

have a chemical shift of S -2.5 (16)• Thus the chemical 

shift of the methlde proton in IV was expected to be in the 

range of J 0.0 to -2.5. 
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occured after the reaction solution had been warmed to 

room temperature. After a hydrolytic work-up, three products, 

trans-l-(trlmethylsllyl)-3,3-<ilmethyl-l-l3Utene (VII), 1,1-bis-

(trlmethylsllyl)-3»3-dimethylbutane (VIII) and 1,1,3-tris(trl-

methylsilyl)-5»5-dimethylhexane (IX), were obtained with VIII 

as the major product. This result is reminlcent of studies 

Me3SiCH=CH2 _ _ Me3Sis .H 
t-BuLi 

> 

hexanes 
Me^SiCl 

C^c' 4? (M©^Si) 
H / VCMe3 

VII VIII 

(Me-jSl) 2CHCH2CHCH2CMe3 

I 
Si Me-

Scheme 3*5 

TABLE 3.1 

IX 

RESULTS OP THE COMPETITION EXPERIMENTS 

Solvent 
Precent Yields of products 

VII VIII IX 

Hexanes 

Ether 

THF 

30 

60 

0 

ko 

30 

76 

10 

5 

0 
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made "by Cunico in which trimethyl vlnylailane was treated with 

a tert-butylllthium-TMEDA complex, and then the intermediate, 

3-lithio-2,2,5,5-tetramethyl-2-silahexane (X), was derivatized 

with chlorotrimethylsilane to give: VIII as the major product 

(13). Even though in Cunico's studies the «:-lithiosilane, X, 

t-BuLi Me QSi CHCHL GMe~ 
TMEDA 3 | J CISiMe^ 

+ > Li 4 (Me ̂Si)gCICHg CMe^ 

Me SiCH=GH« X VIII 
3 Z 

Scheme 3*6 

was allowed to form before chlorotrimethylsilane was added, 

similar results were obtained in the competition experiments. 

When the same competition reaction was performed in diethyl 

ether, a yellow color developed immediately as tert-butyl-

lithium was added to the silane solution at -78°C, This 

yellow color slowly faded and a white precipitate formed as 

the reaction solution was warmed to room temperature. The 

same three products were obtained as in the hexane reaction. 

When THP was used as solvent, a brownish yellow color 

developed as the tert-butyllithium was added. This color 

changed rapidly to pale yellow at ~?8°C, and this pale 

yellow color faded slowly as the reaction solution was 

stirred at room temperature. Hydrolytie work-up gave only 

one product, VIII. Obviously, all the products obtained 

in these competition experiments are derived from the 

adduct of tert-butyllithium and trimethylvinylsilane, X. 
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By elimination of lithium hydride (6), X produced VII, By 

- LiH v Me0Si^ JL 
> 3 CssC VII 

Me3SiCHGH2CMe3 

Li 

H CMe^ 

+ ClSiMe„ 
4 (Me^Si)gCHCHgCMe^ VIII 

- Li CI 

1) + Me3SiCH=CH2 (Me ̂Si) g CHCH^ CHCHg, CMe ̂ 

2) + ClSiMe-, SiMe 
- LiCI •> IX 

Scheme 3*7 

coupling with chlorotrimethylsilane, X was converted to VIII. 

Addition of X to trimethylvinylsilane, followed by coupling 

with chlorotrimethylsilane, gave IX. The reasons for the dif-

ferent yields of the products in different solvents are not 

clear. Probably, in hydrocarbon and ether solvents, the 

coupling reaction between X and chlorotrimethylsilane was 

relatively slow, and the elimination and addition reactions 

could compete with this coupling reaction for X. The absence of 

VII and IX as products in the THF reaction implies that in this 

solvent the prefered reaction of X is coupling with the chloro-

trimethylsilane rather than addition to the vinylsilane. One 

important fact is that no tert-butyltrlmethylsilane was obtained 

in these three competition reactions. This demonstrates that 

in these three solvents, chlorotrimethylsilane cannot compete 

with trimethylvinylsilane for tert-butyllithium. The work of 

Buell and coworkers in the addition of Grignard reagents to 

vinylsilanes indicates that the chloro and ethoxy groups on 
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silicon have strong activating effects on the addition (4-), 

Thus, tert-"butyll 11hlum should add to chlorodimethylvinyl-

silane at a faster rate than to trimethylvinylsllane, All of 

these results not only confirm that the first step of reaction 

3,2 is the addition, "but also suggest that the same reaction 

may occur in ether and THF. 

fwo possible routes can be postulated for the generation 

of III from IV. In the first route, (A), IV couples with 

chlorodimethylvinylsilane to give 3»3»6,6-tetraraethyl-^-

(chlorodimethylsilyl)-3-silahept-l-ene, XI, which can react 

with tert-butyllithium to form III. In the second route, (B), 

lithium chloride is eliminated from IV to form a silene, XII, 

which is known to dimerize to give III (17). At first glance, 

Route (B) 

-Li CI 

CIMe g S i CHCHg CMe ̂  

Li 

IV 

Me2Sl=CHCH2CMe3 

XII 

Route (A) 

, + CIMeg SiCH=CH2 

CIMeo S iCHCHo CMe Q 
2X 

Me,Si-
I 

Me^CIgHC -

•CHCH2CMe3 

•SiMe0 

SiMe2CH5=CH2 

XI 

III 

Scheme 3*8 

route (A) is much more attractive than route (B) because the 

intermediate, XI, would be expected to be much more stable 

than the Intermediate, XII, However, this simple argument 
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can be very dangerous without the support of experimental 

evidence. Route (A) requires that IV has to compete sucessfully 

with tert-butyllithlum for chlorodimethylvinylsllane. To 

test this possibility, the following coupling vs. elimination 

competition experiment was performed. To an equimolar mixture 

of chlorodlmethylvinylsllane and chlorotrimethylsilane in 
o 

hexane was added one equivalent of tert-butyllithium at -78 C. 

The resulting mixture was warmed up to room temperature, and 

after work-up, only III was obtained. No trace of 2,2,5>5-

CISiMe„ Me.Si CHCH^GMe 
t-BuLi * I l 

+ > I 

ClMegSlGH^CHg 
hexane Me_CCHoH0 SiMe, 

J & * 

III 

Scheme 3*9 

tetramethyl-3-(ohlorodimethylsilyl)-2--silahexane (XIII), the 

anticipated derivative of IV, could be detected. This result 

indicates that IV does not simply couple with another molecule 

of chlorosilane. This heavily disfavors route (A) but by no 

means disproves this route. 

The coupling reaction of organolithlum reagents with 

chlorosilanes is known to be facilitated by basic solvents 

such as THP. The competition experiment performed in THF 

showed that in this solvent tert-butyllithium still prefers 

addition to vlnylsilanes over coupling with chlorosilanes. 

Thus it was reasonable to expect the intermediate, IV, formed 
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in THF could be trapped by chlorotrimethylsilane, When one 

equivalent of tert-butyllithlum was added to an equimolar 

mixture of chlorodimethylvinylsilane and chlorotrimethylsilane 

in THF at -78°C, a deep brownish yellow color developed in the 

reaction solution. This color faded rapidly at -?8°C, which 

indicated the occurence of a reaction. After the clear 

reaction solution was warmed to room temperature and stirred 

for several hours, anhydrolytic work-up gave five productst 

III» 2,2(5,5~tetramethyl-3-(©hl
oro^mekky^s;^y"^-2-silahexane 

(XIII) , 3,3,6,6-tetramethyl-iMchlorodlmethylsilyl)<-3"-slla.-

hept-l-ene (XI), 2,2,3.3.6,6-hexamethyl-4-(trimethylsilyl)-3-

silaheptane (XIV) and 2,2,3.3.6,6-hexamethyl~*Mdimethylvinyl-

silyl)-3-silaheptane (XV). These results were very intriguing 

t-BuLi Me 2Si—CHCH 2CMe 3 ^ ClMe2SiCHCH2CMe3 

+ Me«CCH0HC—SiMe, SiMe~ 
THF 3 2 

Me Si CI > III XIII 
3 

Me g CI Si GH»GH2 
ClMe2 Si CHCH2 GMe ̂  Me^CSiMegCHCHgCMe^ 

SiMe2CH=CH£ SiMe^ 

XI XIV 

+ Me3CSiMe2CHGH2CMe3 

SiMe2CH*CH2 

XV 

Scheme 3.10 

because IV seemed to be trapped for the first time. However, 
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the presence of XIV and. XV, but no tert-butyltrlmethylsllane 

in the product mixture provided, some confusion. Since it had 

"been established that in the presence of vinylsilanes, tert-

butyllithium did not couple with chlorosilanes, XIV and XV 

could not be the derivatives of XIII and XI respectively. 

The most reasonable precursor for these two products was 

^-lithio-2,2,3,3,6,6-hexamethyl-3-silaheptane, XVI, but XVI 

could not come from tert-butyldimethylsilane because the 

ClSiMe^ 
Xixi ^ > XIV < 2 Me3CSiMe2 CHCH2CKe3 

Li 
XI 

XVI 

GlMe0SiCB?=CHi) / 
XV < — ^ 

Scheme 3,11 

latter could not be generated under the reaction conditions. 

That left one reasonable precursor for XVIt XII, Although 

it has not been proven, the expected high polarity of the 

silicon-carbon double bond ought to be very susceptable to 

the addition of organolithium. If this is the case, XI and 

I . * • S - , , , 
-C-Ll + ,S1=C' » -C-S1-C-L1 
| / X I I I 

Scheme 3*12 

XIII may not be the trapping products of IV, Sommer has 

obtained evidence of the addition of chlorosilane across a 

silicon-carbon double bond <18), This same type of addition 

can explain the formations of XI and XIII, 



6i 

N i < i i 
SisC^ + Cl-Si- > Gl-Si-C-Sl-

xOA | I f ) 

Scheme 3.13 

A question arose immediatelyj Why were no XI» XIII, XIV 

nor XV obtained when the same reaction was run in hydrocarbon 

solvent ? At this time this question is best answered in 

terms of the polarity of the solvents. In a polar solvent 

such as THF the silicon-carbon double bond would be expected 

to be more polar than in a nonpolar hydrocarbon solvent. The 

addition reactions are basically a polar process, and are 

affected greatly by the polarity of the double bond (6), The 

decrease in the polarity of the double bond certainly may 

suppress the addition reactions. On the other hand, the 

dimerization reaction does not have to be a polar process, and 

may not be very sensitive to the polarity of the solvent. In 

hydrocarbon solvent the dimerization reaction may prevail to 

the extent that XII exclusively dimerizes to III, But in a 

more polar solvent such as THF, the rate of the addition 

reactions become competitive with that of the dimerization 

reaction, and all the possible products from these two dif-

ferent types of reactions can be formed in appreciable amounts. 

In the previous experiment chlorotrimethylsilane was 

used as a trapping reagent, Chlorodimethylvinylsilane being 

a chlorosilane can also serve as a trapping reagent. Because 
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XI was needed, for subsequent study, tert-butyllithium was 

treated with two equivalents of chlorodimethylvinylsilane in 

THF in hope of getting XI as the major product. 

When tert-butyllithium was added to two equivalents 

of chlorodimethylvinylsilane in THF at -78°C» a brownish 

yellow color immediately developed in the reaction solution. 

This color faded within a few seconds at -78 C» Three 

products, III, XI and XV, were obtained with XV as the major 

product. Subsequently it was discovered that extremely slow 

addition of precooled tert-butylllthlum produced the same 

three products with XV as the major product. This change of 

relative yields of the products may be explained in terms of 

reactant concentration. When the addition was relatively 

fast, the concentration of tert-butylllthlum in the reaction 

solution was relatively high and it favorably competed with 

the chlorosilane for the silene intermediate, XII, However, 

when the addition was slow, the concentration of tert-

butyllithium in the reaction solution was much lower than 

that of the chlorosilane, and XII was predominately trapped 

by the chlorosilane. 

d Me g S i CH=CH2 
t-BuLl 

— > 

THF slow addition 
v 

SiMe2CH=CH2 

SiMe2CH=CH2 

XV 

XI 

Scheme 3*1^ 
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The disilacyclobutane, III, formed in the reaction between 

chlorodimethylvinylsilane and tert-butylllthlum in THF was 

found to contain Ilia and Illb in a ratio of 39/6l which was 

different from that obtained in hydrocarbon solvent. This 

result prompted the investigation of the isomer ratio of the 

product III in the reaction between XI and tert-butylllthlum 

in hydrocarbon solvent and in THF• The results are shown in 

Table 3.2, Both chlorodimethylvinylsilane and XI gave approx-

TABLE 3.2 

ISOMER DISTRIBUTION OP III 

Solvent Reactant Illa/IIIb 

hexane GlMe2SlCH=CH2 H-9/51 

hexane XI 42/58 

THF ClMe2SiCH«CH2 39/61 

THF XI 31/69 

imately equal mixtures of Ilia and Illb in hydrocarbon solvent. 

However, it is not necessary to imply that XI is the inter-

mediate in the chlorodimethylvinylsilane reaction because 

Sommer has shown evidence that the dimerizatlon of a rather 

heavily substituted silene, 1»l-dlmethyl-2-phenylsllaethylene, 



gives a roughly equal mixture of* the E— and Z••isomers of the 

1,3-disilaoyolobutane (19). In THF both chlorodimethyl vinyl-

silane and XI gave about a 1/2 mixture of Ilia and Illb. 

Since chlorodimethylvinylsilane can be converted to XI in THP, 

it is not surprising for the two silanes to produce the 

similar isomer mixtures. At this time, the behavior of XI and 

4-11thio-2,2,5,5,8,8-hexamethyl-6-(chlorodiraethylsilyl)-5-

silanonane, XVII, is not clear. Thus, the isomer dlstri-

GlMegSiCHCHgCMe 

SiMe2CHCH2CMe3 XVII 

Li 

butions cannot be used to differentiate between the reaction 

mechanisms. 

During the reaction of XI with tert-butylllthium in hydro-

carbon solvent, it was noted that the white precipitate formed 

more slowly than in the reaction of chlorodimethylvinylsilane. 

This prompted a study of the relative rates of the reactions 

of XI and chlorodimethylvinylsilane with tert-butyllithlum 

in hydrocarbon solvent. 

Two point four mmoles of XI contaminated by some XV and III 

was dissolved in a solution of 4 mmoles of chlorodimethylvinyl-

silane in 30 ml of n-pentane. The resulting solution was analyzed 

with GLC and the relative peak areas were established. Three 

mmoles of tert-butyllithlum In 2.1 ml of n-pentane was then 
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added to the silane solution at -?8°C. After It had been 

warmed to room temperature, and a white precipitate had 

formed, the reaction solution was analyzed using the same GLC 

conditions* The dilution caused "by the addition of the tert-

butyllithium solution was almost negligible in this GLC 

analysis. The areas of the XV and XI peaks remained essen-

tailly unchanged. The chlorodimethyl vinyls1lane peak dimin-

ished and the III peak grew. The changes of these two peaks 

coresponded to the consumption of 2,^ mmoles of chloro-

dimethylvinylsilane and the generation of 1,0 mmole of III, 

Apparently, due to the activating effect of the chlorine on 

the silicon bearing the vinyl group, chlorodimethylvinylsilane 

is more reactive toward the addition reaction with organo-

lithium reagents than the other two vinylsilanes, XI and XV 

(**), These results provide additional evidence supporting the 

theory that XI is not the intermediate in the reaction of 

chlorodimethylvinylsilane with tert-butyllithium in hydro-

carbon solvent because the overall reaction rate cannot exceed 

the rate of any individual steps. 

At this time the utility of IV in preparation of slla-

cyclobutanes was explored. The approach undertaken was to 

generate IV in situ with a conjugated olefin on the presumption 

that IV might add to the olefin and the resulting Y'-lithio-

organochlorosilane would subsequently undergo self coupling 

to close the silacyclobutane ring. 
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Me 2 SICHCHgCMe ̂  ClMegSiCHCHgCHe^ Me2Si CHGHgGMe^ 

CI LI CHgCHR > 
+ -1 

H2C=CH-R Li 

Scheme 3»15 

When tert-butyllithlum reacted with chlorodimethylsilane 

in the presence of trimethylvinylsilane, only III was obtained 

and no products incorporating trimethylvinylsilane could be 

Isolated, One can interpret that IV proceeds to III at a much 

faster rate than it adds to trimethylvinylsilane. In other 

words, an olefin more reactive to the addition of organo-

lithium reagents must be used to form a silacyclobutane by 

this method. Thus styrene, which is highly reactive toward 

the addition of organolithium reagents (20), was selected to 

replace trimethylvinylsilane in this reaction. When tert-

butyllithium was added to a mixture of chlorodimethylvinyl-

silane and styrene, only intractable polymeric material was 

obtained. This result is consistant with the fact that 

styrene is very susceptible to organolithium-initiated poly-

merization, Finally, butadiene was chosen as the trapping 

reagent. It has been reported that the addition of tert-

butyllithium to butadiene is relatively slow in hydrocarbon 

solvent at room temperature (21), This means that butadiene 

cannot effectively compete with chlorodimethylvinylsilane for 

tert-butyllithium because reaction 3*2 proceeds rapidly at 

room temperature, but it still may react with IV. When an 
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equimolar mixture of chlorodimethylvinylsilane and butadiene 

was treated with one equivalent of tert-butylllthlum, five 

products. III, l-neopentyl-3-(d.imethylvinylsilyl)-l-propene 

(XVIII), 1, l-dimethyl-2-neopentyl-3-.vinylsilaeyclobutane 

(XIX), 1, l-dimethyl-2-neopentyl-Wvinylsilacyclobutane 

(XX), and 1,l-.dimethyl-6-neopentylsilaeyclohex-3«ene (XXI), 

were obtained. 

ClHe28iCH»CH2 

HgOCB-CH-CRg 

Me Si CHCH-CMe- (l4#) 
2 i \ > 

t-BuLi Me3CCI2HC SiMe2 

hexane + 

Me2Si 
i l 

M ' ^ H O — C H C H - O H j 
+ 

Me_Si CHCH*CH0 

Me^CCB^HC-

III 

il$%) 

XIX 

(22<*) 

XX 

Me2Si-

Me^CCHjgHC 

(7*) 

XXI 

Me^CGH2v / CH2SiMe2CH=CH2 
G^C N 

n' H (11#) 

XVIII 

Scheme 3»l6 
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XVIII apparently resulted from the addition of tert-

butyllithium to butadiene followed by coupling with chloro-

dimethylvlnylsllane. A similar reaction has been reported, 

t-BuLi .CH=CH \ 
^ MeoCCHg \ GH2 ClMe23iGH=CH2 XVIII 

+ ^ 

h2c=ch~ch»ch2 

Scheme 3.1? 

in which the adduct of tert-butyllithium and butadiene in 

hydrocarbon solvent was derivatized with chlorotrimethylsilane 

to give predominantly l"n0opentyl,,3"(^^®®^^yl®^y^"^'" 

propene (22), 

The other four products were derived from IV• Among them, 

XXI, XX and XIX each incorporated one butadiene unit. There 

is a great temptation to postulate that these three products 

resulted from the addition of IV to butadiene followed by self <• 

coupling* However, this interpretation cannot satifactorily 

Me^CCHgCHSiMegCl 

Li 

+ 

h2c*ch-ch=ch2 

Me -jCCHo CHS iMe 9 CI 
> > * » XXI 

ch2ch«chch2li 

Me3CCH2CHSiMe2Cl 

* CH2C(Li)HCH=CH2 » XIX 

Me -jCCHo CHSi Me 9 CI 
3 * > XX 

HjC-CHCHCHoLi 
c XXII 

Scheme 3.18 
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be applied to XX because It requires a precursor, XXII, which 

can only be formed from a 2,1-addition of IV to butadiene, and 

organolithium reagents are not known to undergo 2,1-addition 

to butadiene (23). Thus an alternative route is needed for 

the formation of XX. The most reasonable route involves a 

silene, XII, which may undergo 2+2 cycloaddition with buta-

diene to form XX. Silenes are known to undergo 2+4 cyclo-

addition with butadiene only at high temperatures in the gas 

phase (24), However, at a much lower reaction temperature 

and in solution the reaction may take a different course. 

Since the nature of silenes is not fully understood and the 

cyoloadditlon may be a concerted or stepwise reaction, it is 

possible that silenes can undergo 2+2 or 2+4 cycloaddition 

depending on the reaction conditions. Silenes have been 

suggested to have radical characteristics (26), and radical-type 

addition can explain the formation of the products. It is 

also possible that the initial products,.are vinylsilacyclo-

buitanes, which may survive at low temperature but rearrange to 

silahexenes at elevated temperatures. Thus XXI, XIX and XX 

are possibly the derivatives of XII. Butadiene is known to 

Me9SisCHCHoCMe (XII) 2+2 addition 
c 3 j * XX+XIX 

Hh | 
2+4 additlor 

H2G=CH-GH=GE2 
2+4 addition 

» XXI 

Scheme 3*19 
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exist in two stable conformations which have been called 

"s-trans* and "s-cis" (2?). At the temperature range of -78 

o 

to 25 C, the predominant conformer of butadiene is the s-trans 

form (27). This along with the fact that the combined yield 

of the s1lacyclobutanes is about six times greater than that of 

the silacyclohexene in this reaction* suggests that the sila-

cyclobutanes may be derived mainly from the s-trans-butadiene. 

The reactions of tert-butyllithium with isoprene and 

2,3-dimethylbutadiene were carried out, and the results are 

shown in the Appendix 1. 

In summary, the reaction of chlorovinylsilane with organo-

lithium alone produces a symmetrically substituted 1,3-disila-

cyclobutane, and in the presence of a suitable conjugated 

olefin this reaction can produce silacyclobutanes, All the 

evidence obtained in this investigation is against the inter-

mediacy of XI in reaction 3.2, The most likely mechanism for 

this reaction involves a silene intermediate, XII, It may seem 

unreasonable to propose an intermediate with such high energy 

while other routes are available, but when the first inter-

mediate, IV. was examined closely, the silene intermediacy did 

not seem too surprising. The carbon bearing the lithium has 

considerable amount of carbanionic character (6), and it is 

widely accepted that the electron density on this carbon 

delocalizes to the adjacent silicon to form a weak p-d pi 

bond (28). The existence of this p-d pi bond may lower the tran-

sition state energy for the formation of the silene intermediate, 
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XII. Another possible but less likely alternative mechanism 

is the formation of two IV molecules in the same organo— 

lithium aggregate which, because they are held closely 

together inside the aggregate, may undergo facile cyclization. 

However, in view of the electron donating effects of the 

o<-lithio substituent, nucleophilic substitution on this 

silicon is very unfavorable, especially when there is a 

better electrophile present. Present, because of the short 

life-time of IV, it is very possible that this reaction 

between tert-butyllithlum and chlorodimethylvlnylsllane in 

hydrocarbon solvent involves a six-center transition state, 

analogous to that proposed by Magid and coworkers for the 

alkylation of allyl chloride by phenyllithiuia (29). 

_CH\ Me2Si=CHCH2CMe3 
HgC ^ Si Me g 

* | - — - * + 
/CI 

3 \ Li Li CI 

Scheme 3*20 

Experimental 

1.1.3.3-Tetramethvl-2.4-dlneopentyl-l,3-dlsllacyclobutane 

(III) by normal addition.—To 100 mmoles of vinyldimethyl-

chlorosilane in 50 ml of dry hexanes was added slowly 100 

mmoles of tert-butyll11hlum in lkl ml of n-pentane, under an 

argon atmosphere at room temperature. An exothermic reaction 

with the immediate formation of a white precipitate occured, 

Hydrolytlc work-up gave 6.55s yield) of III? bp, 72 to 
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98°C/l mm, and in addition, ̂ .25 g (30# yield) of a higher 

boiling material, tentatively identified by mass spectros-

copy as a mixture of i,i,3,3,5»5-hexamethyl-2,i*,6-trlneo-

pentyl-1,3,5-trisilacyclohexanes, Gas chromatographic analysis 

of III premits separation of two colorless solids, Ilia (^9$) 

and Illb (5l£). 

Xllai mp, 48,5-^9«0°G| MS, m/e (M*) 28*<i NMR(CC14)» % 

0.15 (singlet, 12H), 0.75 (singlet, l8H), 1*28 (doublet, 4H, 

J«7.0 Hz), 0.2-0.^ (2H)*. 

Anal. Calcd for C^H^Sigi C, 67.521 H» 12.75* 

Poundi C, 67.67i H, 12.90. 

Illbi mp, 59.5-60.0°C» MS, m/e (M+) 28^| NMB(CC1^)» 8 

0.08 (singlet, 6H), 0.21 (singlet, 6H), 0.76 (singlet, 18H), 
* 

1.32 (doublet, 4H, J*=7*0 HZ), 0.2-0.^ (2H) • 

Anal. Calcd for C^^H^^Sl^i C, 67.521 H, 12.75* 

Founds G, 67»8l| H, 12.61. 

1.1.3.3-Tetramethyl-2,4-dlneopentyl-l.3-dlsllacyclo-

butanes (III) by Inverse addition.--To 10 mmoles of tert-

butyllithium in 8.5 ml of n-pentane and 25 ml of hexanes was 
o 

added slowly 10 mmoles of vlnyldimethylchlorosilane at -78 C. 

The resulting clear solution was warmed to room temperature 

slowly. A mild exothermic reaction with slow formation 

*The ring proton signals, which presumably would be tri-

plets from coupling with methylene protons of the neopentyl 

group, lie in the methylsilyl region and too weak to be resolved. 
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of a white precipitate ©©cured near ro©m temperature. Hydro-

lytio work-up gave 71* yield of III (by GLC internal standard 

method)• 

Haaetlon of chlorodlmet*;f»vinyisllane with tert-butyl-

lithium monitored with NMB spectroscopy. — A NMR sample was 

prepared by mixing 0.3 mmole of chlorodlmethylvinylsilane 

and 0.3 mmole of tert-butyllithlum in 0.75 ml of hexane and 

0.25 ml of n-pentane at -78°C. The NKH spectra of this sol-

ution were recorded at temperatures ranging from -70° to 

25°c, starting at -70°C the sample temperature was increased 

toy 10°C every 30 minutes, and at least one NMB spectrum was 

recorded at every 30 minutes. At -30°G the NMB peaks of 

chlorodlmethylvinylsilane started to diminish slowly and the 

peaks of I appeared. Based on the integration of the NMB 

spectrum, it was found that the rate of the disappearance of 

chlorodlmethylvinylsilane was the same as the rate of the 

appearance of I, and these rates were reasonally fast only 

at temperatures close to 25°C. At no time during this ex-

periment, any NMB peaks which may be attributed to II were 

observed. 

Attempt to trap 2-chloro-3-llthlo-lf 5»5-trlmethyl-

2-sllahexane (IV) with chlorotrlmethylsllane in hydrocarbon 

solvent.—Five mmoles of chlorodlmethylvinylsilane and 5 mmoles 

of chlorotrlmethylsllane were added slowly to 5 mmoles of 

tert-butylllthlum in *K2 ml of n-pentane and 20 ml of hexanes 

at -78°C. The resulting clear solution was warmed slowly to 



room temperature. A white precipitate formed as the tempe-

rature of the reaction approached room temperature. After 

toeing stirred at room temperature for one hour, the reaction 

solution was analyzed by gas chromatography. Only a 48# 

yield of I was obtained. No trace of 2,2,5,5-tetramethyl-3-

(chlorodimethylsilyl)-2-silahexane (XIII), the anticipated 

derivative of IV, was obtained. 

Reaction of trlmethvlvinylsilane and chlorotrimethylsilane 

with tert-butyllithium in hydrocarbon solvent.—Twenty mmoles 

of tert-butyllithium in 13 ml of pentane was added slowly to a 

solution of 20 mmoles of trimethylvinylsilane and 20 mmoles 

of chlorotrimethylsilane in 50 hexanes at -78 C» 

resulting solution was warmed slowly to room temperature, A 

white precipitate formed slowly. After the solution had 

been stirred at room temperature for 3 hours, it was refluxed 

for 10 hours. Hydrolytic work-up gave a J0% yield of trans-

l-(trimethylsilyl)-3,5-dimethyl-l-butene (¥1), yield of 

l,l-bis(trimethylsilyl)-3»3-dimethylbutane (VII), and 10# 

yield of 1,1,3-tris-(trimethylsllyl)-5*5-dimethylhexane (IX). 

No tert-butyltrimethylsilane could be detected by GLC. 

Trans-l-(trimethylsllyl)-3.5-dlmethyl-l-butene (VI) (13)« 

MS, m/e (M+) 156* NMR(CCli|r)« $ 0.11 (singlet, 9H), 1.05 

(singlet, 9H), 5.^5 (doublet, J=l8Hz, 1H), 6.08 (doublet, 

J»l8 Hz, 1H). 

1.l-Bis(trlmethylsllyl)-3t3-dlmethylbutane (VII) (13)» 

MS, m/e (M+) 230| mn(CCl^) t g-0.15 (triplet, J»4.5Hz, 1H), 
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0.11 (singlet, 18H), 0.93 (singlet, 9H), 1.50 (doublet, J^.5 

Hz, 2H). 

1.1. <3-Trls(trlmethylsllyl)-6. 5-dlmethylhexane (IX)t 

MS, m/e (M+) 330| NMR(CC1^}« $-0.20 to -0.36 (multiplet, 1H), 

0.18 and 0.12 (singlets, 2?H), 0.68 to 0.84 (multiplet, 1H), 

1.01 (singlet, 9H), 1.17 to 1.83 (multiplet, 4h). 

Anal. Calod for C# 6l.73» H, 12.80. 

Foundt C, 61.93* H» 12.87« 

Reaction of trimethylvinylsllane and chlorotrlmethyl-

31lane with tert-butvlllthlum in diethyl ether.—Twenty mmoles 

of tert-butylllthium in 13 ml of n-pentane was added slowly to 

a solution of 20 mmoles of chlorotrimethylsllane and 20 mmoles 

of trimethylvlnylsilane in 50 ml of diethyl ether at -78 C. 

The resulting yellow solution was warmed slowly to room 

temperature. As the temperature rose, the yellow color of 

the solution faded slowly and a white precipitate formed. 

The solution was stirred at room temperature for one hour, 

Hydrolytic work-up gave 60% yield of VI, 30# yield of VII, 

and % yield of IX. No tert-butyltrlmethylsilane could be 

detected. 

Reaction of trimethylvlnylsilane and ofalorotrlmethylsllane 

with tert-butylllthium in THP.—Twenty mmoles of tert-butyl-

lithium in 13 ml of n-pentane was added slowly to a solution 

of 20 mmoles of trimethylvlnylsilane and 20 mmoles of chloro-

trimethyls llane in 50 ml of THP at -78°C. A brownish yellow 

color developed immediately as the tert-butylllthium was 
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added, and this color rapidly changed to pale yellow. The 

reaction solution was allowed to warm slowly to room 

temperature. The pale yellow color faded in one hour, A 

small amount of white precipitate formed after twelve hours, 

Hydrolytlc work-up gave a 76# yield of VII, No tert-butyl-

trimethylsilane was detected. 

Reaction of chlorodlmethylvlnylsllane and chlorotrl-

me thylsi lane with tert-butylllthlum in THF.— To a solution 

of 20 mmoles of chlorodimethylvinylsilane and 20 mmoles of 

chlorotrimethylsilane in 50 ml of THF was added 20 mmoles 

of tert-butylllthlum in 13 ml n-pentane at -78°C, The 

reaction solution turned to brownish-yellow as the tert-

butyllithium was added, but this color faded rapidly. The 

reaction solution was then warmed to room temperature and 

stirred for four hours. Work-up gave the following five 

products, 

1,1,3-Tetramethyl-2,4-dlneopentyl-l,3-dlsllacyclobutane 

(III)i 19% yield, 

2.2.3,3.6.6-Hexamethyl-4-{dimethylvinylsllyl)-3-sila-

heptane (XV) i 18% yield, MS, m/e (M+) 28^j NMKCCl^)! $ 

-0,10 to 0,10 (multlplet, 1H), 0,07 (singlet, 6H), 0.18 

(singlet, 6H), 0,90 (singlet, 9H), 0,9^ (singlet, 9H), 1,58 

(doublet, J=4,5 Hz, 2H), 5.55 to 6,32 (multlplet, 3H). 

Anal, Calcd for C^H^Slgi C, 67.52| H, 12,72, 

Found* C, 67.^1i H, 12,07. 
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2.2.5. t>-Tetramethyl-3-(chlorodimethylsilyl)-2-silahexane 

(XIII)i 1^% yield. MS# m/e (M ) 250 and 252j NMB(CCl^)i $ 

0.10 (singlet, 9H), 0.08 to 0.12 (multlplet, 1H), 0.47 

(singlet, 6H), 0.90 (singlet, 9H), 1.50 (doublet, J =4 Hz, 2H). 

Anal. Calcd for C^H^SigCli C, 52.65l H, 10.85. 

Poundi 0, 52.79i H, 10.90. 

3.3.6.6-Tetramethyl-4- (ohlorodlmethylsllyl) -3-sllahept-

1-ene (XI)» 9% yield. MS, m/e (M+) 262 and 264| NMS(CCl^)i S 

-0.10 to 0.10 (multlplet, 1H), 0.20 (singlet, 6H), 0.4? 

(singlet, 6H), 0.88 (singlet, 9H), 1*57 (doublet, J=4,3 Hz, 

2H), 5.62 to 6.48 (multipiet, 3H). 

Anal. Calcd for Ci2H27Si2Cli C, 54.8l» H, 10.35. 

Poundi C, 54.85j H, 10.44. 

2.2.3.3.6.6-Hexamethyl-4-(trlmethylsllyl)-3-sllaheptane 

(XIV)» 28# yield. MS, m/e (M+) 272j NMR(CCl^) t $ 0.02 

(singlet, 6H), 0.08 (singlet, 9H), 0.89 (singlet, 9H), 0.93 

(singlet, 9H), 1.38 to 1.69 (multiplet, 2H), -0.10 to 0.10 

(multlplet, 1H). 

Anal. Calcd for C15H36Si2« C, 66.09i H, 13.31. 

Poundi C, 65.91? H, 13.33. 

Reaction of chlorodlmethylvlnylsllane with tert-butyl-

llthlum in THF.—To 20 mmoles of chlorodlmethylvlnylsllane in 

30 ml of THF was slowly added 10 mmoles of tert-butyllithium 

in 6 ml of n-pentane at -78°C. A brownish yellow color 

developed as the tert-butyllithlum was added, but faded 

rapidly. The solution was slowly warmed to room temperature, 
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and stirred for one hour. The solution was then analyzed by 

GLC. Three products were identified as If XI and XV with a 

combined yield of about 60%. This reaction was carried out 

four times. The rate of addition of tert-butyllithium was 

varied from run to run. It was found that the observed ratio 

of the three products depended on this rate of addition. 

Slow addition increased the yield of XI and decreased the 

yields of I and XV. The results of these four different 

runs were listed in Table 3.3. The disilacyclobutane, III, 

generated in this reaction was found to contain Ilia and 

Illb in a ratio of 31/69. 

TABLE 3.3 

RESULTS OP THE ADDITION OF TIBT-
BUTXLLITHIUM TO CHLOHODIMETHYLVINYLSILANE IN THF 

Relative Yields of Products 

Rate of Addition 
of t-BuLi (min,) XI XV III 

2 trace 6 1 

10 2 1.4 1 

a 
10 k> 2 1 

a 
10 5 1.6 1 

aprecooled t-BuLi solution was used* 
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of 3.3.6 T6-tetramethyl-fr-(chlorodlmethylsllyl)-

-Wsllahept-l-ene (XI) with tert-butylllthlum In hydrocarbon 

solvent.—fo 8.8 mmoles of XVIII In **0 ml of hexanes was added 

slowly 8.8 mmoles of tert-butyllithium in 5.5 of n-pen-

tane at -?8°C. The resulting colorless solution was warmed 

to room temperature, and stirred for 2 hours. Hydrolytio 

work-up gave 63# yield of III, and no XV. The ratio of Ilia 

and Illb was *4-2/58. 

Reaction of XI with tert-butyl111hlum in THP.—To 5 

mmoles of XI in 20 ml of THP was added slowly 5 mmoles of 

tert-butyllithium in 6.6 ml of n-pentane at -78°C. The 

resulting yellow solution was warmed slowly to room temper-

ature. The yellow color faded when the solution temper-

ature reached about 0°C. Hydrolytio work-up gave 65% yield 

of I, and no XV. The ratio of Ilia and Illb was 31/69. 

Reaction of 3.3.6.6-tetramethyl-^-(chlorodlmethylsllyl)-

3-sllahept-l-ene (XI) and chlorodlmethylvlnylsllane with tert-

butyllithium in hydrocarbon solvent.—Two point four mmoles of 

XI contaminated by 1.2 mmole of III and l.G mmole of XV was 

dissolved in a solution of ^.0 mmoles of chlorodlmethylvlnyl-

sllane in 30 ml of n-pentane, The resulting solution was 

analyzed with GLC, and the relative peak areas were established. 

Three mmoles of tert-butyllithium in 2.1 ml of n-pentane were 

then added to the silane solution at -?8°C. The clear solution 

was warmed to room temperature. After being stirred at room 

temperature for one hour, a large amount of white precipitate 
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had formed. The reaction solution was then analyzed using the 

same GLC conditions. The areas of the XI and XV peaks remained 

essentailly unchanged, while the chlorodimethylvlnylsilane 

peak diminished and the I peak increased. The changes of these 

two peaks corresponded to the consumption of 2.*f mmoles of 

chlorodimethylvlnylsilane and the generation of 1.0 mmole of III. 

TABLE 3.^ 

GLC ANALYSIS OF THE REACTION SOLUTION 
CONTAINING CHLORODIMETHYLVINYLSILANE AND XI 

BEFORE AND AFTER THE ADDITION OF TERT^BUTYLLITHIUM 

ClMe^SlCHasCHg XI 

(mmole) 

III XV 

before t-BuLl 

after t-BuLi 

b.O 
1.6 

2.4-

2.3 

1.2 1.0 

2.2 1.0 

General method for the reaction of chlorotrlmethylvlnyl-

sllane with tert-butylllthlum in the presence! of an activated 

olefin in hydrocarbon.—To a solution of 10 mmoles of chloro-

dimethylvinylsllane and an activated olefin (trimethylvinyl-

silane, styrene or butadiene) in 100 ml of hexanes was 

added 10 mmoles of tert-butylllthlum in 13 ml of n-pentane 

at -?8°C. The resulting solution was warmed 
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slowly to room temperature , and. then was re fluxed overnight. 

After hydrolytic work-up, the concentrated product mixture 

was analyzed toy gas chromatography. 

Trlmethylvi"ylsllane as the activated olefin,"-This exper-

iment was performed with 3*5-£°ld excess of trimethylvinyl-

silane as the activated olefin using the general method des-

cribed above. I was the only product obtained. 

Styrene as the activated olefin.—This experiment was 

performed with one equivalent of styrene as the activated 

olefin using the general method described above. Only a large 

amount of polymeric material was obtained. 

i. 3 - B u t a d l a s the activated olefin.—This experiment 

was performed with one equivalent of 1,3-toutadiene as the 

activated olefin using the general method described above. 

One point one three grams of product was obtainedj bp. 60-

73°q/8 mm. This product mixture was separated into the 

following 5 compounds by GLC. 

l.1.3.VTetramethvl-2.fr-dineopentyl-1.3-disllacyclo-

butane (III)» lb% yield. 

l-Neopentyl-3-(dimethylvinylsilyl)-1-propene (XVIII)i 

11% yieldi MS, m/e (H+) 196| NMB(CC14)I $0.20 (singlet, 6H), 

1.00 (singlet, 9H), 1.58 (double, J®5 Hz» 2H), 1.95 (doublet, 

J=5 Hz, 2H), 5.17 to 5*55 (multiplet, 2H), 5*65 to 6.3? 

(multiplet, 3H). 

Anal. Calcd for ^ 2 ^ 2 4 ^ ' 73•3^1 H, 12,32. 

Foundt C, 73»08j H, 12.16. 
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1 f 1 -pimethyl-2-neoPentyl-?-vinylsllacvclol3Utane (XIX),» 

18% yield. MS, m/e (M+) 196} NMBtCClty) i S 0.48 (singlet, 3H), 

0.54 (singlet, 3H), 1.04 (singlet, 9H)» 1.00 to 1,68 (multi-

plet, 5H), 2.16 to 2.62 (multiplet, 1H), ^.88 to 5.1^ (multi-

ple t, 2H), 5.80 to 6,20 (multiplet, 1H), 

Anal. Calod f o r Gi2H24sil C* 73.3^1 H# 12,32. 

Foundi C, 72.97f H, 12,13. 

1 ,1 -Mme thyl-2-neopentyl-4-vlnvlsllaoyolobutane (XX) i 

22% yield. MS, m/e (M+) 196* NMH(CCl^). S 0.52 (singlet, 6H), 

1.02 (singlet, 98), 1.20 to 1.84 (multiplet, 5H), 3.08 to 3.^8 

(multiplet, 1H), ^.?2 to 5.10 (multiplet, 2H), 5.64 to 6.10 

(multiplet, 1H), 

Anal. GstLodfor Cl2H2^Sli C, 73.3^1 H, 12.32. 

Foundi C, 73.^1» H, 12.3^. 

1 .l-jDlmethyl-6-neopentylsllacyclohex-3~ene (XXI.).. i 

7% yield. MS, m/e (M*) 196| MKCCl^). $ 0.08 (singlet, 3H), 

0.16 (singlet, 3H), 1.02 (singlet, 9H), 5.50 to 5.96 (multi-

plet, 2H), 2,36 to 2.76 (multiplet, 1H), 1.80 to 2.20 (multi-

plet, 1H), 1.00 to 1.64 (multiplet, 5H)» 

Anal. Calod for C^gHgijSii C, 73.3^1 H» 12.32. 

Pound! C, 73.52| H, 12.10. 
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appendix 1 

SOME REACTIONS OP TERT-BUTYLLITHIUM 
WITH VINYLSILANES IN HYDROCARBON SOLVENT 

The reactions described here are some of the explor-

atory work done during this investigation. The products of 

these reactions have not been fully characterized. However, 

the preliminary results obtained in these reactions are very 

interesting, and should be worth further detailed investigation. 

Reaction of ethoxydimethylvinylsllane and tert-butyl-

lithlum In hexane•—To 10 mmoles of tert-butylllthlum in 20 

ml of hexane was added 10 mmoles of ethoxydimethylvinylsllane 

at -78°C. The resulting solution was warmed rapidly to 

room temperature. After being stirred at room temperature 

for 15 min., the reaction solution became cloudy. This 

cloudy solution was cooled to -78°C, and 10 mmoles of dichloro-

dimethylsilane was added. The resulting solution was warmed 

to room temperature again. After min., a large amount 

of white precipitate had formed. A non-hydrolytic work-up 

gave 57% yield of 2-(ethoxydimethylsilyl)-4-neopentyl-

1,X-dimethylsilacyclobutanei MS, m/e (M+) 272 j NM!(CC1^)| 

£0.10 (multlplet, 1H), 0.13 (singlet, 6H), 0.32 (singlet, 

3H), 0.36 (singlet, 3H), 0.98 (singlet, 9H), 1.22 (triplet, 

3H, J* 7.5 Hz), 1.25 to 2.12 (multlplet, 3H), 2.12 

85 



86 

to 2.88 (multlplet, 2H), 3.65 (quartet, 2H, J » 7.5 Hz). 

Reaction of cyclopentadlene and chlorodlmethylvlnylsllane 

with tert-butylllthlum In hexane.—To a solution of 20 mmoles 

of tert-butyllithium in 50 ml of hexane was added 20 mmoles of 

chlorodlmethylvlnylsllane at -78°C. To this clear solution 

was added 20 mmoles of freshly distilled cyclopentadlene at 

-78°C, A large amount of white precipitate formed immediately. 

This mixture was allowed to warm to room temperature, and 

was then refluxed overnight. The white precipitate dis-

appeared slowly as the reaction solution was refluxed, 

Hydrolytic work-up gave the following three major products 

along with many unidentified minor products, 

Cyclopentadlenyldlmethylvlnylsllanei 42$ yield, MS* m/e 

(M*) 1501 NMB(CCl/})i S 0.02 (singlet, 6H), 3.6 (multlplet, 

1H), 5,8-6,2 (multlplet, 3H), 6,3-6,8 (multlplet, 4h). 

Endo-5.S-dlmethyl-6-neopentyl-5-s1lanorborn-2-ene« 6# 

yield, MS, m/e (M+) 208j NMB(CGl^)i S -0.10 (singlet, 3H, 

endo He-Si), O.16 (singlet, 3H» ©xo Me-Si), 0.24 to 0.40 

(multlplet, 1H, H6), 0.84 (singlet, 9H, CMe3), 0.90 to 1.90 

(multlplet, 5H, H ^ , H ^ , % , -CH2-), 2,5 to 2,7 (multlplet, 

1H, Hj), 5,5 to 5,8 (multlplet, 2H, Hg, H^)• 

Exo-5.5-dlmethyl-6-neopentyl-5-sllanorborn-2-ene1 12$ 

yield, MS, m/e (H+) 208j NMH(CCl^)i S-0,02 (singlet, 3H, 

exo Me-Si), 0.08 (singlet, 3H, endo Me-Si), 0.24 to 0.40 

(multlplet, 1H, H6), 0.84 (singlet, 9H, CMe^, 0.90 to 1.90 
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(multlplet. 5H. H 7 b, H ? a. V -CH2-). 2.3 to 2.5 (mUtlplet. 

1H, )» 5.5 to 5,8 (multlplet, 2H, Hg, H^), 

Hn, ,H H o x H 
Gs , Cni^H 

. * H 2 U j C ^ x C H 2 C M e 3 

\\a 9̂+ si CiLCMe- \\ai^c\s/ H 

H-cr^ H StMeg 3 H-G H SiMSg 

endo e3CO 

Reaction of chlorodlmethylvinylsilane and isoprene with 

tert-butylllthlum In hexane.—To a solution of 10 mmoles of 

tert-butylllthium In 35 ml of hexane were added 10 mmoles of 

chlorodlmethylvinylsilane and 10 mmoles of lsoprene at -78 C, 

The resulting solution was rapidly warmed to room tem-

perature. Within 10 min., a heavy white precipitate had 

formed. The reaction mixture was then stirred for 2,5 hours, 

Hydrolytlc work-up gave (30# yield) 1,1,3.3-tetramethyl-214-

neopentyl-1,3-disilacyclobutane, (10# yield) l,l#3(°r 

trimethyl-6-neopentyl-silacyclohex-3-ene and at least four 

other products, which were tentatively identified by MS as 

isomers with a molecular formula of SiC^Hg^. 

1.1.3(or ^)-Trlmethyl-6-neopentyl-silacyclohex-3-ene» 

MS, m/e (M+) 2l0» NMS(CCl^)i $ 0,0? and 0,10 (2 singlets, 6H), 

0,98 (singlet, 9H), 1,00 to 1,55 (multlplet, 5H), 1,55 to 1,90 

(multiplet, 3H), 1,90 to 2,50 (multlplet, 2H), 5.20 to 5.50 

(multlplet, 1H). 
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2.3-Dlmethyl'butadlene reactloni --The preceding experiment 

was performed with 2,3-dimethylbutadiene replacing isoprene. 

The following three major products were obtained., 

1.1.3.3-Tetramethyl-2«4-dlneopentyl-l,3-dlsllaoyclobutanei 

30̂ 6 yield. 

1.1.3.*»-Tetramethyl-6-neopentyl-silaoyolohex-3-ene i lk% 

yield. MS, m/e (M*) 224, NMR(CGl^)i S 0.07 and 0.10 (singlets, 

6H)» 0.99 (singlet, 9H)» 1.00 to 1 . 5 7 (multiplet, 5H), 1 . 5 7 

to 1.80 (multiplet, 6H), 1.82 to 2.30 (multiplet, 2H). 

3-Methylidene-2.5.5.8,8-pentamethyl-5-slla-.non-l-en<H 

yield. MS, m/e (M*) 224, NMR(CCl^)t S 0.08 (singlet, 6H), 

0.28 to 0.50 (multiplet, 2H), 0.94 (singlet, 9H), 1.02 to 1.20 

(multiplet, 2H), 1.60 to 1.90 (multiplet, 5H), 4.60 to 4.90 

(multiplet, 4h). 
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