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Considerable confusion exists in the ‘i tandbuss 

Pm ee the reactivity of allylsilanes in radical 

addition reactions. The reactions of allylsilanes with 

Speaten addition reagents have been reexamined and contrary 

to Poe report it has been found that both carbon 

tetrachloride and n-butyraldehyde add readily to allyi- 

triethylsilane. Similar reactions of both trimethy1-. and 

triphenylallylsilane with carbon tetrachloride and bromo= 

trichloromethane also gave good yields of adducts. “The 

povasine aneiy ities of the double bond in three series 

Sitch nc Hath, (Rs Me, Ph or: Ch) 
3 2) 

toward addition by the trichloromethyl radical have been 

of wealkenylsilanes, R 

determined and the relative reactivities of vinyl- and 

allyltrimethylsilane toward free radical addition by 

nedodecanethiol have been investigated. The factors 

affecting the reactivities of the various wealkenylsilanes 

‘toward radical addition reagents are discussed. 

Unsuccessful attempts have been made to prepare 

compounds containing silacyclopropane rings via Grignard 

cyclisation reactions. 

The reactions of hydrosilyl Grignard reagents with 

chlorosilanes have been investigated and silyl chloride 

reduction has been observed to predominate in many cases. 

A the oneness for the reduction process is suggested. 

Silyl alkoxides were isolated in good yield from 

reaction of hydrosilylmethyl Grignard reagents with e 

benzophenone together with smaller quantities of benzhydrol 

and 1,lediphenylethylene. Possible mechanisms are. °
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discussed for the formation of the observed products. The 

products of reaction of benzoyl chloride and dimethyl- 

silylmethylmagnesium bromide are those derived primarily 

from reduction processes. A mechanism is proposed 

involving the intermediacy of 2-sileisobutene. 

The photolysis of hydrosilylmethyl Grignard reagents 

and their reaction with cuprous chloride have been examined 

with a view to the detection of silicon carbon t-bonded 

intermediates.
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RADICAL ADDITION REACTIONS OF w-ALKENYLSILANES 

les Introduction 

The anomalous reactivity of B-alkenylsilanes was first 

noted by Petrov and Mironov: They observed that hydrogen 

bromide combined almost instantaneously with allyltrimethyl- 

Silane at agg” whereas vinyltrimethylsilane” and bute-?-enyle 

Epimatey Tek wee, react only slowly with hydrogen bromide at 

room Posnapaturs, Subsequently, in a study of the rates of 

electrophilic addition of thiocyanogen to w-alkenyltrimethyl- 

silanes, Petrov et a" found that allyltrimethylsilane was 

ten times more reactive than vinyltrimethylsilane. Their 

results are represented graphically in Fig. l. 
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Page Ls Yields of addition products from reaction of 

thiocyanogen with compounds of the series 

Me, Si(CH,) CHCH, after a period of 5 mins.
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Me,Si(CH ) CHECH + (SCN) 5 ———— MegSi( CH) CH-CH 
2 e 2 

- The anomalous reactivity and peculiar Samet HhopeWe tes 

of B-functional organosilicon compounds’ has often been 

attributed to the well known phenomenon involving the conj- 

ugation of atoms in the 1,4-position (O-0 or Om conjugation). 

For allyltrimethylsilane this can be represented as follows. 

Me,S1-Clip~CH=CH, <> Me, Si" CH) =CH-CHy, 

According: to Nesmeyanov® this phenduanan has the 

following distinct features; an increase in the reactivity 

of functional groups in che Beposition relative to the silicon 

atom towards electrophilic sapere, a decrease in reactivity 

towards nucleophilic reagents, a decrease in reactivity in 

radical reactions if the radical intermediate has an unpaired 

electron in the B-position relative to the silicon atom and 

an increase in intensity for i.r. and Raman absorptions of 

groups in the B-position. 

In accordance with this view o-n conjugative stabilis- 

ation of B-silyl carbonium ion:intermediates has been 

invoked to explain the high rates of solvolysis of B-halo- 

Siiyistisned:* 

Whilst the enhanced reactivity of allylsilanes in 

electrophilic addition reactions is well authenticated, the 

ease ast. which allylsilanes participate in radical addition 

reactions is much less clearly established and is the subject 

of considerable confusion in the literature. :
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The reactivity of wealkenylsilanes in radical addition 
: ee 

reactions was first examined by Mironov and Pogonkina. They 

demonstrated that thioacetic acid adds readily to Wealkenyle 

silanes in the homologous series Me,Si( CH % 9) nCHBCHg. Allyl- 

  

Ta / 2 , Rr sen b. poe os ie ene ee 

0 0 

Me,S1(CH,) CH=CH 
5 5 

trimethylsilane was found to be most reactive although the 

latter was only slightly more reactive than but-Z-enyl-« 

trimethylsilane, the complete order of reactivity being 

allyltrimethylsilane > but-3-enyltrimethylsilane > vinyl- 

trimethylsilane. This is the order of reactivity found for 

electrophilic addition but is the reverse of the order 

predicted by Nesmeyanov® for radical addition. 

Chernyshev’ investigated the reaction of allyltriethyl- 

silane with carbon tetrachloride, chloroform, n-butyraldehyde 

and methyl formate under radical conditions. In all reactions 

carried out both at atmospheric pressure at 70-100° and 

under pressure in an autoclave at 10", no 1: 1 adduct was 

isolated. As a rule the starting materials were recovered 

unchanged. Previous wore” had shown that n-butyraldehyde, 

benzaldehyde, carbon tetrachloride and chloroform add 

readily to vinyltriethylsilane and but-3-enyltriethylsilane 

to give good yields of addition compounds. In keeping with 

the views of Nesmeyanov, the reluctance of allylsilanes to 

participate in radical addition reactions was attributed to 

stabilisation of the radical intermediate by o-n conjugation 

thereby retarding the second stage of reaction and reducing 

the chain propagating power of the reaction.



Et,,SicH.-CH=CH =X <———-> Ft Sie CH sCH-CH =x 5 a 2 3 2 2 a 

It was concluded that the reactivities of wealkenyltri- 

Si(CH,) CHeCcH, in radical addition reactions 
5 en. 2 

lie in the order allyl < but-3-enyl < vinyl. This is the 

alkylsilanes R 

reverse of the order found for the addition of electrophilic 

reagents. 

The apparent high reactivity of thiyl radicals and low 

reactivity of trichloromethy]l radicals with allylsilanes is 

surprising in view of the electrophilic nature of both these 

species. The positive inductive effect of the Me ,SicH,- 
5 

Ws -0.26) would be expected to favour reaction of 
R 

allyltrialkylsilanes with an electrophilic radical, whereas 

group’ (o 

reaction with donor acyl radicals generated from aldehydes 

should be a much Tone facile process. The stabilisation of 

any polar Mietastartuttuat? (in the transition state for 

radical addition) by o-" conjugation would also favour attack 

by an acceptor radical although the precise importance of 

these effects is difficult to predict. 

+7 ee 
C1L.0e + CH 2CHCH, SiR, tee Ca ae ngs ree Sr 

: col, St S- 
XT ay = . } @CH----C peas —-—> C1 ,CCH,CHCH, SiR, ———4» CL, CCH, CH | G1 col, 

H 
‘ 2 

SiR 
2 
w 

eee CL CCH CHOH SIR & 90GL 
5 2 2 5 5 

Cl
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In a recent review by Ruchasdte” it was pointed out that 

polar effects el lienave a dominating influence on radical 

formation reactions in which the transition state occurs 

early along the reaction coordinate. Such reactions are 

exemplified by .the addition of trichloromethyl or thiyl 

radicals to olefins where the chain carrying radical has a 

central hetero atom or electronegative substituents... — 

The manner in which polarvsepecta bring about changes — 

in the rates of radical addition reactions has received ao 

good deal of discussion. The eat picture, which was 

much used by Daas in his treatment of the problem, is 

that electron withdrawing and supply ing groups set up 

permanent charge distributions in olefin and radical which 

may increase or decrease the energy required to bring the 

two species together in the transition state. Obviously, 

when one species possesses an excess and the other a 

deficiency of electrons at the site of reaction, the result 

will be a lowering of the required energy and an increase 

in the reaction rate. 

Reliance on this treatment alone (which amounts to 

invoking the polarisation effects alone in the Ingold treat- 

ment of the theory of polar reactions) has been criticised?” 

on the basis that it would predict a pronounced dependence 

of olefin reactivity ratios upon the dielectric constant of 

the medium, which is not observed. A way round bon is to 

assume a mutual polarisation of radical and olefin as they 

approach the transition state (corresponding now to polaris- 

ability effects in the Ingold treatment) that becomes: | 

important only as the separation of the reactants becomes ° 

very small, so that few lines of force radiate into the.
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* surround ing medium. Finally, it has been sue ges beds” that at 

least in strongly alternating systems, the energy of the 

transition state may be lowered by the participation of 

resonance structures in which electron transfer has occured 

between radical and olefin. 

Although polar effects in radical addition reactions 

might reasonably be expected to be of less importance than 

in electrophilic addition to alkenes, the reactivity order 

for the exothermic addition of acceptor radicals to wealke 

enyltrialkylsilanes should still parallel that for addition 

of thiocyanogen. This was the order observed by Mironov 

and oe onkine for the addition of thioacetic acid to 

Wealkenyltrialkylsilanes. However, the possible effects of 

“2OnAR (1) *COhe + CH ,=CHR ——————> C1.,CCH, 
2 

C1,CCH,-CH-R + CCl, ———» C1, CCH,-CHC1-R (2) 

radical intermediate stability on the transfer step (2) 

cannot be overlooked, especially for the addition of relate 

ively poor transfer reagents such as carbon tetrachloride 

and chloroform. 

Recent observations concerning B-silyl radicels suggest 

that they probably do possess some additional stability 

relative to the corresponding carbon analogues although this 

is unlikely to be a very large effect. Krusic and Kochi 

observed the radicals generated at low temperatures in the 

cavity of an e.s.r. spectrometer by photolysis of a mixture 

of tetraethylsilane and di-t-butyl peroxide. Together with
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the expected X-silyl radical they also identified a species 

consistent with B-hydrogen abstraction from the parent 

molecule. 

“Me, COOcie,, sens etnies ema taalis 2Me CO 

a 2. Z f CG 6 " 5 “TCE (CH,CH,) ,S4 + Me,cO. ———-> (CH, CH) ,SiHCH, 

+ oM Pe i (CH,CH,),Si + Me,CO ha > (CH,CH,) ,CH,CHy 

Under similar conditions they were unable to detect 

primary alkyl radicals generated from alkanes by hydrogen 

abstraction. The more favourable polar effects in the 

transition state for exothermic B-hydrogen abstraction by 

$+ <- 
LG _SicH @CH ------ H--- - -OCMe 

EC ey 5 

the electrophilic t-butoxy radicals makes the formation of a 

primary radical from tetraethylsilene seem more likely. 

However the Besilyl radicals definitely possess enhanced 

stability since the Pt splitting for the B-substituted 

radical (a = 37.4G) is larger than that for the <-sub- Si 

stituted radical (a,, = 15.2G). The added stability of the 

B-substituted radical was attributed to a hyperconjugative 

effect similar to that proposed by Nesmeyanov. 

Et ,SicH,-CH <———> Et Si" CH=CH, 

In a subsequent e.s.r. study of silyl radicals’? it was 

pointed out that radicals with a B-silfcon atom possess a
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_ “hy perconjugative stabilisation energy of 1-2 kcal mola 

The decomposition of the t-butyl ester of B-(trimethyl- 

silyl) peroxypropionic acid has been studied by Vyazankin et 

ac” .Perester decomposition provides some insight into 

the stability of ragicals° since concerted decomposition 

(simultaneous rupture of the oxygen-oxygen and carbonecarbon 

bonds) is generally associated with a high stability for 

the resulting radical Re. When decomposed this perester 

RCO,Bu" Siete RCO,————> R- + COs 

was found to give fair to good yields of carbon dioxide and 

the disproportionation products ethyltrimethylsilane and 

vinyltrimethylsilane, together with a lower yield of the 

symmetrical dimer 1,4-bis(trimethylsilyl) butane. These 

results indicate a situation approaching conrerted deromp-= 

osition and are therefore consistent with higher stabilities 

for radicals containing B-silicon atoms, although they are 

clearly inconsistent with radicals of vastly enhanced 

stability. 

The order of reactivity of Wealkenyltrimethylsilanes 

towards free radical polymerisation has been investigated by 

a group of Russian workers<+ They found that the allyl 

) CH=CH. 7 Me ,Si(CH,) ,CH=CH a)o 9 3 » Me ,SiCHCH, , Me ,Si( CH 

PY eon, 

compound showed a marked reluctance to polymerise and in
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keeping with the views of Cherny shev" they suggeted that this 

was because the intermediate radical was highly stabilised 

by oO-7 conjugation thus preventing the chain growing reaction. 

_ However the failure of allyltrimethylsilane to polymerise 

would seem to he equally consistent with the nucleophilic 

character of the generated radicals and the high double bond 

electron density of allyltrimethylsilane. me 

Cooper and ae observed: that N-(aflyimethyl) aromatie 

amines (e.g. Me,,SiCH,NHPh) possess unexpectedly low oxid-- 
a 

ation potentials and this was said to be consistent with 

stabilisation of the intermediate cation redical by silyle 

To pereantuceeive electron release. 

The most debate study of the reactivity of wealkenyle- 

silanes towards radical addition reagents wes carried out by 

Sakurai et 0 They determined the relative rates of addition 

of bromotrichloromethane to compounds from the homologous 

series Me,,Si(CH,), CH=CH (n = 0-4). The data obtained are 
2 

summarised in Table l. 

Table l. Relative rates of addition of bromotrichloromethane - 

to wealkenyltrimethylsilanes~<” 

oun Relative Rate. 

Me, S4ICH=CH, (a) 1.00 

/ , on wo it eC MegSicH,CH CH, 8.64 20.64 

s ne toy 4 
Me,Si(CH,) CH=CH, 1560 .2O/ea0 

iy ‘ i b- on e 9 t ° Me, Si(CH,) CH CH, LO 0,00 

Me,S4(CH,) , CHECH 0.94 
Z 

(a) reference standard
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The most notable results from this work are (a) the 

exceptionally high rate of reaction of allyltrimethylsilane 

and (b) the reactivity order allyl > but-3-enyl > vinyl. 

The ability of allyltrimethylsilane to react with bromotri-~ 

chloromethane is not altogether surprising since the latter 

is a much better transfer reagent than carbon tetrachloride; 

abstraction of the bromine atom from this polyhalomethane 

is a more facile process than abstraction of a chlorine atom 

from carbon Geteachteridess 

ClCH, =CH=CH, + Brecl, > C1, CCH,CHBrcH, + -CCl, 5 2 3 

AH ol4-konl ai 

i -CH-CI C , vk 4 TUL 
C1CCH, CH Cie eC kL ee Nba aden ie rogke + OCR 

Ai # sAcikcal-mol’— 

However, the order of reactivity of the w-ealkenyltri- 

methylsilanes with bromotrichloromethane parallels that 

initially obtained by Mironov and Pogonkina for tha addition 

of thioacetic acid and is the reverse of the order reported 

by Chernyshev for the addition of carbon tetrachloride. 

Since the above transfer step is more favourable for brono~ 

trichloromethane, any rate governing radical intermediate 

stabilisation should be of more importance for the carbon 

tetrachloride addition; but a complete reversal of the 

reactivity order with bromotrichloromethane would not be 

expected since both reactions involve exOthermic addition 

of the electrophilic trichloromethyl radical.
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To explain the high reactivity of allyltrimethylsilane 

in this reaction Sakurai proposed an extra resonance effect 

Me SiCH CHCH CCl. <—---> Me Si--------—CHCH col, 
5 2 

CHy 

in the radical intermediate. Homoconjugation was the fave 

oured form of stabilisation in which the odd electron on the 

B-carbon atom was delocalised through the 3d orbitals of 

silicon. This is similar to an effect proposed by Nagy”” as 

a result of quantum mechanical calculations carried out on 

allyltrimethylsilane. His observations were interpreted in 

terms of a long bond, with a m-bond order of 8%, between the 

5d orbitals of silicon and the carbon atom in the B-position. 

This latter work has recently been criticiseds” molecular 

orbital calculations suggest that the planar trans confor- 

mation, which is required for this type of interaction, is 

unlikely to be very highly populated. Furthermore, a study 

of the high resolution n.em.r. spectra of allyl-silanes”! 

provided no evidence to support ground state dt-pi overlap in 

theee compounds and the photoelectron spectrum of allyltrieg 

methylsilane has been interpretea’® in terms Of Onn conjuge 

ation between the ethylenic t-system and the n-type CH, -St 

O molecular orbital. Sakurai favours stabilisation of the 

radical intermediate via homoconjugation rather than by O=—7% 

conjugation since the e value for allyltrimethyisitane’? 

(e = 0.01) is more positive than that of vinyltrimethylsilane 

(e -0.14). This was regarded as evidence for homoconj- 

ugation since it was believed that the positive e value was
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consistent with the silyl group: accepting electrons. 

Clearly therefore, when the results concerning the 

relative rates of addition of radicals to ise Linsey beta eee 

silanes are considered as.a whole, there are inconsistencies 

between the data reported by different groups of workers. In 

an attempt to determine the factors governing reactivity of 

allylsilanes in radical addition reartions and to clarify the 

question of reactivity order af weal kenyltrialkyiaddeness: he 

reaction of allylsilanes with aldehydes and polyhalogeno-- 

methanes was reinvestigated, and the rates of addition of 

iubpeng bitchveroactiant to compounds in the homologous series 

MegSi(CH,) ClCH, (n = 0-5) were redetermined. The relative 

reactivity of allyltrimethylsilane as determined by Sakurai, 

seemed too high for a reaction in which polar effects, 

although of importance, should’ predictably be of much less 

importance than for pure electrophilic addition. The result 

is also inconsistent with the not especially high reactivity 

of the B-hydrogens in Krusic and Kochi's work on abstraction 

from aityieeionsse. The effect of electron withdrawing 

groups on silicon was also examined by determining the 

relative rates of addition of bromotrichloromethane to silanes 

in the series Ph,Si( cH nClscH and C1 Sil CH ) CHSCH 2) 2 2 2 

(n = 0-3). It also seemed of interest to examine the react- 

ivity of wealkenylsilenes with thiyl radicals. Addition of 

thiyl radicals has been shown by Walling’+ to parallel react- 

ivity with trichloromethyl radicals; it is known that thiols 
8,23,32 

; 

add readily to allylsilanes and problems from instab- 

ility will be absent since the products contain no B-sub- 

stituents.
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he The Reaction of Allylsilanes with Radical Reagents. 

Using essentially the same reaction conditions as 

Chewny shox, aliyltrimethyletiene was reacted at reilux with 

a three fold excess of carbon tetrachloride in the presence 

of benzoyl peroxide as initiator. Under these conditions 

addition of carbon tetrachloride was a«rapid process the 

reaction being complete within three hours. The change in 

Eks absont Wak positions of the terminal methylene and methine 

protons facilitated the monitoring of the reaction by n.em.r. 

spectroscopy. The addition compound could be isolated in 

good yield (Table 2.) by vacuum distillation of the products. 

However, once optimum yield had been ettained, the 1:1 

addition product readily decomposed at reflux temperatures 

(80°) by a Beelimination mechanism to give trimethylchloro- 

Silane and 4,4,4-trichlorobutel-ene. Decomposition was found 

to be complete within 24 h. The addition compounds of vinyl- 

triethylsilane and but-3-enyltriethylsilane were previously 

erapeeaa using reaction times of 50 he. and the use of similar 

reaction times for allyltrimethylsilane would undoubtedly 

lead to complete decomposition of the addition product. It 

therefore seems likely that Chernyshev, not finding any high 

boiling materials amongst his products, assumed wrongly that 

no reaction had taken place. 

To test this hypothesis, the products of reaction after 

48 h. reflux were examined. As expected, the major products 

were those formed by B-elimination; trimethylchlorosilane 

and 4,4,4-trichlorobut-l-ene. By examination of the higher 

boiling residue two other products were identified. The 

first of these trimethylbenzoxysilane, was probably produced
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Table 2. Addition products from reaction of allylsilanes 

with poyhalogenomethanes. 

  

Compound : React. React. Yield M.p./B.p. 

Time. Temp. 

Me,SiCHCHCICH,CCl, 2.5 h. 80° 60% 70-72°/1 mm. 

Me,SiCHCHBrCH, CCl, 6 biel S60" 80% - 

Me,S4( CH) CCL, 48h, 63° 15%  50-52°/1 mm. 

Ph,SiCH,CHC1CH,CCl, © 1h. 95° 80% a 

PhzSiCH,CHBrCH,CCl, 6h, 60° 100 45-49° 

Ph,Si(CH,) CCl, Seni 75" 65% 81-88" 

CL,SICH,CHCICH,CCl, 24h, 80° 29% 69=71°/0.7 mn. 

Cl,SICH,CHBrCH,CCl, 1.5 h, 104° 14%  84-85°/0.35 mm. 

Et,SicH CHCICH,CCl, 5.5 h. 80° 95g - 

Bt ,SicHCHBrCH,CC1, 4he 60. 1004 : 

by subsequent reaction of trimethylchlorosilane with benzoic 

acid (a major decomposition product of the initiator). 

The 1 ¢ 1 addition product of carbon tetrachloride and 

4,4,4-trichlorobut-l-ene was also identified although it 

' represented less than 1% of the reaction products. Since 

4 hottie orcaiveiweté is known to be very unreactive with 

bromotrichloromethane>” the poor yield is not surprising. 

As final proof, the reaction of carbon tatvechionee with 

allyltriethylsilane (the silane used by Chernyshev) was 

followed by nem.r. spectroscopy and an estimated yield of 

95% of the 1 : 1 adduct was obtained after 5.5 h. The higher 

boiling point of this product relative to that of allyltri- 

methylsilane precluded its isolation by conventional vacuum
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distillation bona iedess 

Addition of carbon tetrachloride to eyigt tripheny la {late 

was also a rapid process reaction being complete after J oh. 

on this case, product decomposition by B-elimination was 

wes wich slower in keeping with the increased stability 

boutorred on B-haloalkylsilanes when alkyl groups attached to 

silicon are replaced by phenyl gpouje Tn contrast, reaction 

of carbon tetrachloride with allyltrichlorosilane afforded ~ 

only a ca SielaiG, 15° adduct. IM.8..L8 NOt surprising. 

since strong electron withdrawal by. the erigitanses 1 ¥3 group 

/ would make attack by the electrophilic trichloromethyl 

radical a much’ less favourable process. 

Reaction of chloroform with bie allylsilanes gave 

generally lower yields of addition compounds. This is as 

expected since chloroform is ccs poorer transfer reagent 

then carbon tetrachloride. 

aCe Cl .CH,-CH_-CH °C C1,CCH,-CH-CH, + HCL, > C1,CCH-CH,-CH, + -CCl, 

et. | >ad48 kohk moun 

In the previous examination of the addition of bromo- 

trichloromethane to wealkenyltrimethylsilanes<® it was 

stated that the adduct with allyltrimethylsilane could not 

be isolated because of its rapid decomposition by. B-elimin- 

ation. However in the present study it was possible to 

isolate this product in high yield using a reaction temper~ 

ature of 60°. Under similar conditions the bromotrichloro- 

methane adducts of allyltriphenylsilane and allyltrichloro-
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“silane together with that of allyltriethylsilane were also 

isolated in good yield. 

In an Brananatied of the reaction of allylsilanes with 

n-butyraldehyde under radical conditions, low yields of adducts 

were obtained for allyltrimethylsilane, allyltriphenylsilane 

and allyltriethylsilane. The isolation of any addition 

compound is surprising in view of the donor properties of 

both the silanes and the acyl radical. Presumably the 

enhanced stability of the Besilyl radical tht emesis is 

sufficient to promote the acyl radical addition stage of 

the reaction. : 

Se The Relative Reactivities of weAlkenylsilanes towards 

Addition by Trichloromethyl Radicals, 

The relative rates of addition of trichloromethyl 

radicals to the three series of wealkenylsilanes have been 

tabulated (Table 3.) dat represented graphically (Fig. 2.). 

By comparison of the relative rates of reactivity for 

the wealkenyltrimethylsilanes with those previously 

determined by Seu it can be seen that excepting for 

allyltrimethylsilane the figures are of comparable magnitude. 

The high figure previously reported for allyltrimethylsilane 

is difficult to rationalise. A repeat of the exact conditions 

used by Sakurai gave a figure of 1.72 for the relative react} 

ivity of this compound. Clearly this new figure is more in 

line with that predicted from a consideration of inductive 

effects (1.57) and polar and resonance effects in the reaction. 

Steric effects provided by chlorine substituents should 

be similar to those of methyl groups. ‘Thus the lower general 

reactivity of the wealkenyltrichlorosilanes must be largely 

electronic in origin and is in keeping with strong electron
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Table 3. Relative rates of addition of trichloromethyl 

radicals and n-dodecanethiyl radicals to 

Wealkenylsilanes. 

Compound. 

as eT 
Me ,SiCHSCH, 

3 iCH, CH=CH, 

Me, Si (CH, ) ,CHICH 

Me 

Me,Si(CH,) ,CH=CH 

2 

2 

Me,Si(CH,) , CH=CH, 

Me Si(CH,) CH=CH, 

Ph, SiCH=cH 
2 

Ph SICH, CH=CH, 

Si(CH,) .CH=CH, 

C
H
E
N
 

Ph 

Ph CH=CH 
2) 2 

SiCH=CH,, 

SICH, CH=CH, 

Si Gis Cl: Si(CH,), on. 

Si(CH 

Cl 

Cl 

QQ 
CA

 
Or
 

O
S
 

w
 

i Ge 61,51 (CH,) ,C CH, 

1.00 

1.96 

1.31 

1.09 

0.93 

0.89 

0.223 

1.18 

0.573 

0.604 

0.518 

0.606 

0.628 

0.642 

Relative Rate Kk Ak Av. Devs 

£0.21 

40.04 

£0 .04 

£0.06 

£0.06 

£0 005 

£0.09 

£0 .037 

£0 .043 

£0 .002 

£0,024 

£0 014 

£0,055 

(1.00 

(0.26 

- 

- 

a relative rates of addition of n-dodecanethiyl radicals
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Relative rates of addition of trichloromethyl 

radicals to wealkenylsilanes at 60° 

oO Me, Si( CH, 

Golo o. ibn 6; C1, (CH, ) CH CH 

) CHECHS 5 4 Ph, Si(CH,) CHRCH, 5 

Ou 

  

      - ~ - 

  Vv



Ln 

" withdrawal by the trichlorosilyl ates A general increase in 

rate as the chain length increases is also expected as the 

effects of this group diminish. The absence in allyltri- 

chlorosilane of any significant enhanced reactivity means 

that radical and transition state stabilising effects are of 

less importance than for allyltrimethylsilane. Clearly a 

homoconjugative effect of the type proposed previously”> 

should be more important for the trichloroe- compound where 

the silicon atom is more electropositive. ogverssiy Ont 

conjugative effects stabilising either polar effects in the 

transition state or the radical intermediate will predictably 

be of much less importance. It therefore seems more likely 

that resonance interactions have a limited effect upon the 

reactivity of these compounds in radical addition reactions, 

but where effects are observable, these are more in keeping 

with the concept of o=n conjugation. 

The wide divergence of rates in the wealkenyltriphenyl- 

silanes and more particularly, the high reactivity of allyl- 

triphenylsilane, are at first sight unexpected. Although the 

on value for the triphenylsilylmethyl ia +0.09, is in 

line with some electron donation, its electron releasing 

effect should be decidedly less than that of the trimethyl- 

silyimethyl youn Oe =0.26. Thus on the grounds of induct- 

ive effects alone, a large increase in reactivity for allyl- 

triphenylsilane relative to but-3-enyltriphenylsilane would 

not be expected, although the general increase in rates 

throughout the series is consistent with the diminishing 

effects of the sterically bulky phenyl substituents. -Since 

there was only one previously reported determination of on
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for the triphenylsilylmethyl moiety it seemed worthwhile to 

clarify this point by a redetermination using another method. 

It has previously been observed that a good straight line 

correlation exists between the i.r. Si-H absorptions for 

compounds of the series RSIMeH and the oF constants for 

the corresponding groups’~ R . This correlation is repre- 

sented graphically in Fig. 3. Thus a knowledge of the i.r. 

SieH absorption position for ( triphenylsilylmethyl)dimethyl- 

silane enables a new figure for oF Of Ph, SiCH,= to be deter- 

mined. Initial attemps to prepare (triphenylsilylmethyl)- 

dimethylsilane via the Grignard coupling of dimethylsilyl- 

methylmagnesium chloride and triphenylchlorosilane were 

unsuccessful, high yields of triphenylsilane being isolated. 

The implications of this and other related reactions are 

discussed in another part of this thesis. Preparation was 

finally effected by coupling of triphenylsilylmethyllithiua 

with dimethylchlorosilane. Accurate deternination of the 

Si-H absorption position in the infra-red gave a figure of 

+0.04 for o* of Ph, SicH -, in close agreement with Brook's 

original figure. 

Thus the high reactivity of allyltriphenylsilane with 

bromotrichloromethane cannot be explained colmie Be a consid- 

eration of inductive effects. Work carried: out previously on 
r 

a series of phenylalkenes>” Ph( CH, ) CHSCH, provides some clues 

to the solution of this problem. The rates of addition of 

trichloromethyl radicals to this series of blefing wes found | 

to reach a maximum when n x 2. These results were interpreted 

in terms of an initial formation of.a nt-complex between the 

aromatic ring of the phenyl-alkene and the trichloromethyl
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radical. Addition within the complex of the trichloromethyl 

radical to the double bond of the side chain then takes place 

(Fig. 4.)+ It was argued that if addition does occur within 

Fig. 4. 

  

a complex, there should be a dependence of the rate of 

addition on the number of carbon atoms in the chain separating 

the double bond from the aromatic ring. If no complex is 

formed, or if addition is predominantly intermolecular, no 

such dependence should be noted and all members of the series 

should react at nearly the seme rete. The variation in rates 

for this series of compounds is shown in Table 4. 

Table 4. Relative rate constants for the addition of 

  

trichloromethyl radicals to Ph(CH,) CHSCH, 
n 

oO 
8009 65°. 

ae Relative Rate a): Relative Rate 

a 1.00 4 1,10 £0,0% 

2 1 22-0204 3 1,00; tOv0r 

5 1.13 40,02 6 0.82 £0,01
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Similar arguments have recently been advanced to: 

explain large changes in the rates of benzilic hydrogen 

abstraction by trichloromethyl radicals for a series of 

«<,W-diphenylalkenes Ph(CH ) f2 nS O68, 2 

Such an effect , were it°operating, should be of 

considerably more importance in a series of w-alkenyltri- 

phenylsilanes ae these compounds contain three phenyl 

groups attached to the same site. On the basis of the 

previous investigation maximum reactivity would be expected 

for allyltriphenylsilane, i.e. where the double bond is four 

atoms away from the aromatic rings. Thus the high reactivity 

OL allyltriphenylsilane in this reaction is best explained 

in terms of this complexing effect. 

4. The Addition of Thiyl Radicais to w-Alkenyltrimethylsilanes,. 
  

A more limited investigation of the addition of 

n-dodecanethiyl radicals to wealkenyltrimethylsilanes was 

also carried out. In the light of a previous study’ 2% 

might be argued that the relative rates of addition of thiyl 

and trichloromethyl radicals to wealkenylsilanes should 

parallel one another. The rates of addition of thiyl radicals 

to vinyltrimethylsilane and allyltrimethylsilane are clearly 

at variance with this rationale. The results ep otiane easily 

interpreted if the steric effects brov idea’ be the thiyl 

radical becomes important in the formation of the radical 

intermediate. Competitive reactions carried out previously*” 

on a series of terminal olefins, show that the reactivities 

towards free radical addition by mercaptans are influenced by 

the extent of substitution on the 4ecarbon of the olefin. It 

was found that the order of reactivity, 2-methylpent-l-ene >
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2,4-dimethylpent-l-ene > 2,4,4-trimethylpent-l-ene towards 

addition by eee Mierckbtan was parallel to that predicted 

by Newman's anblrieat "nule of aig whereas reactivities 

of these olefins towards addition by bromotrichloromethane 

moe no appreciable differences. The relative reactivities 

of these olefins towards various thiyl radicals and: trichloro- 

methyl radicals are tabulated (Table 5.). 

Table 5. Relative reactivities of olefins towards addition 
39 

by various adding reagents. 

Olefin _n-C,H,,SH CH ay a ; cy ( gol BxCy oH, .SH Brocl, 

MeCH,CH,CMe=CH, . 1.00 71,00 1.00 7.00 

Me CHCH,CMe=CH, 0-26 os ~ 1.05 

Me .CCH,CMe=CH, 0,08 0.16 0.08 0.99 

These particular olefins were chosen because they could 

involve the type of steric effect suggested by Newman's "rule 

of six", namely that reaction at an unsaturated centre is 

sterically hindered by the atoms or groups positioned six 

atoms from the site at which reaction is taking place. 

Clearly, in the above series the number of hydrogens in the 

6-position increases from three to nine. Examination of the 

results shows that increasing the number of methyl groups 

on the 4“carbon atom of the Olefin, and hence increasing the 

humber of hydrogens in the 6-position relative to the terminal 

carbon atom of the double bond, does markedly lower the .S 

reactivity of an olefin towards addition by mercaptans. ,- 

These results are readily rationalised if the reversibility
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‘of the thiyl radical addition to olefins plays an important 

part in controlling the rate of reaction. The reversibility 

of thiyl radical addition to olefins’~ has been demonstrated 

by the rapid isomerisation of unchanged olefin in the addition 

of methyl mercaptan to cis-and to trans- but-2-cene. However 

it has been found that there is no isomerisation of the 

unchanged olefins in the addition of bromotrichloromethane to 

cis- and to niehics bien she and hence the relative rates of 

removal of the olefins from this reaction mixture is dependent 

only on the relative rates of addition of the trichloromethyl 

radical to the olefins, Thus the elimination of the thiyl 

radical is an important factor determining the reactivities 

of these olefins towards mercaptans. The small differences 

in reactivity towards addition by methyl mercaptan compared to 

the larger differences noted with n-amyl and n-dodecyl 

mercaptans is also consistent with this explanation. In the 

wealkenyltrimethylsilane series, the "rule of six" might 

logically be expected to be of most importance for allyltri- 

methylsilane, this compound having nine hydrogen atoms in 

the 6-position (Fig. 5.). Consequently, because of the 

Se 4 H 

C—H 

ss, 
4° 34 Big: Bs 

ae cai — H 

eee 5 nee 6 

importance of steric effects, the relative rates of addition



of thiyl radicals to wealkenylsilanes are of little use as 

a measure of olefin reactivity in radical addition reactions.
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POSSIBLE SYNTHETIC ROUTES TO SILACYCLOPROPANES 

le Introduction 

In recent years several unsuccessful attempts: to prepare 

compounds containing silacyclopropane or silacyclopropene 

rings have been reported in the literature. In the first 

recorded dobenpes Roberta?” treated bis(chloromethy1)=di-_ 

methylsilane with zinc dust in’ the hope of isolating 1,1l-di- 

methylsilacyclopropane. Under eomattons in which cyclo- *. 

Me CH.C1 ' Me OM 2 : 2 3 Zine dust, oe 

MoO ae cl oer “ae 
eo 2 

propanes are readily generated only (chloromethyl) trimethyl- 

silane and a small amount of tetramethylsilane were detected. 

More recently, several reports appeared from a Russian 

group of workers in which they claimed to have prepared a 

series of silacyclopropenes and Sermacveloprapened © 

Syntheses were effected by insertion of a divalent inter. 

mediate of the respective Group IVB metal into the multiple 

bond of. a disubstituted acetylene. Dimethylsilirene was 

| Ph 

C C Me 
| + Me,Siz —— | Ss 

C be its 

Ph Ph
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~ generated either by reaction of dimethyldichlorosilane with 

sodium in boiling xylene, or by thermal Gianvandoe of 

silicon-silicon bonds of the polymer (Me, Sie: The products 

isolated were stable high melting materials which were 

unaffected by aerial oxidation or by bromine in carbon 

tetrachloride. Molecular weight determinations carried out 

in solution gave consistent results by extrapolation to 

infinite dilution and infra-red spectra further substantiated 

the structure of the products. However later work disproved 

the original structures assigned to these produeta os and 

they were shown by mass spectrometry to be cyclic dimers of 

the type shown, Fig. 6. 

_ Me 

Si 

Ph Ve ~ Ph Mm’ 472 
yy i Pe 

C C 

Pic. 6. | | 
C C Theory for silae 

Ph Va “Ph 
cyclopropene 236 

AN 

Me Me 

Conolly and Tene studied the Wurtz reaction of (chloro- 

methyl) trimethylsilane in a variety of solvents. To account 

for the formation of some of the products 1,1-dimethylsila- 

cyclopropane was suggested as an intermediate although this 

was not isolated. —
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Me SicH,¢l + 2M a nO ene + MCl 
5 2 

coupling 
earapret crs Me, SICH, CH, SiMe, + MCl 

Me,SicH.M + Me,SicH,cl 
2 3 2 | JN 

> Me,Si + Me.Si | + MCl 
«<-elimination ? : ~ 

CH 

C-C cleavage 
  > Me,SicH,CcH, SiMe CHM 

  

  

! 2 2 Cs Ae 

Me .SicHM + eee, 

CH 

L > Me SiCH SiMe CH CHM 

Si-C cleavage 5 e oes 

In a subsequent attempt to isolate a silacyclopropane 

Skell and @clasteth” studied the vapour phase reaction of 

bis( chloromethyl)-dimethylsilane with sodium/potassium in a 

helium atmosphere. None of the ring compound was isolated 

but the presence of vinyldimethylsilane amongst the products 

_ was suggested as evidence for its intermediacy. They attr 

ibuted the large difference in thermal stability of cyclo~ 

propanes and silacyclopropanes (OE yy 50 keal mol} to the 

enhanced strain in the latter due to the presence of the 

silicon atom; C-Si-C bond angle 48°, 

  

CH,C1 CH HECI ee iS Na/K oe 2 | CH, 

Me,S4 ———>  wMe,si< | ——~» Me, $1 
Ne 260-280° 2 ae 2 

CH, C1 CH, H
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In the light of these results it seemed likely that a 

ring compound might be isolated when milder conditions were 

used for cyclisation; the attempted cyclisation of a Grignard — 

_ reagent would provide such a route. The high reactivity of 

the #biicoweoheerine bond towards coupling with Grignard : 

reagents made the ingrambleauiar reaction of a B-silyl- 

Grignard reagent a particularly attractive possibility 

although phenyl substituents enw took would be necessary © 

to stabilise the Grignard reagent relative to elimination of 

scnpiene. ee | | 

2. Results and Discussion 

The desired starting material, B-bromoethyldivhenyl- 

chlorosiiane (I) was prepared by addition of hydrogen bromide 

to vinylcaiphenylchlorosilane. 

HBr 

CHp=CHSiPh,C1 > BrCH,Ccl,SiPh,ol 

I 

  

However, no definitive proof of silacyclopropane 

formation was obtained when I was reacted with magnesium in 

diethyl ether. The major product, identified by nom-r. 

appeared to be ethyldiphenylchlorosilane. This was presumably 

; CH, 
Mg/Et.0 

C1PhgSicH,CHBr ————-—“—> C1Ph,SiCH, CH, MgBr —\->Ph,si 

I *cOH 

roped by hydrogen Percraceion by the Grignard reag sent from 

the solvent. No n.m.r. signal was observed in the region 

up field from t 9.4; the expected position.for absorption of
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~gilacyclopropane ring protons. However, by chromatographing 

the products on silica gel a compound was isolated whose 

nem.r. spectrum was consistent with the cyclic dimer. 

-Ci 

a Pig 2k 
Ph,Si SiPh, 

2 

ee 

An alternative route to a ring compound seemed to be 

via the analogous gem-dimethyl Grignard reagent (II); gem- 

dimethyl groups at the reactive centre are known to accelerate 

oyciieeurons” Reaction of (2-bromo-2-methylpropyl )diphenyl- 

chlorosilane (III) with magnesium in diethyl ether led to a 

number co? reaction products whose formation are represented 

in the scheme below (Fig. 7.). 

Me 

C1Ph,SicH,¢—Br Tle] 

Me 

Mg/Et,0 

Me 

C1Pho Sich, C— MgBr IT Fige Ts    

    

   

  

Me 

\ Me 

a ~ > SOT. wm (XT. PhoSiBrcl + CH,=C oe ey 2 

Me Ne 

(21%) (16%) 

M 6 

Me 
ClPh, Sich 

C1Ph,SicH,CH 

Me 

Me (154)
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The products so obtained were easily identified by their 

characteristic n.m.r. spectra. I.r. analysis of the reaction 

products pointed to the presence of trace quantities of a 

hydrosilane. This could have arisen by breakdown of the 

intermediate silacyclopropane in a similar fashion to Skell's 

product although proot of this is: not. conclusive. - ‘The 

absence of an n.m.r. signal upfield from t 9.4 in the reaction 

products was indicative of no three membered ring compound 

formation. | 

On contact with trace quantities of aluminium, III 

readily decomposed, breakdown being complete within 24 h. 

  

  

Me fe y 

C1Ph,SichH,C—Br ne Ay rs oS 

Me Br Me 
Te (60-65%) 

-HBr 

+HBr 

CLPh,SicH C=CH (134 
et gran Me CBr 
Me 

( 20-252) 
on ee 

oN (12%) 

Me Ee 

This type of decomposition is in sharp contrast i the stab-~ 

ility normally conferred on Behaloalkyl silicon eonpounds 

with chlorine or phenyl substituents on eiticon. Thus 

B-bromoethyltriphenylsilane has no tendency towards B-elimin- 

ation or loss of hydrogen bromide at room temperature.
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THE REACTIONS OF HYDROSILYL GRIGNARD REAGENTS 

WITH CHLOROSILANES 

ne Introduction 

, Although the reaction of hydrosilyl Grignard reagents 

with chlorosilanes has prem/oisly ceceted Limited invest- 

igation, reports to date would suggest that reactions proceed 

in a normal fashion to give hel Ox nemeed coupling products + 

Greber and Degler°” were the first. to report the preparation 

of a hydrosilylmethy1 Grignard reagent; they onde rred that 

e( ghaeconetkeineanethy 6 tbenc reacted with magnesium in 

anhydrous tetrahydrofuran to give the corresponding Grignard 

reagent in 95% yield. Subsequent reaction with dimethyl- 

dichlorosilane and with ww!-dichloropolysilmethylenes 

afforded ww'-dihydropolysilmethylenes cok yield. These 

c1siMe MgCl CH,SiMe ) SiMe Cl + eile, SidH, 
% 

2! 2 2 2 

H 

pee 2 

H H 

SiMe SiMe 
2) nse} 2 

workers also Oterved that this Grignard reagent coupled 

readily with trimethylchlorosilane to give (dimethylsilyl- 

methyl)trimethylsilane (IV) (80%) and with ( chloromethy1)d4- 

methylchlorosilane to form (chloromethyl) (dimethylsilylmethyl)- 

dimethylsilane. (Chloromethy1)(dimethylsilylmethyl)dimethy1- 

1 cA : : BSR a sic. a , ean eats 
eae $ C1LCH,SiMe,C1 - Meo Sich SiMe CHCl 

H in 

L78g)2% |
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silane was found to react normally with magnesium in tetra- 

hydrofuran to give the Grignard reagent (95%) and further 

reaction with trimethylchlorosilane afforded 1,1,1,3,5,5,5~- 

heptamethyltrisilmethylene in good yield. 

Hl = i i it J M ae, i S i y, 5 i A > iM Me SicH,SiMe,CH, gcl + Me, Sicl oo eee e 

H H 

20H, SiMe, 

Subsequently, these results were partially confirmed by 

Schmidbaur and Wealémann’ who observed that dimethylsilyl- 

methylmagnesium chloride was produced in 93% yield by reaction 

of (chloromethyl)dimethylsilane with magnesium in dry diethyl 

ether and that this coupled normaily with trimethylchloro- 

silane to give IV. 

i vi : 5 J ne \ Sj I i Vi es + Me,Sicl te ee IV 

H H 

More recently, Owen and Cooke” investigated the reaction 

of a dilute solution of (bromomethyl)methylsilane with 

magnesium in diethyl ether and reported a Grignard analysis 

of 70¢. Reaction with dimethylchlorosilane and tributyltin 

chloride gave good yields of coupling products. 

H H 
| Zo | 

MeSiCH .MgBr + Me,St —— > MeSiCH,SiMe 
| 2 e an | Z| ras 

H H H 

| H 
MeSicH MgBr + © BU SHC. ee > MeSich, Sabu, 

pet, E &- | 

H : Hh
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ee The Reaction of Triphenylchlorosilane with Hydrosilyl- 

methyl Grignard Reagents 

It has previously been pointed out (Chapter 1.) that 

a redetermination of o for Ph Sich, necessitated the 

preparation of (dimethylsilylmethyl)triphenylsilane. In an 

initial attempt to prepare this compound, the reaction of 

triphenylchlorosilane with dimethylsilylmethylmagnesium 

bromide was examined, since in the light of the previous 

reports it seemed probable that the coupling product would 

be formed in good yield. However this reaction was found to 

give predominantly triphenylsilane (914) and (dimethylsilyl- 

methyl)trimethylsilane IV (80%) together with smaller 

quantities of higher molecular weight products of the type 

Me SiH(CH SiMe, ) CH 
2 2 

main products from this and some related reactions are given 

SiMe, where n>? 1. The yields of the 

in Tables 6 and 7. 

The reactions of methylsilylmethylmagnesium bromide and 

methylphenylsilylmethylmagnesium bromide with triphenylchloro- 

silane followed similar pathways, good yields of triphenyl- 

silane being isolated together with little or none of the 

~ normal coupling products (Table 6.). 

Triphenylsilane was shown to be absent foe tha products 

of reaction of triphenylchlorosilane and diphenylsilylmethyl- 

magnesium bromide and presumably in this case, the steric 

constraints imposed upon the transition state npa- Boe great 

for reduction to take place. on 

Reaction of triphenylchlorosilane with dimethyldeuterio- 

silylmethylmagnesium bromide produced triphenyldeuteriosilane 

as the exclusive reduction product, whilst work, up of the
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“Table 6. Product yields from the reactions of hydrosilyl 

Grignard reagents with triphenylchlorosilane. 

  

Grignard (Conc. mol.) Products (4%) 

MepSiHCH MgCl (0.06)” Ph, SiH (91), Ph ,SLOH oh 

Me,SiHCH, SiMe, (80), 

ss Me SiH(CH SiMe,) CH,SiMe, (20) 

Me SiHCH MgBr (0.08) * Ph,,SiH G77}, Ph,,S10H (20), 

Me SLHCH, Silfe , (60), 

: Me,SiHCH, (Sille CH.) Sille,, (20) 

Me)S1DCH MeBr (0,026)” Ph,SiD (67), Ph,Si0H (29) 

Me, SiNCH MgBr (0.06)° Ph S1H (G1). Ph,,3i0H (5) 

MeSiHCH, MgBr (0,04)” Ph, SiH (75), MeSiHCH, SiMe H (58) 

ae Ph, Si0H Lays Ph, SiCH,SiMeH, (12) 

MeSit CH MgBr (O04) " Ph, SiH (58), Ph, Si0H (24), 

: Ph,Sici, SiMe, Cis); 

PhMeSiHCH MeBr (0.049) Ph, SiH (80), Ph,Si0H (15), 

: PhMe, SiCH,SiPhMeH 75} 

Ph, SiHCH MgBr (0,04)” Ph,Sik to), Ph, MesiH (190) 

PhoSiH(CH,) MeBr (0 le Ph,SiH (50) 

Me, S1H(CH,) MgCl (0,045) Ph,SiH (79) 

Me,SiH( CH) Mel (0.02)” Ph, SiH (62), Me,PrSil (trace), 

: | Prife,Si(CH,) SiMe H 

MeSiH,(CHg) Mg (0.016) Ph SiH (60) 

b 
S3LHCH_SiN } é Ph, Si Me SAHCH SiMe CH Met (0.04) 3° H (45) 

b 
“Tri phenyl chlorosilane concentration 0,02 mol. Solvent 

diethyl ether. “Reaction terminated with deuterium oxide. 

P sgivent tetrahydrofuran. “Grignard reagent prepared from 

magnesium of improved purity.
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“Table 7. Miscellaneous reductions and attempted reductions 

with Grignard reagents in diethyl ether. 

a 
Grignard Reactant. 

(Conc. mol.) 

  

Me ,SiHCH MeBr Eh Mesicl 

(0.03) 

: 4 
Me, SLHCH Me Br Me, Sil 

(0.02) 

Me, SiHCH .Mgbr Ph, Si0Me 

(0,02) 

Me Sich MgBr Ph, Sil 

(0.04) 

MeoCHCH MeBr Ph Sicl 

(0.04) 

®concentration OZO2F mols 

oxide. 

Products (%) 

Ph MeSin (49), 

hsiostcn a liie 
Phy eSich,SiMe (44) 

Me, Sich, SiMe H (39) : 

Me SiHCH SiMe CH (24 e, Sit 2oiMe CHD ) 

Ph,,Sil fO)5 

Me StHiCH. SiMe, )CH_SaMe (14) 

Ph,,S10H (100) 

Ph SiH (4), Ph_SiCH CHMe (92 < (4), goiCHCHMe, ) 

b 
Reaction terminated with deuterium
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reaction between dimethylsilylmethylmagnesium bromide and 

triphenylchlorosilane with deuterium oxide gave only tri- 

phenylsilane. These results clearly indicate direct transfer 

of the silyl hydrogen from the Grignard reagent to the silyl 

halide and preclude the formation of triphenylsilylmagnesium 

bromide as a reaction intermediate. 

The easier transfer of the silyl hydrogen relative to 

hydrogen attached to carbon was demonstrated by the reaction 

of isobutylmagnesium bromide with triphenylchlorosilane 

(Table 7.). In this case coupling was the predominant route 

of the reaction, triphenylsilane being detected as only a 

minor product (4). 

Se The Mechanism of Reduction. 

A number of possible mechanisms can be suggested to 

explain the formation of the observed products. It has 

recently been agtatitsnea” that the formally analogous 

reductions of alkoxy- and chlorosilanes by alkyl Grignard 

reagents proceed by two parallel routes. However it should 

be mentioned that these reductions only occur with sterically 

hindered chlorosilanes and then only at elevated temperatures 

(Fico), Route (a) is via the magnesium hydride formed from 

2RCH CH MgCl ———> @RCHSCH, + MgH, + MgCl 
2 2 

ies oe 2R.SiH + MgCl 
-2R,SiC1 ° 2 

thermal decomposition of the Grignard reagent and route (b) 

53,54 
by direct reduction through a six centre transition 

state.
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ae 

— H 

cr a , cet 
: H ———"> Pa.SiH «©: MgCl s+ !RCHecH 

pH ° 2 © 
Ph,Si, a 

Ne R 

“Hy 

In the case of the hydrosilyl Grignard reagent ‘the 

generation of magnesium hydride could occur via two routes, 

Firstly (1) by the coupling of one Grignard molecule with 

the silicon hydride bond of another molecule of Grignard 

reagent. 

Ree ae 

\ i i MgB Ml H+ ag et ie ets gBr + 1/2MgH, 

ee: H . 

H_O 1/2M H : /2 gBr, 

wh) 
IV 

However previous reports suggest that whilst this type of 

coupling may be important in tetrahydrofuran’? it does not 

: 56 
normally occur at measurable rates in diethyl ether. 

Magnesium hydride might also be generated by thermal elimin- 

ation from the Grignard reagent (2) in a similar fashion to 

normal’ alkyl Grignard reagents. This route requires the - 

formation of a silicon-carbon double bonded intermediate V; 

such an intermediate would be expected to react almost
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Me, SicH MgBr ——> Me,Si=cH, + 1/2MgH, + 1/2MgBr 
& he 

| 
I (V) 

2 

(2) >» Me 
\ Mor F mot ae ee 

H 

YH SiM rH Mgt fe ge 

H 

instantaneously with excess Grignard reagent to give IV after 

hydrolysis. This mechanism appears more attractive in the 

light of recent Nis craetone which suggest that there 

are a number of reactions which appear to involve such species 

as intermediates. Fritz and wowarkert es have suggested the 

intermediacy of 2esilaisobutene V to explain the formation of 

some of the products from the pyrolysis of tetramethylsilane. 

  

  

  

} 5 A I46 e Me ,Si MeSi + Me 

Mee + Me, Si $e CH, + Me Sich» 

Me Sich,» Mee + Me, Si=cH, 

CH 

eMe,SiscH, oe 

CH, 

The formation of V as a product BrocuMeon has also been 

suggested” in a more recent study of the pyrolate of 

tetramethylsilane. The t-bond energy of V was estimated as 

lying between 30 and 42 kcal mol”, the t-bond energy in the 

analogous isobutene is about 60 kcal mo17-, 

Similar intermediates have been proposed by Davidson’”
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to account for the formation of 1,3-disilacyclobutanes in 

the pyrolysis of trimethylsilane. 

  

CH 
YA ie 2 

2CH 25h > MeHSi SiMe 
Me te ae 

CH, 

CH 
ie 

Me 

CH “sit + CH .=SiMe —_—_—-—> Me A < 
en 2 2 2 H a 

CH, 

CHo 

2 ie, ‘Ssute, 

, — 
2 

2Cli,=SiMe 

Gusel'nikov and Flowers°° studied the pyrolysis of 

1,l-dimethylsilacyclobutane and the formation of 

1,1,5,3-tetramethyl-1,Z-disilacyclobutane was attributed co 

the dimerisation of intermediate V. 

CHo 
M an a es ~~ 

SI — Me Sisch, Me,Si Silles 
Me : a 

Cl + CH, 

CH=CH, 

‘ Aa 

Strong evidence has been reported, in favour of the 

intermediacy of 2-silaisobutene, in the pyrolysis of allyl- 

trimethylsilane in which it was trapped by a Diels-Alder 

reaction with 2,5-dimethyle-1l,3-butadiene.
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Jee, OH MeCH=CH, CHo 

Me,Si Ck ea + Me Si ‘SiMe 
a Meer 2 2 2 a - oc << ve 

CHs H Me, Sich, CH, 

TES Me 

Me Me Me 2° ab 

\ gs | 

Me 

The involvement of silicon-carbon unsaturated species 

has also been proposed in a number of non pyrolytic reactions. 

Kumada et a examined the reaction of (1-bromomethyl)tetra~ 

methyl-l-phenyldisilane with sodium ethoxide and suggested 

the formation of 2-phenyl-2esilapropene to explain the 

Me Me Me 

3 oe aie (y : 
i. ee ig CHs b= vBemempanans wea: cameron: AS? CLS 1 Pan WPS, «3 

Me Ph 
+ 

Me Me Me 

- s a 2 * ext 

kee Sa a 

| : 
Ph Ph er eee. 

Me 

| EtOH 
  EtO—Si~—Me < 

Ph 

production of two of the observed products, namely trimethyl- 

ethoxysilane and dimethylphenylethoxysilane.
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The reaction of dimethyldichlorosilane with lithium in 

tetrahydrofuran?” yielded polymeric material containing the 

silicon-hydride moiety and the formation of en unsaturated 

precursor was again proposed to explain product formation 

  

Ld 
Me,sicl a ME Sis) c+  2LICL 

as THF 2 

Me —S4 ——_—_——> |Mesi=cu, <—> Mest—CH, 
: | 

H H 
CH H ; 

fe, S43 k Me,Si 

ng 

ae 

fo. —s1— on, 

e/k 

Penden” interacted Fe(CO) Cp” and (chloromethyl )di- 

methylsilane and after treatment with triphenylphosphine he 

isolated Me ,SiFeCOCpPFh,, in good yield. The suggested course 

' Of reaction was via an alkene elimination followed by an. 

iron hydride addition to the unsaturated species. It was 

4! —__> i=c 1 geet a 
“ana Me,Si CH + FeH Me Sie 

H V 

pointed out that formation of V in no way vitiates the mech- 

anism since the intermediate need never leave the coordination 

sphere of the iron atom and might thus be stabilised in a 

manner similar to cyclobutadiene in the complex C,H
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: : 65 
The most interesting report comes from the Lappert. group 

who examined the reaction of dimethylsilylmethylmegnesium 

chloride with (PhP) hol. The formation of (PhP) .RbH was 

    

Me.S4 
(PhzP) RhCl + Moots Mes a gt = 

H H CH, 

(PhP) .RhH 

suggested to occur via the intermediacy of V. 

Because of the intermediacy of silicon-carbon double 

bonded species in this wide range of reactions, it seemed 

possible that thermal elimination of magnesium hydride and 

formation of V might be important in the reduction of 

triphenylchlorosilane by dimethylsilylmethylmagnesium broriide. 

In order to assess the importance of self coupling in this 

reaction the decomposition of dtmeGiyiehay line tip Tnech eaten 

bromide alone was examined in tetrahydrofuran. Whilst 

formation of Me,SiHCH.SiMe CH MeBr and products of the type 2 e 2 
MeoSi( CH SiMe ) CH SiMe CH MgBr n>1 occured at a measurable 2 2 

rate, this was very much slower than the rate of reaction of 

dimethylsilylmethylmagnesium bromide with triphenylchloro- 

silane (Figs. 8 and 9.). Consequently magnes4um hydride 

formation, via coupling or thermal elimination, can be 

dismissed as major contributory pathways to product formation. 

Self coupling of methylsilylmethylmagnesium bromide was 

found to be a much more rapid process. A 20% solution of 

(bromomethyl )methylsilane in anhydrous diethyl ether was
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Percentage coupling SEE 

Fig. 
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reacted with magnesium and the solution was refluxed for 

0.5 he. After hydrolysis higher molecular weight products 

were detected in 44% yield. Clearly in this case reduction of 

triphenylchlorosilane via magnesium hydride could account for 

a large proportion of the triphenylsilane produced. 

For the reaction of triphenylchlorosilane with dimethyl- 

silylmethylmagnesivum bromide several other possibilities 

exist for the mechanism of formation of the observed products. 

A feasible route would be by direct reduction through a six 

centre transition state in an analogous fashion to reduction 

3,54 5 
by alkyl Grignard reagents. Clearly this mechanism 

  

; 

Me 

(3) Cl CH J 

| Me oe Ph SiH + MgBrCl + Me,Si 
Ph,Si Si, ' 2 

. Me 
\ sy CH, 

Me. SiCH_MgI ee gBr 

4 

H 29 ; 
<. 

! MI IV. wie) age Ge ae 

H 

would again involve the formation of the intermediate V. 

An alternative route (4) involves direct reduction 

through a transition state incorporating two molecules of



ees 

Grignard reagent, with simultaneous formation of the Grignard 

self coupling product. Although this mechanism involves 

Br 

Mg 
eS H 

e f 
Es CH. Si—Me 

ee 
| Me ———————> Ph_,SiH + MgBrcl 

PhS Si——CH MgBr 3 
Se | ~~Me 

ak Me + 

H 

Mee ea 
(4) 

H 

H_O 
2 

Iv 

three reacting molecules it could be a pathway of lower 

energy than (3) since it does not require the formation oe 

the high energy intermediate V. 

Analysis of the products of reaction of triphenylchloro- 

silane, n-propylmagnesium bromide and dimothy Lpheny tiene 

showed triphenylsilane to be absent. If reduction Occurs 

via (4) it might be expected that the above system would 

afford good yields of triphenylsilane. However tn the 

former case, electron donation from thee methylene group 

probably labilises the silyl hydrogen thereby promoting the 

reaction. Since silicon interacts electronically with B and 

to a lesser extent ¥Y substituents, it is not too surprising



AB 

  

Cl CHe— CHs— CH. 

i 

Ph_Si Si—Ph 
  

: le Me 

that reduction also takes place when the magnesium halide 

moiety is displaced further from the silicon hydride. 

There also exists the possibility that this reaction 

might proceed by a direct exchange process. Towever mixtures 

  Pagsi o2 

Me 
H—— sig See Ay + lig” 

Me 5 Si—CH,MgBr 
Me | a 

CHoMgBr : Cl 

Heast aver 

H 

“MgBrcl + Me SiCGH_ SiMe CH MgBr . Oe Soe 
H 

of triphenylchlorosilane and (bromomethyl)dimethylsilane 

were shown not to exchange during long periods of reflux, 

although the adjacent magnesium bromide group could be 

weakening the silicon hydride bond bid promoting exchange 

in the triphenylchlorosilane/dimethylsilylmethylmagnesium
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bromide reaction. 

A free radical mechanism leading to product formation 

seems unlikely since reactions followed similar pathways in 

the presence of styrene; a known trap for radical inter- 

67 : i ‘ 6 
mediates in Grignard reactions. ’” 

To help distinguish between the remaining possible 

mechanisms, the kinetics of the reaction of triphenylchloro- 

silane with dimethylsilylmethylmagnes ium bromide was invest- 

igated in tetrahydrofuran at 60°. Good third order kinetics 

were observed over the first 20% of reaction (Figs. 9 and 10.) 

(k 5 4.75 x ho” Iftrea’ mole son ce 60.0°). Third order 

kinetics is clearly consistent with route ‘4) but not with 

the other two possibilities. Moreover the rate of disappears 

ance of Grignard reagent in the presence of a large excess of 

chlorosilane followed second order kinetics (Fig. 11.); this 

is also in keeping with mechanism (4). 

Thus (4) appears most consistent with the observed rate 

data providing the Grignard reagent is monomolecular in 

tetrahydrofuran over the concentration range used. Aghios 

and RO ge have determined the degree of association of 

alkyl and aryl Grignard reagents in tetrahydrofuran; all’ 

were found to be essentially monomeric up to pece Pee ia ttn 

of 2.5 molar. However, there have been no reports concern= 

ing the degree of association of silyl Grignard reagents 

in solution and it seemed important to establish ee non 

association of dimethylsilylmethylmagnesium bromide in 

tetrahydrofuran. Association studies were carried out under 

nitrogen using the ebullioscopic technique perfected by 

69 
Ashby and Walker and the monomeric nature of this Grignard
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Fig. 9. Progress of reactions between triphenyl- 

chlorosilane and dimethylsilylmethylmag- 

nesium bromide (initial concentrations 

100 - equal) at 60° in tetrahydrofuran. 
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reagent was confirmed within the employed concentration 

range (Fig. 12.). 

4. The Reduction of Triphenylchlorosilane by Grignard 

Reagents containing more remotely positioned Hydrosilyl 

Groups. 

From consideration of the transition state (4), it is 

apparent that reduction should be equally likely when the 

hydrosilyl group is more remotely positioned from the 

magnesium bromide moiety. In keeping with this conclusion 

equi-emolar mixtures of dimethylsilylmethylmagnesium bromide 

and triphenylchlorosilane gave > 50% yields of triphenyl-~ 

silane (Fig. 9.). Clearly if the reduction species is 

confined to dimethylsilylmethylmagnesium bromide the maximum 

possible yield of triphenylsilane is 50%. To confirm that 

products of the type Me, SiH( CH SiMe.) CH SiMe. CH ,MgBr were 
z 2 

responsible for the increased yield of triphenylsilene, 

(iodomethy1) (dimethylsilylmethyl )dimethylsilane was prepared 

and after conversion to the respective Grignard reagent was 

reacted with triphenylchlorosilane; triphenylsilane was 

produced in good yield (Table 6.), see page 34. 

Mg 

7 ys 
on CH, SiMle,CH,Si—ile 

* Nite Ph,SiH + MgICl ! | 

PhS SiCH, SiMe CH MgI 
a > MX 2 2 o + 

‘MMe Me 
H 

f a 2 “2 ~ Sy i. N i 

Reo Cee alae tp eae et 

H
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The reaction of (2-diphenylsilyl)ethylmagnesium bromide, 

(S-dimethylsilyl)propylmagnesium iodide and (3-methylsilyl)- 

propylmagnesium iodide with triphenylchlorosilane was also 

investigated. Each reaction led to good yields of triphenyl- 

silane. The reduction of triphenylchlorosilane by (2-di- 

phenylsilyl)ethylmagnesium bromide followed good third aor 

kinetics. However, the unfavourable steric interactions in 

comparison to dimethylsilylmethylmagnesium bromide reduced 

the rate by a factor of 125 at 60° (Fig. 13.), (k = 3.83 x 107 

litres” mole’ sec". at 60.0°). 

5. Reduction of Alkylchlorosilanes. 

In order to show that (dimethylsilylmethyl)dimethyl- 

silylmethylmagnesium halides were effective in the reduction 

of triphenylchlorosilane it was necessary to prepare the 

requisite halide (halomethy1)(dimethylsilylmethyl)dimethyl- 

silane. However, initial attempts to prepare (bromomethyl)- 

(dimethylsilylmethyl)dimethylsilane were unsuccessful. It 

had previously been reported”© hat reaction of (chloro- 

methyl )dimethylchlorosilane with dimethylsilylmethylmagnes-~ 

ium chloride led to good yields of (chloromethyl) (dimethyl- 

silylmethyl)dimethylsilane. However, a repeat of this 

procedure using (bromomethyl)dimethylchlorosilane and 

dimethylsilylmethylmagnesium bromide afforded polymeric 

materials as the major products of reaction. These were 

presumably formed by the scheme represented in Fig. 14. 

Preparation was finally achieved by addition of iodine 

to the products of reaction of dimethylsilylmethylmagnes ium 

bromide and triphenylchlorosilane with isolation of (iodo- 

methyl) (dimethylsilylmethyl)dimethylsilane from the reaction 

mixture. 

6
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Me i a M J M fo ee ‘ ‘ i * Meet oe + oer eee —<——> ee, 

Cl H H 

+ 

<phase 

Fig e146 H 

\ SiG Me, Sh Hobr 

Cl 

iCH SAN 34h I i( CI ae 2° Me, CH, S4 fe,Ci abr Pas 1,Sime 

H H 

) CH MgBr 
22 

Since reduction was apparently a competing process in 

the interaction of (bromomethyl)dimethylchlorosilane and 

dimethylsilylmethylmagnesium bromide it seemed probable that 

this was generally true in reactions of this Grignard reagent 

with other trialkylchlorosilanes. 

The coupling of trimethylchlorosilane with dimethylsilyl- 

methylmagnesium bromide was reinvestigated but in this case 

the reaction was terminated with deuterium oxide. If IV r 

only formed by a normal coupling reaction there should be 

no incorporation of deuterium in the product. -If however 

iCcH M Si —————— [San oe OH, gBr + Me ,Sicl Eeisge 7S 

H H 

Iv is formed via a reductive process then one hydrogen atom 

of the terminal trimethylsilyl group should be replaced by 

deuterium. Mass spectral analysis indicated that the product



5B = 

H 
ae Me Me 

/ te 
MezSi pt CH MgBr 

| +a ee Me Si + eee ote 
{ 

a CH, SiMe ,H - i 

"ae i Br 

Mg 

Br Deo 

oe 

H 

was formed by the two competing pathways, reduction accounting 

for 47% of IV produced in the reaction. The reaction of 

methyldiphenylchlorosilane and dimethylsilylmethylmagnesium 

bromide also proceeded via competitive coupling and reductive 

processes.



THE REACTIONS OF HYDROSILYL GRIGNARD REAGENTS WITH 

CARBONYL COMPOUNDS 

1. ‘Introduction 

The facile reduction of chlorosilanes by hydrosilyl- 

methyl Grignard reagents prompted an investigation of the 

reactions of these organometallic reagents with other species 

in ear, reduction might be observed together with concomitant 

elimination of a silicon carbon w-bonded product. The reduce 

tion of carbonyl compounds by Grignard reagents was first 

observed by erigvere © himself when he detected small quant- 

ities of benzyl alcohol amongst the products of reaction of 

isoamylmagnesium bromide and benzaldehyde. Since that time, 

the reduction of aldehydes and ketones by Grignard reagents 

has been repeatedly observed and the mechanism of reaction is 

71 
now well established. The reduction step involves transfer 

H 

a! ic a R! 

Sh a ‘ Le : bot 4 oN 

7 MeN 
1g Mg 

| | 

of a Behydrogen atom from the Grignard resgent to the ketone 

or aldehyde with simultaneous elimination of olefin. 

The reduction process often becomes competitive with 

normal addition for reaction of hindered ketones with bulky 

Grignard reagents and in some cases, it is the predominant
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Le 
pathway to reaction. Kharasch and Weinhouse ~ have observed 

‘that the reaction of benzophenone with isobutylmagnesium 

bromide affords benzhydrol in 944 yield. 

H 

ae NS Me Ph i : 
C ore C—H Me Me 

Ph | Me Ph~ | toe 
C { —____» 

ve Vis A + | 

Ss CH 
‘ Mg e 

Br Bx 

Consequently, it seemed likely that the reaction of 

benzophenone with dimethylsilylmethylmagnesium bromide 

might follow a similar route providing an opportunity for 

the detection of V. 

Whilst the reaction of hydrosilylmethyl Grignard reagents 

with chlorosilanes has previously received some investigation, 

there are no reports of the reaction of these Grignard reag- 

ents with carbonyl compounds. However, reaction of trimethyl- 

silylmethylmagnesium halides with aldehydes and ketones 

have been studied and a consideration of hese Gbscnrabions 

is of some relevance to the hydrosilyl systems. 

Initially, the Sommer apo t found that trimethylsilyl- 

methylmagnesium chloride reacted normally with dgacein chyce 

to give the expected product, ( trimethylsilylmethyl)methyl- 

carbinol; unfortunately the yield was not reported.
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: Me. : Me 
MesSicH Mgcl + oe a, ee ore 

OMgcl 

Ho 

Me Sic, * 

OH 

These workers also established that Besilyl alcohols 

are very sensitive to acid; (trimethylsilylmethyl )methyl- 

carbinol readily eliminates propylene and most of the silicon | 

appears as hexamethyldisiloxane. 

OH ‘ 
me H 

2 = Tr e + a8 ee oe CO CH, + Me, Si0SiMe, 

Hauser and Hances™ reacted trimethylsilylmethylmagnes ium 

bromide with acetone and isolated the expected tertiary 

alcohol, (trimethylsilylmethyl)dimethylcarbinol in 52% yield. 

MgBr + Me,Cs0 rcenieeelnenenalie WME CS CH cee Me.SiCH 
$ S ae a Nate 

2 

OMgBr
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In contrast, an analogous reaction with benzaldehyde gave the 

expected product, (trimethylsilylmethyl)phenylcarbinol in 

much lower yield (14%). However, the remaining products 

of these two reactions were not identified. 

Subsequently, a group of Russian workers 2 investigated 

the reaction of methyl ethyl ketone with trimethylsilylmethyl-» 

magnesium chloride but isolated only a very low yield (1.9%) 

of (trimethylsilylmethyl)methylethylcarbinol. However, 

reaction with trichloroacetaldehyde gave 17% of (trimethyl- 

silylmethyl)trichloromethylcarbinol and reaction with benzil 

afforded (trimethylsilylmethyl1)phenylbenzoylcarbinol (69.5%). 

In a similar study another Russian erodes investigated 

the reaction of trimethylsilylmethylmagnesium chloride with 

methyl propyl ketone but isolated only (2-trimethylsilylmethyl)- 

pent-Z-ene (32%) formed as a result of elimination. 

OH 

SicHMgcl + CH,COCH, CH cl, H0__»Me,SicH, egos ee Me. 

Mego OE ae en Ol. 

CHa 

More recently, Petoreon has reported the preparation of — 

a number of B-silyl alcohols by reaction of trimethylsilyl- 

methylmagnesium chloride with acetone, benzaldehyde, benzo- 

phenone and n-octaldehyde. He found that these alcohols 

were readily cleaved by bases since good yields of the
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respective olefins were obtained on reaction with sodium or 

potassium hydride. 

iy OK 

ae + KH ——-> Hy + ered gia 

sg Ph 

PhoC=CH, 

This observation has been confirmed /° by reaction with 

other B-silyl alcohols. The ketone/Grignard reactions 

( Raa i) C=0 R 
te {2 NaH 

Me,S1CH MgCl ——“ 5» R,—C—CH,SiMe 
(11) HO | 5 THE 

2 OH 

Ry 
(a) -R)Ro- = ~(CHp),- : > orck, 

(b) Ry = CH» Ro = ~CHoCHeCH=CMe,, 

yielded the respective B-silyl alcohols in good yields and 

large quantities of olefins were isolated e; their subsequent 

reaction with sodium hydride in tetrahydrofuran. 

Consequently, it appears that B-silyl alcohols can be 

prepared by reaction of trimethylsilylmethylmagnesium halides 

with ketones and aldehydes but in the work up procedure, mild 

hydrolysis conditions must be employed to prevent product 

fragmentation. The use of dilute acid as the hydrolysing
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medium would undoubtedly lead to substantial amounts of. 

cleavage products and whilst the Russian's failed to report 

their mode of hydrolysis this might explain their low alcohol 

yields | 

Re The Reaction of Ketones with Hydrosilylmethyl Grignard 

Reagents 

The reaction of benzophenone with dimethylsilylmethyl- 

magnesium bromide followed a rather unexpected course the 

major product being benzhydryloxy trimethylsilane (89%), 

together with smaller quantities of benzhydrol (8%), 1,1l-di- 

phenylethylene (3%) and (dimethylsilylmethyl)trimethylsilane 

(12%). None of the expected B-silyl alcohol was detected. 

The product yields from this and other related reactions ere 

reproduced in Table 8. Reaction of benzophenone with dimethyl- 

deuteriosilylmethylmagnesium bromide yielded deuteriobenz- 

hydrol, whilst hydrolysis with deuterium oxide of the products 

from a reaction with unlabelled Grignard gave benzhydryloxy- 

dimethyldeuteriomethylsilane. These results indicate the 

transfer of the silyl hydrogen of the Grignard reagent to 

the tertiary carbon atom of the product and that benzhydryl- 

oxydimethylsilylmethylmagnesium bromide is the reaction 

product prior to hydrolysis. o 

Methylphenylsilylmethylmagnesium bromide and diphenyl- 

silylmethylmagnesium bromide followed a similar pattern in 

their reaction with benzophenone and high yields of the 

respective silyl alkoxides were isolated. on 

Reaction of benzophenone with methylsilylmethylmagnesium 

bromide gave a much lower yield of the rearranged product 

benzhydryloxydimethylsilane and in this case benzhydrol was
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the major product. Ina parallel reaction with labelled 

Grignard reagent, methyldideuteriosilylmethylmagnesium 

bromide, transfer of deuterium to the tertiary carbon atom of 

the rearranged product was again observed. 

In contrast the reaction of dimethylsilylmethylmagnesium 

bromide with acetophenone afforded none of the respective 

silyl alkoxide and the only products derived from the ketone 

appeared to be 2=phenylpropene (414) and 2-phenylethanol (59%). 

When acetone was the reacting ketone 1,1,3,5-tetramethyl- 

Gisiloxane was the only identified product (Table 9.). 

5. The Mechanism of Formation of the Products 

The formation of benzhydrol undoubtedly arises via a 

reductive process and since deuteriobenzhydrol is produced 

in the benzophenone/d imethyldeuteriosilylmethylmagnesium 

bromide reaction it is clear that the silyl hydrogen is 

effecting reduction. 

The most obvious mechanism of reduction involves the 

process which is formally similar to that for alkyl Grignard 

reagents. The silyl olefin V could then react with more 

H 

a MS | 

iM SHOM s¢ Ph ag. ————> Ph, CHOMgBr + Mean CH, Vv 

0. CH, | 
Me fe eee 

Mg me 

Br 

i : Asn . i te eee 

H
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Table 8. Product yields from the reactions of hydrosilyl- 

methyl Grignard reagents with benzophenone in 

diethyl ether. 

  

a 
Grignard (Conc. mol.) Products (4) 

cs ff \ sh oo Me ,SiHCH MeBr (0.024) Ph,CHOSiMe, (89), Ph, C=CH,, (3), 

: oe) (O27. iy oo MUCH B ive. (22) 

3 . Si = Me SLHCH Mgbr eee Pho CHOSiMecH,D (87), Ph CH, (4), 

Ph,CHOH (9) 

; fs c ‘ f os + Me, SiHCH MgBr (0.024) Ph,CHOSiMe,, (54), Pho C=CH, 7) 

Ph, CHOH Fi6); Ph,C=0 Ci); 

PhyCOHCOHPh, (10) 

Me,SiDCH,MeBr (0,024) PhyCDOSiMe, (92), Ph,C=CH, (3), 

Ph cDCH (5) 

da 
Me, SiHCH MeBr (0,024) Ph CHOS ime, (95); Ph,CHOH (6) 

e 
Me,SiHCH MgBr (0,024) Ph CHOSiMe, (76), Ph,CHOH (21), 

PhoCCH, {3} 

MeSiHoCH Mgbr (0,024) PhoCHOSiMe,H (30), Ph CHOH (627; 

PhoCsCH, (8) 

MeSiD,.CH MeBr (0,024) PhoCb0SiMe,D (25... PhCDOH (65), 

: PhoC®CH, €7) r 

PhMeSiHCH MgBr (0.036) Ph,CHOSiMe,Ph (94), PhoCHOH (6), 
Toe 

Phile Si (i703 

Pho SiHCH MeBr (0.036) Fh, CHOSiPh, Me (84), Ph, CHO! (16), 

Z 
PhoMeSini (200) 

“Benzophenone concentration 0.012 mol. veoactten terminated 

with deuterium oxide. “°Reaction carried out at ead, 

qreaction carried out in the presence of styrene (0.04 mol.) 

“Reaction effected by addition of the Grignard reagent to 

© 
a solution of benzophenone. See experimental pages 116-117.
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Table 9. Related reactions of Grignard reagents with 

ketones in diethyl ether. 

Grignard “Reactant® Products (4%) 

(Cone. mol.) 

Me, SiNCH Mebr PhMec =O PhMeC=CH, (41), PhMeCHOH (59) 

(0.03) 

Me, SLHCH Mebr Me,C=0 Me ,SiHOSiMMe,, 

(0.015) 

Me, SAHCHMgBr PhoCHOMgBr Ph, CHOH (97) 

(0.02) 

, \ = . (¢ & =¢ ( Pho SiH(CH,) MeBr PhC 0 Ph, CHOH (95), Ph SiHCH H, (95) 

(0.02) 

b 
Me,SicH MgCl Ph C=0 PhoCOHCOHPh, (75), Ph,CscH, (18), 

(0.02) PhaCOHCH, SiMe, (2.5), Pho CHOH CL) 

Ph, CH=CHSiMe, (2.5), 

Me,SiCH CH, SiMe, (14) 

b,c : 
= iN) Me SicH Mgcl Ph,c=0 Ph COHCH, SiMe, (major product), 

smaller quantities of Ph,C=0, 

Ph, C=CcH, oe ee 

8concentration 0.01 mol. selvent tetrahydrofuran. 

“Results taken from a personal communication from Dr. D. J. 

Peterson, reaction effected by addition of the Grignard 

reagent to a solution of the ketone.
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Grignard reagent to give IV after hydrolysis. 

However, reduction via two molecules of the organomet= 

allic reagent would appear equally possible in the light of 

mechanistic studies on chlorosilane reduction (Chapter 3.). 

H 
a Me 

if | Me 
geet Pe eee 

a sa ———-> Ph, CHOMgBr . Me Sich) SiMe,, 
0 CH>— Si | | 
an | ‘Me H CH, MgBr 

*e Me 
7, 

Br 

Alternatively, magnesium hydride formed in small quent- 

ities by the Grignard self coupling reaction, could account 

for all the benzhydrol produced. This latter possibility 

is also consistent with the much larger quantities of benz- 

hydrol formed in the methylsilylmethylmagnesium bromide 

reaction since this Grignard reagent self couples extremely 

readily: during preparation (Chapter 3.). 

Several alternatives exist for the mechanism of fori- 

ation of benzhydryloxytrimethylsilane from the! a4menny ls tipae 

methylmagnesium bromide/benzophenone reaction. By analogy with 

alkyl Grignard systems, reduction could first occur via a 

six centre transition state and the alkoxide so pomned could 

then react with V to give the observed rearranged product.



GQ a 

ss 
ae .s 11 r 

aT SiMe, Ph cH Me,S4 Ph, ay eee aa 

O CH 0 CH, 
v (3. 2 

as | H,0 
Mg MgBr 

(1) | ; 

br OSiM | Pag en 

H 

Alternatively, reaction could be visualised through the 

same transition state but with attack of oxygen at silicon 

within the complex giving benzhydryloxydimethylsilylmethyl- 

magnesium bromide in a direct process. 

  Ph,cOSiMe,CH MeBr (2) 
ua | « 

H 

Finally an acceptable radical chain mechanism could be 

proposed to explain product formation. 

PhoC-OMgBr + hot eee + Me, Sich MeBr 

H H 

oy : SS SE oe eae na f, PhoC=0 + Me, SicH,Mgbr PhC OSiMe,cH Mebr (Ss)
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C-08iMe,.CH 

  

>Ph,CHOSiMe5CH MgBr 
2 

9 MgBr + Me Sich Mgbr 
2 e| 

He 
i 

as f Me, SicH Mebr 

The plausibility of this mechanism is enhanced by 

previous reports cn of addition of silenes to benzophenone 

to give silyl alkoxides. A radical chain wechanion” has 

been proposed for this reaction. However elevated temper- 

atures (220-270°) are needed to induce reaction. 

hy or heat 

Ph,C=0 th PhSiH é > Ph,COH + Ph,,SLe   

Ph, Sic + PheC=0 sericea ame aie PhoC0siPh, 

Ph,COSiPh, + Ph ; SiH ——_—_——> Ph,S10CHPh, + Ph,Sie 
5 2 5 

Similarly trimethylsilyl radicals generated by pyrolysis 

or photolysis of bis(trimethylsilyl)mercury add to acetone 

8 
generating isopropoxytrimethylstlane>~ 

  a De V Le a (Me,S ) He ae + Hg 

MegSie + Me,C=0 _ MegSt0CMer, 

Solvent 
  Me, Si0CMe 3 2 en Me .Si0CHMe,, 

However, reaction of benzophenone with dimethylsilylmethyl- 

magnesium bromide in the presence of styrene also afforded 

benzhydryloxytrimethylsilane in high yield. Styrene has been 

used effectively as a free radical scavenger in Grignard
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6,6' 
reactions and inhibition of a reaction involving free 

silyl radicals would certainly be expected. Consequently a 

radical chain mechanism would seem to be highly unlikely in 

this paricular dane. Moreover, the reaction of (2-diphenyl- 

silyl)ethylmagnesium bromide with benzophenone followed a 

normal reduction pattern and benzhydrol was produced in high 

yield together with vinyldiphenylsilane, the olefin produced 

by Behydrogen abstraction. 

H 
pe Ph 

ou H 
ven CH—Si——Ph | nee ae 

' H . Si 
ns CH, 0 | 

mS see CE 
Mg Mg | 

| | ie 
Br Br e 

The non involvement of the silyl hydrogen in this 

reaction reflects the importance of the six membered trans= 

ition state in controlling the reaction pathway. 

Product formation via alkoxide reaction with the Grignard 

reagent is also ruled out since benzhydrol is fas exclusive 

product from addition’ of dimethy1s ly lmethylmagnesium bromide 

to diphenylmethylalkoxymagnesium bromide. 

In an effort to establish the intermediacy of 2-silaiso- 

butene in this reaction, mixtures of benzophenone and di-+ : 

methylsilylmethylmagnesium bromide were studied at low temp- 

erature by n.om.r. spectroscopy. The spectrum produced on 

mixing the reactants at ~28° is represented in Fig. 15. A
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fairly intense singlet absorption was observed at t 9.51 

which disappeared when the sample was allowed to warm to 

room temperature. This absorption is well displaced from 

those of any of the reactants or products containing the 

silicon-methyl moiety and is in the expected region for the 

methyl protons of V. The disappearance of this absorption 

on warming (Fig. 15.) is also consistent with this assignment. 

Whilst the intermediacy of V in the reaction of benzo- 

phenone with dimethylsilylmethylmagnesiun bromide seems 

probable, proof of its intermediacy in either or both of 

the rearrangement and reduction reactions is still lacking. 

Consequently, the mechanisms of formation of both benzhydrol 

and benzhydryloxytrimethylsilane are still uncertain. 

It seems likely that 1,l-diphenylethylene arises via 

anormal addition reaction with subsequent cleavage of the 

Besilyl alkoxide. 

H Me 

Me— Si ee oc 

cls ae POR 

Pee ee a | 
Sages =~ + Nebr, 

‘O- ¥--- Mg O—Mg 

~ . Se 
we i a 

Me——Si 1 
eS re 

H Me Me H Me 

H,0 

Pho Cadi, 1 Sree ee ee 

H a
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It had previously been observed that small quantities 

of 1,1-diphenylethylene were produced on reaction of benzo- 

phenone with trimethylsilylmethylmagnesium Meropiaee” A 

reexamination of this reaction confirmed this observation 

(Table 9.) but the overall product distribution was markedly 

changed when the order of addition of the two reactants 

was reversed. This is a factor which had apparently gone 

unnoticed by previous workers. “Thus, although addition of 

trimethylsilylmethylmagnesium chloride to a solution of 

benzophenone affords (trimethylsilylmethyl)diphenylcarbinol 

in good yields a reversal of this addition order gives 

benzopinacol as the major product (Table 9.) and in this 

case Wurtz Grignard coupling product, (2-trimethylsilyl- 

ethyl1)trimethylsilane, was also detected. The formation of 

benzopinacol and Wurtz coupling products have been ascribed 

previously to radical en 

  

R . 
RMgxX + Ph.cs0 === /Ph CO 516 oka” —>Ph COMgX + Re 

2 2 Nx 2 

Ph,¢ —— 2 ae RR 

OMgx OMgx 

Clearly the formation of substantial quantities of ketyl 

radicals will be favoured by high Grignard and low ketone 

concentrations during eddition. 

In contrast, the reversal of the order of addition was 

found to have little effect upon the hydrosilylmethyl -
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Grignard reagent/benzophenone reactions suggesting that ketyl 

radicals are not involved in major product forming steps. 

The products of reaction of dimethylsilylmethylmagnesium 

bromide and acetophenone are those derived from addition 

elimination and reduction whilst the observed products from 

a reaction of this Grignard reagent with acetone are those 

formed exclusively by addition elimination. The reason for 

the lack of rearrangement in the acetophenone and acetone 

reactions is not immediately obvious. 

4. Reaction of Dimethylsilylmethylmagnesium Bromide with 

Benzoyl Chloride. 

The addition of benzoyl chloride to dimethylsilylmethyl- 

magnesium bromide in diethyl ether afforded styrene (54%), 

benzyl alcohol (46%) and (dimethylsilylmethyl)trimethylsilane 

(140%). The initial step in the reaction probably involves 

reduction of the carbon-halogen bond. Further reaction 

     

  

H 

Phi Re x Me 
ee si 

OF | Me 

ees eta tec 5 on (17 VW Cl CH, a + MeoSincH, + MgClBr 

ae 
erie 

~ 

Mg ~~ 
| Addition © (Reduction 

Br Elimination 

PhCH, OH 

‘tad 
es 

either by reduction or addition elimination leads to the
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formation of the observed products. The probable intermediacy 

of V was again suggested by n.em.r. spectroscopy en intense 

singlet absorption being observed at t 9.51 on mixing the 

Oo 
reactants at #350 .
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Fig. 15. 60 MHz N.m.r. spectra produced by reaction of 

benzophenone with dimethylsilylmethylmagnesium 

bromide in diethyl ether (a) at 28% Dp) et BOs 

rn 

      
(a)     

      (b) 
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THE PHOTOLYSIS OF HYDROSILYLMETHYL GRIGNARD REAGENTS AND 

THEIR REACTION WITH CUPROUS CHLORIDE 

ss Photolysis Reactions. 

Literature reports concerning the photolysis of organo- 

metallics (covalent) are extremely sparse and in particular no 

information concerning the behaviour of alkyl Grignard 

reagents could be located. However Glaze and Braaer ? have 

studied the photolysis of ethyllithium by mercury resonance 

radiation and two competing photolytic mechanisms were 

proposed; a LiH elimination reaction yielding ethylene (a) 

hv * 
Boul) Fo on, 7. (Ca Bs) + Ed ee (a) (CoH, 

and a homolytic process which yields lithium metal, ethylene 

and ethane (b). 

hv % 
OM BO as . 

Li), (CoH. Li) eC No et Cae. eee (CoH gi, oly 5 

5 “2 

In the light of these observations it seemed probable 

that dimethylsilylmethylmagnesium bromide might eliminate 

magnesium hydride in a similar fashion thus providing an 

opportunity for the detection of V. 

hv * : 
! s ! MY On 8 8 as FET 5 eth aa aed eae CSe ee + MgH, 

H 66 i + MgBr.,    
    

    
H 

| Me, Si--CH,, 
M iM eae vi S41 v ; } ce ee < MepSiCH MeBr 

ee H _ OHs~ SiMe,
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Once formed, V would be expected to react by two routes; 

by addition of another molecule of Grignard reagent and by 

dimerisation in a cage type process to give 1,1,3,3-tetra- 

methyl-1,%3-disilacyclobutane. When photolysed a solution 

of dimethylsilylmethylmagnesium bromide in benzene was found 

to give reasonable yields of 1,1,3,%-tetramethyl-1, 4-disila- 

cyclobutane (5%). However from previous reports relating to 

the photolysis of methylsilane°” it became apparent that 

this ring dimer might also have been formed by two consec- 

utive coupling reactions. In keeping with this proposal, 

irradiation of (dimethylsilylmethyl)dimethylsilylmethylmag- 

nesium iodide afforded a similar yield of 4's, Stetramethe 

yl-1,3-disilacyclobutane. Consequently, there is no firm 

evidence for the intermediacy of V in this reaction. 

Re Cuprous Chloride Reactions. 

The disproportionation of alkyl radicals derived from 

alkylcopper (I) species has recently been established’® 

I ~78° I 
H MgBr + Cu Cl ——————~> CH_CH.CH Cc N CH,CH, CH Mg as 3C 20H, U + MgBrcel 

THE 

: —_——— i CH=SCt + YH eaee pe —> C oll CH, Ses + CU 

51g 494 

Accordingly, the reaction of dimethylsilylmethylmagnesium 

bromide with cuprous chloride was examined in the hope of 

effecting disproportionation to give V. Significant quantities 

Cucl 
Me,SiCH MgBr —— > Meo8i i a a CH MgB tin eon + Me SizcH, 

H H 

  

+  6U
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  y Sect > M aly leoSi CH at ] 9 

CHs-SiMe,, 

    
   

ey 28 

H    
Me, Sich SiMe,CH,cu 

H 

of 1,1,3,3-tetramethyl-1,3-disilacyclobutane (4%) were 

detected amongst the products, however a dark brown precip- 

itate of cuprous hydride was formed during reaction and it 

seemed likely that the ring dimer was formed once again via 

two consecutive coupling reactions rather than by dimer- 

taation of Ve 

eMe,SicH.Cu ———> Me.Si—CH_Cu ————> Me.Si—cH 

H ee CHs-SiMe,, 

h i—} Me,Si { 

th CU 

In harmony with this suggestion, (dimethylsilylmethy1)- 

dimethylsilylmethylmagnesium iodide also gave a similar yield 

of 1,1,5,5-tetramethyl-1,3-disilacyclobutane on reaction 

with cuprous chloride suggesting non participation of V 

in the dimethylsilylmethylmagnesium bromide feugiat 

Attempts to detect V by nom.r. spectroscopy in the Latter 

reaction also proved fruitless confirming the previous 

conclusions.
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EX PER IMENTAL 

All melting points and boiling points are uncorrected. 

NeMePe spectra were usually determined using a Perkin- 

Hlmer R14 100 MHz spectrometer employing a probe temperature 

of S5.5°. 60 MHz nem.r. spectra, where recorded, were 

obtained with one of the following instruments; a Perkin- 

Elmer R10 60 MHz spectrometer using a probe temperature of 

33.5° or a Varian Associates A60-A 60 MHz spectrometer 

employing a probe temperature of ao, Unless otherwise 

stated, spectra were recorded from samples of neat liquids or 

20% solutions in carbon tetrachloride or deuterochloroform. 

Absorption positions are quoted relative to tetramethylsilane 

(t 10.00) as internal standard. 

I.r. spectra were obtained using either a Perkin-Elmer 

Model 225 spectrometer, a Perkin-Elmer Model 237 spectrometer 

or a Perkin-Elmer Model 457 spectrometer. 

Mass spectra were determined using an A.E.I. MS9 mass 

spectrometer. Normal operating conditions consisted of an 

ionising potential of 70 e.v. and an inlet euioepat ine of 

150°, 

Routiite Gel.ce analyses were carried out ona Pye-Unicam 

series 104 instrument using a silicone gum .SE30 column 

(O8G. % 2 /aeee O,ds or Sit. x T/Bin. oats) “uh helium as 

carrier gas at a flow rate of 50 ml./min. 

Interpretations of n.om.r. spectra were beded Of the texts 

of intiyienon. Emsley, Feeny and Sutclifre’® and Jackman and 

Sternhell® I.r. assignments were based on the texts of 

9 91 
Bellamy and Flett and mass spectral interpretations were
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aided by the texts of Beynon, Saunders and Pa” and 

Budzikiewicz, Djerassi and Williams?” 

Thin layer chromatography plates were spread, in 

accordance with bis manufacturers instructions, with a 

0.25 mm. thick layer of Silica-Gel G supplied by Mackerey, 

Nagel & Co. Silica Gel M.F.C. supplied by Messrs. Hopkins 

and Williams was used without further treatment for column 

chromatographic separations. Solvents used for chromatography 

were all "AnalaR" reagent grade materials. 

Reagents.-  Methyltrichlorosilane, dimethyldichloro~- 

silane, trimethylchlorosilane, tetramethylsilane, methyldi- 

chlorosilane, dimethylchlorosilane, silicon tetrachloride, 

trichlorosilane, vinyltrichlorosilane, diphenyldichlorosilane 

and diphenylmethylchlorosilane supplied by Midland Silicones 

and the "AnalaR" reagents benzene, chloroform, carbon tetra~ 

chloride, light petroleum (60-80°) and diethyl ether were 

used without further purification. Organometallic reagents 

were prepared in reagent grade diethyl ether or tetrahydro- 

furan previously redistilled from lithium aluminium hydride. 

Deuterochloroform was supplied by Koch Light and had an 

isotopic purity of 99.9%. 

(i) Radical Addition Reactions of uliredy Lattenda’. 

A Perkin-Elmer R14 100 MHz spectrometer was used for 

all kinetic determinations by n.m.r. G.1l.c. analyses were 

carried out on a Pye-Unicam series 104 instrument using a 

silicone gum (SE30) column (9ft. x 1/8in. o.d.) eit, helium 

as carrier gas at a flow rate of 50 ml./min. 

Reagents .—- Chlorobenzene was shaken with small portions 

of concentrated sulphuric acid until the acid no longer
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became coloured. The chlorobenzene was washed with water, 

with 10% sodium bicarbonate solution and again with water, 

dried first over magnesium sulphate and then over phosphorus 

pentoxide and Praetionaliy distilled through a eft. glass 

packed column. The fraction b.p. 130-130.5° was collected 

and used as standard in kinetic runs. Bromotrichloromethane 

was 99.4% pure as analysed by g.l.ce n-Dodecane thiol was 

redistilled before use and the fraction bsp. 9%-93.5°/0.6 mn. 

was collected. 1, 2-bis(1-Cyano-l-methylethyl)-diazene was 

used without further treatment. Benzoyl peroxide was recryst- 

allised by dissolving in cold chloroform and precipitating 

with methanol. , 

The following were prepared using standard procedures, 

94 vinyltrimethyisliane’ * D obs 54-54.5° (1% ego Dele 54 34°). 

li nemer. t 3.50-4.40 (3H, m) and 9.90 (9H, s), Ve} 44ic. 

film) 1597 (C=C) and 950 (CH, wag) omz+ allyltrimethylsilane?® 

Dep. 8445-85.5-.(1it.2” b.p. 84.9°), tH nemer. + 3.92-4.40 

(1H, m), 4.98-5.23 (2H, m), 8.43 (2H, d, J 7.5 Hz) ana 

9.92 (9H, 8), Ca. (liq. film) 1634 (C=sC) and 894 (CHy wag) 

omz+ allyltrichlorosilane’® bp. 127-378, (lites b.p. 117- 
oO ‘ 

717.5°), TH nmr. tT 3.90-4.39 (1H, m), 4.60-4.89 (2H, m) 

(liq. film) 1645 (C=C) and 918 

pent=4-enyltrichlorosilane®! b.p. 163-165° 

bop» 162-165°)5 “H n.m.r. 1 $/9204.60.(1H, m), 4,040 

gnd.7.68 (2H, @y ¢.8. Hs), ¥ 

- 
max 

(CH, wag) cm; 

(146.27 

5.12 (2H, m), 7.66-8.06 (2H, m), 8.12-8.48 (2H, m) and 8.48- 

Serb, (Cay ay, te (liq. film) 1645 (Ce8CG) and 919 (CH, wag) 

el 98 om}? vinyltriphenylsilanes® m.p. 67-60° (11it.°° m.p. 67=68°), 
  

ly NeMePe T 2e7%0HL.80 (15H, m) and.2.38-4.35 (FH, m), Vie 
x 

(KBr disc) 1590 (C=C) and 960 (CH, wag) em"! and
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allyltriethylsilane, b.ep. 170-172 (lit., L70s171.6./ 

748 mn.), ‘Hn.mer. t 3.93=4.42 (1H, m), 4.99-5.29 (2H, m), 

8.49 (2H, d, J 8.5 Hz) and 8.73-9.70 (15H, m), Ves (Tig. 

film) 1632 (C=C) and 893 (CH, wag) ome 

Bute3eenyltrimethylsilane.~ Bute3-ene-l-ol prepared by 

the reaction of dry gaseous formaldehyde with allylmagnesium 

bromide, was converted to 4-bromobutel-ene by the method of 

Linstead and von °° But~3-eny lmagnesium bromide wes pre- 

pared by reaction of 4=bromobut~l-ene (27 Ge, Dee MOL.) with 

magnesium (4.86 g., 0.2 mol.) in anhydrous diethyl ether 

(135 ml.) and trimethylchlorosilane (27.1 g., 0.25 mol.) was 

run in. After reflux (48 h.), the mixture was hydrolysed 

with dilute ammonium chloride solution and the ether layer 

was separated, dried (MgSO, ) and fractionated. Yield 12 g., 

Aig, bap. 111<1Ee" (aie.>°* bap 110.5°)> te nem. es .80% 

4.26 (1H, m), 4.75<5.12: (2H, m),°7.70-8.02 (2H, m), 9.18 

9.45 (2H, m) and 9.94 (9H, s), v__ (liq. film) 1640 (csc) 

and 903 (CH, wag) emt? 

Pent-4-enyltrimethylsilane.- Methylmagnesium iodide 

prepared by reaction of iodomethane (95.2 Bey O46 mole) with 

‘magnesium (14.58 ge, 0.6 mol.) in anhydrous diethyl ether 

(130 ml.) was added dropwise with stirring to goeiition of 

pent-4-enyltrichlorosilane (29 g., 0.143 mol) in dry diethyl 

ether (25 ml.) at a rate sufficient to maintain steady reflux. 

After continued reflux (24 h.) the products were mores up 

with ice cold ammonium chloride solution and the combined 

organic phase was dried (MgSO, ) and fractionated. Yield 

23 17.0 ge, BOG M.D. 155-167 (lite, “bips Sissel” /i4 mm,), 

MI nomer. t 3.90-4.41 (1H, m), 4.85-5.15 (2H, m), 7.75-8.06
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(2H, m), 8.32-8.75 (2H, m), 9.20-9.56 (2H, m) and 10,00 

(9H, s), v4, ig. film) 1643 (C=C) and 911 (CH, wag) omz+ 

Hex-5-enyltrimethylsilane.~ (%3-Chloropropyl)methyl- 

dhenioreylianes” was converted to (3-chloropropyl) trimethyl- 

erie by reaction with methylmagnesium iodide. Subseq- 

uent reaction with sodium iodide in dry acetone gave (%-iodo- 

propy Ntrimethylsilane in 82% yield. A solution of (3-iodo- 

propyl)trimethylsilane (74.4 g., 0.3 mol.) in dry diethyl 

ether (50 ml.) was added to allylmagnesium bromide (0.5 mol.) 

in dry diethyl ether (400 ml.). After reflux (48 he) and 

work up with ammonium chloride solution, the organic phase 

was dried (MgSO, ) and fractionated to give the product. Yield 

21.4, 2a) 468, b.p. 156<160° (lit.* 168-159°/750 mm.), tH 

nemer. tT 3.94-4.38 (1H, m), 4.75+5.15 (2H, m), 7.'77-8.08 

(2H, m), 8.32-9.27 (4H, m), 9.33-9.62 (2H, m) and 10.00 

(9H, s), v_.. (lig. film) 1644 (C=C) and 910 (CH, wag) oms+ 

Hept-S-enyltrimethylsilane.- 4-Bromobutyltrimethyl- 

silane was prepared by reaction of 4-hydroxybutyltrimethyl- 

silane??? with phosphorus tribromide using the method of 

Sommer et be Subsequently (4-trimethylsilyl) butylmag- 

nesiun bromide (0.177 mol.) was prepared in dry diethyl ether 

(150°mi.) and ellyt bromide (64.3 Bey Usou. Ole) was slowly 

added. The resulting mixture was refluxed (10 h.), cooled, 

hydrolysed with ammonium chloride solution and the organic 

phase was dried (MgSO 

a 

a) and fractionated. Yield 21.8 ¢., 

12, dep. 184-186, “H nom.r. t 3.92-4.40 (1H, m), 4.84-5.13 

(2H, m), 7.80-8.08 (2H, m), 8.30- 8.90 (6H, m), 9.31-9.60 

(2H, mi) om 20,00 (9H, 8), ve (lig. flim) 1647 (Gs6¢) and 

911 (CH, wag) ant
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But-S-enyltrichlorosilane.- But-3-enylmagnesium bromide 

prepared by reaction of 4-bromobut-1-ene?° (70 Sear OBS mol.) 

  

with magnesium (12.62 g., 0.52 mol.) in dry diethyl ether 

(350 ml.) was baded dropwise over a period of 1h. toa 

solution of silicon tetrachloride (177 g., 1.04 mol.) in dry 

diethyl ether (100 ml.) cooled in ice. After addition the 

products were stirred at room temperature for 1 h. and then 

poured into light petroleum (b.p. 30-40°) and filtered. The 

filtrate was fractionated to give the product. Yield 40 g., 

iu 41¢, dep. 141-143°, “H nomen. + 3.85-4.71 (1H, m), 4.72-5.12 

(2H, m), 7.49-7.82 (2H, m) and 8.37-8.70 (2H, m), we 

(lig. film) 1642 (C=C) and 911 (CHy wag) om7+ 

Allyltriphenylsilane.— A solution of phenyllithium 
  

(O. 75 mol.) in dry diethyl ether (600 ml.) was added 

dropwise over a period of 2.5 h. to a solution of diphenyl- 

dichlorosilane (82.4 g., 0.325 mol.) in anhydrous diethyl 

ether (50 ml.). When addition was complete tne products 

were refluxed for 1h. Allylmagnesium bromide (0.5 mol.) 

in anhydrous diethyl ether (500 ml.) was then added slowly 

at a rate sufficient to maintain gentle reflux. Two thirds 

of the solvent was then removed by distillation and the 

remaining products were refluxed for 42 h. itter work up 

with dilute ammonium chloride solution tne Green tic phase 

was dried (MgSO,) and concentrated. Yield 80.8 g., 83% 4) 

MeP. 88-90° (from ligroin) ia m.p. 88.5-90°), ei nemer. 

G eekbarelO (15H, m), S490-4¢.40, (1H, mn), 276ee5.21 (2H, 2) 

and 7.60 (2H, d,: 2 8. Hz), Mae (KBr disc) 1630 (C=C) and 

894 (CH, wag) em7-
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But-"’-enyltriphenylsilane.— The Grignard reagent from 

PR tesur-isane was prepared by reaction of the halide 

(27.0 g., 0-2 mol.) with magnesium (4.84 g., 0.2 mol.) in 

anhydrous tetrahydrofuran (110 ml.). A solution of triphenyl- 

ehlorosilane (29.4 g@., 0.1 mol.) in dry tetrahydrofuran 

(60 ml.) was run in over 0.5 h. and the mixture was refluxed 

for 120 h. After hydrolysis with cold ammonium chloride 

solution the ether phase wes separsted, dried (MgSO, ) and 

concentrated. Yield 24.1 g., 77%, m.p. 103-105° (from 

ethanol-carbon tetrachloride 8 : 3), 'H nwmer. + 2.25-2.90 

(15H, m), 3.85-4.32 (1H, m), 4.80-5.22 (2H, m), 7.60-8.00 

(2H, m) and 8.38-8.65 (2H, m), Vmax (hBr disc) 1642 (Csc) 

and 910 (CH, wag) em7t 
2 

Pent-4-enyltriphenylsilane.- Allylmagnesium bromide 

(0.45 mol.) in anhydrous diethyl ether (400 ml.) was concen- 

trated by distillation until most of the ether (80%) had been 

removed. Dry benzene (100 ml.) was run in and a solution of 

2-bromoethyltriphenylsilane”* (55.1 g., 9.15 mol.) in ary 

benzene (250 ml.) was slowly added. After addition the 

reactants were refluxed with stirring for <4 he Work up 

with ammonium chloride solution followed by concentration 

yielded the product. as a clear ofl. N. mer. diate of the 

products indicated a 95% yield, with ethyltriphenylsilane as 

a minor impurity. The product was purified by chromato- 

graphing on silica gel using light petroleum- Bamieens (7.3.33 

as eluant. Yield 44.3 g., 90%, mp. 42-43° ne MeDe : 

45-46°), “H nmer. + 2.20-2.98 (15H, m), 3.85-4.32 (1H, m), 

4,80-5.22 (2H, m), 7.78-8.09 (2H, m) and 8.15-8.75 (4H, m), 

Vinax (KBr disc) 1641 (C=C) and 911 (CH, wag) omz}
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(Triphenylsilylmethyl)dimethylsilane.- Dimethylchloro- 
  

silane (8.0 g-, 0.085 mol.) was added dropwise to a solution 

of triphenylsilylmethyllithium )° (0.011 mol.) in anhydrous 

diethyl ether (100 ml.) cooled to -78°. The mixture was 

allowed to warm up to room temperature, hydrolysed with 

water and the ether phase was dried (Mgso, ) and concentrated 

to give an oil. The oil was chromatographed on silica gel 

and eluted with light getwetorasusncenc i4 2. 1).to give the 

GPR ee asso clearsliqhtdsbsvyield 1.54 es; 41g, +H nmr. + 

2.34-2.94 (15H, m), 5.92 (1H, septet, J 4 Hz), Wie) (Lligs 

film) 2118 (Si-H) omv? 

2,4,4,4-Tetrachlorobutyltrimethylsilene.— Allyltri- 

methylsilane (5.7 g., 0.05 mol.), carbon tetrachloride 

(23.1 g., 0.15 mol.) and benzoyl peroxide (0.5 g., 2.09 mmol.) 

were refluxed for 2.5 he. Excess carbon tetrachloride was 

removed by rotary film evaporation. Yield 8.05 g., 60%, 

Dep. Forte’ /1: mm. ty nemere tT 5.345 .68 Cin, my, 6.4767 .08 

(eH, mh); 8.59 (2H, ad, J. 8 Hz) and 9.88 (9H, -3:).°* (Pound « 

Si, 10.5; titratable Cl, 13.2. 

titratable Cl, 13.2%). 

CH, C1, Si requires Si, 10.5; 

2,4,4,4~-Tetrachlorobutyltriethylsilane.—- This was 

prepared by the above procedure using a reflux period of 

1 af 
5.5 he. Yield 954, Hn.m.r. tT 5.40-5.70 (1H, m), 6.49~7.05 

(2H, m), 8.27-8.70 (2H, m) and 8.85-9.75 (15H, m). (Found ¢ 

Si, 9.0; titratable Cl, 11.4. Cig s5 o> Ft poets ets 9-05 

titratable Cl, 11.4%). 

Extended reaction of allyltrimethylsilane with carbon 

tetrachloride.” Allyltrimethylsilane (11.4 g., 0.1 mol.), 

carbon tetrachloride (61.6 g., 0.4 mol.) and benzoyl peroxide
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(3 g-, 0,012 mol.) were refluxed for 48 he. Analysis of the 

final reaction mixture by n.em.er. showed that no 454540, 

tetrachlorobutyltrimethylsilane was present. ‘The major 

products were the two compounds formed by B-elimination; 

trimethylchlorosilane 4 n.m.r. + 9.64 (9H, s) and 4,4,4- 

ly namer. t 3.80-4.27 (1H, m), 4.58+4.83 trichlorobut-l-ene, 

(2H, m) and 6.64 (2H, d, J 7 Hz). Low boiling materials 

were removed by distillation at wtinbenil ois pressure and the 

remaining products ice vacuum distilled to give trimethyl- 

benzoxysilane. Yield 3.5 g., 70% (based on peroxide), b.p. 

56-60 /0.8 mm, (latés"* bsp. 221°veae wm.) Hm. et 
1.70-2.00 (2H, m), 2.45-2.85 (3H, m) and 9.60 (9H, s), yo 

(liq. film) 1695, 1600, 1584, 1449, 1311, Le80, LL71, LOee. 
ibe j rad 1067 .and 844 ($10000,H,)” and 1250 and 840 (Sime,) nt 

Chomwad sot. 14 64 Cy of 4°54 requires Si, 14.5%). 1,1,1,- 

5,5,5,5-Heptachloropentane was also identified as a minor 

product (approx 2%) amongst the residue, La Bit. < 0,006 

5.32 (1H, m) and 6.32-6.61 (4H, m). 

L-Bromon4,4,4-trichlorobutyltrimethylsilane,— Allyl- 

trimethylsilane (1.14 g., 0.01 mol.), bromotrichloromethane 

(7.88 ge, 0.04 mol.) and 1, 2-bis(1-cyano-1-methylethy1)- 

diazene (50 mg., 0.3 mmol.) were heated at 60 .0° th a constant 

temperature bath for 6 h. The products ave then concen- 

trated under vacuum keeping the temperature below 60°, 

N.m.ere analysis confirmed that the product was pure, apart 

from traces of initiator residues. Yield 2.49 g., 80%, 1H 

Nemer. T 5-51-5.61 (1H, m), 6.30-6.90 (2H, m), 8.33 (2H, ay 

J 8 Hz) and 9.86 (9H, s). (Found :-Br, 25.2; Si, 8.9. 

C Brel Si requires Br, 25.6; Si, 9.0%). 1 71a
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2-Bromo-4,4,4-trichlorobutyltriethylsilane.~ This was 

prepared analogously employing a reaction time of 4 h. at 

60°. Yield quantitative, te N.oM.Pe T 5e36-5.64 (1H, m), 

6-50=6.92 (2H, ae 7.99-8.51 (2H, m) and 8.90-9.62 (15H, m). 

(Found ¢ Br, 2245." S31, 7s9% Cy Hy BrelSi requires Br, 

fe,6; Si, 7.9%). 

4,4,4-Trichlorobutyltrimethylsilane.- Allyltrimethyl- 

silane (5.7 g-, 0.05 mol.), chloroform (17.92 g., 02 mol.) 

and benzoyl peroxide (0.5 Ge, 2-09 mmol.) were refluxed for 

48 he Throughout the reaction benzoyl peroxide was added in 

2.09 mmol. portions at periodic intervals so that at the 

end of the reaction a total of 10.44 mmol. of peroxide had 

been added. The reaction products were concentrated and 

distilled under vacuum to give the 1 : 1 adduct. Yield 

2 1.72 g., 15g, bep. 50-52°/1.5 mm. “H n.m.r. t 7.22 (2H, t, 

J 8 Hz) and 10,00 (9H, 8). (Found : Si, 11.9. 6,1, .¢l,Si 
Boas 

requires Si, 12.0%). 

2,4,4,4-Tetrachlorobutyltriphenylsilane.- Allyltri- 
  

phenylsilane (7.5 g., 0.025 mol.), carbon tetrachloride 

(15.4 ge, 0.1 mol.) and benzoyl peroxide (0.5 g., 2.09 mmol.) 

were refluxed for lh. Excess carbon tetrachloride was re- 

moved by rotary film evaporation and the eecauar (clear 

oil) was purified by chromatographing on silica gel using 

light petroleum-benzene 9 $ 1 as eluant. Vield 8.3 g., 19%, 

TW nam.r. t 2.07-2.80 (15H, m), 5.28-5.59 (1H, m), 6.75-5.91 
(2H. mj) and 7.71 (2H, a, 0 8 Hey, (Found +: sf 6.2; , 

titratable Cl, 7.78. Cool! oe? requires Si, 6.2; titratable 
& ‘ wo

 

Gly 7.8%) e
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e~Bbromo-4,4,4~trichlorobutyltriphenylsilane.— Allyl- 

triphenylsilane (3.0 g., 0.01 mol.), bromotrichloromethane 

(7.88 g., 0.04 mol.) and 1,2-bis(l-cyano-l-methylethyl)- 

diazene (50 mes, 023 mnol.) were heated in a constant temp- 

erature bath at 60° for 6h. Concentration under vacuum gave 

the product in quantitative yield (trace impurities of 

initiator residues), m.p. 45~49°, diy Meliels  F 260 1=2605 

(15H, m), 5.13-5.47 (1H, m), 6.40+6.89 (2H, m) and 7.42 

(25, dy 37.5 He). (Found e Br, 16,1588, 5:1, 

Coola oBrcel,Si requires Br, 16.0; Si, 5.6%). 
5 

4,4,4-Trichlorobutyltriphenylsilane.- Allyltriphenyl- 

silane (7.5 g., 0.025 mol.), chloroform (11.95 g., 0.1 mol.) 

and benzoyl peroxide (0.5 g., 2.09 mmol.) were refluxed for 

18 h. A further quantity of benzoyl peroxide (2.5 g., 

10.44 mmol.) was added in portions at intervals throughout 

the reaction. After concentration under vacuum the product 

was purified by chromatographing on silica gel using light 

petroleum-benzene 9 s 1 as eluant. Yield 6.47 g., 65%, 

mp. 91-88, tH nem.r. t 2.2002,92 (ISH. wh) and’ 7.86<8.75 

(GH, mys (round $ S31. 8.6; Cool, 01,84 requires Si, 6.7%). 

2£,4,4,4-Tetrachlorobutyltrichlorosilane.— Allyltri- 

chlorosilane ‘3.0 ml., 0,021 mol.), carbon tetrachloride 

(12.78 ge, 0.083 mol.) and benzoyl veroxtas (50 mg., 

0.21 mol.) were refluxed for 25 he Concentration followed 

by vacuum distillation gave the product. Yield 2.8 Ze, 294, 

dep. 69-71 /0.7 mm. 1H numer. + 5.20-5.51 (1H, m), 6043-6.91 

(2H, m) and 7.50-7.98 (2H, m), (Found 3; Si, 8.67; titratable 

Oly 46eh% CaH C1, Si requires Si, 8.85; titratable Cl, 44.7%),
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2-Bromo-4,4,4-trichlorobutyltrichlorosilane.- Allyl- 

trichlorosilane (4.0 ml., 0.027 mol.), bromotrichloromethane 

(16.46 g., 0.082 mol.) and benzoyl peroxide (30 meg., 

0.124 mmol.) wana refluxed for 1.5 h. The mixture was then 

concentrated and distilled to give the product. Yield 

4685 cs; THEho 0. 84-85°/0.35 iin A Ar. a Boieebe 60 

(1H, m), 6.22+6.78 (2H, m) and 7.18-7.90 (2H, m). (Found: 

Si, 7.2; titatable halogen 50.2. C,H,BrCl,8i requires Si, 

7.5; titatable halogen, 49.8%). 

Attempted preparation of 4,4,4-trichlorobutyltrichloro~ 

silane. Allyltrichlorosilane (3.0 ml., 0.921 mol.), 

chloroform (9.92 g., 0.083 mol.) and benzoyl peroxide (20 mg., 

0.082 mmol.) were refuxed for 48 h. Further portions of 

benzoyl peroxide were added at intervals throughout the 

reaction until finally a total of 100 mg., 0.41 mmol. of 

peroxide had been added. The n.m.r. spectrum of the reaction 

mixture contained no absorption in the region T 6.0=7.5 

indicating no 1 : 1 adduct formation. The majority of the 

alkenylsilane was unreacted (85%) and the remaining absorp- 

tions were consistent with telomer formation. 

1-Trimethylsilyl-4-heptanone.- Allyltrimethylsilane 

(1.5 g., 0.0132 mol.), n-butyraldehyde (3.2 gs, 0.045 mol.) 

and benzoyl peroxide (20 mg., 0.082 mmole) ‘were refluxed for 

48 he Quantities of 1,2-bis(1-cyano-l-methylethyl)-diazene 

(10.0 mge, 0.06 mmol.) were edded at periodic intervals 

throughout the reaction until at termination a tote of 

100 mg., 0-6 mmol. of initiator had been added. Vacuum 

distillation gave the product. Yield 0.48 g., 19.6%, b.p. 

45-40°/6.55 mane Roma. t 7.650706 (4H, m), 8.12-8.72
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(4H, m), 8.90-9.21 (SH, m), 9.57-9.65 (cans m) and 10,00 

(9H, 8). 

  

1-Triethylsilyl-4-heptanone.— This was prepared in an 

analogous fashion. Yield 10%, b.p. 101-105°/o0.4 mm. +H 

nemer. tT 7.50-7.75 (4H, m), 8.15-8.73 ‘4H, m) and 8.90-9.63 

(24H, -m). 

l-Triphenylsilyl-4-heptanone.—~ Allyltriphenylsilane 

(2.0 ge; 6-6 mmol.), n-butyraldehyde (3.0 Bey 0.042 mol.) 

and 4.,8-biei-eyaho-lemethylethy1}-dinrete 20 mgs, 0.22 uinol.) 

were refluxed for 48 h. Further portions of 1,2-bis(l-cyano- 

l-methylethyl)-diazene were added at intervals throughout 

the reaction until finally a total of 50 mg., O.% mmol. of 

initiator had been added. After concentration under vacuum 

the products were chromatographed on silica gel using light 

petroleum-benzene 1 ¢ 1 as eluant. This gave unreacted 

allyltriphenylsilene. Yield 0.64 g., 32%, m.p. 84-86°, 

Elution with diethyl ether afforded essentially pure product. 

Yield 1.5 Bey. Sids ty nem.er. T 2.25-2.80 (15H, m), 7.58-=7.90 

(4H, m) and 8.15-9.38 (9H, m). 

Procedure for kinetic runs,- All kinetic runs were 

carried out in a constant temperature bath 60..00° x 0.025°. 

At least three determinations were carried out on each olefin. 

Rate of addition of browotr! chloromebhene to £1) 

Wealkenyltrimethylsilanes.- The reactants, bromotrichloro- 

methane, olefin, standard olefin (usually vinyltrimethyl- 

silane), chlorobenzene ‘g.l.c. standard) and Te Whee 

(1l~cyano-l-methylethyl)-diazene (initiator)were mixed 

accurately in the ratio 1.2 : 1:1: 0.2 s: 0.02 and immersed 

in a bath in sealed vessels. Reaction times of 1-4 h. were
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generally employed. Samples of initial and final reaction 

mixtures were analysed quantitatively by g.l.c. Average 

area ratios were determined from three measurements. The 

amount of ahieporeka detected was negligibly small in all 

cases indicating that hydrogen ebstraction by the trichloro- 

methyl radical was not a significant side reaction. The 

quantity of bromotrichloromethane consumed paralleled olefin 

disappearance showing that telomerisation was also insignif- 

icant. Rate constant ratios were calculated from the usual 

expression 

  

k_/k, = log(initial moles a/final moles a) 
eb log( initial moles b/final moles b) 

As a check on this procedure the relative reactivity of 

the six silanes were determined together using a modification 

of the method of Walling and Holmroteh Hach alkenylsilane 

(5-0 mmol.), hexamethyldisiloxane (internal referance 5.0 mmol. ) 

and 1,2-bis(1l-cyano-lemethylethyl)-diazene (0.3 mmol.) were 

allowed to react as described previously. TJInitial and 

final reaction mixtures were analysed by g.l.c. ; the relative 

rates so obtained were in good agreement with those obtained 

by the previous method. , 

(2) weAlkenyltrichlorosilanes.~ The procedure described 

for the wealkenyltrimethylsilanes was slightly modified. In 

order to obtain reproducible results by g.l.ce it was found 

necessary to pass several samples of a trichlorosilane 

(methyltrichlorosilane) through the column to remove all 

reactive hydrolysis sites. 

(3) w-Alkenyltriphenylsilanes.- G.1l.c. analysis could   

not be used because of the thermal instability of the 1 3 1 

adduct of allyltriphenylsilane and bromotrichloromethane,
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and in this series the reaction mixtures were analysed by 

nem.ere Spectroscopy. Vinyltrimethylsilane or vinyltriphenyl- 

silane was used as standard olefin in competitive reactions. 

In neither of these compounds does the n.em.r. absorption 

signal of the terminal methylene protons overlap with the 

absorption signal of the terminal methylene protons in 

other alkenylsilanes and accurate integration of the aromatic 

and olefinic regions of the spectrum gave a quantitative 

measure of olefin proportionse Relative signal areas 

produced by integration of the nem.r. spectra of solutions 

of known composition were close to predicted values. The 

technique was shown to be accurate since relative reactivities 

for the w-alkenyltrimethylsilanes as determined by nemer. 

were comparable with those obtained by the g.1l.c. method. 

To compare the relative rates of addition of bromotri-~ 

chloromethane to a mixture of vinyltrimethylsilane and vinyl- 

triphenylsilane the n.m.r. method was slightly modified. 

The nem.r. spectra of mixtures containing known weights of 

the two silanes were integrated. Comparison of the signal 

areas for Me,Si-~ and Ph,Si- gave confirmation of the prop- 

ortions of olefins present. To determine final concentra- 

tions of the two silanes present, samples of neat and 

evacuated reaction mixtures were analysed by nemere Integra- 

tion of the aromatic and olefinic regions of the spertrum 

after evacuation (unreacted vinyltrimethylsilane removed) 

gave the concentration of Cinviseiciehe ailane remaining. 

The relative reactivities of the two olefins could then 

be determined.
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(4) hdd Leton of n-dodecanethiol to w-alkenyltri- 

methylsilanes.~ Vinyltrimethylsilane, allyltrimethylsilane, 

hexamethyldisiloxane, n-dodecanethiol and 1,2-bis(1-cyano- 

l-methylethyl)-diazene in the relative proportions 1:1: 

0.2 $1 3: 0.01 were placed in a sealed vessel and immersed 

in a constant temperature bath at 60.0° for 0.5 h. Samples 

of the initial and final reaction mixtures were analysed by 

gel.c. However to obtain reproducible results it was 

necessary to clear the column by heating for a short period 

at high temperature after each injection. 

(41) Possible Synthetic Routes to Silacyclopropanes 

Vinyldiphenylchlorosilane,.~ Phenylmegnesium bromide 

(0.66 mol.) in dry diethyl ether (250 ml.) was added dropwise 

to a stirred solution of vinyltrichlorosilane (54 g., 

0.53 mol.) in dry diethyl ether (70 ml.) over a period of 

6h. After continued stirring at room temperature for 14 h. 

excess light petroleum (b.p. 40-60°) was added and all 

magnesium salts were removed by filtration. Distillation 

gave the product. Yield 49.6 g., 684, b.p. 138-140°/z.5 mm. 

‘ise Dos 1oeel S605 m.y, “Honwmir. (60 Whe) % 2.15- 

(3205 (LOH, m) and 3.40-4.35 (3H, m). 

{2-Bromoethyl )diphenylchlorosilane (I).- Vinyldi- 

phenylchlorosilane (36.7 g., 0.15 mol.) and benzoyl peroxide 

(O.1 g., 0.4 mmol.) were dissolved in dry carbon tetrachloride 

(60 ml.). Dry hydrogen bromide was bubbled through the 

sOlution and after 12 h. when 811 vinylic absorption had 

disappeared (n.m.r. analysis), the products were concen- 

trated firstly by rotary film evaporation and finelly under
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high vacuum. Yield 49 g., quantitative (clear oil), 2 

nemer. (60 MHz) t 2.30-3.10 (10H, m), 6.35-6.75 (2H, m) and 

7e73-8.40 (2H, m). Patterns of absorptions centred at 

tT 6.55 and 8.07 ae by pice of an AA'XX' system. 

Isocrotyldiphenylchlorosilane.- Sop innomotastuteet 

was converted to isocrotyl bromide *# by reaction with 

potassium hydroxide in ethylene glycol. Reaction of the 

halide (45 g., 0.23 mol.) with magnesium (6.k Bay Osa Moe.) 

in dry tetrahydrofuran (150 ml.) using the Normant?+° method 

gave isocrotylmagnesium bromide. The Grignard reagent was 

decanted under nitrogen into a dropping funnel and added 

dropwise with stirring to a solution of diphenyldichloro- 

Silane (84.5 g., 0.7 mol.) in dry tetrahydrofuran (50 ml.) 

over a period of 2h. After cooling excess light petroleum 

(DeD« 30-40°) was added to precipitate all magnesium salts 

and distillation of the filtrate gave the product. Yield 

66.2 g., 73%, bsp. 154-155°/1 mm, er arom oper 2.10-290 

(10H, m),.4.50 (1H, 8) and 8.25 (6H, d, J-6.5 He). 

(2-Bromo-2-methylpropy1)diphenylchloros ilane Clie 

Dry hydrogen bromide was passed with stirring through 

isocrotyldiphenylchlorosilane (52.1 g., 0.2 mol.) until’ 

nem.er. analysis indicated complete Cl ceaueivinoe of olefinic 

unsaturation (4 h.). Excess hydrogen bromide was removed 

under vacuum to give the product as a pale yellow liquid 

which crystallised on cooling. Vield 58.2 g., quantitative, 

mp. 15° *H nmr. t 2.20-2.90 (10H, m), 7.37 (2H, d, J 8 He) 
and 8.23 (6H, d, J 6.5 Hz), v__ (liq. film) 1430, 1115, 

max 

(Si-Ph) and 1385, 1370 (gem dimethyl substituents) m7?
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Reaction of I with magnesium.— A solution of I (4.0 g., 

0,012 mol.) in dry tetrahydrofuran (60 ml.) was added 

dropwise to a slurry of magnesium (2.0 g., 0.082 mol.) in 

ary recharudrotaran (10 ml.). After sddition reflux was 

maintained for 24 h. The reaction mixture was then poured 

into excess light petroleum (b.p. 20-409), filtered and 

concentrated by rotary film evaporation. N.m.r. analysis 

showed the absence of absorptions up field from tT 9.4. 

Telece using light petroleum=benzene 9: 1 as eluant 

indicated the presence of at least two components R, values 
= 

0.38 and 0.05. The faster moving component was separated 

by chromatographing 1 g. of the reaction product mixture 

on silica gel using light petroleum = eluant. This gave 

0.15 g. of a white solid. The nom.r. spectrum of this 

product was consistent with the cyclic dimer 1,1,4,4-tetra- 

phenyl-1,4-disilacyclohexane t 2.5=3.0 (20H, m) and 8.9 

(8H, 8). 

Reaction of IIT with magnesium.— A solution of III 

(5 ge, 0.014 mol.) in dry tetrahydrofuran (15 ml.) was 

added to a slurry of magnesium (1 g., 0,041 mol.) in dry 

tetrahydrofuran (5 ml.). The reaction was strongly 

exothermic and a dark colour, associated with Gpienerd 

formation, was soon developed. After Oe ae, ebay 

because of reaction, this colour hed disappeared and after a 

further 0.2 h. the reaction mixture was worked up as in the 

previous experiment. The n.om.r. spectrum of the Boiron | 

products contained no absorptions up field from t 3.4. 

Integration of the total n.m.r. signal was consistent with 

21% elimination of isobutylene. The reaction products
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appeared to contain three components, (2-methylallyl)-: 

diphenylchlorosilane (16%), diy NemMer. T 2.20=2.90 (10H, m), 

5.23-5.43 (2H, m), 7.68 (2H, d, J 12 Hz) and 8.40 (3H, a, 

J lc He}, taochene lated ony lol onesies (154), ly nemer. 

T 2.20-2.90 (10H, m), 4.30 (1H, s) and 8.25 (6H, d, J 

6.5 Hz) and isobutyldiphenylchlorosilane (32%), ty NeMeLe 

T 262082.90 (10H, m), 7-80-8.09 (1H, m), 8.60 (2H, d, J 

6 Ha) and 9.09 (6H,.d, J 6 Hey? 

Decomposition of III in the presence of aluminium.— 

III (5 ge, 0.014 mol.) was left in contact with eluminium 

foil (0.02 g., 0.74 mmol.) for 24h. N.m.r. analysis 

indicated total absence of all starting material (no 

methylene absorption at tT 7.37). Using known standards for 

comparison, t-butyl bromide (25%) was shown to be present 

by gel.ce analysis. The formation of this product was 

also consistent with i.r. evidence Va (liq. film) 1385 and 

1365 (Me,C) omy and nem.re data,t 8.30 singlet. Integration 

of the nem.r. spectrum of the reaction products showed that 

isobutylene (40%) had been lost by elimination. The 

remaining products were identified by their characteristic 

nem.er. absorptions, isocrotyldiphenylchlorosilane (154) ° 

and (2-methylallyl)diphenylchlorosilane (127). _ 

Addition of hydrogen bromide to products from reaction 

of Iil with magnesium.— Dry hydrogen bromide was bubbled 

slowly through the reaction product mixture for a period of 

lh. Nem.r. analysis of the products showed the Oeoeated 

removal of absorptions associated with olefinic protons. 

These absorptions had been replaced by signals characteristic 

of III (30%). The remaining major products appeared to be
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diphenyl bromochlorosilane (20%) and isobutyldiphenylchloro- 

silane (31%) (n.m.r. analysis). 

(iii) The Reaction of Hydrosilyl Grignard Reagents with 

Chlorosilanes 

Reagents. Lithium aluminium deuteride was purchased 

from Ciba Chemicals and had an isotopic purity of 99.0%. 

The following were prepared using previously documented 

; 1 procedures, triethylsilane, © b,p. 108-109° (1it.22” 
DeDe 108.715 doe NeMeL. T 6.22-6.42 (1H, m), 9.00 (9H, ‘Gi 

118 

  

J 7 Hz) and 9.21-9.60 (6H, m); propyldimethylsilane, 
3 

beDe 7131740 Py it D0 74°/750 mm.), dey HeMeL. T 5 -85-6.17 

(1Hyim), 8.22-8.80; (4H, wi), 79 .08.4en. t.° 3 8 He),.9.1809.54 

(2H, tm) end’ 9.91 (6H, d, 0 Ssh Hes triphenylchlorosilane!?? 3 

mepe 105=105° (1it.tt? 120 

ngike Santee 

MeDe 104=105°); triphenylsilane, 

mep. 34-36°), “H nwmer. + 2.22-2.87 
122 

(15H, m) and 4.43 (1H, s); triphenylmethoxysilane, 
- 

MeDPe 53-54° pik are MeDe 54.5-55°), li NeMeLe T 2e08H2. 93 

(15H, m) and 6.41 (3H, s); (chloromethy1)dimethylsilane?”* 

123 Bele 81-82° atte, bebr Blac ° 7732 mm.), hay nomiy. +t 5.7 7e 

6.01 (1H, m), 7.18 (2H, d, J 2.5 Hz) and 9.79 (6H, d, J 4 Hz); 
124 oO ( 124 (bromomethyl)trimethylsilane, bep. 115-116 LAGRG b.p. 

115.5°/742 mm.), “H n.m.r. t 7.58 (2H, 8) and 9.87 (9H, 8); 
as 125 

(3-chloropropyl )methyldichlorosilane, Dep» 183-185° C14 tap 

184.5°/754 mn.), 1H nam.r. + 6.46 (2H, t, J 6 Hz), 7.55-8.16 

(2H, m), 8.60-8.99 (2H, m) and 9.10 (3H, s); (3-chloropropyl)- 

102 
  

s ( LO2 A Gimethylchlorosilane, ~ b.p. 178-180° (lit.,  b.p. 179°/ 

750 mm.), = nemer. t 6.51 (2H, t, J 6 Hz), 7.92-8.32 (2H, m) 
$
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(Bromomethyl)dimethylsilane.— This was prepared by 

reduction of ( bromomethy1)dimethylchlorosilanet”* 

(50 ge, 0.27 mol.) with lithium aluminium hydride (3.1 g., 

0.082: mol.) in anhydepun diethyl ether ‘150 ml.). Yield 

290% Bey. 11%, Dep 99-101", ty oti sr a & HeleeS.07 (1B. mm), 

(epo(QH, d, og © Hes goa O78 GON, a, J 4 He)s 

(Bromomethyl )dimethyldeuteriosilane.- Prepsration was 

achdeved by the above procedure using lithium aluminium 

deuteride as reducing agent, b.D. 99~101°, Li NeMePe T 

v.00 -(2H,.8) and. 9.80°(6H, 6). 

(Bromomethyl )methylsilane.- Lithium aluminium hydride 

(2 ge, 0.053 mol.) was added to a solution of ( bromomethy1)~ 

webhyld! chiordsiiane” (20 g., 0,096 mol.) in anhydrous 

diethyl ether (60 ml.) and the mixture was refluxed for 0.5 h. 

Yield 7.62 g., 63%, bep. 78-30° (11t.°” b.p. 25°/80 mm.), 

Li NemePe T 5-65=6.10 (2H, m), 7.44 (2H, quart., J 3 Hz) 

and 9.68 (3H, quart., J 4 Hz). 

(3-Chloropropyl)methylsilane.- {%-Chloropropyl)methyl~ 

dichlorosilane (57.45 g., 0.3 mol.) was reduced by dropwise 

addition to a slurry of lithium aluminium hydride (5.7 g., 

0.15 mol.) in anhydrous diethyl ether (170 ml.). Yield: 

22.4 g., 60%, bep. 120-122°, 1H nomen. + 6.1826. 35 (2H, m), 

6.49 (ou, t, J 7 He). 7.9008.31 €2u. m)y 9400-9651 

(2H, m) and 9.62 (SH, 6, :3 @ He). 

(3-Todopropyl )methylsilane.- ( Sechlorcpropy )methy tk 

silane (20 g., 0.16 mol.) was refluxed with sod Lum lodide 

(72.2 g., 0.48 mol.) in anhydrous acetone+”® °250°m1.). for 

16 h. Sodium salts were removed by filtration and the 

remaining solution was fractionated to remove most of the
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acetone. Water (50 ml.) was added and after extraction with 

diethyl ether the organic phase was dried ("250 ,) and 

fractionated. Yield 12.5 g., 36%, bp. 162-164°, 1H nmr. 

T 6.19~6.35 a, 0) 6,02 (2H, t, Je? Hed; 7.6108. S0.(2H, mie 

9.00-9.36 (2H, m) and 9.86 (3H, t, J 4 Hz). : 

(3-Chloropropyl )dimethylsilane.- (3-Chloropropyl)- 
  

dimethylchlorosilane (17.1 g., 0.1 mol.) was reduced with 

lithium aluminium hydride (0.95 Ze, 0.025 mol.) in anhydrous 

diethyl ether (50 ml.). Yield 9.0 g., 66%, bp. 134-136°, 

li nomer. t 5.92-6.34 (1H, m), 6.54 (2H, t, J 7 Hz), 7.98 

8.40 (2H, m), 9.13-9.40 (2H, m) and 9.91 (6H, a4, J 4.5 Hz). 

(3-Iodopropyl)dimethylsilane.~ A mixture of 

i sank labonpopyietmetiya elt ole (8.0 Gey OFGBS mol.)y sodium 

lodide (36 g., 0.24 mol.) and anhydrous acetone (150 ml.) 

were refluxed for 24 he The products were filtered, 

concentrated, water was added and the lower layer was dried 

(MgSO,) and distilled. Yield 8.4 g., 64%, bep. P7scler es 

Ti nom.r. t 5.90-6.30 (1H, m), 6.84 (2H, t, J 7 Hz), 7.89- 

8.54 (2H, m), 9.14-9.44 (2H, m) and 9.91 (6H, d, J 4.5 Hz). 

(Dimethylsilylmethy]l)trimethylsilane.- The Grignard 

reagent from (bromomethy1)dimethylsilane was prepared by 

reaction of the halide (5 g., 0.027 mol.) ee eas olvct 

(1.5 g., 0.062 mol.) in dry diethyl ether (20 ml.). 

Trimethylchlorosilane (1.45 g., 0.013 mol.) was added and 

the mixture refluxed for 14 h. Work up in the cual fashion 

gave the product. Yield 1.8 g., 90%, bep. 120° (1it.22” 

bep. 120°/751 mm.), TH nomer. + 5.79-6.00 (1H, m), 9.89 

(6H, d3o0-S Hz), 9.92.(0,"s) and 10.22 (Wh ae St 4-ue).
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(3-Dimethylsilylpropyl)propyldimethylsilane.— Prepare 

ation was effected by reaction of (%3-dimethylsilyl) propyl- 

magnesium iodide (0.02 mol.) with propyldimethylchloro- 

ine: (0,02 mol.) in anhydrous diethyl ether (50 ml.). 

Oo Yield 0.4 g., 10%, b.p. 194-196", 2 Hnomer. t 5.88-6.13 

(1H, m), 8.30-9.60 (13H, m), 9.91 (6H, ad, J 2.5 Hz) and 

9.92 (6H, s). 

Ethyldiphenylsilane .— This was prepared by reduction 

of ethyldiphenylchlorosilane (24.7 g., 0.1 mol.) with lithium 

aluminium hydride (1.9 g., 0.05 mol.) in dry diethyl ether 

(60 mic). Yield 95.1 2., 00g, b.p. leoe/d um, (24ti7" bape 
119.8°/1 mm.), “H nwm.r, t 2.25-2.70 (10H, m), 5.03-5.18 (1F, m: 
and 8.91 (5H, s). 

(2-Bromoethyl )diphenylsilane.- (2-Bromoethyl )diphenyl- 

chlorosilane (8.56 g., 0,027 mol.) in dry diethyl athen 

(20 ml.) was slowly added to a slurry of lithium aluminium 

hydride (0.27 g., 0.007 mol.) in dry diethyl ether (10 mis). 

After reflux (0.25 h.), hydrolysis and Sonben theater under 

vacuum, the products were chromatographed on silica gel 

using benzene as eluant to give the silane as a clear oil. 

Yield 4.5 g., 58%, “H n.m.r. t 2.22-2.84 (10H, m), 5.002514 
(1H, m), 6.35-6.65 (2H, m) and 7.95-8.30 (2H, m). 

(Bromomethyl )methylphenylsilane.— PReAGitdoneatitiy 

bromide (0.27 mol.) in dry diethyl ether (110 ml.) was 

added dropwise to a solution of ( bromome thy1 )methyldichloro- 

sveie (50 ge, 0.27 mol.) in dry diethyl atlas (20 ml.) 

cooled to 0°. After addition the products were refluxed 

(0.5 Dade. cooled and ail magnesium salts were precipitated 

with an excess of light petroleum (b.p. 30-40°). Solvents
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were removed by distillation and the resulting concentrate 

was added dropwise to a slurry of lithium aluminium hydride 

(2.5 ge, 0.066 mol.) in dry diethyl ether (100 ml.). 

Hydrolysis followed by vacuum fractionation afforded the 

product. . Yield 41.2 g., 712, bape 64~66°/0.5 Mile, Li 

Nemore T 2.50=5.05 (SH, m), 5.42 (1H, sept., J 4 Hz), 7.55 

(eo, ty J 8.5. Be): and. 0.65 (oH, dz ga mee; 

(Bromomethyl) trichlorosilane.— Methyltrichlorosilane 

(500 g., 3.35 mol.) was placed in a 1L photochemiral 

reactor equipped with a Hanovia u.v. lamp, dropping funnel, 

condenser and gas inlet. Bromine (133.8 g., 1.67 mol.) 

was allowed to drop into the irradiated liquid as chlorine 

was allowed to bubble through at a brisk rate. Irradiation 

was maintained until. the deep red colour of bromine hed 

been completely discharged. Fractionation gave the product. 

Witold 26g: 5-S.232, bib. S0n1e", Ho Dhetie Me. thn Cee od). 

(Bromomethyl)diphenylsilane.- Phenylmagnesium bromide 

(0.213 mol.) in diethyl ether (150 ml.) was added dropwise 

to (bromomethyl)trichlorosilane (24.5 g., 06107 mMOLs) 1m 

diethyl ether (20 ml.). After reflux for 3 he the products 

were cooled, excess light petroleum /b.p. B0-40°) was added 

and the magnesium salts were removed by filtpavton, The 

concentrated filtrate was reduced with ee aluminium 

hydride (1.41 g., 0.037 mol.) in dry diethyl ether (70 ml.) 

and after work up in the usual fashion the product was 

isolated by vacuum distillation. Yield 14.34 ge, 494, a 

139-140°/1 mm., “H nemer. t 2.23-3.03 (10H, m), 4.82 (1H, t, 

J @.5 He) ghd 7.52 (2H, 4, J 2.5 He).
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(Todomethyl)(dimethylsilylmethyl )dimethylsilane.— 

Dimethylsilylmethylmagnesium bromide (0.42 mol.) in tetra- 

hydrofuran (200 ml.) was refluxed with triphenylchlorosilane 

(50 g-, 0.17 mol.) for 4h. The products were then cooled 

and a solution of iodine (31.75 g., 0.25 mol.) in dry tetra- 

hydrofuran (50 ml.) was slowly added. Hydrolysis and frac- 

tionation gave the product. Yield 6.0 g., 14%, b.p. 75-— 

78°/10 MM « y Ly Nemes T B Taba iA ,oH, ay, -74904( 2H a. 

9.70-10.00 (12H, m) gna 10,27 (20, @, Sok Mey, 

Reaction of hydrosilyl Grignard reagents with chloro-~ 

gilanes.- The individual reactions and preducts are 

summarised in Tables 6 and 7. The general procedure is 

illustrated by the reaction of dimethylsilylmethylmagnesiun 

chloride with triphenylchlorosilane. For other reactions 

brief notes are given when new products were isolated. 

Whenever possible the products were separated by distillation 

or column chromatography and identified by comparison with 

authentic samples. 

Triphenylchlorosilane (a) with dimethylsilylmethyl- 

magnesium chloride.e- A solution of dimethylsilylmethyl- 

magnesium chloride in dry diethyl ether (20 ml.) was 

prepared from magnesium (1.46 g., 0.06 mol.) a ‘chloro- 

methyl)dimethylsilane (6.52 g., 0.06 mol.) A solution of 

triphenylchlorosilane (5.89 g., 0.02 mol.) in dry diethyl 

ether ‘30 ml.) was run in and two thirds of the solvent was 

removed by distillation under nitrogen. The mixture was 

then eofiuxed for 24 h., cooled and hydrolysed with 10% 

ammonium chloride solution (15 ml.). Diethyl ether (20 ml.) 

was added and the aqueous phase was separated. This layer
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was extracted with ether (3 x 15 ml.) and the combined. ether 

layers were dried (MgSO, ) and fractionated. This afforded 

(dimethylsilylmethyl)trimethylsilane 2.74 g., 80%, bepe 119~ 

12y (ile bps 120° /aBi au) ene OY aes steeua 
was identical with that of the previously prepared sample; 

pie (liq. film) 2109 (Si-H), 1251 and 850 (Sime, ) omit 

the mass spectrum showed a weak parent ion m/e 146 (1%), 

m/e (main peaks) 145 (C,H, ,Si,*, 9), 152 (Coadt.”, 100%) 

and 73 (C.H.Si”, 714). The residue was chromatographed on 

silica gel and eluted first with light petroleum-benzene 

5 : 1 to give triphenylsilane 4.1 g., 91%, m.p. B2_ 24° 

120 (lita, mep., 36-87%), 1H Bomers tc Beeeee.87 (ISR mM) “and 

4,43..(11H, ay, Pe (liq. film) 2120 (Si-H) and 1435 and 

1110 (Si-Ph) ane” Hlution with benzene produced a fraction 

consisting of a mixture of products with the general 

formula Me SiH(CH,SiMe,,) CH BuMe. O91. Yield 0.58i¢g-, a 2 ih 3 

20%; the mass spectrum showed characteristic (15) ions 

n + of + at m/e 347 (C4 48,81, wiebly celD (C14 

203 (Cg re 100%). Elution with diethyl ether efforded 25 
3 

triphenylsilanol. Yield 0.28 g., 5%, mp. 149-151° hee " 

dh 

H, Si, + 29%) and 

Mp. 155-154"), “H n.m.r, & 2410-2,72-116Hjom) and 7.86 

(1H, s), vo. (KBr disc) 3360 (Si-OH) and 1435 and 1110 

(Si-Ph) om7z+ 

(b) With dimethyldeuteriosilylmethylmagnesium bromide .— 
  

(Dimethyldeuteriosilylmethyl) trimethylsilane was isolated by 

fractionation. Yield 0.88 g., 60%, bep. 118-120°, 24 

nemer. t 9.89 (6H, 8s), 9.92 (9H, s) and 10.22 (2H, s); the 

mass spectrum showed a weak parent, ion m/e 147 (1%), m/e 

(main peaks) 145 (CgH, DSi”, 4%), 132 (C,H, DSi”, 100%)
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and 73 (C,H.Si", 43%). Chromatographing the residue on 

silica gel using light petroleum-benvene 5 : 1 as eluant 

afforded triphenyldeuteriosilane. Yield 1.49 g., 66%, 

Msp. 33-35", Vang (rid film) 1545 (Si-D) and 1475 and 1110 
(Si-Ph) omj" absorption at 2120 (Si-H) cm7+ was completely 3 

absent. 

(c) With dimethylsilylmethylmagnesium bromide and 

termination with deuterium oxide.- Distillation gave 

(dimethylsilylmethy1)dimethyldeuteriomethylsilane. Yield 

2.08 ge) 70%, bop. 118-120", — Hnomer. tT 5.79-6.00 (1H, m), 

9.89 (6H, d, J 3 Hz), 9.92 (8H, s) and 10.22 (2H, a, J 

4 Hz); the mass spectrum showed a weak parent ion m/e 

147 (14), m/e (main peaks) 146 (6,881. 7%), 152 

(CH. DSi,”, 100%) and 74 (C,H DSi’, 50%). The residue was 5:14 8 

chromatographed on silica gel using light petroleum-benzene 

5 s 1 as eluant to give triphenylsilane. Yield 2.44 g., ‘16%, 

Ds SonBa > Vinag (rid+ film) 2120 (Si-H) and 1435 and 1110 
(Si-Ph) om; absorption at 1545 (Si-D) em”+ was completely 

absent. 

(ad) With methylsilylmethylmagnesium bromide prepared 

from magnesium turnings .— (Methy1silylmethyl)dimethylsilane 

was isolated by fractionation. Yield 2.85 ge, 58%, DePe 

wove (it 2" 62° soko io min niin. x 5,856.72 (3H, m), 

9.85-10.05 (9H, m) and 10.25 (2H, m). The remaining 

products were chromatographed on silica gel using light 

petroleum~benzene 5 3; 1 as eluant to give a iste ae 

triphenylsilane. Yield 3.9 g., 75% and (dimethylsilylmethyl) 

triphenylsilane. Yield 0.80 g., 12% (yields estimated by 

nem. analysis), “H nmr. + 2.20-2.85 (15H, m), 5.96-6.23
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(1H,.m), 9.30-9.48 (2H, m) and 10,02-10.22 (GH, m). 

(e) With methylphenylsilylmethylmagnesium bromide. 

The concentrated reaction products were chromatographed on 

silica gel and eluted with light petroleum-benzene 5 :$ 1 

to give (methylphenylsilylmethyl)dimethylphenylsilane. 

Yield 4.4 g., 80% (clear 011), 'H nemor. t 2.27-3,00 

(10H, m), 5.07-5.64 (1H, m) and 9.68-9.97 Cth m) ; the mass 

spectrum showed a weak parent ion m/e 270 (3%), m/e (main 

+ 
ks).2 fi 50% 192 Hee ot 2% TET. peaks) 255 (C,H, 58 wv 'b) » (C., 17st. , 58%) and 

foot, St 100%). Further elution with the same solvent 

mixture afforded triphenylsilane. Yield 4.0 g., 784. 

es 

(f) With diphenylsilylmethylmaznesium bromide.~ The 

products were chromatographed on silica gel using light 

petroleum-benzene 9 ¢ 1 as eluant to give methyldiphenyl- 

silane. Yield 8.1 g., 190% (based on chlorosilane), dy 

Nemer. T &.24—2.85 (10H, m), 5.00 (1H, quart., J 4 Hz) and 

9.42 (3H, d, J 4 Hz). Elution with diethyl ether gave 

triphenylsilanol. Yield 5.42 g., 98%. 

(g) With (2-diphenylsilyl)ethylmagnesium bromide. 

Elution of the concentrated products on silica gel with 

light petroleum-benzene 9 $ 1 afforded a mixture of ethyl- 

diphenylsilane (90%) and triphenylsilane (50%) (yields 

estimated by n.m.r. analysis). Elution with benzene afforded 

(2-diphenylsilylethyl)ethyldiphenylsilane. Yield 7.6 g., 

00%, *H nam.r. t 2.35-2.90 (20H, m), 5.02-5.24 (1H, m), 

and 8.27=9.30 (9H, m). 

{h) With (3-dimethylsilyl)propylmagnesium todide.— 
  

The products were concentrated by fractionation and propyl- 

dimethylsilane (trace) and (3-dimethylsilylpropyl)propyl-
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dimethylsilane (354) were identified by Gelece The yield 

of triphenylsilane (62%) was estimated by nem.r. analysis. 

(1). With isobuty Imacnes ium bromide.- Column chromat- 

Ography of the products on silica gel using light petroleum- 

benzene 4 $ 1 gave isobutyltriphenylsilane. Yield 5.81 g., 

O20, mep. T1a72° (22E.0°" maa 94.5-95°7. Mim. + 2.82. 

2.82 (15H, m), 8.03 (1H, septet, J 7 Hz), 8.61 (2H, d, J 

2on2). ofa 9110. 66H Ook] Hz). The presence of trace 

quantities of triphenylsilane (4%) were detected by n.m.r. 

analysis (singlet absorption t 4.55) and by g.l.c. 

(j) With n-propylmagnesium bromide and dimethylphenyl- 

silane.- Triphenylchlorosilane (5.89 B+, 0,08 nidiei, 

dimethylphenylsilane (2.72 g., 0,02 mol.) and n-propyl- 

magnesium bromide (0.02 mol.) in dry diethyl ether (5 ml.) 

were refluxed for 24 h. The complete absence after work up 

of triphenylsilane was demonstrated by n.m.r. analysis. 

n-Propyltriphenylsilane and triphenylsilanol were the only 

products derived from the triphenylchlorosilane. 

(k) With n-propylmagnesium bromide and triethylsilane.— 

Using essentially the above procedure the reactants were 

refluxed for 24 h. The absence of triphenylsilane was 

established by n.m.r. analysis. 

Dimethylsilylmethylmagnesium bromide (a) with methyl- 
  

  

diphenylchlorosilene.— (Dimethylsilylmethyl) trimethylsilane 

was isolated by fractionation. Yield 1.0 g., a3e, bep. 116- 

119°. The residue was chromatographed on silica gel using 7 

light petroleum as eluant to give methyldiphenylsilane. 

Yield 1.94 g., 494, “H numer. t 2.21-2.77 (10H, m), 4.93 

(1H, quart., J 4 Hz) and 9.44 (3H, d, J 4 Hz). Further
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~ elution with Light petroleum afforded (dimethylsilylmethyl)~« 

methyldiphenylsilane. Yield 2.38 g., 44%, te NeMePe T 2.17~ 

2085 (1lOH, m), 5.70-6.05 (1H, m), 9.40 (3H, 8), 9.72=10.05 

(6H, m) and 10,07-10.27 (2H, m). 7 

(b) With trimethylchlorosilane and termination with 

deuterium oxide.~ Fractionation afforded a mixture of 

(dimethylsilylmethyl)trimethylsilane and (dimethylsilylmethyl)- 

dimethyldeuteriomethylsilane. Yield 2.12 g., 73%, b.p. 119- 

ioc: The relative yields of the two products were estimated 

from mass spectral peak intensities at m/e values of 141 

and 132 due to (M-15) ions. Intensities were corrected for 

294 natural abundance and for loss of (M-16) from (dimethyl- 

silylmethyl)dimethyldeuteriomethylsilane. 

(c) With triphenylmethoxysilene.- Work up efter the 

normal 24 he reaction period afforded only unreacted tri- 

phenylmethoxysilane and Grignard self coupling products 

MeSStH(CH SiMe.) CH SiMe n20O (yield 14% estimated by 

nem.r. analysis). 

Reaction of (bromomethyl )methylstlane with magnesium in 

diethyl ether.~ A solution of (bromomethyl)methylsilane 

(4.0 g., 0.029 mol.) in anhydrous diethyl ether (15 ml.) 

was added to a stirred slurry of magnesium (0.97 Be, 

0,04 mol.) and anhydrous diethyl ether (5 ml.). After 

addition the products were refluxed with stirritig tor 0.5 hb, ; 

hydrolysed, dried (MgSO, ) and concentrated by fractionation. 

Acetone (0.5 g., internal standard) was added and a yield of 

(444 of self coupling Grignard products was estimated by 

accurate integration of the n.m.r. spectrum of the reaction 

products.
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Kinetic procedure.— 

Dimethylsilylmethylmagnesium bromide with triphenyl- 

chlorosilane (initial concentrations equal).- The rate of 

reaction of ee rehelyichicroekiane with dimethylsilylmethyl- 

magnesium bromide was monitored by observing the change in 

intensity of the i.r. absorption band of triphenylsilane at 

2120 anes Dimethylsilylmethylmagnesium bromide was prep- 

ared by the reaction of (bromomethy1)dimethylsilene (9.79 go, 

0.064 mol.) with magnesium (1.71 g., 0.07 mol.) in anhydrous 

tetrahydrofuran (35 ml.). The precise concentration of 

the Grignard reagent was determined using a previously 

described Pihod Kinetic runs were carried out in a 

constant temperature bath controlled to 60 00° & 0.025°. 

The reactants, dimethylsilylmethylmagnesium bromide (0.017 

mol.) and triphenylchlorosilane (4.96 g., 0.017 mol.) in 

dry tetrahydrofuran (10 ml.) were mixed under nitrogen in a 

magnetically stirred reaction vessel and immersed in the bath. ° 

At suitable intervals of time samples were removed, run 

into excess light petroleum to precipitate magnesium salts, 

filtered, concentrated under vacuum and analysed as 20% 

solutions in carbon tetrachloride by i-r. spectroscopy using 

cells of constant thickness. The percentage Pann iaadice at 

2120 (Si-H) and 3080 (C-H) om” were measured and the 

concentration of triphenylsilane was determined with the help 

of a calibration curve prepared from mixtures of triphenyl- 

silane and triphenylchlorosilane of known One ORne Le The 

process was repeated using tetrahydrofuran (15 ml.) as dilute 

ing solvent and rate plots for the formation of triphenyl- 

silane were constructed.
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Dimethylsilyimethylmagnesium bromide with a larre 

excess of triphenylchlorosilane.- The rate of disappearance 

of Grignard reagent in the presence of a large excess of 

triphenylchlorosilane was followed by a gas evolution method 

devised by Gtieeny A solution of triphenylchlorosilane 

(9-6 ge, 0.082 mol.) in anhydrous tetrahydrofuran (50 ml.) 

was mixed with a solution of dimethylsilylmethylmagnesium 

bromide (0.0039 mol.) in dry tetrahydrofuran (4 ml.) ina 

magnetically stirred reaction vessel immersed in a constant 

temperature bath controlled to <5. t 0.025°. Samples were 

removed at intervals and hydrolysed with dilute hydrochloric 

acid and the volume of trimethylsilane evolved wes measured. 

The procedure was repeated using a eanyarorunas (27 ml.) as 

diluting solvent and rate plots were constructed. 

(2-Diphenylsilyl)ethylmagnesium bromide and triphenyle 

chlorosiilane (initial concentrations equal). (2-Diphenyl- 

silyl)ethylmagnesium bromide (0.017 mol.), triphenylchloro- 

silane (4.97 g., 0.017 mol.) and anhydrous tetrahydrofuran 

(16 ml.) were mixed and immersed in a constant temperature 

bath controlled to 60.00° # 0,025°, At suitable time 
intervals samples were removed, hydrolysed, concentrated 

under vacuum and analysed by n.emer. spedtade copy” The 

relative intensities of absorptions at + 4.655 (SieH of Ph,,Sik) 

and t 5.00-5.25 (Si-H of other products) were measured 

accurately and the degree of reduction to give triphenyl- 

Silane was determined. The process was repeated ada 

tetrahydrofuran (27 ml.) as diluent and rate plots were 

constructed in the normal fashion..
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Self coupling of dimethylsilylmethylmagnesium_ bromide.— 

Dien-butyl ether (2.0 ml., 0.012 mol.), diphenyl ether 

(2.0 ml., 0.014 mol.) and dimethylsilylmethylmagnesium 

bromide (0.028 miGle) in tetrahydrofuran (20 ml.) were mixed 

under nitrogen and immersed in a constant temperature bath 

controlled to 60.00° z G08". ‘Samples were withdrawn at 

appropriate time intervals and analysed quantitatively by 

@el.c. for (dimethylsilylmethyl)trimethyisilane using di-n- 

butyl ether as internal standard. Samples were then concen- 

trated under vacuum and analysed for Meo SiH( CH) SiMe.) CH Sime, 

n>l1 by nem.r. using diphenyl ether as internal standard. 

Grignard association studies.~ The degree of association 

of dimethylsilylmethylmagnesium bromide at various concen= 

trations in tetrahydrofuran was determined using the modified 

Cottrell's apparatus designed by Ashby and tales The 

apparatus was purged with nitrogen and dry tetrahydrofuran 

(50 ml.) was added via a syringe. The temperature reading on 

the Beckman thermometer was noted at the boiling point of the 

pure solvent. Suitable volumes of a 1.33 molar solution of 

dimethylsilylmethylmagnesium bromide in tetrahydrofuran were 

added via a syringe and boiling point changes were notede 

The degree of association was calculeted using the expression. 

a WOM, 1 

W. 
  

Where Wy is the weight of solvent, W, is the weight of solute, 2 

My is the molecular weight of the solvent, My is the formula
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weight of the solute, AT. the boiling point elevation and B. 

the molal boiling point elevation constant. The latter was 

determined at the operating pressure using a number of solutes 

of known molecular weight. 

(iv) The Reaction of Hydrosilyl Grignard Reagents with 

Carbonyl Compounds 

_Reagents.~ Magnesium was.supplied by New Metals and 

Chemicals Ltd. and hed a purity of 99.975%. Reagent grade 

benzophenone was recrystallised twice from 95% ethanol and 

distilled under vacuum, b.p. 88°/0.05 mm.; g.l.c. analysis 
, 

indicated a purity of at least 99.95%. 

The following were prepared using previously outlined 

235 123 methods, (chloromethyl) trimethylsilanet~° b.p. 81-82° (1it.2 
oO 

Weds: O1.5° 7452 ams), ms n.mer. t 7.28 (2H, s) and 9.87 

124 
(9H, s); benzhydryloxytrimethylsilane,  b.ep. 124-125°/2 mm, 

4. 
ce beep. 124-124.5°/2 mme), 1 Homers “0 ' 2.5062 .95 

(10H, m), 4.20 (1H, s) and 9.95 (9H, s); (2=trimethylsilyl- 

135 oO 136 
ethyl)trimethylsilane,  b.p. 150-152 (lit.,; bep. 151+ 

2 

oe 187 oO 138 O 
hexamethyldisiloxane, bep. 98-99 (lit.,  b.p. 98.5 / 

760 mm.). 

  

{Bromome thy] )methyldideuteriosilane.~ Lithium aluminium 

deuteride (2 g., 0.048 mol.) was added os solution of 

(hooucmethy mete ldiehtoroaiiane (20. ge,. 0.096 mols) in 

anhydrous diethyl ether (70 ml.) and the mixture was refluxed — 

for 0.5 h. Yield 6.58 g., 55%, bep. 78-80°, 1H numer. + 

7.44 (2H, s) and 9.67 (3H, s). 

Reaction of hydrosilyl Grignard reagents with ketones.— 

The procedure for reaction of ketones with hydrosilyl
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Grignard reagents is illustrated by the addition of benzo- 

phenone to dimethylsilylmethylmagnesium bromide. For 

subsequent reactions brief notes are given when new products 

were isolated. Wheubeey possible involatile products were 

separated by column chromatography and identified by compar- 

ison of their physical properties and n.m.r. spectra with 

those of authentic samples. Volatile components were 

characterised by comparison of gsless retention times with thos 

of authentic samples. 

Benzophenone (a) with dimethylsilylmethylmagnesium 

bromide.” Dimethylsilylmethylmagnesium bromide was prepared 

by reaction of (bromomethy1)dimethylsilane (S.67 @.3 

0.024 mol.) with magnesium (0.73 g., 0.03 mol.) in anhydrous 

diethyl ether (12 ml.). A solution of benzophenone (2.19 ee. 

0,012 mol.) in dry diethyl ether (5 ml.) was added and 

reflux was maintained for 0.5 h. The products were then cool- 

ed and hydrolysed with 10% ammonium chloride solution 

(15 ml.); diethyl ether (10 ml.) was added and the organic 

phase was separated. The aqueous phase was extracted with 

ether (3 x 15 ml.) and the combined organic layers were 

dried (Mgso and fractionated to remove most of the ether. 

G.l.c. analysis of the remaining products showed the pres- 

ence of (dimothy 16 ity mickiy t) tote ti lal lene (12%). The 

vacuum concentrated reaction products were chromatographed 

on silica gel using light petroleum-benzene 2 3: 1 as eluant. 

The first fraction consisted of a mixture of benghyare ae 

trimethylsilane and 1,l-diphenylethylene (the latter was 

characterised by g.l.c. and characteristic n.m.r. singlet 

absorption at t 4.61). Further elution gave pure benzhydryl-
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he oxytrimethylsilane (clear oil), “H nom.r. tT 2.50-2.95 © 

(10H, m), 4-20 (1H, s) and 9,95 (9H, s); the mass spectrum 
’ 

showed a parent ion m/e 256 (34%), m/e (main peaks) 241 

f .+ : + Eb (C,H, ,081", 17%), 179 (¢, \H, Osi”, 18) LO77(G, 7 

100%), 165 (6.61 29%) and 75 (C,HoSi', 49%)- The product 

yields, 1,1-diphenylethylene (34) and benzhydryloxytri- 

methylsilane (924) were estimated by arcurate integration of 

the n.m.r. spectrum of the nesetien product mixture. 

Elution with dhethy! Sther afforded benzhydrol. Yield 0.11 g., 

5%, mep. 65-67° (from ethanol) (11t.259 mp. 69°), 1H 

nemer. t 2.68 (10H, s), 4.25 (1H, s) and 6.31 (1H, s); mass 

spectrum un 184. | 

(b) With dimethyldeuteriomethylmagnesium bromide.-— 

Column chromatography afforded 1,l-diphenylethylene (3%) 

and deuteriobenzhydryloxytrimethylsilane (89%), 1 n.m.r. 

tT 2.50-2.95 (1OH, m) and 9.95 (9H, s); the mass spectrum 

showed a parent ion m/e 257 (28%), m/e (main peaks) 242 

13% of .+ a + (Cy cH, OSA”, 16Z), 180 (C,H, Dosi*, 35%), 168 (C,H D”, 

100%), 166 (C,,H,D", 28%) and 75 (C,HoSi", 43%). Relative 
yields were estimated by accurate integration of the nemer. 

spectrum of the reaction product mixture. Elution with 

diethyl ether gave deuteriobenzhydrol (7%), m.p. 66-67°, 

lit nomer. t 2.68 (10H, s) and 6.31 (1H, s); mass spectrum : 

M* 185. | 

(c) With dimethylsilylmethylmagnesium bromide and 

termination with deuterium oxide.” The er onted eae 

isolated by chromatographing on silica gel; 1,1-diphenyl- 

ethylene (4%) and benzhydryloxydeuteriotrimethylsilane (874), 

1H numer. t 2.50-2.94 (10H, m), 4.21 (1H, s) and 9.96 (8H, 8);
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the mass spectrum showed a parent ion m/e 257 (274), m/e 

$ : + 
(main peaks) 242 (¢ Hy psi ¢: 2%) 46180 Oe a DOSS pees): 

15 
* fe tae 

167 (Cy oH) ’ 100%) , 165 (C,H, » 52%) and 74 (CH. 

Benzhydrol was also isolated. Yield 0.20 ge, 9%, mass 

5 Zo 
D 3’ 55%). 

spectrum uM 184 (the absence of deuterium in the alrohol was 

presumably due to exchange during work up). 

(d) With methylsilylmethylmagnesium bromide.— The 

vacuum concentrated reaction Peccets were chromatographed 

on silica gel using 1 tehg petroleum-benzene 9 ¢ 1 as eluant. 

This yielded a mixture of 1,l-diphenylethylene (8%), 

benzhydryloxydimethylsilane (30%), 1 NeMeLe T 2e54"2.,90 

(LOH, m), 4.08 (1H, 8), 4-80-5.10 (1H, m) and 9.80 (6H, d, 

J 4 Hz) and a mixture of polymeric products formed from 

self coupling of the Grignard reagent. Elution with diethyl 

ether afforded benzhydrol (62%), MeDe 64-66". 

(e) With methyldideuteriosilylmethylmagnesium bronide.— 

Column chromatography afforded 1,l-diphenylethylene (7%), 

deuteriobenzhydryloxydimethyldeuteriosilane (334), li nemer. 

T 2.54-2.90 (10H, m) and 9.80 (6H, s) and deuteriobenzhydrol 

(604). 

  

(f) With methylphenylsilylmethylmagnesium bromide .— 

Chromatographing the concentrated reaction products on silica 

gel and eluting with light petroleun~benzehe 9 3: 1 gave 

dimethylphenylsilane. Yield 2.77 g., 170% (based on benzo- 

phenone), lit numer. 7 £402.85 (SH, m), 5.46 (1H, septet, 

Jim Sey end 9.75. (2H, do J 4 Heys Biution with benzene 

afforded benzhydryloxydimethylphenylsilane (clear oil). 

Yield 3.58 g., 94%, qi Hamer. T &651-35.135 (15H, m), 4.25 

(im, 8) and 9.7% .(6H, 9).
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(g) With diphenylsilylmethylmagnesium bromide.- Reaction 

was effected by refluxing the Grignard reagent/ketone mixture 

for 12h. The vacuum concentrated reaction products were 

chromatographed on silica gel using light petroleum-benzene 

9 $ 1 as eluant to give methyldiphenylsilane. Yield 

5.13 ge, 200% (based on ketone). Elution with benvene gave 

benzhydryloxymethyldiphenylsilane (clear oil). Yield 

3.83 g., 844, 1H nmr. t 2-27-3.16 (20H, m), 4.18 (1H, 8) 

and 9.57 (SH, ss). : 

(h) With (2-divhenylsilyl)ethylmagnesium bromide .— 

Elution of the concentrate with light petroleum~benzene 

9 $ 1 through a silica gel column afforded a mixture of 

ethyldiphenylsilane (67%) and vinyldiphenylsilane (95%), 

1 nomer. t 2630-2.90 (10H, m), 3.25-4.30 (SH, m) and 

4.75-4.86 (1H, m); the relative yields were estimated by 

nemere Elution with diethyl ether produced benzhydrol. 

Yield 3.49 g., 954, m.p. 65-86° (from ethanol). 

(i) With trimethylsilylmethylmagnesium chloride.- A 

solution of trimethylsilylmethylmagnesium chloride (0.02 mol.) 

was prepared in anhydrous tetrahydrofuran (12 ml.). Benzo- 

phenone (2.19 g., 0.01 mol.) in anhydrous tetrahydrofuran 

(5 ml.) was added and reflux was maintained for 0.5 ne -s 

mauve colour was produced upon addition, dhaveotertaata of 

the presence of ketyl radicals and this persisted throughout 

the reaction. G.l.c. analysis of the fractionated concen- 

trate showed tha presence of ‘(2-trimethyisilylethy1) trimethylq 

silane (14%) and hexamethyldisiloxane (5%). After concen- 

tration under vacuum the residue was chromatographed on 

silica gel using light petroleum-benzene 1 $ 1 as eluant
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to give a mixture of 1,l-diphenylethylene ‘18%), lit nomen. 

t 2.58 (10H, s),and 4.58 (2H, s) and 2-trimethylsilyl-1,1l- 

diphenylethylene (2.5%), Ly Beliaks %. eeODik LOH, 8), Se80 

(1H, s) and 10.08 (9H, sg). The mass spectrum showed m/e 

(main peaks) 252 (C,H 84"), 237 (C, gHy7S1*) and 180 (C, Bee) 

consistent with a mixture of these two products. Elution 

with benzene gave benzopinacol. Yield 1.34 g., 73%, m.p-; 

iGowiei Clits mop. 186-166"), ain.:,-< 2.222.868 

(10H, m) and 6.88 (oar: 8). Elution with diethyl ether afforded 

a mixture of benzhydrol (14) and (trimethylsilylethyl)di- 

phenylearbinol (2.5%), oa NemMere T 2.45=3.03 (10H, m), 7.99 

(1H, s), 8.20 (2H, s) and 9.95 (9H, s). 

Reaction of dimethylsilylmethylmagnesium bromide 
  

with (a) acetophenone. (Dimeti:ylsilylmethyl)trimethyl- 

silane (30%) and l-methyl-1l-phenylethylene (41%) were 

detected in the product mixture by g.el.c. Chromatographing 

the vacuum concentrated reaction products on silica gel 

using diethyl ether as eluant afforded l-phenylethanol. 

Yield 0.72 g., 59%, “H n.m.r. + 2.76 (5H, s), 5.31 (1H, 

quart., J 7 Hz), 6.40 (1H, s) and 8.65 (3H, d, J 7 Hz). 

(b) With acetone.— 1,1,3, 3-Tetramethyldisiloxane was 

isolated by fractionation. ee 

(c) With benzoyl chloride.— Benzoyl ‘chloride (0.70 g., 

0,005 mol.) was added to dimethylsilylmethylmagnesiun 

bromide (0.05 mol.) in dry diethyl ether (20 tls Ve After 

reflux (0.5 h.) the products were worked up as usual and 

Bel.ce analysis of the concentrate showed the presence of 

(dimethylsilylmethyl)trimethylsilane (140% based on benzoyl 

chloride). Column chromatography of the varuum concentrate
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on silica gel using light petroleum=-benzene 4 3: 1 as eluant 

afforded styrene 0.28 g., 544, ay NeMere tT 2.54-2.90 (5H, m), 

5046-5.56 (1H, m), 4.27-4.41 (1H, m) and 4.79-4.89 (1H, m). 

Elution with diethyl ether gave benzyl alcohol. Yield 

0.25 ge, 46% (the n.m.r. spectrum and g.l.c. retention time 

were identicalwith those of an authentic specimen). 

(d) With diphenylmethoxymagnesium bromide.- Phenyl- 

magnesium bromide (0.01 mol.) in dry diethyl ether (6 ml.) 

was added dropwise to a solution of benzaldehyde (1.06 Bes 

0.01 mol.) in dry diethyl ether (5 ml.). After addition 

the. products were refluxed for 0.5 he and then a solution of 

dimethylsilylmethylmagnesium bromide (0.01 mol.) in dry 

diethyl ether (5 ml.) was run in snd reflux wes maintained 

for a further 1h. Work up in the usual fashion gave 

benzhydrol. Yield 1.78 g., 97%, mep. 65-66°. 

(v) The Photolysis of Hydrosilylmethyl Grignard Reagents 

and their Reaction with Cuprous Chloride 

Reagents.— "AnalaR" cuprous chloride was stored under 

vacuum over phosphorus pentoxide prior to use. 1,1,3,3- 

Tetramethyl-1,5-disilacyclobutane was prepared by the method 

Pe CtideneG ol, bob. 147-1162 cite bie 1i7s149°). 

1H nom.r. t 9.78 (12H, s) and 9.97 (4H, 8). 

Photolysis of (a) dimetho tate chy mhcne stun bromide .— 

Dimethylsilylmethylmagnesium bromide (0.02 mol.). was prepared 

in dry diethyl ether (12 ml.) and a large portion of the 

ether was removed by distillation. Dry benzene (13 ml.) was 

added and distillation was continued until a head temperature 
oO . 

of 80 had been established. The Grignard solution was
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then cooled, made up to 15 ml. with more dry benzene, 

transferred to a sealed quartz tube, placed in the irrad- 

iation chamber of a Getgy weatherometer and photolysed for 

48 he. After hydrolysis the products were analysed by g.lec. 

and the following were shown to be present, 1,1,5,5-tetra~ 

methyl-1,3-disilacyclobutane (5%) and (dimethylsilylmethyl)- 

trimethylsilane (14%). 

(b) (Dimethylsilylmethyl)dimethylsilylmethylmagnes tum 
  

iodide. Using essentially the above procedure 1,1,3,35~= 

tetramethyl-1,5-disilacyclobutane (7%) was identified by 

Bele 

Reaction of cuprous chloride (a) with dimethylsilyl- 

methylmagnesium bromide. Dimethylsilylmethylmagnesium 

bromide (0.052 mol.) in anhydrous tetrahydrofuran (30 ml.) 

was added dropwise to a stirred slurry of cuprous chloride 

(564 ge, 0,055 mol.) in dry tetrahydrofuran (20 ml.) cooled 

to ~78°, The mixture was allowed to warm up to room temp- 

erature and reaction was observed at ~25° with the dep- 

osition of a dark brown precipitate of cuprous hydride. 

After stirring at room temperature for 24 he the products 

were hydrolysed with water and the organic phase was dried 

(Meso, ) and fractionated. G.l.c. analysis of ‘the concen-~ 

trate showed the presence of 1,1,3,5-tetramethyl-1,3- 

disilacyclobutane (4%) and (dimethylsilylmethyl)trimethyl- 

silane (9%). Nemer. analysis indicated that tie produce 

of the type Me 
2 

the extent of 16%. 

SiH(CH.SiMe_) CH.SiMe nYl were present to 
o Crewe 5 

(b) With (dimethylsilylmethyl)dimethylsilylmethyl- 

mmagnesium iodide.“ Using an analogous procedure 1,1,3,3- 

tetramethyl-1,3-disilacyclobutane was identified by g.l.c. 

(5%).
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