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SUMMARY 

The compounds (Me,Si),CHo_,,CI (x=1-3), (Me,Si),CHo_,,Br (x=1,3) 
and Me,SiCMe,Br have been found to react with 90”! acetone or. SO?< ethanol at 
70” at rates too small for convenient measurement. Towards aqueous acetone, the 
compound PhMe(Me$i)CBr is 110 times less reactive at 500 than PhMe,CBr at 
0”. It is concluded that relative to a-Me, a-t-Bu or a-H, a-MesSi groups decrease the 
ease of formation of carbonium ions. 

Second-order rate constants have been determined for the reaction of (Me,Si),- 
CH,s_,)Hal compounds and of Me,SiCMe,Br with sodium ethoxide in ethanol at 
7Cl’, and indicate that the a-Me,Si groups have a fairly small deactivating effect 
relative to the E-Me group in these reactions_ Thus the compound Me,SiCMe,Cl is 
5.6 times as reactive as (Me,Si),CCL The rates of reaction of the (Me,Si),CH(, _&I 
compounds with x= 1,2, and 3, respectively, fall in the ratios 4.8/1.2/1.0. 

INTFtODUCTION 

We have previously studied several aspects of the effects of trimethylsilyl 
groups on the reactivity of organic systems. For example, we have recently shown that 
the compound (MesSi),CH can bereadily metalated togivean unusually stable lithium 
derivative (Me,Si),CLi, an effect which can be plausibly attributed2, at least in part, 
to the stabilising effect of (p-&-bonding between the carbanion centre and the ad- 
jacent silicon atom. Similarly we have shown that the free radical (Me,Si)&’ is 
exceptionally stable’, and once again (p-d), interaction probably contributes to the 
stabilisation. In both cases, however, steric effects must be substantial_ Much earlier 
we showed that the trimethylsilylmethyl chloride, Me,SiCH&l, was more reactive 
than ethyl chloride towards nucleophilic substitution by iodide ion in acetone and 
suggested that this effect of the Me,Si group might be associated with a bridging 
mechanism involving interaction of the entering iodide ion with the vacant d-orbitals 
of the silicon atom4. Such an effect was assumed to overcome the deactivation 

l For Part XLVII see ret 1. 
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expect&d to be brought about by the inductive effect of the Me,Si group, which is 
normally thought to involve electron to a saturated carbon atom. 
In aqueous ethanol, iodide 
CH3CH2f~; and it could be that more effective soIvation of the entering and leaving 
halide ions in this medium both sterically hinders bridging and reduces the need for 
it, so .&at the deactivating influence of tke inductive effect of tke Me,Si group pre- 
dominates. The compound Me,SiCH,Cl is also less reactive than CH3CH2Cl towards 
etkoxide ion in ethanoP, and again the bridging mechanism may be inoperative, 
pOSSi%ly because of the salvation effect mentioned above coupled with the poorer 
bridging ability of etkoxide ion. 

We have not previously studied the effects of Me,Si groups on an adjacent 
carbonium ion centre, although we have drawn attention to the apparent anomaiy 
presented by the observation that the compounds Me,SiCH$ (X=Cl, I) do not 
react with silver nitrate in ethanol under conditions in which the corresponding 
n-hexyl halides react readily, in spite of the fact that inductive electron release by the 
Me3Si group should assist this reaction by stab&Q the forming carbonium ion’- 
Tke deactivating effect of the Me,Si group cannot easily be associated with steric 
hindrance to solvation of the carbonium ion because neopentyl halides, Me,CCH,X, 
for which the hindrance skould be markedly greater, are normally reactive*. We now 
describe studies of the effects of cr-Me,Si groups on the ease of neutral solvolysis of 
some alkyl chlorides and bromides ; the results indicate that the groups have a sub- 
stantial deactivating effect on carbonium-ion forming reactions. We also present data 
on the interaction of these halides with base in aqueous ethanol. 

RESULTS AND DISCUSSION 

The reactions with 90% aqueous acetone or 80°! aqueous ethanol of all the 
compounds listed in Table f were found to be too slow to measure even at -70” : 
fess than 5% ofreaction occurred in 48 hoursfi.e. k, c 3 x 10B7 set- ‘)_ Most significant 
is the very low reactivity of the halides Me,SiCMe,X, since the corresponding 
Me,CX and Me,CCMe& compounds react rapidly by the unimolecular (ionisation) 
mechanism in 80% aqueous ethanol under these conditions’**. Thus introduction of 

TABLE I 

Coinpound NaOEt (ca. 0.45 M) in EtOH 
IO’ k, (I-rr~oIe-‘-sec-~) 

90?/, acetone or SO”d, EtOH 

Me,SiCH,Cl 1.2 
(Me,Si),CHCl 0.30 
(Me$i)$CI 0.25 
Me$iCMe&t 1.4 
Me,SiCH,Br 12.5 
(_Me$i),C& 0.92 
Me,SiCMe,Br 20 i 

No detectable reaction 
klt3x IO-‘see-” 

-* In these Iatrer reactions both ekuination and substitution products are formed, but this does not affect 
the rate of formation of carbanium ions. 
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an Me& group in place of either an Me or an Me& group leads to a consider&e 
fall *m the ease of reaction by the iomsation mechanism, and steric hindrance fo 
salvation of the carbonium ion does not provide an acceptable explanation, since an 
Me& group offers even greater hindrance. It thus seems that the Me,Si group is 
less able to stab&e an adjacent carbonium ion centre through electronic effects than 
are Me or Me& groups ; this cannot be taken, however, to imply that the Me$i 
group has the smallest electron-releasing inductive effect, since the stabilising effects 
oi the Me and Me& groups may be mainly due to ekxztrm rekase by C-H and 
C-C hyperconjugation*. 

The lo-w reactivity of the compound Me,SiCMe,Br in the neutral solvolysis 
also means that the Me,Si group has a deactivating effect relative to hydrogen, since 
isopropyl bromide, HCMe,Br, reacts fairly readily in the medium used, and mainly 
by a unimolccular process ; for example, the first order rateconstant for the substitution 
reaction of isopropyl bromide in 80% ethanol* is 240 x 10W7 see-’ at 55”, whereas 
the overall first order rate constant for disappearance ofthe compound Me,SiCMe,Br 
is <3x10-‘see-’ even at 70”. It seems rather unlikely that the group is actually 
electron-withdrawing relative to hydrogen, and we can offernosatisfactory explanation 
of the deactivation. It may possibly be associated with steric hindrance to salvation of 
the potential carbo-ri-i~m ion, but t&s Would have to oWv&gh the accelerating effect 
associated with release of internal strain on passing from the tetrahedral to the planar 
trigonal structure. The absence of any detectable solvolysis of the halides (Me,Si),CX 
is in line with the other results, although a combination of potential steric acceleration 
with inductive electron release by the Me,Si group might possibly have been expected 
to induce detectable S,l reactivity. 

Consistently, the compound PhMe(Me,Si)CBr reacts with 90% aqueous 
acetone at 50’ some 110 times as slowly as PhMe,CBr at 0” (see Table 2). This 

TABLE 2 

RATES OF RFliCTION OF CL-(-i-RIhfETHYLSILYL)BENZYL BROMIDES 

Compound Temp. CC) Medium 10’ kl (Xc- ‘) 

PhMe,CBr 
PhMe(Me,Si)CBr 

0 90% acetone 1.9 
50 90% acetone 0.0 165 
50 80% ethanol 0.16 

substantial reduction in reactivity (probably involving a factor of over 2000) on re- 
placing an Me by an MesSi group may, however, be associated in part with steric 
interaction between the Me,Si group and the o-hydrogen atom of the Ph group in 
the carbonium ion, which prevents the benzene ring from becoming co-planar with 
the three bonds to the carbonium ion centre and thus reduces the conjugative stabi- 
iisatim. p%4l Sri2 &f&et lxks been g?&dated a0 ~xplc2 the f&3 t!x&x l?+Bu}CHCl Is 

* Analogous hyperconjugation from the SiMe, group is somewhat inhibited by the greater length of 
the C-SiMe, bond, and wouId also require contributions from relatively unfavourable structures such as 
C=SiMe2 CH$ ; hypexconjugation involving structures such as C=C SiMe:, on the other han& can be of 
major importance when the Me,Si group is fl to a C-Hal bond? 
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markedly less reactive than PhMeCHCl in neutral solvoiysislo.] The compounds - 
Ph(Me,Si)HCBr and Ph (Me,Si),CBr do not react with 90”!: acetone or 80% ethanol 
at a measurable rate at 7@, but do give a precipitate of silver bromide when refluxed 
with ethanolic silver nitrate for 5 minutes. 

The rate constants for second-order reactions of some of the compounds with 
sodium ethoxide in ethanol are also shown in Table 1. The introduction of additional 
a-Me,Si groups, in the series (Me,Si),CH(,_,X with x= l-3, causes a small lowering 
of the reactivity, the effect being most marked for the change x= 1 to x= 2 This 
lowering of reactivity may be more the result of steric hindrance than of additional 
electron supply to the central carbon atom_ Indeed, it is somewhat surprising that the 
reactivity falls so little on introduction of the third Me,Si group, but wemust emphasise 
that we did not examine the products of the reaction, and it is possible that ‘re- 
arrangements or Me&-C bond cleavages occur in the case of the (Me,Si),CHc3_Z,X 

compounds with x=2 and 3. The reactions ofMe,SiCMe2X probably mainly involve 
elimination ; second-order rate constants of 0.295 x 1 O- 5 and 9.7 x 1 O- 5 set- I- mole- l 
have been recorded for the combined E2 and SJ reactions ofisopropyl bromide under 
similar conditions at 2P and 59, respectively”, and extrapolation gives a total rate 
constant of 125 x 10m5 set- l -mole-’ at 70”, compared with that of 20x 10e5 
observed for Me,SiCMe,Br. Ail that can be concluded from this rough comparison 
is that the effect of replacing a secondary hydrogen atom of isopropyl bromide by a 
trimethylsiiyi group is not very large, which is consistent with the influence of the 
group on the bimolecular reactions of the other compounds studied. 

ECF'ERIMENTAL 

(BromomethyZ) trimethylsilane 
(Bromomethyl)dimethylchiorosilane (61 g, 0.30 mole), prepared by radical 

bromination of chiorotrimethylsiiane’Z, was treated with methyimagnesium bromide 
(0.25 mole) in ether (450 ml). The mixture was boiled under reflux for 4 h, then added 
to a slurry of ice and ammonium chloride. The ether layer was separated, dried 
(MgSO,), and distilled to give (bromomethyl)trimethyisiiane (41 g, 80x), b.p. 119, 
&’ 1.4420 (lit-l2 b-p. 115.50, no 25 14422). The ‘H NMR spectrum showed t values as _ 
follows: (CH,),Si, 9.87; CH,Br, 7.58. 

(Chloromethyl)trimethylsilane 
(Chioromethyi)dimethyichlorosilane (21 g, 0.15 mole), prepared by photo- 

chlorination of chlorotrimethylsiiane’ 3, was treated with methylmagnesium bromide 
(0.13 mole) in ether (300 ml). The mixture was boiled under reflux for 4 h, then worked 
up in the usual way to give (chioromethyi)trimethyisiiane (12 g, 499/,), b.p. 97O, 
ng5 1.4150 (lit-l4 b-p. 97_ lo. n&O 1.4180). The ‘H NMR spectrum showed t values 2s 

follows: (CH,),Si, 9.89; CH,Cl, 728. 

2-Chloro-2-(trimethyIsilyl)propane 
(i). 2-(TrichZorosilyZ)propane_ The Grignard reagent prepared from isopropyl 

chloride (230 g, 3.0 moles) and magnesium turnings (72 g, 3.5 g-atom) in ether 
(900 ml) was slowly added to a solution of silicon tetrachloride (1000 g, 7.0 moles) in 
ether (200 ml), and the mixture was boiled under reflux for 12 h. Ether and residual 

J. Organometal. Gem_, 29 (1971) 389-396 



GRGANGSILICGN CGMl’GUNDS. XLVlII 393 

silicon tetrachloride were carefully fractionated from the reaction mixture, then the 
pressure was reduced and the crude product quickly distilled from the solid magnesium 
salts- Refractionation of this distillate gave 2-(trichlorosilyl)propane (250 g, 45%), 
b-p. 120” (lit.15 b-p. 119”j. 

(ii). l-Chloro-2-(trichlorosilyl)prup~ne. A mixture of 2-(trichlorosilyl)propane 
(250 g, 1.4 mole), sulphuryl chloride (200 g, 1.5 mole), and benzoyl peroxide (1 g) 
was boiled under reflux for 6 h, then fractionally distilled to give 2-chloro-2-(&i- 
chlorosilyl)propane (60 g, 20’!), b-p. 151° (lit. r5 b-p. 1510). followed by l-chloro-2- 
(trichlorosiIyl)propane (190 g, 65’/,), b-p. 1650 (lit-l5 b-p. 164’). 

(Z). 2-(TrichlurosilyZ)propene. 1-Chloro-2-(trichlorosilyl)propane (190 g, 0.9 
mole) was boiled under reflux with an excess of quinoline, and the crude dehydro- 
halogenation product was continuously distilled from the mixture. Refractionation 
of the distillate gave 2-(trich!orosiiyl)propene (ilOg, 75%), b-p. 113” (lit.“’ b.p. 
113.P). 

(iu). 2-(TrimethyZsiZyl)propene_ 2-(Trichlorosilyl)propene (85 g, 0.50 mole) was 
added slowly to methylmagnesium bromide (2.0 moles) in ether (1000 ml). The mix- 
ture was boiled under refiux for 12 h, then treated with ice-water. The organic layer 
was separated and the aqueous layer extracted with ether. The combined organic 
phases were dried (MgSO,) and distilled to give 2-(trimethylsilyl) propene (45 g 75’!), 
b-p. 82O, n&5 1.4065 (lit.16 b-p. 823, &’ 1.4061). 

(v). 2-Chloru-2-(trimethyZsiZyZ)propane. A mixture of concentrated hydro- 
chloric acid (150 ml) and 2-(trimethylsilyl)propene (15 g, 0.13 mole) was vigorously 
stirred at 60” for 24 h. Organic products were extracted with ether and the ether 
extract was dried and evaporated to give a solid. This was repeatedly crystallised from 
methanol and then resublimed in UGCUO to give 2-chloro-2-(trimethylsilyl)propane 
(7.8 g. 409/,), m-p. 9597” (sealed tube) (lit.” m.p. 95-97). The ‘H NMR spectrum 
showed r values as follows: (CH,),Si, 9.9; C(CH,),, 8.5. 

2-Bromo-2-(trimethylsilyl) propane 
2-(Trimethylsilyl)propene (15 g, 0.13 mole) was saturated with dry hydrogen 

bromide, first at room temperature for 10 min, then at -70” for a further 6 h. The solid 
which formed was taken up in methanol. The solvent was partially’removed under 
reduced pressure, and the resulting crude sohd was repeatedly recrystallised from 
methanol and finally sublimed to give 2-bromo-2-(trimethyIsilyl)propane (9 g, 33’/,), 
m.p. 125-126’ (sealed tube) (lit.‘* m.p. 124O). The ‘H NMR spectrum showed T values 
as follows : (CH3)$i, 9.89; C(CH,),, 8.45. 

Bis(trimethylsi!yl) chlorumethane 
n-Butyllithium (66 ml of 1.5 A4 solution in hexane), precooled to -78O, was 

added to a solution of bis(trirnethylsilyl)dichloromethane’g (22.9 g, 0.10 mole) in a 
mixture of THF (200 ml), light petroleum (20 ml, b.p. 40-600), and ether (20 ml) at 
- 110”. The mixture was kept at this temperz+we for 2 h, then ethanol (20 ml) was 
added. The mixture was allowed to warm to room temperature during 12 h, and then 
treated with ice water. Organic products were extracted with ether and the ether layer 
was worked up in the usual way and distilled to give bis(trimethylsilyl)chloromethane 
(14.5 g, 73%), b.p. 98”/60 mm, ni5 1.4470 (lit.26 b.p. 178.5’, ni” 1.4499). The ‘H NMR 
spectrum showed r values as follows: (CH&Si, 9.88; CH, 7.65. 
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Bromo- and chloro-tris[trimethylsilyi’jmethane 
N-Bromosuccinimide (33 g, -0.21 moLe), benzoyl peroxide (0.1 g) and tris- 

(trimcthylsiIyl)methane’O (50 g,0,2L moLe)in CCl,(SOO ml) were boiled together under 
refLux for 5 days. The mixture was then cooled, and succinimicie and trnreacted N- 
bromosuccinimide were removed by filtration_ Solvent was evaporated from the 
f&rate under reduced pressure and the residual solid was recrystallised from methanol 
to give bromotris(trimethylsilyl)methane (48g, 529/o) m-p. 189-192” (sealed tube) 
(LitL1 m-p_ 19W)_ The ‘H NMR spectrum showed a sharp singlet at 982 r. 

The preparation of chLorotris (t&uethyLsiLyl) methane has been described 
elsewhere’. 

Benzyltrimethylsilane (32.8 g, 0.20mole), N-bromosuccinimide (36 g,O.2 mole), 
and carbon tetrachloride (200 ml) were boiled together under reflux for 24 h. Pre- 
cipitated succininu *de was filtered off and the filtrate distilled to give bromo(phenyl)- 
(trimethylsilyl)methane(34 g, 73O?‘/,), b.p. 98O/4 mm, nf: ~5358 (ht.22b_p_ 98-99/4mm, 
nf: 1.5389. The ‘H NMR spectrum showed t values as follows: (CH,),Si, 9.85: 
CH, 5.69; C&Is, 2.7 (muhipLet)_ 

l-Bromo-1-phenyl-1-(trimethylsilyl)ethane 
(i). c+(TrimethyZsiIyl) styrene. A mixture of a-bromostyrene (36.5 g, 0.20 mofe) 

magnesium turnings (6.0 g, 0.25 mole), chlorotrimethylsilane (20 g, 0.185 mole), 
hydroquinone (1.0 g) and THF (150 ml) was boiled under reflux for 12 h. Treatment 
with ice-water followed by the normal work-up procedure culminating in fractional 
distillation gave p-(trimethylsilyl)styrene (13 g, 32%), b.p_ 54O/3 mm (litZ3 b-p. 
52O,/3 mm). 

(ii). l-gromo-1-phenyZ-L(trimethyZsiZyZ)ethane. a-(Trimethylsilyl)styrene (17.6 
g, 0.10 mole) was saturated with dry hydrogen bromide gas initially at room tempera- 
ture for 10 mm, then at -30° until there was no further gain in weight (ea. 4 h). 
The mixture was then distilled to give 1-bromo-1-phenyl-1-(trimethylsilyl)ethane (nc) 
(12 g, 47?!), b-p. 57’/0.25 mm. (Found: C, 51.35; H, 6.7. C,,H,,BrSi calcd.: C, 51.2; 
H, 6_6%.) The ‘H NMR spectrum showed 7 values as follows: (CH&Si, 9.95; 
C(CK,), 7.85; CsH5, 2.7 (multiplet). 

A mixture of bis(trimethylsilyl)phenylmethane’” (24 g, 0.10 mole), N- 
bromosuccinimide (17.8 g, 0.10 mole), and carbon tetrachloride (200 ml) was refluxed 
for 48 h_ Succinimide was removed by filtration and the filtrate was distilled to give 
bis(frimethylsilyL)@romo)phenylmethane (ne} (125 g, 4@/,}, ‘0.p 120°,Q SDXII. (Found : 
C, 49.3 ; H, 7.5. C13Hz3BrSi2 calcd. : C, 49.5; H, 7_4O/,.)The ‘H NMR spectrum showed 
r values as follows: (CH,),Si, 9.75; C,H5, 2.65 (singlet). 

Kinetic studies 
General. Absolute ethanol (commercial grade) was distilled from sodium and 

excess of ethyl phthalate before use. 
SoZfloIysis by ethoxide ion in absolute ethanol. In a typical run, freshly cut 

s-o&~ @a_ 1-O g) was d_issoLved in ethanoL (SO-75 ml) in a LOO ml volumetric flask. 
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TL%3zz 3 

SOLVOLYSIS OF SROMOTRIS (TRIM33H YLSILYL)!SlXANE’ BY SODIUM ETHOXIDEb IN EIHANOL 

Time O.OOS8 M AgNO, IO’ kzC 
(105 sec.) neecied (ml) (I .mde-‘*sec- ‘) 

0 0.30 
36 4.2 5.31 
72 6.5 9.43 

108 10.4 9.37 
144 13.0 9.46 
180 351 9.61 
216 17.0 9.49 
25.2 185 9.46 
288 19.9 9.61 

o Initial concn. 0.0575 M. b Initial ccncn. 0.4581 hf. c Rate constants have been corrected for medium 

expansion. 

An accurately weighed sample of siiylalkyl halide was added and the volume was 
made up to 100 ml at 20” with ethanol_ The concentration of ethoxide ion in the nix- 
&Ire was t!3en deternined by *itradon against 0.1 M lq&XlIfor,ric arid. Sample§ 
(5 ml) were sealed under nitrogen into Pyrex ampoules which were thermostatted at 
70” and removed at appropriate intervals and stored at -80” until required. The 
liberated halide ion in each sample was determined by titration against silver nitrate6*24. 
Second-order rate constants, normally determined graphically, were corrected by an 
appropriate factor (1.061) to allow for ethanol expansion between 20° and 70”. The 
specimen run in Table 3, figures with point-by-point evaluation of the rate constants, 
refers to the solvolysis of bromotris (trimethylsiIyl)methane. 

The techniques described by Brown and his co11eagues25 were used for measur- 
ing rates ofsolvolysis in 90 wt.% aqueous acetone at 50° and at 0’. A similar procedure 
was adopted for solvolysis of 1-bromo-I-phenyl-1-(trimethylsiIyI)ethane in 80 wt.“/, 
aqueous ethanol_ 
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