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INTRODUCTION

Previous work!-> demonstrated that ({chloromethyvljpentamethyvldisilane, CICH.-
(CH,}.SiS1(CH, ), undergoes intramolecular rearrangement with anhvdrous aluminum
chloride and also with sodium ethoxide in ethanol to give disilvimethane derivatives,
thus indicating that the trimethylsilyvl group migrates from silicon to carbon with
great ease. In connection with the investigation of CICH.L(CH,).5iSi{CH,),, it was of
considerable interest to study the chemistry of {chloromethyl)-feri-butyldimethyl-
silane (1}, in which a (CH,.},C- group is substituted for (CH,),;Si— in the disilane. In
the present paper we report the preparation and some reactions of this compound.

RESULTS AND DISCUSSION
Syuthests
The following sequence of reactions represents an approach to the svnthesis of com-
pound (I} which has been carried out.

CH,==C-C# Mzlr

CICH./CH,),SiC1 =SS ¥ L (1CH,LiCH,),SIC({CH,) =CH,
{1}
]%:
2. SO, . s, H,M=B o e
i CICHL(CHYSICICHy)y ~——20 . CICH,(CH),SIC(CHy),
{I1D) (L)

This route was chosen because while considerable difficulty is encountered in
replacing the chlorine atom of R,SiCl compounds by a feré-butyl group using orgarno-
metallic compounds?, the feri-butylsilyl structure can easily be produced by intra-
molecular rearrangement of isopropenvimethyvisilanes with concentrated sulfuric
acid?®- 5.

{Chloromethyl}isopropenyldimethvlsilane (II} was obtained in satisfactory vields
(60-509;). Compound (II} underwent intramolecular rearrangement with cold con-
centrated sulfuric acid and after treatment with ammonium hydrogen fluoride gave
(chioromethyi}-fert-butylmethyifiuorosilane (I1I} (in about 18 ¢ vield). The rearrange-
ment product cannct be an isomer, CICH.,{CH,),CSi(CH,).F, because this compound
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would be too unstable to be isolated under the reaction conditions owing to ifs
CI-C-C-Si structure (see, for example, ref. 6). In the above reaction, however, ex-
tensive cleavage of the isopropenyl group from silicon was observed to occur to produce
(chloromethyl)dimethyvlifiuorosilane (IV). Whereas compound (I1I) is a result of intra-
molecular rearrangement which proceeds probably via an «-carbonium ion inter-
mediate (A), compound (IV) is a product of cleavage which occur probably via a
B-carbonium ion intermediate (B).

CH, CH,
— CICH,—Si—C-CH, ~2E8F . gy
CH CH ; { +
CH,
CICH, _sl_c CH. Eif (a)
' CH, CH,
CH: (If) ; L 4 NHF-HF .
— ClCH._,——lSi—?—(,H._. ————— CICH.Si(CH,).F + CH,CH=CH,
(B) CH;H (1v)

It 1s well known that vinyl silicon compounds?, such as (CHg),SiCH=CH,, ex-
clusively undergo cleavage with concentrated sulfuric acid, whereas isopropenyv IQiIicon
compounds, such as (CH,),SiC(CH;)=CH. and (CH,)},SiSi{CH,),C(CH;})=CH.*
are substantially converted into products of intramolecular rearrangement. An ex-
planation for this difference is given as follows*. In the former case, protonation by
sulfuric acid occurs at the «-carbon atom because some conjugation exists between
the vinyl=-bond and a d-orbital of the silicon atom, which causes the §-carbon to be
more positive than the z-carben. In the latter case, on the other hand, the hvper-
conjugative effect of the «-methyl group, overcomes the conjugative effect of silicon,
and directs protonation to the g-carbon atom.

The extensive cleavage observed with compound (II) mayv be understood on the
same basis. If an electron-withdrawing chloromethvl group is substituted for a methyl
attached to silicon in (CH,) SiC{(CH;})=CH,, the d-orbital availability of the silicon
atom will be enhanced; accordingly, protonation at the x-carbon will be increased,
to give a increased amount of cleavage.

Methylation of compound (ITI) by the Grignard reaction proceeded smoothly to
give the required compound in good vield.

Intranolecular rearrangesitent

It was found that compound (I) easily undergoes intramolecular rearrangement with
anhydrous aluminum chloride to produce feri-butylethvimethyvlchlorosilane (VI),
substantially as a single product, thus indicating that a methyl group almost ex-
clusively migrates from silicon to carbon.

CH, a
CHa—si—cHCl Y%, o, _&icu LCH,
C‘(CH:); C(CH,),
(1) D

Evidence for structure (VI), and against the isomeric (CH;).Si(Cl)CH.C(CH,),, was
afforded by the following facts. First, physical properties for the rearrangement pro-
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duct were in good agreement with those for the product obtained by a different,
uneguivocal preparative method as shown below.

F
(CH),SiC(CHy) =CH. Frmime— (CHz):S!iC(CHJ), SHMsBr
v
C.H, C.H,
(CH;1.SiC(CHys Txeme— CHSIC(CHy)y g (VD)
(vID) F v

This sequence of reactions involies onl. the known processes, i.e., intramolecular
rearrangement of isopropenyltrimethylsilane?! followed by treatment with ammonium
hydrogen fluorides to give fzr¢-butvldimethvifluorosilane (V), ethylation in the usual
way to give ferf-butyvlethvidimethvlsilane (VII), demethylation with concentrated
sulfuric acid® followed by treatment with ammonium hyvdrogen fluoride? to give feri-
butyvlethyvlmethvlfluorosilane (VIII), and metathesis between (VIII) and trimethyl-
chlorosilaned in the presence of aluminum chloride to give compound (VI).

Secondly, the proton nuclear magnetic resonance spectrum (Fig. 1) of a sample

(e}
CHs
(CH3RCSi-CaHs ;
c :
13} il :
b}
(=}
foR
Pz ;
‘1’, /
sy
3 2 i 5]
S(opml

Fig 1. The NXMR spectrum of Zeri-butylethylmethyichlorosilane (VI

(VI) obtained by rearrangement indicates that only one CH Si== structure is present,
and areas (a) assignable to CH,Si== and {b) -+ (c} assignable to (CH,},C~ and C,H;~
are approxirnately in the ratio 3:14, as expected for the proposed structure.

Hydrolysis of compound (VI) gave fert-butyvlethvlmethyvlsilanol (IX) in So®;
vield. No formation of the disiloxane was observed.

¢Hs
> (CH,)_..C—SE—OH (IX)
C.Hj

H.O

vy
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Reaction with sodium snethoxide in methanol

It was found that compound (I} is not only much less reactive than, but also behaves
itself in a different manner from (chloromethyl)pentamethyldisilane toward alkoxide
Ion in alcohol. Thus, the reaction of (I) with sodium methoxide at the reflux tempera-
ture of methanol over a 100-h period led exclusively to substitution of the chlorine
atom by methoxyl group to give (methoxymethyl)-tert-butyvldimethylsilane (X). No
intramolecular rearrangement took place.

) —chom— CHLOCH,SI(CH,).C(CHy)s (X)

roof of the structure of the product (X) was afforded by its infrared spectrum,
which showed an intensive absorption band characteristic of C-O-C stretching at
1110 cm~! and no absorption of Si—-O-C structure. The NMR spectrum shown in Fig. 2

is alzo consistent with the structure (X).

CHs
CH30-CHSi- C(CHak
CHx

te) td) {c) (<)

)] (d} {c}

Ll J'F._.J;_

4 3 2 1 [¢]
stppm}

Fig. 2. The NMR spectrum of {methoxymethyl)-ferZ-butyldimethylsilane (X).

@

Magnesiuin and sercury conpornds

Compound (1) could easily be converted into the Grignard reagent in ether, and sub-
sequentiv into (ferf-butyvlidimethylsilvl)methylimercuric chloride (XI), upon treat-
ment with mercuric chloride, in 64.5 2, over-all vield.

Mz HaCl.

(1) —pe— (CHy),C(CH,),SiCH,MgCl

(CH,),C{CH,),SiCH,HgC! (XI)

EXPERIMENTAL

All organosilicon compounds reported here were fractionally distilled through a
Stedman-tyvpe column rated at about 20 theoretical plates, and were gas-chromato-
graphically homogeneous, unless otherwise stated. Boiling and melting points were
uncorrected. N)MR spectra were obtained by Dr. K. Torl of Shionogi Research
Laboratory in carbon tetrachloride solutions containing cyclohexane (Varian A-6o,
60 Mc/sec). Chemical shifts are expressed as 8 values in ppm relative to tetramethyl-
silane as internal standard. To obtain & values we have taken 1.43 ppm as the signal
difference between cvclohexane and tetramethylsilane.
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(Chlorometivl)isopropenyidimethylsilane (I1)

To a stirred solution of isopropenylmnagnesium bromide prepared from 4o g (1.65
g-atoms) of magnesium, 200 g {1.65 moles) of isopropenyvl bromide in 600 ml of tetra-
hydrofuran was added dropwise 177 g (X.24 moles) of (chloromethyvl)dimethyvIchloro-
silaned. The reaction mixture was heated to reflux over a zo-h period and was then
hydrolyzed with agueous solution of ammonium chloride. Fractional distillation of
the organic laver gave 123 g (65 2, vield) of (chloromethyllisopropenyldimethylsilane,
b.p. 141-143°, a5 1.4546, d;° 0.9360, MRy 43.07 (calcd. 43.44). (Found: Si, 18.87.
C¢H,,CISi calcd.: Si, 18.929%.)

(Chioromethyil)-tert-butvimethyifnorostlane (111}

To 130 g of concentrated sulfuric acid stirred and cooled to 0° was added dropwise
185 g (1.25 moles) of compound {II) over a 1-h period. After an additional x-h stirring
at the same temperature, to the solution was added 107 g (x.87 moles) of ammonium
hvdrogen fluoride in portions. The upper organic laver was separated and fractionally
distilled to give two fractions: (Z} (chloromethvl)dimethylfluorosilane, b.p. 84°, n¥
1.4000, 4] 1.0234, MRp 29.20 {calcd. 30.00), 73 g; (Found: F, 14.81. C;HCIFS1
caled.: F, 15.01°5.) {2} (chloromethvl)-fert-butvimethylfiuorosilane, b.p. 143-14:7,
2y 1.4222, d3°0.9829, M Rp 43.64 {calcd. 33.73), 38 g (x8 9; vield). (Found: F, 11.07.
C,H,.CIFSi caled.: F, 11.26°,.)

Yiekis from several rmins conducted in essentially the same manner as above were
between 15 and 20°;.

(Chiloromethyl)-tert-butvldinethvisilaize (I}

To an ether solution containing 0.5 mole of methyvimagnesium bromide was added
35 g {0.z1 mole) of compound (I1I}. The reaction mixture was heated to reflux over a
20-h period and then worked up in the usual manner. Simple distillation gave 27 g
of a2 mixture of liquid and crystals, boiling over the range of 155-164°. This mixture
was dissolved In petroleum ether (b.p. 15557} and then treated with concentrated
sutfuric acid at o” to remove any silanol or siloxane. The organic layer was separated,
washed until neutral, and distilled to give 26 g (75 % yield) of colorless, readilv
sublimed cristals of (chloromethyl)-fert-butvidimethyisilane, m.p. 32.5-33° (from
go °, ethanol). (Feund: Cl, Zo0.05; Si, 16.67. C:H.CISi calcd.: CI, 20.06; Si, 17.05°,.)

Indramolecular rearrargemernt of {I) with aluwsninum chloride

In a 50-ml three-necked flask equipped with a stirrer, dropping funnel and reflux
condenser we placed 1.5 g of freshlv sublimed. anhvdrous aluminum chloride.
A solution of 25 g (0.15 mole} of compound {I) in 10 ml of r-pentane was added
dropwise 2t room temperature over a jo-min period, a vigorous exothermic reaction
taking place. After addition was complete, the mixture was heated to refux for S h,
at which time no appreciable change occurred if an additional small amount of
aluminum chioride was introduced. Flash distillation iz zacxo gave a catalyst-
free distillate (20 g}, which was then fractionated to give ¥5.1 g (61.5 %, vield) of gas-
chromatographically homogeneots ferf-butylethvlmethyichlorosilane (VI), b.p. 1527,
1 1.4380,d;°0.8877, MRy 48.72 (caled. 48.35). (Found: Cl, 21.16. C;H,.CISi caled.:

Cl, 21.329,.)
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tert-Butyldimethylfluorosilane ()

Isopropenyltrimethylisilanet was prepared from isopropenylmagnesium bromide and
trimethylichlorosilane in tetrahvdrofuran, in 53 9; vield. To Soo g of concentrated
sulfuric acid stirred and cooled to —10° was added dropwise 120 g (0.52 mole) of
isopropenvltrimeihylsilane over a 1-h period. After an additional 2.5-h stirring, go g
(1.6 mole) of ammonium hydrogen fluoride was added in portions to the reaction
mixture. The resulting organic laver was separated and fractionally distilled to give
95 g (69 2, vield) of compound (V), b.p. 80°, #55 1.3817, d3° 0.8061, M Ry, 38.74 (calc.
38.2q). (Found: F, 14.05. C¢H,;FSi caled.: F, 14.15%.) From the fore-run g g of tri-
methylfiuorosilane was isolated.

tert-Butvlethyvidimethylsilane (VII)

To a stirred ether solution containing 0.57 mole of ethylmagnesium bromide was added
dropwise 51.7 g (0.38 mole) of compound (V). After addition was complete, the solvent
was distilled off through a column and the residual mass was heated on a steam bath
for 1= h. It was then worked up in the usual way to give, in addition to 16 g of un-
changed starting material, 19 g (34 °; vield) of compound (VII}), b.p. 136°, ny’ 1.4210,
d}° 0.7531, MR, 48.87 (caled. 48.78). (Found: C, 66.47; H, 13.73. CgH,Si caled.:
C, 60.99; H, 13.97 %.)

teri-Buivicihyvimethvlflnorostlane (I'111)

In a 500-mi three-necked flask fitted with a stirrer, a thermometer and a reflux
condenser leading to a gas collector was stirred vigorously a mixture of 19 g (0.13
mole) of compound (V1II) with 200 g of concd. sulfuric acid at about 287, After2 h, 21
of gas (theory 3.2 1) was collected and no more evolution was observed on further
stirring. Fractional distillation of the organic layer gave 10 g (57 %5 vield) of compound
(VII), b.p. 13S-11¢°, 27y 1.3090, d;° 0.8310, M R}y 13.03 (caled. 32.94). (Found: T,
12.92. C;H;;FSi caled.: F, 12.8195.)

tert-Butvlethvimethvicklorosilane {171)

A mixture of o g (0.068 mole) of compound (VIII), g.2 g (0.053 mole) of trimethyvl-
chlorosilane and 0.5 g of anhyvdrous aluminum chloride was heated in a distillation
apparatus fitted with a small Stedman column, from the top of which trimethyl-
fluorosilane was collected as it formed. After S h 1.5 g {73 % vield) of trimethyvifluoro-
silane was obtained. The residue was flash-distilied i1z vacro, and the catalyst-free
distillate was redistilled to give 5 g (509 yield) of compound (VI), b.p. 154°, 2F
1.4375, d;° 0.8883, MRy, 48.64 (calcd. 48.33). (Found: Cl, 21.36. C;H,;CISi caled.:
Cl. 21.529,.) This product was shown to be identical with the rearranged product of (I)
by gas-chromatographic analysis as well as by comparison of physical properties.

tert-Butvicthvimetlivisilanol (IX)

In a 500-ml flask, equipped with a stirrer and a dropping-funnel, and surrounded byv
ice-water, was placed a solution of 10 g {0.06 mole) of compound (VI) in 100 ml of
ether. A few drops of phenolphthalein indicator was then added. To the stirred
solution was added dropwise a solution of 2.5 g (0.063 mole) of sodium hyvdroxide in
100 m! of water over a 30-min period. The organic laver was separated and the water
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laver was extracted with ether. The combined ether solution was washed to neutral,
dried over potassium carbonate and distilled to give 8 g (80 9% yield) of compound
(IX), b.p. 158°, nf 1.4400, d5° 0.8606, MRy 44.79 (calcd. 44.77). (Found: Si, 19.23.
C-H,,051 celzd.: Si, 19.20%;.) The infrared spectrum showed an intensive absorption
band at 3350 cm™! characteristic of OH group.

Reaction of (I} with sodiwm methoxide in methanol

Sodium (4.5 g, 0.2 g-atom) was dissolved in 40 ml of methanol. To the solution was
added 27 g (0.16 mole} of compound (I) dissolved in 40 ml of methanol. No appreciable
change occurred. The reaction mixture was then heated to reflux with stirring over a
100-h period. As the reaction proceeded two organic lavers appeared and inorganic
salt precipitated. Subsequently, 25 ml cf #-pentane and 30 ml of water were then
added, and the upper laver was separated. The lower laver was neutralized with
hvdrogen chloride gas and then extracted with five portions of 50 ml of n-pzntane.
All r-pentane solutions were combined and fractionally distilled to give 8 g (72%
vield on the basis of unrecovered 1) of (methoxymethyl}-fert-butyldimethylsilane (X),
b.p. 147°, #f 1.4244, d7° 0.8628, MRy 51.00 (caled. for CH;OCH,Si{CH;).C(CH),:
50.51; caled. for CHOS1(CH)(C.H;)C{CH,),: 49.57). (Found: Si, 17.12. C H,,0S1

caled.: Si, 17.522,.) Recovered starting material weighed 15.6 g.

Htert-Butvidimethyisilvlmethvi mcrcuric chioride (X1)

A mixture consisting of 6 g (0.036 mole) of compound {I), 0.8 g (0.033 g-atom) of
magnesium turnings, one crystal of iodine and 50 ml of dry ether was heated to gentle
reflux. The reaction soon set in. After 2-h reaction at room temperature, the mag-
nesium had almost compietely disappeared. The mixture was heated for an additional
1 h and then 10 g (0.037 mole) of mercuric chloride suspended in 10 ml of ether was
added to it. After heating to reflux over a5-h period the solvent ether was completely
evaporated {initiallyv at atmospheric pressure on a stecam-bath; later in vacuo at room
temperature). To the residual mass was added 40 ml of ¢8 2, ethanol, and the mixture
was heated to reflux for 1 h, then filtered while hot, and the precipitate on the filter
was washed with ro ml of hot ethanol. To the combined ethanol solution was added
20 ml of water. The mixture was allowed to stand overnight to give S g (64.5 %5) of
colorless needle crustalz, m.p. 82-837 (recrvstallized from go 2, ethanol). (Found!®:
Hg, 53.37. C;H;;CIHgSi calcd.: Hg, 53.44%-)
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SUMMARY
(Chloromethyl)-ferz-butyidimethylsilane (I) was prepared from (chloromethyi)iso-
propenvidimethyvisilane through a series of reactions: intramolecular rearrangement

with sulfuric acid, fluorination with ammontum hydrogen fluoride and methylation
with the Grignard reagent. It has been found that compound (I) easilv undergoes
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intramolecular rearrangement with aluminum chloride, invoiving migration of a
methyl group from silicon to carbon, and that the chlorine atom is replaced by a
methoxyl group without rearrangement when the compound is treated with sodium
methoxide in methanol.
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