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Summary 

The stepwise cleavage of alkyl groups from (bromomethyl)trimethyIsilae 
and (iodomethyl)trimethylsilane by fluorosulfonic acid has been studied with 
proton magnetic resonance. Exclusive methyl cleavage is observed in the first 
reaction of both compounds. The reaction of (bromomethyl)dimethylsilyl 
fluorosulfonate occurs with cleavage of both methyl and bromomethyl from 
silicon. The reaction of (iodomethyl)dimethylfluorosilane occurs with exclusive 
cleavage of the iodomethyl group. 

Introduction 

&kyl groups .are easily cleaved from silicon by strong proton acids [l] :Tetra- 
alkylsilan&s react with sulfuric acid at mode&-&e temperatures (30 to 80,’ C) to 
give alkanes and trj_alkylsilyl sulfonates [2-_6]. Cleavage of a second alkyl-group 
from these sulfonates require&&ore vigorous conditions bedause .of back cjonti-. 
tion of electron density from oxygen to silicon. We have recently repOrted -tie 

.-: 

stepwise cleavage :of two &ethyl-groups fiom tetramethylsilane .and (chlorti- :.. -. r: 
methyl)trimethylsilan~ by fiuoros~f&ic~ z&d. [ 7,8] . -Rel&ive r&e.&udi& of : .__ 
the low tempera&e cleavag& of the ~&&&ethyl showed,&at.&& &pb&& -: ---“: _I 
step is electroph&c-at&k by the &id- at a niethyl &&oti -1-71 -;-_~eti~ti&-bf .a: ci--:__ 
see&d m&hyl- fro&&e &lkjr&lyl $li;ror&lf6r&&or&ir&j & &.tiiidh slow&r : ‘*..:. 
rati &d..wF stud&i& ~~-hi~er..~~~eratures.,~~this ~ed.~rid~~l:les;vageira~~~~~~~~~.,li. 

-_ 
;- -_two_cleilvage:;.~roducts ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

nie meth&esiilfotijrl’fl&bLde w& f~&e;i_~$.L~~ th-, &~~lec~.a;_[.-j&gti-K~L; 
_;-I .bf :;:ge.ger.grq- &dn .y%+, $-.A .~G&-&&-&~~&&~_%& _.c~i’~:-;:,~~~~-r~~~.~~ 
1 - -.._ .~ :.... . . 



@&lts and discussion 

The reactions of (bromomethyl)trimethylsilane (I) and (iodomethyl)tri- 
methylsilane (II) with fhuorosulfonic acid have now been investigated. Unlike 
-the reaction of tetramethylsilane and (chloromethyl)trimethylsilane, the 
reactions of I and II were considerably more complex_ Reactions took place 
at the methyl and the halomethyl carbons. Kinetics could not be obtained using 
nuclear magnetic resonance (NMR) because of the variety of products which 
resulted in much overlap in the silicon-methyl region of the spectra. However, 
qualitative reactivity trends were obtained. 

(Halomethyl)trimethylsilanes 

When I and II are allowed to react with neat fluorosulfonic acid at low tem- 
peratures (-78”c), exclusive electrophilic attack at the methyl carbons takes 
place, forming (bromomethyl)dimethylsilyl fluorosulfonate (III) from I and 
(iodomethyl)dimethylfluorosilane (IV) from II (eq. 1). The NMR spectrum of 

F 
XCH,SiMe + HS03 F 

Le 

(I) X = Br 
(II) x = I 

Y 
BrCH, SiOS02 F + CH, 

I 

(i-g 

Y 
ICHzSiF + SO3 + CH4 

Le 

(1) 

the reaction of I showed the appearance of two singlets for the silicon methyls 
and for the bromomethylene hydrogens (relative intensity, 6 : 2). For the reac- 
tion of II, two doublets appeared, showing that the fluorosilane rather than 
the fluorosulfonate was the first cleavage product. Except for the singlet char- 
acteristic of methane dissolved in fluorosulfonic acid, no other resonances were 
observed in the low temperature cleavage of the first methyls from I and II. 

(Ha1omethyl)dimethylsilane.s 
The.more difficult cleavage of a second alkyl group from III and IV was 

studied qualitatively at 30” C. As the reaction of III with fluorosulfonic acid 
proceeded, a number of new resonances appeared (Fig. 1); These resonances 
included two triplets (relative intensity, 3 : 2), one in the silicon methyl region 
and one slightly upfield of the bromomethylene singlet. This indicates the 
.formation of (bromomethyl)methyldifluorosilane (V). Similar to the reactions 
of tetmmethylsiltie-and (chIoromethyl)trimethylsilane [S 3, methanesulfonyl 
f$or&Je is for-n@ during this second. cleavage reaction of III as indicated by 
the doublet at..6 -3.51 &pm (J(H;F) 5.9 Hz.). The chemical shifts and coupling 
‘constzints for:t+products of-the reactions of I and II with fluorosulfonic-acid 
aq suti&*d. in Table 1.‘ : 
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Fig. 1. The proton NhlR of the reaction of (bromomethyl)dimethVlsilyl fluorosulfonate with fluorosulfon- 

ic acid (X = OS02 F). 

The cleavage of alkyl groups from III is complicated by competing reactions. 
During the reaction two new resonances appear in the methyl oxygen region. 
Close inspection of the resonance at 6 4.38 ppm shows it to be a doublet. 
A quartet with the same small long range coupling was found in the fluorine-19 
spectrum. These resonances were assigned to methyl fluorosulfonate (IX, 
CH30S02F). This assignment was confirmed by the observation of the same 
coupling constant and similar chemical shifts for a sample of IX dissolved in 
fluorosulfonic acid. The proton chemical shift was found to be concentration 
sensitive (6 4.1 to 4.4 ppm). This sensitivity probably reflects slight changes in 
the degree of protonation of methyl fluorosulfonate by fluorosulfonic acid. 
The smaller upfield singlet at 6 4.26 ppm was identified as methyl hydrogen 
sulfate by comparison to a sample dissolved in fluorosulfonic acid. The size of 
this singlet increased at the expense of the methy? fluorosulfonate doublet even 
after the cleavage reaction was complete. This shows that methyl hydrogen 
sulfate was formed through hydrolysis of the initially formed methyl fluoro- 
sulfonate, probably due to trace amounts of moisture. 

Underlying the silicon methyl resonances of III and V were resonances due 
to dimethylsilyl bis(fluorosulfonate)(Me2 Si(OS02 F)* ), dimethylfluorosilyl 
fluorosulfonate (Me, FSiOS02 F) and dimethyldifluorosilane [S] . These products 
could not be clearly observed in the NMR spectra until the completion of the _ 
reaction because of _overlap with the silicon-methyl resonances of III and V. 
These minor products arise from the cleavage of the bromomethylene group and 
their presence was suggested’by the observation of methylfluorosulfonate in 
the NMR during the reaction. Further, the integrated intensity of the silicon .. 
methyl region during the reaction was consistently too large to be accounted for 
by the intenisty calculated on the basis of the. bromomethylene singlet of-III:.- _: ‘. 
and the bromomethylene triplet of V. The inability to separate the silicon- -- : 
methyl region of the speck.um was the &xxi& reason which precltid.ed fol!&; i_~ 
.ing the reaction df III kiqetic&$ w&lx NMR. .‘.. ,....- . Y, 

.. A leasonable scheme .for -the-complex reactions oS.III &-~d e. with~flU&~- .:‘I. ..C: 
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sulfonic acid is presented in eq, 2. Two pathways may be noted in this scheme: _ -. 
: 

Me 
I 

+ CH, + CH3S0, F (2a) 

?I 
XCHzyY + HS03F 

Me 

(III) X = Br, Y = OSOzF or F 
Y = OS02F 

(IV)X=I,Y=F 

(VIII) (VI) 

cleavage of methyl (eq. 2a) and cleavage of halometbyl (eq. 2b). In the reaction 
of III formation of V may occur only through electrophilic attack at a methyl 
carbon. On the other hand, IX and VI may be formed m-two ways: initial 
cleavage followed by substitution (eq. 2b: III + VI + VII; VII --f IX) or initial 
substitution followed by cleavage (eq. 2b: III + VIII + IX + VI). However, 
neither methyl bromide (VII) nor VIII were observed in NMR detectable 
amounts for the reaction of III with fluorosulfonic acid. Therefore, it can not 
be definitely established whether reaction at the bromomethyl of III requires 

QI3 
WUi&F 

F+s 
ccw;s F iy. 

/ 
m3 

45 
_.... -. 
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the intermediacy~ of VIII. Despite this ambiguity, it should be emph&ized.that 
two cleavage pathways are observed for the.raection of III. 

The rtiaction of (iodomethyl)dimethylfluorosilane (IV) at 30°C was also 
’ complex_ (Fig. 2). During the reaction, the two doublets for IV slowly disappeared 

and were replaced by two new doublets due to dimethylfluorosilyl methyl fluoro- 
.sulfonate (VIII, Y-E, F). The formation of methyl iodide was indicated by the ap- 
pearance of a singlet at 6 3.03 ppm. The spectrum also showed two singlets due 
to methyl fluorosulfonate and methyl hydrogen sulfate. No (iodomethyl)methyl- 
difluorosilane or methanesulfonyl fluoride were observed in the NMR. In sharp 
contrast to the reaction of III, IV reacts only at the halomethyl carbon. 

If the reactions of III and IV are compared to the previously reported reac- 
tions of (chloromethyl)dimethylsilyl fluorosulfonate [S] , it is seen that there is 
a change in the cleavage pathway from exclusive methyl cleavage with chloro- 
methyl to exclusive halomethyl cleavage with iodomethyl (Table 2). It is unlike- 
ly that this change in cleavage pathway can be rationalized only on the basis of 
a change in the inductive influence of the a-halogen. If only a change in inductive 
influence is operating, one would expect that electrophilic cleavage of the halo- 
methyl would become more competitive with methyl cleavage as the electron- 
withdrawing power of the halogen decreases. However, one would not expect 
the complete loss of methyl cleavage as is observed in the reaction of IV. 

The chemical shifts of halomethanes and halomethylsilanes presented in 
Table 3 offer an explanation. In non-polar, aprotic solvents such as carbon tetra- 
chloride, the-proton shifts of the halomethanes show the expected upfield trend 
in going from chlorine to bromine to iodine. A similar trend is seen for the shifts 
of (halomethyl)trimethylsilanes in carbon tetrachloride. When halomethanes are 
dissolved in fluorosulfonic acid, a reversal of this trend occurs. Iodomethane in 

.fluorosulfonic acid is further downfield than bromomethane. It was also found 
that the chemical shift of iodomethane in fluorosulfonic acid is concentration 
dependent. The downfield chemical shift of iodomethane is most likely due to 
protonation of the iodine (eq. 3). This explanation is supported by the chem- 
ical shifts found fordialkylhalc+.un ions. For example, the chemical shift of 
dimethyliodonium ion, (CH,-I-CH,), in liquid sulfur dioxide is 6 3.48 ppm [9] _ 

CHJ + HSOJF = CH&H +-S03F (3) 

-Based on the chemical shift values presented in Table 3, the degree of proton- 

TABLE2 

PRODUCT DISTRIBUTIONS FOR THE REACTIONS OF (HALOMETHYL)DIMETHYLSILANES WITH 

FLUOROSULFONIC ACID = 

Compound Methyl cleavage Halomethyl ts Notes 
cleavage @) 

‘334 CHJSOZF <%) 
<%I (%I 

<CXCHi)Me2SiOS02F 32 68 0 28 Ref. 8 
<ErCH2)~e2SiOSO2F 48. 7 45 19 This work 
<ICH2)MeZSiF 0 0. 100 5 7?his work 

y Q R&actions - ah 30°c ti neat fluorosulfonic acid; yields based on integration of the appropriate peaks in 
'UieNtid&~thereact&' : 

. . 



TABLE 3 
i 

CHEMICAL SHIFTS OF HALOMETHANES AND HALOMETHYLSKANES IN OAKBON TETRA- 
CHLORIDE AND FLUOROSULFONIC ACID 

Compound 6 (‘H) 

cc14 HSOaF 

CH3Cl 

CH3Br 

CH3I 
Me3 SiCHZCI 

Me3SiCHZ Br 
Me3SiCHzI 
1Me2 FSiCH2Cl 

Me2 FSiCHZI 

3.05 - 

2.37 2.33 
2.16 2.80 to 3.15 = 
2.76 - 
2.46 - 

2.00 - 

- 3.02 
- 3.58 

a Concentration dependent. 

ation is much greater for iodomethane than for bromomethane. The downfield 
chemical shift observed for the methylene hydrogens of (iodomethyl)dimethyl- 
fluorosilane (IV, 6 3.58 ppm) indicates a substantial degree of iodine protonation. 
Previous kinetic data strongly implicated a protonated species like X in the 
cleavage reactions of trimethylsilyl fluorosulfonate and (chloromethyl)dimethyl- 

XCH2-S&SO2 F 

Be’ 

(X) 
X = H or Cl 

Me 

I-G-CH2 --Si-F 

Le 

(XI) 

silyl fluorosulfonate [8] . A similar but iodine protonated species (XI) may be 
responsible for exclusive reaction at the iodomethyl of IV. Iodine protonation 
would enhance nucleophilic attack by fluorosulfonic acid at the iodomethyl 
carbon to give VIII while attack at silicon would yield VI and iodomethane. 

Experimental 

General 
(Bromomethyl)trimethylsilane, methyl hydrogen sulfate, methanesulfonyl 

fluoride, dimethyldifluorosilane, methyl iodide and methyl bromide were corn- 
mercially available materials and were used without further purification. Fluoro- 
sulfonic acid was purified by passing a stream of dry nitrogen through it at 
reflux to remove entrapped hydrogen fluoride. It was then distilled and stored 
in teflon bottles. 

Varian Associates Models A-60 and HA-100 spectrometers equipped with vari- 
able temperature probes were used for all proton spectra. Proton-chemical -. 
shifts are reported in parts per million downfield from tetramethylsilane (inter- em : 
nal). Fluorine spectra were obtained using a Varian Associates Model HA-100.. 
spectrometer equipped with a V-4311 radio hequency unit operating-at 64.1. ... 1 : 
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-: -ti@$hyJ.sihf& (47.g, 0.22 moi, 73% yield, b.p. l38-14O”C/755 mmH& lit: flO] : 
._ _b:p:-1395” C/744 mmHg). 

,- . . 

Z+2ple preparation 
Sar$les were prepared by adding the cooled (~78°C) silane, either I or II, to 

:..cooled fluoros-uIfonic_ &id (-78” C). ‘The concentration of the silane was approx- 
E ilmately”6:2 &? .After mixing the s&mple, it was transferred to a cooled NMR tube 

‘- and the fir&cIe~&age reaction w&s observed.& -78°C. After the completion of 
’ thi+s reaction; the- NMR pro be was allowed to warm to 30” C and the second 
-‘-.eleavage reaction was followed. 
: Since the, reactions were carried -out in an excess of fhrorosulfonic acid, it was 
-_:not practicable.to identify the products of the reaction by isolation. Several at- 
:.-tenipts in this direction resulted in further reaction and destruction of the 
:@rodu& For. this reason,-proton NMR was ideally suitable for product identifi- 

._ication, Where prac,tical; NMR resonances were assigned by comparison of the 
_I_ Chemicalshift in-the. reaction mixture to the chemical shift(s) of the suspected 
._.@roduct diss&ed in fluorosulfonic acid. 
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A&rowledgement ..-. : _: ..’ _. _. : -’ 

. . . Supfi&ttif this work by the- Robert A. Welch Found&ion (Grant A-331) is 
~.‘g@$uJly ,@mowledged. 

-References .- 
_. .T .-. 

__‘;i. c. E+o& ana n-w_ ‘tiott. in A-G.-MacDW ‘d iEd.); Organometellic Compounds of the Group IV 
-:~tietiiqis,, vol; $ par&X, D++r. New York.:1968. p_ 364. .. 

_2 -LlH. Som&eZ~~~..&~e_and J.p. Gould. J. Amer. Chem. Soi. 75 (1953) 376& 
~‘~i,-L~M~+$_oti~ k:_Frei& and J.L. Sp&er. J( tier:Chi& Sot;, 77 (1955)%47. 
~~~~+ik;-Ancie&citi tid ti.A~W_‘Hi& && &&:879;439: C+m. Abatr.. 569.(3962) 874% 
-5 .R%l&av& $_ .Cbem. Soc;;,(1964) 51.9.. -.. : 
..6<D.N. .+4&&e& ~~d:~.i.~~o;r‘ica;-Zh._Ob~~~. Kbim:. 38. &8) 274;;: -’ 

-_+;_ti.-0$&+&d -C.Mitiarbordt..J. O-iizanoietai. C&m., Zi-(197Oj 321.’ . .’ _. 
8 C.ivr.‘~~o~t~~~d~D~~~~‘O’Brien, J; Org%ntimetal. ‘Chem::24 (1970) 327; 

~_~.-G_~~~~I~~~~:~~~~~~M~~~~, J. Ame+:&~~%o+.si (1969) 2%x3;-_ -: 

l.~:~~~._Cr.~kno~e.‘~.H;‘~Sommer. c.&;DiGiqrgio, ,W;A. ~_titi~&.‘g.~~. V+Stiien. &L. &l&y. H.&i. Hall.; : 
I1$z:s_ti; $&&&&‘a;;d~&~~ j&+&J; +,a. ,+e,$&;. 68:(+46) 475. -. -- i :’ J_‘.-+_,; __; :J- ;. :, 

:,~.‘.:_. p:: .q.-.;::.“:~..r .-; r:.._;.I::_‘j;-. c:.’ ,- I;. _ _- . . --;:- : .- .I .- .__ ,. .: ;.‘.. ..,. I :___ _ 
-..‘...Z _*-,, y:- ..:c .; ,,.. 1 .--: _-:._ _ _ _-- -:_ _ 1. ;. : -. -..:: ..;, : .,. ..__z~y’.:,.‘:‘;._ z . . . . ._. _: .- _: _~ ,- : ,. _ ,.y-.-_.. ~. ::-- ._ ‘- ,..._ _ --; -..:_~;:_.~~~_:‘-j_~ .___, ;.;.‘__ ;_.;.___.:.; .._ :_- --‘:_. 1.:. -~- .., -1 _. ,: : :- ,:_: _ :’ -:..,:, -:: ... .- .” -- .- . . ~_.?.(. :. ,,.. _‘_._,, -. 

‘.,. ._ ‘.<_. -_._._-. ._ __.~‘.‘_., 


