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Summary 

The title reaction proceeds m dichloromethane with a pseudo-fust-order 
rate constant of 1.19 % 10s3 WC-‘, 5000 trmes faster than the reaction of trltyl 
fluoroborate wth tetraethylsllane, yleidlng as products I-pentenyIdlmethylfluoro 
sllane, triphenylmethane, and boron trlfluonde The enhanced reactlvlty of the 
title silane 1s attributable to a-x conJugatlon 

The phenomenon of reactivity at a c~ bond (3 to a sllwon atom 1 e. the S-2 
bond m SI-X-Y-2, has been of contmumg mterest Whether manifested m the 
greater rate of solvolys~ of Q-haloalhyls&mes [ 11, 01 m theu- p eltmmatlon [8,3], 
or Ln the spectiic Insertion of carbenold reagents mto carbon-hydrogen bonds 
p to sdlcon, or m the hldrldlc character of these C-H bonds[4,5], and whether 
esplamed by “lu-n+lltmg slllconlum tons”[G], carbon-metal hyperconJugatton [7]. 
or by vertical stablllzatlon [ 8,9], this phenomenon ts clearly real 

We report here on the reaction of a carbonlum ion with 1,l dimethyl-1-stia- 
cycloheaane (DMSCH), a system known to 5e particularly reactive toward dl- 
chlorocarbene[l], m fact the most reactive of all compounds with CH, 0 to 
sillcon That the stereochemistry and geometry of the reactant 1s the determmmg 
factor m reactlon p to sdlcon IS shown by the lessened react,lvlty of dlmethylsda- 
cyclopentane toward dlchlorocarbene [ -I] and the observation that msertlon of 
the latter reagent mto see-butyltr~methyls&me 1s directed mto that P-hydrogen 
which 1s trans to sdlcon m the predommant conformation of the substrate [ lo] 

The report by Jerkuntca and Traylor [ 5] that the reaction of tetraethylsfl- 
ane with trltyl cation m acetonltrlle at 29.8” produced ethylene with a rate con- 

’ lbstrackd tn part from the hl A rhesus of J B S , Temple Un~kers~t\ 1974 For part I of lhe serves. 
see ret 16 
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stant of 6.8 X IO-’ mol-’ see-’ prompted a detied study of the reactlon of a 
presumedly more reactwe sllane, DMSCH, wth trltyl Ion. 

Result‘s 

DMSCH reacts with tntyl fluoroborate (TF) m &chloromethane. GLPC anal 
ys1s shows that the reactlon is more than 90% complete after 90 mm at 23”, 
\\hen the mitial concentration of the reactants 1s ca. 0.4 i%l. Three products were 
isolated and characterized:: fluorodimethyl-4-pentenylsllane (FDPS), tnpbenyl- 
methane, and boron trifluoride (eqn. 1). The GLPC curve showed no other 
volattie products in greater than 0.2% yield. A control experiment showed no 
reactron of FDPS lvlth escess TF, even after 48 h under the reaction contitrons. 

* ?h,Ch t 3F3 (1) 

I \ 

finetlcaily, the reactlon IS second-order overall hvlth a rate constant at 23” 
of 2.21 X lo-” mol-’ see-’ With a large excess of TF a pseudo-first-order rate 
constant of 1.19 X 10s3 set-’ was found. 

Control experiments showed no reaction between DMSCH and 48% fluoro- 
boric acid, or triphenylmethyl chloride, or tnphenylmethyl bromide, and no 
reaction between cyc:one_xane and TF. 

I)lscussion 

The rate constant for r.zaction of DMSCH with TF falls between those found 
[5] for reactlon of Et& and Et,Sn with TF, aJbelt wIthin an order of magrutude 
of the rate for the tm compound (Table 1). confu-mmg the reactivity sequence 
observed by Seyferth and coworkers [ 4 ] for dlchlorocarbene msertlon m to sun- 
liar substrates: CH2Sn > CH,(ring)SI > CH+. It 1s noteworthy that the latter 
workers found no reactlon at methyl g-roups, i.e. EtSnMes was Inert to mercunal- 
derived dlchlorocarbene Apparently the dehydrosflylatlon of DMSCH is mech- 
anisttcally related to these reactlons. 

AJthough the pnmary dehydrometallatlon product FDPS contams a P-CH:, 
its farlure to react rmpbes d signlflcantly (orders of magnhde) slower rate per 
hydrogen. although tntyl bromrde has been reported to cleave butyl groups 
from tetraalkyl tms, this reagent did not react with DMSCH. Apparently tntyl 
bromide is sufficiently lonlzed to react with a CH? group /3 to tin [ 11 J, but not 
v&h the less-reactive DRISCH, in accord with the reactivity series proposed [4]. 

REL9TIVE RATES PER H ATOhl FOR DEHYDROhlETALL4TION 

Compound Rale per hydrogen Ref 

Et:% 

DMSCH 

Et.+ 

1.0 

52x IO3 

5 

15x lo4 
Lhk work 

5 
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Mechanistically, the enhanced reacttvlty of DMSCH IS well-explamed by 
orl conJugatlon or vertical stabtlrzatron [B]. Geometrically, the fl-equatorial 
hydrogens of DMSCH are truns to the silicon--a-carbon bond, the optrmum 
posltlon for abstractton [ 81, and the resultant Ion A unstramed, at least on the 
basis of current theory [ 12,131 These factors probably account for the Beater 
part of the rate enhancement of DMSCH over Et$t. A cyclopropenlum ion B, 
EAUA-! as that proposed by Jar-vie et al [ 141 to e\plaJn the stereochemlcal result 
of solvolysrs of erJ’ttzro-l,2-d~bromopropyltnmethylsllane, seems to be unlikely, 
smce It would be isostructural wtth the bicycle [ 3 l.O]-2-sllacyclohexane system, 
hnown to be stramed [ 151. Vertical ~tabtlizakon predicts replacement of alkyl 

wnh fluoride at stllcon WIU lead to lessened reactlvlty at the 13 carbon, in accord 
with our observation for FDPS. A mechamsm mvolvmg drrect fragmentation, 
VW a & ot (j-center transltlon state, seems unlikely in view ot the strzun mvolved. 

In certam of Its reactions, TF can act as a one-electron acceptor, but a rnd- 
~cal mechamsm seems uniikely m the present case in view of the observation [ I] 
that tetrabutylammomum bromide decreased, by a Ixommon ~c’I! effect, the rate 
of reaction of tnphenylmethyl bronude with tetraalkyl tins. Also, ion A was lm- 
pbcated U-I, and s1rmla.r nng cleavage observed in, the acetolysls of -l-tosyl-l,l-dl- 
methyl-1-stiacyclohexane [ 161, and the non-radical nature of tosylate solvolysls 
LS part of the dogma of organic chemistry 
The convement rate of this sfilcon-carbon bond cleavage holds forth the promise 
of synthetic utility for a hydrosdylatlon-dehydrosllq iatlon sequence m the pro- 
tection of a double bond durmg synthetic transformations. Studies on this topic 
are under mvestigation. 

Experimental 

DhISCH, prepared by the procedure of ivest 1171, was purlfled by dlsttlla- 
tion through a lo-ball Snyder column. The center fraction was more than 99.9% 
pure by GLPC (15% SF-96/Chromasorb PAW/l-IO-210’), b.p. 127-130”; mass 
spectrum, m/e (rel. Intensity)’ 128 (25), 113 (loo), 100 (‘7), 55 (98), 86 (lo), 
72 (17), 71 (6), 59 (78) 43 (44). 

TF, prepared by the method of Dauben et al. [18] m 79-94% yleid, was 
stored U-I a desiccator over CaSOJ and protected from light. NRIR (CDCII): 
6 6 83 ppm, A,,, (Ccl,) 412, 438 nm 

Dlchloromethane, of ACS reagent grade, was dlsttlled through a 20-ba!l 
Snyder column. The fraction with b-p. 39.5-40.4” was more than 99 9% pure 
by GLPC. 

Rsactlon of DAISCH wrth TF To a deep yellow solutton of 6.6 g (0.02 mol) 
of TF m 50 ml of CHzC12 was added 2.6 g (O-02 mol) of DMSCH In one portion, 
producing a brown solution which steadily evolved a gas ldentlfled as BF3 by 
condensation temperature and chemical behavior. After 16 h the black solution 
was trap-to-trap distilled, affording a colorless disttilate and a black residue. 
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GLPC analysis of the dlstlUate showed only one product peak, which was collect- 
ed on a preparative column (20% SE-30). The Isolated material, $pentenyldl- 
methylfluorocllane (FDPS) eshlbited NMR (Ccl,): 6 0 22 (d, 6), 0.73 (m, 2), 
1.5 (m, 2), 2.2 (m, 2), and 5.3 (m, 3) ppm; mass spectrum: 116 (25), 131 (72), 
127 (5), 105 (67) 77 (100) II-I accord bvith the proposed structure. (Found; 
C, 57.11; H, 10.62; F, 12.06. C,H,,FSI calcd.: C, 57.48; H, 10.34; F, 12.99%) 
Sublimation at 60”/0.05 mm of the black residue afforded colorless crystals, 
m-p. 93.8-94.6”, ldentdied by mixed m.p. and mass spectrum as triphenylme- 
thane. 

Control Reactrons (a) TF with cyclohexane. A mL\ture of 2.48 g (0.0075 
mol) of TF, 0.42 g (0.005 mol) of cyclohexane, and 12 ml of CH2Cl,, stirred at 
room temperature, and monitored by GLPC, showed no change m cyclohexane 
concentration over a 27 day penod (b) DMSCH with 48% HBFq A mL\ture of 
0.64 g (0.005 mol) of DMSCH, 0.24 ml (0.0075 mol) of ACS reagent fluorobonc 
acid, and 5 ml of CH7Clz was stirred. GLPC curves of the organic layer, taken 
after 4 and 18 h, were identical, showmg only the skrtmg reagents (c) DMSCH 
\\xh tnphenylmethyl halldes. GLPC analysis showed no reactlon when DbISCH 
and Ph,CBr were stured (22. 0.5 fU solution) for 10 days III CH&la or heated at 
reflux (ca. 0.6 AI solution) In dichloroethane for 30 days or when DMSCH and 
Ph,CCI were heated at reflux (~2. 1.0 hl solution) for 3 days m CHIC12. 

Kmetlc studies. By determmatlon of the disappearance of DMSCH by GLPC 
(15% SF-96, 140”) and standard treatment of the data [ 191 second-order and 
pseudo-first-order rate constants were determlned Heptane was used as Inter- 
nal standard for all runs. The relative response factor was observed to vary 
from 0.98 at equal concerltrations of heptane and DklSCH to 1.12 at dilute 
concentrations of DMSCH. The second-or&r run, followed for one half-Me 
at 21.8”, 1vlt.h imtial conclzntratlons of 0.0513 111 DMSCH and 0.0501 hl TF, 
gave fzz = 2 21 X 10s3 mol-’ set-’ The pseudo-fu-st-order run, followed for 
three half-ilves at 22.8”, with mltlal concentrations of 0.0513 111 DMSCH and 
0.425 AZ TF, gave tt = 1.18 X 10m3 set-‘. 
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