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Bis(perhaloaryl)methylsilanes and tris(pe.rhaloaryl)silanes (halo = Cl, F)’ 
undergo reaction with methyl- and buty~thi~ under mild conditions to produce 
perhaloaryllithium derivatives in generally high yields. 

Introduction 

Previous work has shown that some peFhaloaryldiphenylsilanes [l, 21 and i 
perh~o~~~~ethyls~~es [3--G] were &leaved by alkyllithium compounds 
forming a perhaloaryllithium compound, and the corresponding &lane resulting 
from nucleophilic attack on silicon, Recently the cleavage of bis(pen~uorophenyl~~ 
methyls&me with methyl- and ‘n-butyllithium was reported [ 6 J . 

The bis(perhaloaryl)methylsilanes and tris(perhaloaryl)silanes were prepared 
via reaction of a’perhaloaryl metallic species with methyldiehlorosilane and tii- 
chlorosilane, respectively. These chlorosilanes are more accessible than dimethyl- 
chlorosilane used.in formation of (perh~o~l)~ethyls~~es~ 

Results and discussion 
.- . . 

Cleavage of the Si-C bond in t&title compounds was effected under mild 
conditions (see Table 1) in diethyl ether. Very pure perbaloarylcarboxylic acids 
were obtained, from cleavage by .methyllithium, upon derivatizationwith carbon 
dioxide. The per~loro~Ic~boxy~c-acids derived from cleavage by n-butyI- 
lithium were~recrystallized from .chloroform to remove acid resulting from Li-Cl 

exchange on the starting perchloroarylsilane. In the absence of a Si--H: moiety, 
L&-Cl exchange was the exclusive or nearly exclusive reaction path when perchloro- 
aryl-substituted silanes are treated with n-butyllithium under mild conditions 
[Z, 4, ‘I J . Even Fth the strong el&ron withdrawal from &icon provided by the 
three trichloro-2-thienyl groups in trisftrichloro-2&hienyljmethylsilane (I), Li-Cl 
exchange predominated aa evidenced by a 59% isolated yield of the known f8] 



TABLE1 .. 

REACTION OF BIS(@ERHALOARYL)METHYL&LANES AND TRIS<PERHALOARYL)SILANES WITH 
n-BuLi OR MeLi IN Et20 
- 

5-e 
(mole) 

. 
Temp. Time Yield 

g*:, ec> (h) Ar,CO2H 
(%) b 

(Z-C&1#2SiMeH n-BuLi -75 1 72 
(0.005) (0.010) 

<2-C4Cl#~SiMeH c n-BuLi -75 3 67 
<0.005) (0.010) 

(2-c,$C13 S)2 SiMeH 
$%O) 

-75 6. 76 
(0.010) 

<%C4Cl3S)2SiMeH MeLi -50 1 89 
(0.010) (0.021) 

<4&.5C4N)2SiMeH - n-BuLi -75 2 52 
fO.005) 

<4&@4N)2SiMeH d 
(0.010) 
n-BuLi -75 314 65 

<0.005) (0.0105) 
<4+.CQN)2SiMeH MeLi -50 1 76 

(0.010) (0.021) 
(4+ClqN)2SiMeH MeLi -30 1 78 

(0.010) (0.021) 
@&C=I&SiMeH MeLi -30 2 65 

(0.005) (0.010) 
(264+jS)3SiH = MeLi -50 1 92 

(0.005) (0.015) 
<c,5 Fs )3 6iFi MeLi -50 1 so 

(0.005) (0.015) 

a n-BuLi (1.65 &f in hexane) or MeLi (1.72 M in ether) was added to the silane in ether. b Based on cleavage 
of all perhaloaryl -ups. c Conxsponding reaction in THF gave 54%. d Corresponding reaction in THF 
gave 56%. e Conesponding reaction in THF gave 66%. 

3,4-dichlorothiophene-2-carboxylic acid which resulted from Li-Cl exchinge 
followed by hydrolytic cleavage of the Eli-C bonds after carbonation. 

C02H 

(2-C4C13Sj3SiMe i- kT3RuLi ,2hEy,z,, - 
(1) CO2 

(I) 
, (2) +0/H+ 

That the Si-H moiety allows preferential Si-C cleavage by RLi may be due to 
a combination of lesser steric hindrance to the approach of a nucleophile to 
silicon, and lesser inductive electron release to silicon than in the corresponding 
Si-Me compounds. 

It should be noted, however, that cleavage of the Si-C bond has been 
shown to occur in the reaction of n-butyllithium with 2,5-bis(trimethylsilyl)- 
thiophene [9] where Li-CI exchange is not possible. 

Hydride, which may be cleaved from silicon [lo], resists cleavage by an 
alkyllithium if a better leaving group such as Ar, is present [4,6] . 

&-I interesting side-reaction was noted in the preparation of bis(trichloro-2- 
thienyl)methylsilane (II) via the slow addition of methyldichlorosilane to tri- 
chloio-2;thienyllithium. 

2-C4C13SLi + Cl&MeH + 
(%d4~3s)3~iME? + (%C4~3S)2Sih’k~ + (2-C4(&S)SiMeH2 

. (I). -(II) (III) 
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Tris(trichloro2-thienyl)methylsilane (I) could arise from nucleophilic attack of 
trichloro-2-thienyllithium on silicon in II followed by loss of hydride. Hydride 
reduction of either methyldichlorosilane or the possible intermediate [(2X4& S)- 
Si(CL)MeH] would result in formation of III. A redistribution reaction may also 
be involved [ll]. 

Inverse addition of trichloro-2-thienyllithium to methyldichlorosilane re- 
sulted in the isolation of II in 91.5% yield. This mode of addition was also the 
method of choice for the preparation of tris(trichloro-2-thienyl)silane and tris- 
(pentafluorophenyl)silane. The isolated yield of the latter (83%) was higher than 
that reported [12]. 

Experimental 

All reactions were carried out under an atmosphere of dry nitrogen in oven- 
dried glassware which was assembled while hot and flushed with dry nitrogen prior 
to addition of reagents. Isolation of all bis(perhaloaryl)methylsilanes and tris- 
(perhaloaryl)silanes was done under anhydrous conditions to avoid hydrolytic 
cleavage of the Si-C bond. Ether and THF were distilled from LiAlH,. The 
molarity of alkyllithium reagents (Foote Mineral Company) was determined by 
the double-titration method 113 J . The cleavage reactions were carried out by adding 
the alkyllithium solutions via syringe to the perhaloarylsilanes under a nitrogen 
atmosphere according to the conditions given in Table 1. Silane co-products from 
the cleavage reactions were not quantitatively determined but isolated samples had 
identical properties tothe known compounds. Carbonations were accomplished 
by pouring the reaction mixture over a large excess of freshly crushed Dry-Ice. All 
melting and boiling points are uncorrected. Molecular weights were determined 
by mass spectrometry. Values given represent the parent ion and the most intense 
peak(s) of the molecular ion cluster. 

Preparation of bis(trichloro-2-thienyl)methylsilane (II) 
Bis(trichloroS-thienyl)methylsilane (II) was prepared by the inverse addi- 

tion of trichloro-2thienyllithium to methyldichlorosilane (Method A), and 
by the normal mode of addition (Method B). 

Method A. To a solution of 5.75 g (0.05 mole) of methyldichlorosilane in 
25 ml of ether was added trichloro-2thienyllithium [14] (0.10 mole) in 
250 ml of ether at ca. -30”. The reaction mixture was stirred for 1 h (Color Test I 
1153 was negative after l/2 h) and then filtered while cold to remove LiCl. Dis- 
tillation of the filtrate under reduced pressure gave 19.1 g (91.5%) of II, b.p. 
164-165”/0.05 mm, m.p. 55-56.5”. The * H NMR spectrum (Ccl, ) showed a 
doublet (Si-Me) at 6 0.79 and a quartet (Si-H) at 6 5.08 (J(CH, , H) 3.9 Hz) 
integrating for 3 and 1 protons, respectively. The IR spectrum (Nujol) showed 
Si-H (2175 cm-’ ), C4C13S (1405,1315,1005 cm-’ ), and Si-Me (1260 cm-’ ). 
Parent ion: m/e 414 (&cd.: 414): most intense M’: m/e 416 (calcd.: 416). 
(Found: C, 25.99; H, 0.99; Cl, 50.95; S, 15.51. C9H.+ClsStSi calcd.: C; 25.92; 
H, 0.96; Cl, 51.01; S, 15.3’7%.) 

Method B. To a solution of trichloro-2thienyllithium (0.04 mole) in 200 
ml of ether was slowly added 2.30 g (0.02 mole) of methyldichlorosilane in 25 ml 
ether at -50”. The reaction mixture was allowed to warm to -10” during I h, 



. . 
cOoled to --5O*- arid filteredl .The filtrate was eotitientrated to near dryzieti- under 
reduced -pressure; The solid residue was washed with cold acetonitrile. Filtration 
provided 3.1 g(37.2%) of II, m-p. 55-56.5”: 

’ Extrac&bn -of the-first filtercakegave 2.5 g (20.8%) of tris(tritihforo-Z-thierryl)- 
methyl&lane (I), m-p. 212-213°. The 1 H NMR spectrum (CCL ) showed a singlet 
@i-Me) at 6 P -17, The IR spectrum (Nujol) ihowed Si-H (2160 &n-’ ) and 
CqClsS (1400; 1315,1003 cm-’ )..Pa.reut ion: m/e 598 (&cd.: 598); most intense 
M‘: m/e-602 (&cd_: 602). (Found: C, 25.83; H, 0.63; S, 16.10. C&H&&Si 
calcc!l_i C; 25.91; H, 0.50; S; 15_96%.) An identical sample was prepared in 68% 
yield from reaction of meth?-ltrichlorosie.with trichloro-2-thienyllithium. 

l?istillation of the acei~.nitrile solution gave 1.0 g (21.6%) of trichloro-2- 
thienylmethylsilane (III), b_p_ 5C?/O_2 mm. The ’ H NMR spectrum (neat) showed 
a triplet (Si-Me) at 6 0.44 and a quartet (H-Si-H) at 6 4.32 (J(CH3, 2%) 4.2 Hz) 
integrating for 3.aud 2 proto:is; respectively. The IR spectrum (neat) showed 

-SiLH (2175 cm-’ ), CiClsS (1405,X310, I000 cm-’ ) and Si-Me (1255.cm-” )_ 
Parent ion: m/e-230 (c&d.: 230); most’intense M+: m/e 230,232 (calcd.: 230, 
232). Upon storage some decomposition of HI was observed_ A satisfactory 
elemental analysis was not obtained_ 

To a solution of 9.5 g (6.07 niole) of trichlorosilane in 25 ml of ether was 
added ~c~oro-2-thieny~ithi~ (0.21 mole) in 300 ml of ether at ca. 30”. 
After 1 h (CoIbr’Test i [15] was negative after l/2 h) the reaction mixture was 
filtered while cold. Extraction and recrystallization of the crude solid from hexane 
provided 26.7 g (65%) of tris(trichloro-Z-thienyl)silane, m_p_ 133-134”. The ’ H 
NMR spectrum (Ccl,) sh6wed.a singlet at 6 5.84. The IR spectrum (Nujol) 
showed Si-H (2205 cm-’ ), and CqClsS (1400,1320,1015 cm-’ ). Parent ion: 
m/e 584 (calcd.: 584); most intense M’: m/e 588 (c&d.: 588). (Found: C, 24.72; 
H, 0.22; S, 16.37. G2HC19S3Si calcd.: C, 24.49; H, 0.17; S, X6.35%_) 

Preparatiolz of ~~s~~e~ach~~ro-~-pyridy~~me~~y~si~ane 
To a solution of tetrachloro-4-pyridylmagnesium chloride [ 161 (0.26 mole) 

in 800 ml of THF was added 14.95 g (0.13 mole) of methyldichlorosilane at -loo_ 
The reaction mixture was stirred at -10” for 1 h and then was warmed to room 
temperature. The THF was removed under reduced pressure and the resulting 
dark-colored solid extracted with hot benzene_ (Washing with cold acetonitrile 
prior to benzene extraction removes much of the dark-colored material and 
facilitates further work-up)_ From the benzene extracts there was obtained 32.1 g 
(52%) of. bis(tetrachloro-I-pyridyl)methylsilane, m-p. 161-162.5”. The ’ H NMR 
spectrum (CCL,) showed a doublet @i-Me) at 6 0.99 and a quartet (Si-H) at 
6 5.54 (J(CH, ; .H) 4.2 Hz) integrating for 3 and l protons, respectively. The IR 
spectrum (Nujol) showed Si-H (2235 cm-‘), C5C14N (1295,lOSO cm-‘) and Si-Me 
(1260 cm-’ ).’ Parention:. m/e 472 (calcd,: 472);.most intense N+: m/e 476 (c&cd.: 
476).. (Found: C, 27.-55; H, 0.99; Cl, 59.61; N, 6.08. C1aH4ClsN1Si c&d_: 
C, 27.76; H, 0.84; Cl, 59.60; N, 5_87%.) 

.: 

Preparation of bis(pentachIurophenyI)methylsilane- 
:To.a solutioii of 5_?5g (0.05 mole) of methyldichlorosilane in 25 ml of THF 
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was added pentachlorophenylmagnesium chloride [17] (0.10 mole) in 200 ml of 
THF at 0“. The reaction mixture was stirred for 12 h, cooled to -50° and filtered_ 
The filtercake was extracted with hot benzene (3 X 100 ml). From the benzene 
extracts there was obtained 13.6 g (50.2%) of bis(pentachlorophenyl)methylsilane, 
m-p. 208-2090*. The ’ H NMR spectrum (CCI,) show& a doublet (Si-Me) at 
6 0.97 and a quartet (Si-H) at 6 5.62 (J(CH3, H) 4.2 Hz) integrating for 3 and 1 
protons, respectively. The IR (nujol) showed Si-H (2215 cm-’ ), CgCls (1300, 
1095,873,678 cm-’ ) and Si-Me (1250 cm-l ). Parent ion: m/e 538 (calcd.: 538); 
most intense M’ : m/e 542 (calcd.: 542). (Found: C, 29.01; H, 0.89; Cl, 65.59. 
C1sH4CIlaSi &cd.: C, 28.77; H, 0.74; Cl, 65.32%) 
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