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Carbene Chemistry. Part V1I.l The Preparation and Pyrolysis of 
2-Chloro-I ,I -difluoroethyl-, I -Chloro-I ,2,2-trifluoroethyl-, and 1,2- 
Dichloro-I ,Z-dif luoroethyl-trichlorosilanes 2 9 3  

By William 1. Bsvan, Robert N. Haszeldine,' John Middleton, and Anthony E. Tipping, Department 
of Chemistry, University of Manchester Institute of Science and Technology, Manchester M60 1 QD 

Pyrolysis of 2-chloro-I ,1 -difluoroethyltrichlorosilane a t  225 "C mainly involves a-elimination and halogen-ex- 
change followed by a-elimination to give a mixture of fluorochlorosilanes, 1 -chloro-1 -fluoroethylene, and 1.1 - 
dichloroethylene as major products. At 140 ' C  only halogen-exchange takes place and 1 ,I ,2-trichloroethyl- 
chlorodifluorosilane i s  formed exclusively; the half-life of the rearrangement reaction is ca. 50 min. Pyrolysis 
of the rearranged silane a t  225 "C  gives 1 ,I -dichloroethylene and a mixture of chlorofluorosilanes. Photo- 
chemical reaction of 1.2-dichloro-1.2-difluoroethylene with trichlorosilane gives a mixture of 1.2-dichloro-l.2- 
difluoroethyltrichlorosilane and 2-chloro-1.2-difluoroethyltrichlorosilane. 1.2- Dichloro-I ,2-difluoroethyltrichloro- 
silane decomposes readily at 225 ' C  into a mixture of chlorofluorosilanes, 1.1 -dichloro-2-fluoroethylene, 
and trichloroethylene. Photochemical reaction of chlorine with 1.2.2-trifluoroethyltrichlorosilane gives mainly 
1 -chloro-l,2,2-trifluoroethyltrichlorosilane, which on pyrolysis a t  225 "C affords a mixture of chlorofluorosilanes, 
1 -chloro-2,2-difluoroethylene, and 1 ,I -dichloro-2-fluoroethylene ; a t  160 "C 1,l -dichloro-Z,Z-difluoro- 
ethyldichlorofluorosilane is formed exclusively. 

THE products obtained when aa-difluoroalkyltrichloro- 
silanes are pyrolysed depend on the temperature em- 
p1oyed.l Thus the pyrolysis of 1, l-difluoroethyltri- 
chlorosilane at  100-150 "C gives only 1 ,l-dichloroethyl- 
chlorodifluorosilane, formed by two successive chlorine- 
fluorine exchange reactions, while a t  ca. 180 "C a- 
elimination of fluorine competes with halogen exchange, 
and at ca. 235 "C or above a-elimination from the re- 
arranged compounds also occurs, i.e. 

CH,*CF,*SiCl, -, CH,*CFClSiFCl, __t CH,*CCI,*SiF,Cl 
100-160 "C 

I 
236 O C  -SiF,CI, 

I i  

180 O C  -SiPCl, 

CH,.%Cl+ CH,:CHCl 
1 

CH,*CF + CH,:CHF 

Attempts to detect the monohalogen-exchange com- 
pound CH3*CFC1.SiFC12 were unsuccessful ; replacement 

Part VI, W. I. Bevan, R. N. Haszeldine, J. Middleton, and 
A. E. Tipping, J.C.S. Dalton, 1975, 252. 

of chlorine by fluorine on silicon renders the silicon more 
susceptible to nucleophilic attack so that the second 
halogen-exchange is more rapid than the first. 

The low-temperature pyrolysis of 2-chloro-1, l-di- 
fluoroethyltrichlorosilane (I) was investigated in the 
present work because in this compound the size of the 
CH2Cl group could sterically hinder the halogen-exchange 
and thus allow the monohalogen-exchange compound 
CH2C1*CFC1*SiFC1, (11) to be detected. 

The silane (I), prepared by the reduction of 2,2-di- 
chloro- 1,l -difluoroet hyltrichlorosilane with trimethyl- 
silane, was pyrolysed at temperatures from 140 to 225 "C. 
At  225 "C (16 h) the products were l-chloro-l-fluoro- 

2 Reported briefly in part by R. N. Haszeldine, ' Polyfluoro- 
alkyl Silicon Compounds,' in ' New Pathways in Inorganic 
Chemistry,' eds. E. A. V. Ebsworth, A. G. Riaddock, and A.  G .  
Sharpe, Cambridge University Press, Cambridge, 1968, p. 115. 

3 Reported in part  as a preliminary communication, W. I. 
Bevan, R. N. Haszeldine, J. Middleton, and A. E. Tipping, J .  
Ovganometallic Chem., 1970, 25, C17. 
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ethylene (!joy0), 1 ,l-dichloroethylene (41%), the re- 
arranged product 1 , l  ,2-trichloroethylchlorodifluorosilane 
(111) (3y0), and a mixture of tetrahalosilanes. At this 
temperature halogen-exchange thus accounts for ca. 50% 
of the products while pyrolysis of the silane CH,*CF,* 
SiCl, a t  235 "C gave >60o/d of products arising via 
halogen-exchange.l This indicates that the increase in 
size, accompanying the introduction of a p-chlorine atom, 
makes the a-halogen-exchange more difficult and thus 
increases the contribution of the first a-elimination reac- 
tion: 

1st a- CI 
CH2Cl*CF2*SiC13 s-< CH,CI.CjF --? CH2:CFC1 

elimination migratmn (50YL) 
halogen- 
exchange 

2nd a- c1 

elimination migration (41%) 

1 
C€I,Cl*CFCl~SiFCl, -* CH,Cl.CCl CH,:CC12 

I 

t * a- I 
CH,Cl*CCl,*SiF,Cl (876) I 

or p-elimination 

As previously observed 4-6 for the pyrolyses of other 
chlorofluoroalkyltrihalosilanes, migration of chlorine 
rather than hydrogen in the intermediate carbenes took 
place. The exchange-product CH2C1*CCl,*SiF2Cl (111) 
was found to be unstable under the reaction conditions 
(225 "C) and was 60% decomposed to 1,l-dichloroethyl- 
ene and dichlorodifluorosilane after 16 h. It was not 
possible to determine whether this decomposition in- 
volved a- or p-elimination. 

CLt  SIF,Cl 

Since the rate of rearrangement of 2-chloro-1,l-di- 
fluoroethyltrichlorosilane appeared to be relatively slow 
an attempt was made to detect the monohalogen- 
exchange product (11) by n.m.r. spectroscopy. A sample 
of silane (I) was pyrolysed for increasing lengths of time 
at  140 "C in an n.m.r. sample tube with successive record- 
ing of the 19F spectrum; the results are summarised in 
Table 1. The triplet signal for the a-CF, group of (I) 
(35.5 p.p.m. upfield of CF,*CO,H) steadily decreased in 
intensity while the intensity of the singlet for the SiF2C1 
group of (111) (56.0 p.p.m.) correspondingly increased. 
Resonances ascribable to silane (11) were not observed 
which indicated that the concentration of silane (11) a t  
any one time was low (<5y0, the sensitivity limit of the 
spectrometer). Thus the second halogen-exchange is fast 

R. N. Haszeldine and J. C. Young, Proc. Chem. SOC., 1959, 
994. 

and the first halogen-exchange is the rate-determining 
step (h2 >> kl). 

k, k* 
CH,Cl*CF,*SiCl, + CH2Cl*CFC1*SiFC1, --t 

CH,Cl*CCl,*SiF,Cl 

A plot of log,, (a - x )  against t gave a straight line 
from which a first-order rate constant k,  of 0-014 min-1 
at 140 "C in neat solution and a half-life t1/2 of ca. 50 min 
at 140 "C were obtained. The steric effect of the chlorine 
on the p-carbon to silicon in hindering the halogen- 
exchange is well demonstrated by this result, since for the 
rearrangement of the silane CH3*CF2*SiCl, to CH,*CCl,* 
SiF2C1 in neat solution at  100 "C the half-life ill2 is 
ca. 21 min.1 

Since the monohalogen-exchange intermediate (11) was 
not detected in this reaction it was considered that the 
preparation and pyrolysis of compounds as closely 
related as possible to such intermediates of general 

TABLE 1 

Rearrangement of CH,Cl*CF,*SiCI, to CH2Cl*CCI,*SiF,Cl 
at  140 "C 

Pyrolysis 
t ime (tlmin) 

15 
30 
45 
65 
95 

155 

% % 

(4 (a - 4 log,, (a - 4 
Rearrangement Unrearranged 

1.9330 14.3 85.7 
28.6 71.4 1.8637 
43.0 67.0 1.7669 
57.2 42.8 1.6314 

1.4648 71.6 28.5 
87-6 12.4 1.0934 

formula RCFC1*SiFC12 would prove informative. To 
this end two silanes of general formula RCFCl*SiCl,, i.e. 
1,2-dichloro-l,2-difluoroethyltrichlorosilane (IV) and 1- 
chloro-l,2,2-trifluoroethyltrichlorosilane (V) , were pre- 
pared and their pyrolyses investigated. 

The photochemical reaction of 1,2-dichloro-1,2-di- 
fluoroethylene with an excess of trichlorosilane gave (IV) 
(41 yo) and the reduced compound 2-chloro-l,2-difluoro- 
ethyltrichlorosilane (VI) (16%). These products are 
probably formed as shown in the following reaction 
scheme : 

U.V. 
SiHC1, + H. + *SiCI, 

Hg 

*SiCl, + CFC1:CFCl- cFC1CFC1*SiC13 + HSiCI, 

CHFCICFCl.SiC1, (IV) 

(IV) + *SiCl, .4 SiC1, + CHFCldF-SiC1, 

HSiCI, 
CHFCl.~F.SiCl, CHFCl-CHF.SiC1, (VI) 

The reduction to give the reduced silane (VI) and not 
the isomer l-chloro-l,2-difluoroethyltrichlorosilane is 
explained by the greater stability of the intermediate 
tertiary radical CHFCl*(%*SiCI,, in which the &orbitals 

5 W. I. Bevan, R. N. Haszeldine, and  J. C. Young, Chem. and 

6 W. I. Bevan and  R. N. Haszeldine, unpublished results. 
Ind. ,  1961, 789. 
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of the adjacent silicon atom can delocalise the odd elec- 
tron, as compared to the isomeric secondary radical 
CHF*CFCl*SiCl,. An examination of both the products 
of this reaction (IV) and (VI) by n.m.r. spectroscopy re- 
vealed that in each case the two diastereoisomeric forms 
(erythro and threo) were present. 

The pyrolysis of silane (IV) a t  225 "C (16 h) gave 1,1- 
dichloro-2-fluoroethylene (75y0), trichloroethylene (1 7%), 
and a mixture of silicon tetrahalides. 

a- 
elimination c1 

CHFCl*CFCl*SiCl, -+ CHFCI-CCI *-+ CHFXCl, 
-SiFCl, migration 

halogen I exchange 
13- 

-SlF,Cl, 

t elimination 
CHFC1CC1,.SiFC12 -* CHCKCCl, 

The observation that chlorine migration in the inter- 
mediate carbene occurs to the exclusion of hydrogen or 
fluorine migration is in agreement with previous ~0rk.596 
It has also been observed that with similar carbenes 
hydrogen migration occurs in preference to fluorine 697 or 
pentafluoroethyl * migration and that pentafluoroethyl 
migration occurs in preference to fluorine migration.9 
The order of migratorv aptitudes is therefore: C1 > 

The iatio of the yields of 1,l-dichloro-2-fluoroethylene 
and trichloroethylene is 4.4 : 1.0 which compares favour- 
ably with the ratio of 5-7 : 1.0 found in the pyrolysis of the 
silane CHFCl*CF,*SiCl, under similar conditions,6 a re- 
action which was considered to involve the intermediate 
silane CHFCl*CFCl*SiFCl,. 

2250 
CHFCl-CF,.SiCl, + CHFXFCl + CHF:CCI, + CHClXCI, 

(69%) (17%) (3%) 

Photochemical chlorination of the t rifluoroe t hylene- 
trichlorosilane adduct, CHF,-CHF-SiCl,, with chlorine 
gave a mixture of high-boiling products which was shown, 
by n.m.r. spectroscopy, to contain unchanged starting 
material (13% recovered), (V) (70y0), 2-chloro-1,2,2-tri- 
fluoroethyltrichlorosilane (7y0), and 1,2-dichloro-l,2,2- 
trifluoroethyltrichlorosilane (10%). Careful fractional 
distillation of this mixture gave a pure sample of the re- 
quired silane (V) (44%). The large excess of a-chlorin- 
ation over p-chlorination demonstrates that the inter- 
mediate tertiary radical, CHF,*CF*SiCl,, stabilised by the 
adjacent vacant d-orbitals on silicon, is more stable than 
the isomeric tertiary radical CF,*CHF*SiCl, in which such 
delocalisation by silicon is not possible. 

The pyrolysis of silane (V) a t  225 "C (16 h) gave 1- 
chloro-2,2-difluoroethylene (37y0), 1 ,l-dichloro-2-fluoro- 
ethylene (45y0), and a mixture of tetrahalosilanes. 

a- 
elimination H 

CHF,CFCl.SiCl, .------t CHF,*CCl ___t CF,:CHCI 
-SIFCls migration I 

halogen- I exchange 
8- 

-SiFICll 

$. elimination 
CHF,*CCl,SiFCl, -* CHFXCl, 

The ratio of the yields of l-chloro-2,2-difluoroethylene 
and 1,l-dichloro-2-fluoroethylene is 1 a0 : 1.2. This is in 
close agreement with the ratio of the same olefins ob- 
tained from the pyrolysis of the silane CHF,*CF,*SiCl, at 
225 "C (1.0 : 1.05).6 

CHF,*CF,.SiCl, CHFXF,  + CHCKF,  + CHF:CCI, 
(29%) (21%) (22%) 

The similar ratios of olefins found in the decompositions 
of the silanes RCF,*SiCl, and RCFCl*SiCl, is good evi- 
dence in favour of the formation and subsequent decom- 
position of the monohalogen-exchange intermediate 
RCFCl*SiFCl,. 

The olefins CHFXCl, and CHCKF, could arise either 
by a-elimination from the starting materials or by a- 
elimination from the rearranged silanes CHFCl*CCl,* 
SiFC1, and CHF,*CCl,*SiFCl,; the former mechanism is 
preferred because elimination of chlorine rather than 
fluorine from the rearranged silanes is unlikely. 

a- C1 

elimination migration 
CHFCl-CFCl-SiCl, -* CHFC1.CCl .-b CHF:CCl, 

a- orp- 
CHFCI-CCI,*SiFCl, -/_t CHFXCI, 

elimination of C1 

a- H 

elimination migration 
CHF2CFC1.SiC1, - CHF,.%Cl ,-* CF,:CHCI 

CHF2*CC1,.SiFC1, -/_t CHF,-CCl+ CF,:CHCl 
a- 

elimination 

Three 'fluorine atoms on silicon render the latter 
electron poor and therefore more susceptible to nucleo- 
philic attack than the silicon atom in the corresponding 
trichlorosilyl compounds. As a result fluoroethyltri- 
fluorosilanes decompose rapidly at moderate temperature 
(ca. 140 "C/3 h),1*6 and the stepwise replacement of 
fluorine in the -SiF, group by chlorine causes an increase 
in the decomposition temperature up to that observed for 
the decomposition of fluoroethyltrichlorosilanes (ca. 
225 "C/l6 h) .1*596 Thus fluoroethylchlorodifluorosilanes 
will probably be completely decomposed at  cn. 170 "C 
(5 h) and fluoroethyldichlorofluorosilanes will probably be 
completely decomposed at ca. 200 "C (10 h). The 
elimination of dchlorodifluorosilane from the silanes 
CH,*CCQSiF,Cl and CH,Cl*CCl,*SiF,Cl is relatively 
slow at  ca. 225 "C (77 and 60% decomposition, 
respectively, after 16 h) and it is therefore probable that 
elimination of trichlorofluorosilane from compounds of 
the type RCCkSiFC1, will be even more difficult. Hence 
if the ethyl group contains both chlorine and fluorine the 
fluorine is eliminated in preference to chlorine. 

The ease with which the monohalogen-exchange com- 
pounds can undergo the second halogen-exchange was 

W. I.  Bevan and  R. N. Haszeldine, J.C.S. Dalton, 1974, 

J .  H. Atherton, R. Fields, and  R. N. Haszeldine, J .  Chem. 

R. Fields and  R. N. Haszeldine, J .  Chem. SOC., 1964, 1881. 

2609. 

SOC. ( C ) ,  1971, 366. 
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demonstrated by an n.ni.r. study of the low-temperature 
pyrolysis of the silane (V). A t  160 "C (20 h) the silane 
had rearranged to the compound CHF,CCl2-SiFC1, to the 
extent of 85%. The temperature of the pyrolysis was 
well below that necessary to promote p-fluorine elimin- 
ation from the rearranged product (probably ca. 200 "C) 
hence further reaction was not observed. 

It is clear that the products formed during the thermal 
decomposition of alkylsilicon compounds RCF,*SiC13 and 
RCFCPSiCl, depend on the size of the group R and the 
pyrolysis temperatures used. Exclusive halogen ex- 
change occurs a t  low temperatures and is particularly 
rapid when R is small (CH, or CH2Cl). When steric 
crowding around the a-carbon atom is increased by in- 
creasing the size of the group R (CHFCl, CHF,, etc.) the 
rate of halogen-exchange is slower and longer pyrolysis 
times are required for complete reaction. In compounds 
of type RCF,*SiCl, when the first halogen-exchange has 
taken place the second halogen-exchange is, in all cases, 
rapid. In compounds where group R is bulky (R = 
CF2C1 or CFCLJ halogen-exchange is found not to 
occur .59 

At higher temperatures and as the size of group R in- 
creases, a-elimination becomes the major reaction. 

Attempts to prepare trichloro (trifluoromethyl) silane 
and (trifluoromethyl)trimethylsilane, as precursors to 
difluorocarbene, by the photochemical reaction of tri- 
fluoroiodomethane with hexachlorodisilane and hexa- 
methyldisilane, respectively, were unsuccessful. 

EXPERIMENTAL 

Reactants and products were manipulated, where possible, 
in a conventional vacuum system to avoid contamination 
with air or moisture. Photochemical reactions were carried 
out in silica tubes (ca. 360 ml) which were shaken and 
irradiated with a Hanovia S.500 U.V. lamp at a distance of 
15 cm. Products were separated either by repeated frac- 
tional distillation in uacuo or by fractional distillation 
through a column. The identities of products were estab- 
lished by molecular-weight determination (Regnault's 
method), elemental analysis, i.r. spectroscopy (Perkin- 
Elmer spectrophotometer model 2 1 with sodium chloride 
optics), n.ni.r. spectroscopy (Perkin-Elmer R 10 spectro- 
meter operating at 56.46 MHz for 19F and 60.0 MHz for 1H 
with external trifluoroacetic and internal tetramethylsilane 
as the respective references), and g.1.c. [Perkin-Elmer 116, 
154B, or 451 Fraktometers using 4 m columns of Silicone 
SE 30 oil (30%) on Celite]. 
2-Chloro-l,l-difluoroethyltrichlorosilane lo was prepared 

by the reduction of 2,2-dichloro- 1, l-difluoroethyltrichloro- 
silane with trimethylsilane,l and 1,2,2-trifluoroethyltri- 
chlorosilane was prepared by the photochemical reaction of 
trichlorosilane with trifluoroethylene.11 

Pyrolysis of 2-ChZoro-l,l-di~uoroethyZtrichZorosilane, (I) .- 
(a) A t  225 "C. The silicon compound (2.37 g, 10.1 mmol), 
sealed in a Dreadnought tube (ca. 360 ml) and heated at 
225 "C (16 h), gave (i) a mixture (14.87 mmol, 73%) of 1- 
chloro- 1-fluoroethylene and chlorofluorosilanes which, on 

l o  W. I. Bevan, R. N. Haszeldine, J .  Middleton, and A. E. 
Tipping, J.C.S .  Dalton, 1975, in the press. 

hydrolysis (1076 aqueous sodiuni hydroxide), gave l-chloro- 
1-fluoroethylene (0.41 g, 5.1 mmol, 50:/,) (Found: M ,  82. 
Calc. for C,H,ClF: M ,  80-5),  (ii) 1,l-dichloroethylene (0.41 
g, 4.16 niniol, 41y0), and (iii) 1,1,2-trichloroethylclilorodi- 
fluorosilane (111) (0.06 g, 0.25 nimol, 3%) ; lH n.m.r. 'i 5.9 (s, 
CH,Cl) ; 19F 8 56.0 p.p.m. (s, SiF,Cl). 

A sample of the silane was sealed in a 
thick-walled n.m.r. tube and pyrolysed for increasing times 
at 140 "C. After each pyrolysis the 19F n.m.r. spectrum was 
recorded and the percentage rearrangement of silane (I) to 
silane (111) determined from the peak integration curves. 

Pyrolysis of 1,1,2-Trichloroethylchlorodi~uorosilane (111). 
-The silane obtained by carrying the previous reaction to 
completion was heated in a thick-walled n.m.r. tube at 
225 "C (16 h). The 19F n.m.r. spectrum showed the presence 
of unchanged silane and two fluorochlorosilanes (bands at 
40 and 71 p.p.m.) while the 1H spectrum showed singlet 
absorptions at 7 5-9 [unchanged (111), 40y0] and 3.65 
(CH,:CCl,, 6076). When the tube was opened and the 
products treated with water in uacuo 1,1-dichloroethylene 
(Found: M ,  96. Calc. for C,H,CI,: M ,  97), was obtained 
as the only volatile product. 

Preparation of 1,2-Dichloro- 1,2-di~uoroet~iyltrichZorosilane. 
-A mixture of 1,2-dichloro- 1,2-difluoroethylene (9-98 g, 
75.0 mmol) and trichlorosilane (33.5 g, 0.25 mol), on ir- 
radiation (60 h), gave (i) unchanged trichlorosilane (24.7 g, 
0.184 mol, 74% recovered), b.p. 32-38 "C, (ii) a mixture 
(cn. 3 g) ,  b.p. 38-65 OC, of unchanged triclilorosilane con- 
taminated with silicon tetrachloride, (iii) an intermediate 
fraction (ca. 1 g),  b.p. (90 "C at 130 mmHg, (iv) a major 
fraction (11.5 g), b.p. 90-92 "C at 130 mmHg, and (v) a 
residue (ca. 3 g), b.p. >92 "C a t  130 mmHg. The major 
fraction (iv) was shown by g.1.c. (column a t  70 "C) to contain 
two components in the ratio 28: 72 which were separated 
and identified as 2-chloro- 1,2-difluoroethyltrichlorosilane 
(VI) (2.8 g, 12.0 mmol, 16%) and 1,2-dichZoro-1,2-difluoro- 
et~yltricr'zlorosilne (IV) (8.3 g, 31.0 mmol, 41%) (Found: C, 
9.1; H, 0.7; C1, 66.3. C,HCI,F,Si requires C, 8.9; H, 0.4; 
C1, 66.1%). 

The n.m.r. spectra of CHFC1-CHFSiC1, (VI) revealed the 
presence of two diastereoisomers (A and B) (relative abund- 
ance 60 : 40) ; the 19F spectrum consisted of four bands (all 
dd) a t  62.0, 64.0, 78-0, and 78.6 p.p.m. to high field of 
reference and the lH spectrum consisted also of four bands 
(all dd) a t  7 3.55, 3.60, 5.20, and 5-27. The l9F n.m.r. 
bands a t  62-0 and 78.6 p.p.ni. were assigned to the CHFCl 
and CHF group fluorines, respectively, in isomer (B) and 
those a t  64.0 and 78-0 p.p.m. to the same fluorines in the 
major isomer (A). The lH bands a t  T 3.55 and 5-20 were 
assigned to the CHFCl and CHI; protons, respectively, in 
isomer (A) and those a t  T 3.60 and 5.27 to the same protons 
in isomer (B). The coupling constants were almost identical 
in the two isomers: JaC fi Jbd ca. 51 H z ;  Jcd ca. 24 Hz; 

The n.ni.r. spectra of CHFCl*CI;Cl*SiCl, showed the 
presence of two diastereoisomers (C and D) in equal abun- 
dance; the 19F spectrum showed three regions of absorption 
at 53.1 p.p.m. (dd, CHFClgroup in isomerC), 67.0p.p.m. (dd, 
CFCl group in isomer C), and 63.0 p.p.m. (two overlapping 
dd, CHFCl and CFCl groups in isomer D) and the 1H 
spectrum consisted of two absorption regions, one for each 

(b) At 140 "C. 

a c  b d  

Jcb ca. 14 Hz; Jab ca. 5 Hz. 
a b  c 

11 C. J. Attridge, D. Cooper, R. N. Haszeldine, and M. J. New- 
Iands, unpublished results. 
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isomer centred on T 3.51 (dd) and 3.60 (dd). The coupling 
constants were almost identical in the two isomers: Jab 49 

Pyrolysis of 1,2-Dichloro- 1,2-di~uoroethyltrichlorosiZane.- 
The silicon compound (1.21 g, 4.5 mmol), sealed in vacuo in 
a Dreadnought tube (ca. 360 ml) and heated at 225 "C (16 h), 
gave (i) 1,l-dichlorofluoroethylene (0.39 g, 3.38 mmol, 75%) 
(Found: M ,  114. Calc. for C2HCl,F: M ,  115), (ii) tri- 
chloroethylene (0.10 g, 0.77 mmol, 17%) (Found: M ,  144. 
Calc. for C,HCl,: M ,  145.5), and (iii) a mixture (415 mmol, 
92%) of tetrahalosilanes which was completely hydrolysed 
by dilute aqueous sodium hydroxide. 

Preparation of 1-Cizloro- 1,2,2-trifluoroethyltrichlorosilane 
(V) .-A mixture of 1,2,2-trifluoroethyltrichlorosilane (20.0 
g, 92.0 mmol) and chlorine (6.55 g, 92.0 mmol) , on irradiation 
(16 h), gave a mixture of hydrogen chloride and unchanged 
chlorine, and a higher-boiling mixture (23.0 g) which was 
shown by n.m.r. spectroscopy to contain l-chloro-1,2,2-tri- 
fluoroethyltrichlorosilane (700/,), 2-chloro- 1,2, 2-trifluoro- 
ethyltrichlorosilane (7y0), 1,2-dichloro- 1 , 2,2-trifluoroethyl- 
trichlorosilane (lo%), and unchanged starting silane (13%). 
Fractionation of this mixture gave 1-chloro- 1,2, 2-trifluoro- 
ethyltrichlorosjlane (10.2 g ,  40.5 mmol, 44%) (Found: C, 
9.9; H, 0.5;  C1, 56-1. Calc. for C,HCl,F,Si: C, 9-5; H, 0.4; 
C1, 56.3%), b.p. 120-121 "C (1it.,l2 116-118 "C); lH n.m.r. 
band at 7 4.0 (td, CHF,, JHFI 54.9, J R ~ b  5.0 Hz) ; 19F n.m.r. 
6 47.6 (ABdd, 2F, CHF,, J a ~  295, J F ~ F ~  14.0 Hz) and 73.6 
p.p.m. (td, lF, CFC1). 

Pyrolysis of 1-Chloro- 1,2,2-trifluoroethyltrichlo~osilane.- 
(a) At 265 "C. The silane (1.70 g, 6.75 niniol), sealed in a 
Dreadnought tube (ca. 360 ml) and heated at 225 "C (16 h), 
gave (i) a mixture of tetrahalosilanes (5.55 mmol, 82%), 
(ii) l-chloro-2,2-difluoroethylene (0.246 g, 2.50 mmol, 37%) 

Hz; J8c 3.8 Hz; Jbc 31.5 Hz. 
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(Found: M ,  98. Calc. for C,HClF,: AM, 98-5), and (iii) 1,1- 
dichlorofluoroethylene (0.35 g, 3.0 mmol, 45%) (Found : 
M ,  115. Calc. for C,HCl,F: M ,  115). 

(b) At 160 "C. The silane, sealed in a heavy-walled 
n.m.r. tube and heated at 160 "C (20 h), was shown bj. 
n.m.r. to have rearranged to 1,l-dichloro-2,2-difluoroethyl- 
dichlorofluorosilane to the extent of 85% ; 19F n.m.r. 6 41.0 
(dd, 2F, CHF,, J H F  55.0, J F F  4-5 Hz) and 42.0 p.p.m. (td, 
lF, SiFCl,, J H F  ca. 1 Hz). 

Reaction of TrifEuoroiodonzethane with HexamethyMisilasze. 
-A mixture of trifluoroiodomethane (5.90 g, 30.0 mmol) 
and hexamethyldisilane (2.19 g, 15.0 mmol), on irradiation 
in a silica tube (ca. 50 ml) (100 h), gave (i) trifluoromethanc 
(0.69 g, 10.0 mmol, 88y0),  (ii) unchanged trifluoroiodo- 
methane (3-65 g, 18.6 mmol, 62% recovered), (iii) a mixture 
(2.00 g, 9.2 mmol) shown by g.1.c. (4 ni column a t  20 "C) antl 
i.r. spectroscopy to contain unchanged hexamethyldisilane 
(0-79 g, 5-4 mmol, 36% recovered), iodotrimethylsilane (1.13 
g, 3-75 mmol, 20%), and hexamethyldisiloxane (0.08 g, 0.5 
mmol, 5%), and (iv) a dark non-volatile oil (ca. 1.6 g). 

Reaction of TrifEuoroiodomethane with Hexachlorodisilane . 
-A mixture of trifluoroiodomethane (8.42 g, 43.0 mmol) antl 
hexachlorodisilane (4.23 g, 15.7 mmol), on irradiation (13 
days), gave (i) unchanged trifluoroiodomethane (8.40 g, 
42.8 mmol, 99% recovered), (ii) a mixture (0.3 g)  of hem- 
chlorodisilane and two minor unknown components (g.l.c., 
4 m, column at 20 "C), and (iii) unchanged hexachlorodisilane 
(3.43 g, 12.8 mmol, 82% recovered). 
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