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Polyfluoroalkyl Derivatives of Silicon. Part XV.' The Preparation and 
Pyrolysis of I -Trifluoromethyl-I ,2,2-trif luoroethyl-, I -Trifluoromethyl- 
1,2,3,3,3-pentaf luoropropyl-, 2H- Hexaf luorocyclobutyl-, 3H- Penta- 
fluoropropyl-, and 1,2,2-Trifluoroethyl-trihalogenosilanes 
By C. James Attridge, Michael G. Barlow, William 1. Bevan, Derek Cooper, Graham W. Cross, Robert 

N. Haszeldine,' John Middleton, Michael J. Newlands, and Anthony E. Tipping, Department of 
Chemistry, University of Manchester Institute of Science and Technology, Manchester M60 1 QD 

The trichloro(polyfluoroalkyl)silanes are formed in high yield by the photochemical reaction of trichlorosilane with 
the appropriate fluoro-olefin and they are readily converted into the trifluorosilyl analogues by reaction with 
antimony(lll) fluoride. The reaction of trichlorosilane with hexafluorocyclobutene gives exclusively the rrans- 
adduct. All the trihalogeno(polyfluoroalky1)silanes and trihalogeno(2H-hexafluorocyclobutyl)silanes except 
trichloro( 3H-pentafluoropropyl)silane decompose thermally by p-elimination processes : the latter silane partly 
decomposes by an a-elimination process via an intermediate carbene and it partly undergoes rearrangement by 
exchange of fluorine on the a-carbon by chlorine on silicon. 

TRICHLORO(FLUOROALKYL)SILANES RCF,*SiC13 and However, although (2-chloro-l-fluoroethyl) trifluorosilane 
RCFC1*SiC13 on pyrolysis give products which depend on 
the size of the group R and the temperature employed.2 

decomposes by an a-elimination p roce~s ,~  i.e. 

At moderate temperature ( < N O  "C) and when the group 
R is small (Me or CH,Cl) halogen exchange is the pre- 

w,cI.@-~~F, 150 - 'C sic + c~c1.w migration CI CH~:CHCI 

c i 2  ferred r e a ~ t i o n , ~ ~  e.g. 
100 'C trichloro( 1,2-difluoroethyl)silane and (1,2-difluoroethyl)- 

trifluorosilane both decompose via p-elimination,Q e.g. CF2Me.SiCl3 [ CFaMeSiFC12] - CC$Me*SiF,a 

At higher temperature and as the size of the R group 
increases, a-elimination of fluorine to give a carbene 
becomes the major or even exclusive e.g. 

225 'C CI 
SiCI,F + CFCIiCF ,,,igrafion- CFCI:CFC\ 

The trifluorosilyl analogues decompose at lower temper- 
ature (120-140 "C),4-6** e.g. 

J\ 1LO.c H 
CHF2*CF-3F3 - Si5  + CHF2.CF migration CF2:CHF 

c: 2 
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In an extension to this work the effect of chain-branching 
at the a-carbon atom on the mode of thermal decomposi- 
tion of trihalogeno(polyfluoroalky1)silanes has been 
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investigated and the silanes (I)-(V) have been prepared 
and pyrolysed. 

CHF, .CF(CF3 ).Sic\, CFj.CHFCF(CF3 ).SIX, 
(1) (a, x = CI 

(El) X = F - 
CHF.CF2.CF2.CF Six, 

(M X = C l  
(u) X = F  

The pyrolysis of trichloro( 1 , 1,2,3,3,3-hexafluoro- 
propy1)silane (VI) has also been carried out in order to 
compare the results with those obtained from pyrolysis 
of the isomeric compound (I) and further silanes of type 
RfCHF*SiX,, i.e. (VII) and (VIII), have been thermally 
decomposed. 

CF-j-CH F.CF,. SiCl  CHF,.CH F-S i X3 

(Urn1 X3 = MeCI2 

(ILU (MI >4 = CI, 

Prejbaration of the SzZartes.-The mercury-photosen- 
sitised reaction of an excess of silane with hexafluoro- 
propene (1.6 : 1.0 molar ratio) gave a mixture (85%) of 
(1,1,2,3,3,3-hexafluoropropyl)silane (IX) and (lJ2,2-tri- 
fluoro-l-trifluoromethylethy1)silane (X) in the ratio 60 : 
40.1° These were separated by g.1.c. and allowed to react 
separately with chlorine (1 : 3 molar ratio) to afford the 
silanes (VI) (84%) and (I) (89%) , respectively.1° 

C?CF:CF, + SiHt CF,*CHFCG-SiH, + CHG.CF(CF,)Sii3 

(MI (XI 
Hg 

A mixture of trichlorosilane and octafluorobut-2-ene 
(4 : 1 molar ratio) on irradiation gave trichloro(2H-l- 
trifluoromethylpentafluoropropy1)silane (11) (91%) 
which was shown by n.m.r. spectroscopy to be a mixture 
of two diastereoisomers in the ratio 60 : 40 but attempts 
to separate the two isomers were unsuccessful. Fluorin- 
ation (SbF,-SbC1,) of silane (11) gave the trifluorosilyl 
analogue (111) (87%). 

The photochemical reaction of trichlorosilane with 
hexafluorocyclobutene (3 : 1 molar ratio) gave trichloro- 
(2H-hexafluorocyclobuty1)silane (IV) (80%) , exclusively 
as one isomer as indicated by g.1.c. and n.m.r. spectro- 
scopy. The similarity of the lH n.m.r spectrum of 
adduct (IV) to those of the adducts of hexafluorocyclo- 
butene with the compounds Me,SiH, Me,GeH, and Me,- 
SnH reported by Cullen and Styan l1 indicates strongly 
that they all have the same stereochemistry. The latter 

lo G. W. Cross, Ph.D. Thesis, Manchester, 1963. 
l1 W. R. Cullen and G. E. Styan, J. Organometallac Chem., 

1966, 6,  633. 
la I. L. Knunyants, M. P. Krasuskaya, E. I. Misov, and I. A. 

Mukhtarov, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 
1962, 2141. 

la K. L. Williamson, Y-F. L. Hsu, F. H. Hall, S. Swager, and 
M. S. Coulter, J- Amev. Chem. SOC., 1968, 90, 6717. 

adducts were tentatively identified as the compounds 
(XI) arising from cis-addition on the basis of the magni- 
tudes of the H-F coupling constants derived from the 'H 
spectra. 

F 

(43.8) ;@ (147 0 4  M B I : a H  F F 

(58.01 F 
(XI) M =Si,Ge, and Sn (w) 

For the SiHC1, adduct (IV) the 19F n.m.r. spectrum 
has been recorded, chemical shifts obtained, and the 
magnitudes and assignments of H-F coupling constants 
confirmed. The product of catalytic hydrogenation of 
hexafluorocyclobutene , 1HJ2H-hexafluorocyclobutane l2 
(XXI) (chemical shifts shown), has been used as a model 
of known stereochemistry. The 19F n.m.r. spectrum of 
adduct (IV) shows two AB-type multiplets a t  40.5 and 
55.7 p.p.m. (JAB 228 Hz) and at  41.3 and 48.3 p.p.m. 
( J A B  235 Hz), assigned, respectively, to the CF, groups 
adjacent to H and to SiCl,, the lower field absorptions in 
each case being assigned to the fluorines cis to the sub- 
stituent. It also shows band systems at 115.0 p.p.m. 
(CFaSiC) and at  130.5 p.p.m. (CHF) the latter containing 
the characteristic geminal HF coupling (50.6 Hz). The 
low-field shift of this latter band, when compared with 
the shift of the CHF absorption in compound (XII), 
suggests strongly that the fluorine in the CHF group of 
adduct (IV) has an adjacent cis-SiCl, rather than a cis- 
fluorine, i.e. the adduct has structure (IVa). 

Wa) 

The viciftal 3 J H ~  coupling depends largely upon dihedral 
and bond angle 13 and the electronegativity of adjacent 
groups.14 Cullen and Styanll concluded that the two 
largest 3 J H ~  couplings (ca. 22 and ca. 13 Hz) observed in 
the lH n.m.r. spectra of adducts (XI) were due to  
coupling of axial substituents in a cyclobutane ring, 
from which their structural assignment followed. How- 
ever, few unequivocal analyses of the spectra of fluorin- 
ated cyclobutanes have been made l5 and the following 
assignments made from the 1H n.m.r. spectrum of adduct 
(IV) (d mult at 7 4.8), in which the larger 3 J ~ ~  couplings 
correspond to a small dihedral angle (ca. 27"), are equally 
acceptable. Also the assignment made by Cullen and 
Styan requires that for each CF, group the high-field 
absorption should be trans to the adjacent substituent H 
and MMe,, and this is unlikely.16 

14 A. M. Ihrig and S. L. Smith, J. Amev. Chem. SOC., 1970, 
92, 769; K. L. Williamson, S. Mosser, and D. E. Stedman, 
ibid., 1971, 93, 7208; R. J. Abraham and R. H. Kemp, J .  Chem. 
SOC. (B) ,  1971, 1240. 

l5 See for example, J. D. Park, R. 0. Michael, and R. A. 
Newmark, J. Org. Chem., 1969,34, 2626; R. K. Hams and V. J .  
Robinson, J. Mug?tetic Resonance, 1969, 1, 362. 

lb J. W. Emsley and L. Phillips, Pvogr. N.M.R. Spectvo- 
scofiy, 1971, 7, 91. 
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Pyrolysis 
temp. (0J"C) 

250 
225 

165 

266 

200 

250-270 

TABLE 1 
Thermal decompositions of silanes 
Conditions 

time (h) Olefinic products 
24 CF,CF:CHF 
16 ~TU~S-CF,*CH:CF.CF, 

cis-CF,CH:CF*CF, 
CF,CHF-CF:CF, 

6 ~TCZWS-CF,CH:CFCF, 
cis-CF,CH:CF.CF, - 

I-- 

16 CF,*CH:CFCF, 

CHF-CF:CF-&F, 

~HF-CFICF-CF, 

'I 14 CF,CH .CF-CF, 

24 CF,-CF:CHF 
CF,.CF:CHCl 

1 

CF~CH:CCI, 
IVII) f 250-255 18 CHFICHF 

(vmj 4 225 16 CHFICHF 
CH,:CF, 

82 
7 0  

8 
21 
81 
11 

92 

7 

86 

9 
68 
18 

3 
50 
94 
5 

Products (yo) 

71 * 
7 

14 
82 * 85 t 
12 12 

90 * 
6 

87 t 
10 

* Pyrolysis carried out in the presence of an excess of isobutene. t Pyrolysis carried out in the presence of an excess of cis- 
but-2-ene. : As a mixture of (VII) (96%) and (XIII) (6%). § As a mixture of (VIII)  (85%) and (XIV) (15%). 

The thermal additions l1 of trimethylsilane (250 "C), 
trimethylgermane (230 "C), and trimethyltin hydride 

(20 "C) and the photochemical addition of trichlorosilane 
to hexafluorocyclobutene are thus all stereospecific tram- 
additions, i.e. F2ul: 4- R,M. - F 2 f i L '  R3MH- F 2 r ( R 3  

F2 F2 = F2 

It has similarly been reported1' that the photo- 
chemical- or peroxide-initiated additions of hydrogen 
bromide to  1-alkylcylohexenes afford cis-l-bromo-2- 
alkylcyclohexanes . 

Fluorination (SbF3-SbC1,) of adduct (IV) gave the 
corresponding trans-trifluorosilyl compound (V) (90%). 

Photochemical reaction of trichlorosilane with trifluoro- 
ethylene (5 : 1 molar ratio) gave a mixture (70%) of the 
1 : 1 adducts trichloro( 1,2,8-trifluoroethyl)silane (VII) 

and trichloro( 1,1,2-trifluoroethyl)silane (XIII) in the 
ratio 95 : 5,l8 and a comparable reaction of dichloro- 
methylsilane with trifluoroethylene afforded a mixture 
(75%) of the corresponding 1 : 1 adducts (VIII) and (XIV) 
in the ratio 85 : 15.18 

Cl$F. CF2. Si CI, CH,F.CF,. Si Me CI, 

CWI) (xu) 
PyroZysis of the SiZanes.-The conditions used and the 

products formed in the pyrolyses of silanes (1)-(VIII) 
are shown in Table 1. The exclusive formation of 1H- 
pentafluoropropene in the pyrolysis of silane (I) shows 
unambiguously that a p-elimination process is involved. 
An a-elimination mechanism would have given the 

intermediate carbene (XV) and, since hydrogen migra- 
tion in such carbenes occurs in preference to fluorine 

the product would have been 2H-penta- 
fluoropropene. In contrast the isomer (VI) decomposed 
via a-elimination and halogen exchange as found for 
other polyfluoroalkyltrichlorosilanes containing the 
-CF,*SiCl, gro~ping,2-4*~, l9 i.e. 

heat 

CFi CHF*cF2, Sic$ ff -etirninatim - 

halogen exchange 

%I,F + CF3.CHFCF - CF;CF:CHF 

1 
a- 

CFiCHF.CFCI.SiFCI - SiCI2F2 + CF3.CHFCCl - CF3*CF:CHCl 

hatogen exchange '- - SiCIF3 i- CF;CH:CCI, CF3*CHFCCI;SiF2 CI dimincltion 

I 
l7 H. L. Goering, P. I. Abell, and B. G .  Aycock, J .  Amer. Chem. 

Soc., 1962, 74, 3688; H. L. Goering and L. L. Sims, ibid., 1955, 
77, 3465. 

C. J. Attndge, P1i.D. Thesis, Manchester, 1967. 
J. T. Maynard, J .  Org. Chem., 1963, 28, 112. 
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The silanes (11)-(V) are all considered to decompose 
thermally by @-elimination processes since comparable 
yields of the same olefinic products were formed irres- 
pective of whether the pyrolyses were carried out in the 
presence or absence of hydrocarbon olefins (carbene 
traps). If such @-eliminations were completely cisoid, 
the erythro-isomers of silanes (11) and (111) would afford 

quires that a small proportion of silane (VIII) decom- 
poses by a-elimination and/or a proportion of silane 
(XIV) decomposes by @elimination, i .e. 

SiMeCl,F + CHF2*’CH CHF2*CHF-SiMeC12 iminatio. a- 

P- 
CH, FCF, *SiMeC12 elimination 

The reported modes of decomposition of (polyfluoro- 
alky1)silanes are summarised in Table 2. 

the trans-olefin and the threo-isomers the corresponding TABLE 2 
cis-olefin. Stereoselective elimination does not occur, 
however, since the ratio of isomers in silanes (11) and (111) 
was ca. 60:  40 and the yields of tram-olefin obtained 
from the pyrolyses were ca. 70% and ca. 83%, respect- 
ively; the olefins did not isomerise under the reaction 
conditions. 

The absence of 3H-heptafluorobut-l-ene in the products 
from pyrolysis of silane (111) can be accounted for by the 
smaller steric requirements of the SiF3 group as compared 
to the SiC1, group, which enhances elimination of the 
internal @-fluorine atom at  the expense of a terminal 
@-fluorine atom. 

The trans-silanes (IV) and (V) on @-elimination would 
afford 1 H-  and/or 3H-pentafluorocyclobutene, while @- 
elimination from the corresponding cis-isomers could 
yield only the 3H-isomer. The observation that the 
preferred @-elimination occurs from the CHF group 
rather than from the @-CF, group finds a parallel with the 
products obtained from the pyrolyses of silanes (1)-(111). 

The ready elimination of trimethyltin fluoride from 
adduct (XI;  M = Sn) to give 1H-pentafluorocyclobutene 
was postulated 11 to involve an intermediate carbene 
fornied by a-elimination; since the SnMe, group and the 
p-fluorine in the CHF group of the adduct are probably 
cis simple @-elimination now seems more plausible as with 
adduct (IV). 

Pyrolysis of the silane (VII) containing isomer (XIII) 
(5%) gave only a low yield of 1,2-difluoroethylene (50y0), 
the olefin expected by @-elimination from silane (VII) 
and a-elimination from silane (XIII),  i.e. (where X, = 

(33) 

e- fHFTyF elimincltion- SiFX, + CHF:CHF 

(F- six, ! 
H I migration 

In contrast pyrolysis of a mixture of silane (VIII) 
(85%) and silane (XIV) (15%) gave a nearly quantitative 
yield of olefinic products (99%). The major product, 
1,Zdifluoroethylene (94y0), is formed as shown in the 
above scheme (where X, = MeCl,). However, the pre- 
sence of 1,l-difluoroethylene (5%) in the products re- 

Mode of thermal decomposition of (polyfluoroalkyl) silanes 
Silane Decomposition Ref. 

;CFCFCl.SiX, a- 3, 6 
XFCHF-Six, P- 9, this work 

This work :CF*CF(CF,) .Six, P- - 
CHFCF,*CF,*CF.SiX, P- This work 
:CClCHF*SiX, U- 9 
=CF*CCl ,-Six , P- 3, 6 

:CFCF,-SiX, a- 2-4. 7, 8 

EXPERIMENTAL 

Reactants and products were manipulated, where pos- 
sible, in a conventional vacuum system to avoid contamin- 
ation with air or moisture. Photochemical reactions were 
carried out in vucuo in silica tubes (ca. 300 cm3) which were 
shaken and irradiated at a distance of ca. 15 cm from a 
Hanovia S 500 medium-pressure U.V. lamp and thermal 
decompositions were carried out in vacuo in Pyrex or Dread- 
nought tubes (ca. 300 cm3), unless stated to  the contrary. 
The products from the thermal decompositions, consisting 
of mixtures of tetrahalogenosilanes and olefins, were shaken 
in vacuo with aqueous sodium hydroxide (ca. 10% w/v) and 
the resultant olefins were dried (P,O,). Products were 
separated by either fractional distillation, fractional con- 
densation in vacuo, or g.1.c. (Perkin-Elmer 116, 154B, or 
451 Fraktometers using columns as indicated in the text) 
and their identities were established by molecular-weight 
determination (Regnault’s method), elemental analysis, i.r. 
spectroscopy (Perkin-Elmer model 2 1 spectrophotometer 
with sodium chloride optics), and n.m.r. spectroscopy 
(Perkin-Elmer R10 or Hitachi R20A spectrometers operat- 
ing a t  66.46 MHz for I°F and 60.0 MHz for IH with external 
trifluoroacetic acid and internal tetramethylsilane as the 
respective references). 

trans-2H-Heptafluorobutene was prepared by the fluorin- 
ation of hexachlorobutadiene with potassium fluoride in N- 
methyl-2-pyrrolidone l o p  2e and a sample of the corresponding 
cis-olefin was obtained by free-radical chlorination of the 
trans-olefin, dechlorination of the resultant adduct with 
zinc in ethanol, and separation of the cis-olefin from the 
mixture of isomers by g.l.c.20 

Reaction of Octaflumobut-2-ene with TrichZorosilane.- 
The olefin (25.0 g, 0.125 mol) and trichlorosilane (68.5 g, 
0.507 mol), irradiated (150 h), gave (i) hydrogen (ca. 0.5 
mmol), (ii) unchanged olefin (6.40 g, 32.0 mmol, 26% 
recovered), and (iii) a higher-boiling fraction (87 g), which 
when distilled (30 cm Vigreux column) yielded unchanged 

BI R. D. Chambers and A. J .  Palmer, Tetrahedron, 1969, 25, 
4217. 

http://dx.doi.org/10.1039/DT9760000694


698 J.C.S. Dalton 
trichlorosilane (53.8 g, 0.40 mol, 79% recovered), an inter- 
mediate fraction (2.0 g), b.p. 35-118 "C, trichloro(2H-1- 
kifluorovnethylpentafluoropropy1)silane (28.1 g, 84.0 mmol, 
91%) (Found: C, 14.1; H, 0.4; C1, 31.6. CIHC1,F,Si 
requires C, 14.3; H, 0.3; C1, 31.7y0), b.p. 118-119 "C, and 
a residue (3  g), b.p. >119 "C. The IDF n.m.r. spectrum of 
the adduct showed the presence of two diastereoisomers in 
the ratio 60 : 40; bands for major isomer at 6 -5.9 (3F, 
complex, CF,), -4.2 (3F, complex, CF,), 110.7 (lF, d mult, 
CHF, J ca. 50 Hz), and 111.3 p.p.m. (lF, complex, CF*SiCl,) 
and bands for minor isomer at  6 -9.6 (3F, complex, CF,), 
-3.2 (3F, complex, CF,), 110.8 (lF, d mult, J ca. 50 Hz), 
and 111.7 p.p.m. (lF, complex, CF*SiCl,); g.1.c. (4 m Silicone 
column a t  100 "C) failed to resolve the isomers. 

Reactions of TrichZoro (2H- 1-trifluoromethylpentafluoro- 
propyZ)siZane.-(a) Fluorination. The silane (1.56 g, 4.7 
mmol), passed several times in vacuo through a tube packed 
with a mixture of antimony trifluoride (ca. 75 g) and anti- 
mony pentachloride (ca. 1 g), gave triJuoro( 2H- 1-triJuoro- 
methylpentafluoropropyZ)sila.1.ze (1.17 g, 4.1 mmol, 87%) 
(Found: C, 16.5; H, 0.5%; M ,  288. C,HF,,Si requires C, 
16.7; H, 0.5%; M ,  286), b.p. 41-42 "C. The l9F n.m.r. 
spectrum showed the presence of two isomers in the ratio 
60 : 40; bands for major isomer a t  6 -2.2 (6F, complex, 
2CF,), 65.8 (3F, s, SiF,), 120 (lF, d mult, CHF), and 136.5 
p.p.m. (lF, complex, CPSiF,) and bands for minor isomer 
at 6 -5.3 (3F, complex, CF,), -2.0 (3F, complex, CF,), 65.8 
(3F, s ,  SiF,), 130 (lF, d mult, CHF), and 132.6 p.p.m. (lF, 
complex, CPSiF,) . 

(b) Pyrolysis. The silane (1.21 g, 3.6 mmol), heated a t  
225 "C (16 h), gave a mixture (7.2 mmol, 1OOyo) of chloro- 
fluorosilanes and olefins. Hydrolysis of the mixture yielded 
an olefin mixture which was separated by g.1.c. (10 m Kel-F 
10 oil a t  20 "C) into its three components identified as (i) 
truns-2H-heptafluorobut-2-ene (0.46 g ,  2.5 mmol, 70%) 
(Found: C, 26.5; H, 0.7%; M ,  182. Calc. forC,HF,: C, 
26.4; H, 0.6%; M ,  182), the i.r. and n.m.r. spectra of which 
were identical with those of an authentic sample, (ii) cis- 
2H-heptafluorobut-2-ene (0.15 g, 0.8 mniol, 21%) (Found: 
C, 26.6; H, 0.8%; M ,  l82), the i.r. and n.m.r. spectra of 
which were identical with those of a pure sample prepared by 
chlorination of the trans-isomer and dechlorination of the 
resultant 1 : 1 adduct, and (iii) 3H-hepta$uorobut-l-e~ 
(0.15 g, 0.8 mmol, 21%) (Found: C, 26.6: H, 0.6%; M ,  
182); A,,=, 5.58s ( >C:C< str.); lH n.m.r. band for 

a t  T 4.75 (ddqdd, CHF, JHF* 43.8, J H F ~  

22.8; JHcF, 5.9, J H F ~  2.9, J H F ~  1.7 Hz) and lSF bands a t  3.1 
(3F, ddddd, CF,, JOF,F* 14.1, JC-F~F? 7.8; JOF,F~ 2.1, JCF,F~ 
0.5 Hz), 17.8 (lF, ddddq, FD, J F ~ F ~  59.9, JFDFB 36.6, J F D F ~  

5.0 Hz), 116.9 (lF, ddddq, FB, J p B ~ o  118.4, J F ~ F ~  19.1 Hz), 
and 127.7 p.p.m. (lF, ddqdd, FA). 

Pyrolysis of a mixture of the silane and isobutene (1 : 3 
molar ratio) under identical conditions gave a mixture (99%) 
of unchanged isobutene, fluoro-olefins, and chlorofluoro- 
silanes, which, after hydrolysis and removal of unchanged 
isobutene by reaction with moist phosphoric oxide, yielded 
(as estimated by g.1.c.) tvuns-2H-heptafluorobut-2-ene (7 1 yo), 
cis-2H-heptafluorobut-2-ene (7 %), and 3H-heptafluorobut- 
1-ene (14%). 

PyroZysis of TrifEuoro (2H- 1-trifluorornethyZpentu$uoro- 
pro#yZ)siZune.-The silane (0.52 g, 1.81 mmol), sealed in a 
Dreadnought tube (cu. 150 ml) in vucuo and heated at 165 "C 

\ /FC 
CF,*CHF* 

C=C 

F B  / \FD 

(6 h) gave, after hydrolysis of the silicon tetrafluoride 
formed, trans-2H-heptafluorobut-2-ene (0.27 g, 1.47 mmol, 
81 yo) and cis-ZH-heptafluorobut-2-ene (0.04 g ,  0.20 mmol, 

Pyrolysis of a mixture of the silane and isobutene (1 : 3 
molar ratio) under identical conditions gave, after removal of 
silicon tetrafluoride and unchanged isobutene, a mixture of 
irans-2H-heptafluorobut-2-ene (82%) and the cis-isomer 
(12%). Similarly pyrolysis of a mixture of the silane and 
cis-but-2-ene (1 : 3 molar ratio) under identical conditions, 
gave silicon tetrafluoride (lOOo/b) ,  unchanged cis-but-2-ene 
(98% recovered), and a mixture of the trans- (85%) and 
cis- (12%) isomers of 2H-heptafluorobut-2-ene. 

Reaction of Hexafluorocyclobutelzle with Trichlorosi!une,- 
A mixture of the olefin (30.0 g, 0.185 mol) and trichloro- 
silane (79.9 g, 0.590 niol), sealed in a silica tube (ca. 360 ml) 
and irradiated (150 h), gave (i) hydrogen (ca. 0.5 mmol), (ii} 
unchanged olefin (15.4 g, 95.0 mmol, 51% recovered), (iii) 
unchanged trichlorosilane (64.1 g, 0.473 mol, 80y0), (iv) an 
intermediate fraction (6.0 g), b.p. 35-116 "C, (v) trans- 
trichloro( 2H-hexafluorocyc1obutyZ)siZane (2 1.5 g, 72.2 mmol, 
80%) (Found: C, 16.1; H, 0.5; C1, 35.5%; M ,  295. 
C,HCI,F,Si requires C, 16.1; H, 0.3; C1, 35.7%; M ,  298), 
b.p. 116-119 "C, and (vi) a residue (ca. 3 g) ,  b.p. >119 "C. 

Reactions of Trichloro( 2H-hexafluorocyclobutyl) siZane.-(a) 
Fluorination. The silane (1.77 g ,  5.95 mmol), passed in the 
vapour phase in vacua over an excess of powdered antimony 
trifluoride containing a small amount of phosphorus penta- 
chloride, gave trans-triJuoro(2H-l~exafluorocyclobutyl)silane 
(1.35 g, 5.35 mmol, 90%) (Found: C, 19.2; H, 0.5%; M ,  
246. C,HFgSi requires C, 19.3; H, 0.4%; M ,  248), b.p. 
38 "C. 

The silane (1.42 g, 4.8 mmol), heated at 
265 "C (16 h), gave, after hydrolysis, a mixture (0.67 g, 4.66 
mmol, 99%) (Found: C ,  33.5; H, 0.7%; M ,  144. Calc. 
for C,HF,: C, 33.3; H, 0.7% ; IM, 144), which was shown by 
g.1.c. (am Kel-F 10 oil a t  20 "C) and n.m.r. spectroscopy to 
consist of 3H-pentafluorocyclobutene (0.05 g, 0.34 mmol, 
7%) and 1H-pentafluorocyclobutene (0.62 g, 4.32 mmol, 
92%) ; the i.r. spectrum of the mixture contained the major 
absorption bands reported for the isomers. 

Pyrolysis of a mixture of the silane and isobutene (1 : 3 
molar ratio) under identical conditions gave a mixture (99%) 
which, after hydrolysis and polymerisation of unchanged 
isobutene, afforded 3H-pentafluorocyclobutene (6%) and 
1H-pentafluorocyclobutene (90%). 

Pyrolysis of TrifEuwo (2H-hexafEuwocycZobutyl)silane .-The 
silane (0.57 g, 2.30 mmol), sealed in vacuo in a Dreadnought 
tube (ca. 160 ml) and heated a t  200 "C (14 h), gave a mixture 
(4.35 mmol, 95%) of silicon tetrafluoride and pentafluoro- 
cyclobutenes which, after hydrolysis, afforded 3H-penta- 
fluorocyclobutene (0.03 g, 0.20 mmol, 9%) and 1H-penta- 
fluorocyclobutene (0.19 g, 1.98 mmol, 86%). A second 
pyrolysis a t  165 "C (14 h) gave a quantitative recovery of 
unchanged reactant. 

Pyrolysis of a mixture of the silane and cis-but-2-ene (1 : 3 
molar ratio) in vucuo at 200 "C (14 h) gave, after hydrolysis, 
unchanged cis-but-2-ene (98% recovered) and a mixture of 
3H- (10%) and 1H-pentafluorocyclobutene (87%). 

Pyvolysis of TrichZmo( l-fri$uo~omethyZ-1,2,2-trifluoroethyZ)- 
dune.-The silane (0.292 g, 1.03 mmol), sealed in vucuo in a 
Pyrex tube (ca. 100 ml) and heated a t  250 "C (24 h), gave 
a mixture of olefin and chlorofluorosilanes which, after 
hydrolysis, afforded 1H-pentafluoropropene (0.110 g, 0.84 
mrnol, 82%) (Found: M ,  132. Calc. for C,HF,: M ,  132), 

11%). 

(b) Pyrolysis. 
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the g.1.c. retention time and i.r. spectrum of which were 
identical with those of an authentic sample. 

Pyrolysis of TvichZoro( 1,1,2,3,3,3-hexafluwo~vo~yl)silane. 
-The silane (0.438 g, 1.54 mmol), sealed in vacuo in a Pyrex 
tube (ca. 100 ml) and heated a t  250-270 "C (24 h), gave a 
mixture of olefins and chlorofluorosilanes which, after 
hydrolysis, afforded a mixture (1.37 mmol, 89%) of olefins 
which were separated by g.1.c. (3.5 m D.N.P. a t  50 "C) and 
identified as (i) 1H-pentafluoropropene (0.140 g, 1.06 mmol, 
68%), (ii) l-chloro-2,3,3,3-tetrafluoropropene (0.046 g, 0.27 
mmol, 18%) by comparison of its g.1.c. retention time and i.r. 
spectrum with those of a synthesised sample, and (iii) a 
third olefin (0.04 mmol, 3%) probably l,l-dichloro-3,3,3-tri- 
fluoropropene. 

Pyvolysis of a Mixture of Tvifluoroethylene-Trichloro- 
d u n e  Adducts . -A mixture (0.326 g ,  1.5 mmol) of trichloro- 
(1,2,2-trifluoroethyl)silane and the corresponding 1 , 1,2- 
trifluoroethyl isomer (ratio 95 : 5),  sealed in vacuo in a silica 
tube (ca. 100 ml) and heated a t  250-256 "C (18 h), gave a 
mixture (1.49 mmol, 50%) of olefin and chlorofluorosilane 
which, after hydrolysis, afforded 1 ,2-difluoroethylene (0.43 g, 

0.75 mmol, 50%) ; a black non-volatile tar remained in the 
pyrolysis tube. 

A second pyrolysis carried out a t  225 "C (16 h) gave 1,2- 
difluoroethylene (47 yo). 

Pyrolysis of a Mixture  of Tr.l,fEuwoethylene-Dichloro- 
(methyl)siZane Adducts.-A mixture (0.301 g, 1.53 mmol) of 
dichloro(methy1) (1,2,2-trifluoroethyl)silane and the cor- 
respondingl, 1,2-trifluoroethyl isomer (ratio 85 : 15), sealed 
in vacuo in a silica tube (ca. 100 ml) and heated a t  225 "C 
(16 h), gave a mixture (3.02 mmol, 99%) of olefins and 
chlorofluorosilanes which, after hydrolysis, afforded 1 , 2- 
difluoroethylene (0.09 g, 1.42 mmol, 94%) and 1, l-difluoro- 
ethylene (0.006 g, 0.09 mmol, 5%) present in the ratio 95 : 6 
(g.l*c.). 
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