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TELOMERIZATION REACTIONS IN THE SYNTHESIS 
OF MODELS FOR SOME FLUOROCARBON 

POLYMERS 

R. D. CHAMBERS, J. HUTCHINSON, R. H. MOBBS and W. K. R. MUSGRAVE 
The Chemistry Department, The University, Durham 

(Received 26 November 1963) 

Abstract-Heptafluoro-2-iodopropane, i-C&I, is a very efficient chain-transfer agent in telomeriza- 
tion reactions with I,1 -difluoroethylene and tetrafluorcnzthylene; other telomerization reactions of 
CF,I, GFd and n-C,F,I with !,ldifIuoroethylene and of nGF,I with tetrafluoroethylene are 
reported and the relative efficiencies of the iodides as chain-transfer agents are discussed. The telomer 
iodides have been converted to useful models for some fluorocarbon polymer systems. A novel 
stereqxxific synthesis of c~s-(CF~)~CFCH-CHF is reported. 

IN THE course of a programme of work concerning the properties and chemical 
reactivity of various fluorocarbon polymer systems and since part of this work involves 
the synthesis and study of model compounds we have carried out a number of telo- 
merization reactions using 1, I-difluoroethylene and tetrafluoroethylene with various 
fluorocarbon iodides. Some of these teIomerization reactions are new and others have 
been repeated for purposes of comparison. Telomer iodides have been converted to 
model compounds containing the pertinent structural elements for investigation. 

The use of heptafluoro-2-iodopropane2 as a chain-transfer agent has not been 
reported previously and it is a convenient source of “tertiary*’ fluorine (in the sense 
that only fluorocarbon groups are attached to the C-F carbon and not other fluorine 
atoms or hydrogen). This particular structural feature is relevant because of its 
occurrence in some fluorocarbon polymer systems of known utility e.g. “Viton A”,3 
which is a co-poIymer of hexafluoropropane and 1, I-difluoroethylene and where the 
predominating arrangement is known to be -CF,CF(CF3)CH,CF,CH2CF,-4 
and in “Teflon 1OOX”,3 a co-polymer of tetrafluoroethylene and hexafluoropropcne, 
-CF,CF(CF&CF,CF,-. 

Heating together, in a stainless steel autoclave, equimoIecular amounts of hepta- 
fluoro-24odopropane and I,l-difluoroethylene to 185”, for 36 hr gave the simple 
adduct (1) as the main product. That the 

(CF,),CF-CH2CF21 (CFs),CFCF2CH21 

I II 

structure of the adduct was I and not the isomer II, or a mixture, was deduced from 

l Preliminary communication, R. D. Chambers, J. Hutchin n and W. K. R. Musgrave, Tetrahedron 
Letters No. 10, 619 (1963). 

a R. D. Chambers, W. IL R. Musgrave and J. Savory, J. C&m. Sot. 3779 (1961). 
1 Registered trade mark of E. I. du Pont de Nemours & Co. Inc. 
’ R. C. Ferguson, J. Amer. Chem. Sot. 82,2416 (1960). 
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the following observations. A sharp, single main peak was observed with a very small 
(< 5 %) peak following on analytical scale vapour-phase chromatography (VPC), and 
the main peak showed no tendency to be resolved on any of several stationary phases; 
the UV spectrum of a sample of the main component (separated by preparative-scale 
VPC) had &,.,,, 274 rnp which is characteristic of a terminal -CF,I and is easily 
distinguishable from -CH,I which usually gives A,,, near 262 mp.6 Dehydro- 
iodination (see later) of the adduct gave an olefin whose NMR spectrum is consistent 
with the structure (CF,),CFCH=CF,. This dehydroiodination gave high yields of 
olefin (85%) which indicates that isomer II could only be present in very small 
amounts. Hauptschein and Oesterling have observed that the 1: 1 adduct from the 
thermal addition of heptafluoro-I-iodopropane to l,l-difluoroethylene consisted of 
95 % n-GF,*CH,*CF,I and 5 % n-&F,CF&H,I. Preferential free-radical attack 
at the =CH, group in this type of olefin appears to be genera1.6*7-9 Telomers were 
produced by increasing the ratio of 1 ,I -difluoroethylene to i-GF,T, 

i-GF,I + nCF,=CH, -+ i-qF7(CH2-CF&I 

The results of these and other telomerization reactions using l,l-difluoroethylene, 
which we have investigated are summarized in Table 1. Our results with CFJ and 
CF&H, are at variance with those reported by Hauptschein et aL9 who report an 
80 % conversion of the iodide into telomers when equimolecular amounts of reactants 
were heated together at 188” for 22 hr. The composition of the mixture of telomers 
CF3(CH2CF2)J (n = 1,2,3,4), obtained by these workers, was 80, 10, 5 and 5 mole 
% respectively. At 188” we observed very little conversion and at the temperature 
which we used to promote reaction, a larger proportion of the higher telomers was 
obtained. Haszeldine and Steele8 found that at 220” equimolar quantities of &F,I 
and CF,=CH, reacted to give mainly (95 ‘A) the 1: 1 adduct C,F,CH,CF,I; we have 
also observed a high proportion of the adduct. 

Telomerization reactions are usually assumed to proceed by a radical-chain 
mechanism, as represented by equations (i-iv), although Hauptschein has suggested 
a mechanism which involves a stepwise series of additions of iodide to olefin, for the 
thermal telomerization of hexafluoropropene with n-C,F,LIO 

heat 
(CF,),CFI - (CFA,CF. Initiation (i) 

(CF,),CF * $ L - L + (CF,hCF( cc! 

I I 
, -- ,I * 00 

CL c-c (CF,),CF( , - 1 ) . .k n - CL! 
I I 

- (CFXF( I - ,L ’ Propagation (iii) 

I 1 
(CFshCF( LC i - , )n ,I - I. (CF,WFJ + W&F~~~~,,,~ I- (CF,LCF. Chain Tansfer (iv) 

6 R. N. Haszeldine and B. R. Steele, J. Gem. Sm. 923 (1954). 
e M. Hauptschein and R. EL Oesterling /. Amer. Chem. Sac. 8% 2868 (I 960). 
’ R. N. Haszeldine, J. Gem. Sac. 356 (1953). 
8 R. N. Haszeldine and B. R. Steele, 3. Gem. Sot. 3005 (1955). 
@ M. Hauptschein, M. Braid and F. E. Lawlor, J. Amer. Chem. Sot. 80,846 (1958). 

lo M. Hauptschein, M. Braid, and F. E. Lawlor, J. Amer. Chem. Sot. 79,2549 (1957). 
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It is interesting to note that a lower range of telomers was produced using i-qF,t 
than n-C$F,I, with l,l-diffuoroethylene which indicates that i-C,F,I is the more 
efficient chain-transfer agent (iv). Also, reaction of i-C,F,I with tetrafluoroethylene 
gave tefomers i-GF,(CF,CF,)J where the range of values for n was much more 
difkult to control (see Table 2) than with CF, : Cl-I2 and required a greater proportion 
of iodide to obtain a reasonable telomer range, indicating that the propagation step 
(iii) is much more efficient with tetrafluoroethylene than l,l-difluoroethylene. 
Tri~uoromethyl iodide or &F,T with tetra~uor~ethy~ene gives a broad range of 

TABLE 2. TELOMERIZATION OF TETRAFLUOROETHYLENE wrw HEFJTAFLUOROPROPYL IODIDES 

Mole ratio T”(C) Time (hr) 
Conversion of 

imposition of 

olefin 
C,F,(CF,CF,)nl, mole % 

(%) n -= 1 n-2 n-3 n=4 

i-CaF,I/C2F4 
4.61 175 24 89 69 18 10 30 

IO*02 175 58 69 78 10 12 0 
4-70 173 41 

190 23 
76 78 13 6 3b 

n-C&UC, Ft 
3.86 190 24 20” 
4.1 240 24 94 76 22 2 - 

a 8.3 O% (by wt) of the total product contained telomers > n = 4. 
b 12.4% (by wt) of the total product contained telomers > n = 4. 
c The product was a viscous pasty mass containing only a small proportion (<5 mole%) of n = 1, 

n = 2 telomers and larger amounts of higher telomers. 

telomers unless a considerable excess of iodide is employed” and so, i-GF,I is a very 
useful reactant for the preparation of Zow molecular-weight ~om~unds from tetra- 
fluoroethylene. That the rates of (a) initiation and (b) the chain-transfer steps relative 
to propagation may be increased by raising the temperature is illustrated by the fact 
that at 190” only low conversion to a mixture of high telomers occurred with n-C&F,1 
and tetrafluoroethylene but at 240”, a high conversion to Iow telomers was obtained. 
These observations parallel those of Krespan et aZ.*2 who found that raising the 
temperature increased the rate of chain transfer in the reaction of carbon tetra~hloride 
with tetrafluoroethyIene. 

The rest&s of an investigation of the exchange of labelled iodine and a number of 
fluorocarbon iodidesy3 show that the strength of the carbon-iodine bond decreases 
sharply in the series CF,I > GF51 > n-GF,I > i-C3F,I. That i-C&F,1 is the most 
efficient chain-transfer agent in the series is in accordance with these results. The 
gradual increase in percentage conversion of iodide to telomers as members of the 
series from CF,I to i-C,F,I are reacted with 1,1-difluoroethylene can be attributed to 
the increasing ease of bond fission and hence initiation of the chain. But, an anomaly 
in this simple picture is the reaction of C2F,I with 1 ,I-difluoroethylene where, although 

1k R, N. Haszeldine, .J, G&em. Z&e. 3761 (X953). 
le 6. G. I&span, R. 3. Harder and J. 3. Drysdale, .I, Amer. Chem. Sm. 83,3424 (1961). 
Ia R. D. Chamkrs, J. Hutchinson and W. K. R. Musgrave, unpublished results. 
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the inversion (55 x) is less than for n-qF?I: (88 %) the range of telomers produced 
with the former iodide is considerably less, giving mainly the 1: t adduct. We must 
regard &F,I as a more efficient Cain-transfer agent than n-C&F,1 and this is not 
consistent with the relative C-1 bond strengths of the two iodides. Another point 
which is di~cult to rationalise is the much greater reactivity of i-GF,l than n-QF,l 
with tetrafluoroethylene at 190”, a temperature at which iodides react readily with 
1 ,l-di~uoroethyIene giving high conversion to teIomers. If a radical-chain mechanism 
is assumed, then the latter reaction indicates that enough radicals are produced at this 
temperature from both iodides and the more stable radical (CF,),CFa would be 
expected to be fess reactive than CF,CF&r;‘,*. This situation can be rationalised in 
terms of the greater electrophilic character of the latter radical than (CF,),CF* and 
the more electrophilic character of tetrafluor~ethylene than 1,1-difluoroethy~ene. This 
would make tetrafluoroethylene more discriminating than f ,l -difluoroethylene in 
reactions with the relatively e~ectrophi~ic ~uoro~rbon radicals, However, we con- 
clude that there are important factors which influence the course of these telomeriza- 
tion reactions in addition to those impfied in the simple radical-chain process referred 
to above, and elsewhere. l4 There is possibly a duality of mechanism in the series 
which we are reporting, between a radical-chain and a four-centre process but we 
cannot distinguish these on the evidence so far available. 

C~~~~~g. ~ep~fluoropropyl iodides and higher ffuorocarbon iodides may be 
coupled by irradiating with UV light, in the presence of mercury.* This technique has 
been apphed successfully to the f : 1 adduets of i-C&F;1 to tetra~uoroethylene and 
1,1-difluoroethylene to give products which are suitable models for the systems 
referred to earlier. 

(a) By ~~d~uge~. When no ~-hydrogen is present, substitution of iodine in a ffuoro- 
carbon iodide by hydrogen can be achieved easily using alkali in aqueous acetone;r5 
however, under these conditions, elimination of hydrogen iodide occurred from 
telomers derived from 1, l-di~uorocthylene. Attempts to replace the iodine by 
hydrogen, using zinc and sulphuric acid resulted mainly in coupling.* Lithium 
a~uminium hydride with (~F~)~CF~~H~*~F~I gave a low yield of (~F~)~CF~~H~*~F~H 
and a small amount of this material was also obtained by hydrolysis of the corre- 
sponding fluoroalkyl-zinc iodide in dioxane. During the pre~ration of the zinc 
compound, by the method used by Miller eb a!. I* for hep~fluoro-n~propyIzinc iodide, 
two olefins distilled from the reaction mixture. The NMR spectra of the oIefins 
indicates that they are c&- and zruns-isomers of 1 H,2H-octafluoro-(3-methylbut- -ene). 
This rearrangement, which most probably proceeds by a carbene intermediate, is 

Id R. N. Haszeldine, J. Chem. .Suc, 4291 (1955). 
l5 J. Banus, H. J. Emeleus and R. N. Has~~djne, J. Clte~. Sac, 60 (1951). 
I$ W. T. Milier, EL Bergman and A. H. Fainberg, J. Amr. Chem. Sue. 79,4159 (1957). 
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stereospecific in that the c&isomer is formed in much greater proportion than the 
trans-isomer. 

dioxane 
(CF,),CF*CH,-CF,Znl -I+ (CF,),CF 

\ iH 
c-c Trims 

H’ ‘F 

cc F*w- 
\ /F 

c-c Cis 

H’ hl 

(b) By fluorine. Iodine can be replaced readily using antimony trifluoride 
dichloride. 

(CFj),CF~CH&F,I YbF,Cl,r (CF,~),CFCH&F, 

Dehydroiodina tion. Telomers of 1 ,l-difluoroethylene i.e. RI*(CH,*CF&,I are very 
susceptible to dehydroiodination using solid potassium hydroxides and tertiary 
amines. We have prepared a number of olefins of the type R,CH=CF, by this 
route, for use in co-polymerization studies. 

R,(CH,-CF&I + Rf(CH,CF&JZH=CF, 

EXPERIMENTAL 

IR and UV spectra were recorded using Grubb Parsons, type G.S.2A and Optica CF.4 
spectrometers, respectively. 

Telomerizution Reacfions 

Typical reactions of 1 , l-dl@.toroethytene 

(a) With heplapuoro-2-io~pro~ane. An autoclave (150 ml) was charged with heptafluor+2- 
iodopropane (68 g, 0.23 mole) and l,l-difluoroethylene (18 g, 0.28 mole) by vacuum transfer. The 
autcclave was rocked at 185” for 36 hr and then allowed to cool. Recovered olefin (1 g) was collected 
by venting through a trap cooled in liquid air and then a violet liquid (84 g) was obtained from the 
autoclave. Distillation of this liquid (red. press.) gave 3 fractions: b.p. 40-45”/750 mm (6.5 g); 
b.p. 102-lOSo/ mm (70 g); and b.p. 6367”/25 mm (7 g). The main component in each fraction 
was isolated by preparative scale vapour-phase chromatography (VPC) and shown to be, respectively, 
heptafluoro-2-iodopropane; 2H,2H-I-i&ononafluoro-(3_methylbutane), (CF&CFCHICF,I, 
(Found: F, 48-l ; I, 34.8 %; M, 354. C,H,F,I requires; F, 47.5; I, 35.3%; M, 360), n;* 1.3555, 
jl 274mp (332); and (CFI)&F(CHICF,)II, (Found: F, 49.7; I, 29.6%; M, 416. C,H,F,,I 
rG=ires: F, 49.3 ; I, 29.9 %; M, 424), # 1.3446, ;Im,, 272 rnp (313). The composition of the crude 
product, as shown in Table 1, was determined by analytical scale WC. 

(b) With tripuorofudomerhme. An autoclave (150 ml) was charged with trifluoroiodomethane 
(93 g, O-48 mole) and l,l-difluoroethylene (30.5 g, 0.48 mole) by vacuum transfer and then heated 
at 20&210” for 41 hr. Volatile material (54.2 g) was vented and collected in a trap cooled in liquid 
air and a reddish liquid (50.5 g) was recovered from the autoclave. The composition of the telomer- 
iodide mixture was estimated by analytical VPC and the bulked liquid products from several similar 
reactions were fractionated through a 20 cm Vigreux column to give 2H,2H-l-iodopentafluoropro- 
pane, b.p. 71-72 al7 (46 mole%). In an identical reaction in which the autoclave was heated to 188” 
there was no pressure drop, indicating that little or no reaction had occurred. 

(c) With pentajuoroioabethane. An autoclave (150 ml) was charged with pentafluoroiodoethane 
(120 g, O-49 mole) and 1,ldifluoroethylene (31.6 g, 0.49 mole) and then rocked at 190” for 45 hr. 
After venting, the contents of the autoclave (77 g) were distilled (red. press.), giving 3 fractions: 
b.p. 89-93”/756 mm (65 8); b.p. 75-80”/80 mm (5 g); and b.p. 68-73”/7 mm (l-7 g) containing, 
respectively, 2H,2H-1-iodoheptafluorobutane, C,FbCHoCFol (Found: F, 43-1, I, 409%; M, 306. 

If R. N. Haszeldine, J. Chem. Sot. 923 (1954). 
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Calc. for C,H,F,I: F, 42.9; I, 40.9%; M, 310) b.p. 91°/756 mm, nfP l-3578, II- 272 rnp (3I8);’ 
C,F,(CH,CF,),I (Found: F, 45.5; I, 33.4%; M, 360. CSH,F,I requires: F, 45.7; I 33.9%; 
M, 374), $ 1.3673, i.,,, 272 (345); and C,F,(CH,CF&I, which was dehydroiodinated (see later). 

(d) With heptafluoro- 1 -iodopropane. An autoclave (150 ml) charged with heptafluoro-l-iodo- 
propane (90 g, 0.31 mole) and l,l-difluoroethylene (23 g, 0.36 mole) was rocked at 200” for 36 hr. 
Distillation of the reaction product gave: b.p. U3”/760 mm (9 g); and b.p. 108-l 12”/760 mm 
(50 g). The first fraction consisted mainly of n-CSF,I while the second fraction consisted mainly of 
2H,2H-l-iodononafluoropentane, n-CSF7CHICFJ, (Found: F, 47.8; I, 35.0%; M, 355. Calc. for 
C,H,F,I; F, 47.5; I, 35.3%; M, 36O), nr 1.3513, b.p. 108”/770 mm.s 

Reaction of tefrafluoroethylene 

(a) With hepfa@oro-2-iodopropane. In a typical reaction an autoclave (150 ml) was charged with 
heptafluoro-2-iodopropane (164 g, O-55 mole) and tetrafluoroethylene (Il.7 g, O-12 mole) by vacuum 
transfer, and ca. 6 drops dipentene was added as inhibitor. The autoclave was rocked at 190” for 
40 hr and then cooled and vented. Recovered olefin (O-5 g) was collected in a trap cooled in liquid 
air and then a violet liquid (159.6 g) was recovered from the autoclave. Excess heptafluoro-2- 
iodopropane was distilled off and the residual liquid (35 g) was distilled through a 10 cm Vigreux 
column to give 2 fractions: b.p. 40’45 (8.3 g); b.p. 80”-95” (14-l g) and a residue b.p. > 95” 
(9.8 g). Analytical scale WC showed that the second fraction was mainly a single component (95 %). 
Several reactions were worked up similarly and the bulked main fractions, b.p. 80-95”, when distilled 
through a 15 cm Vigreux column gave a fraction identified as l-iodoundecuJluoro-(3-methylbutane), 
(Found: F, 52.1; I, 31.3%; M, 382. C6FJ requires: F, 52-8; I, 32.05%; M, 396) b.p. 89c-900/ 
747 mm rr*’ n , l-3347. The bulked residues were fractionated (red. press.) and the main components 
from 2 fractions b.p. 50-70”/17 mm, and b.p. 100-l lo”/15 mm were separated by preparative VPC 
and identified, respectively, as: (CF,),CF~(CF,CF&I, (Found: F, 57-O; I, 25.43 %; M, 517. 
C7FJ requires: F, 57.5; I, 25.6%; M, 496), b-p. 139”/770 mm and (CF,),CF(CF,CF,),I, (Found: 
F, 58.5; I, 21~7%; M, 635. GFJ requires: F, 59-0, I, 21.3%; M, 596), b.p. 189*5/756.5 mm. 
Composition of the original telomer mixture was estimated by analytical VPC after an initial distilla- 
tion to separate the more volatile components. 

(b) With heptafluoro-1-iodopropane. In a typical reaction an autoclave (150 ml) was charged with 
heptafluoro-I-iodopropane (147 g, 0.49 mole) and tetrafluoroethylene (11.9 g, 0.12 mole) by vacuum 
transfer, and 6 drops dipentene was added as inhibitor. The autoclave was rocked at 240” for 24 hr, 
cooled, and then recovered olefin (0.7 g) was collected by venting through a trap cooled in liquid air. 
A violet liquid (146.7 g) was recovered from the autmlave. Excess heptafluoro-1-iodopropane was 
distilled off and the residual liquid (36-g g) distilled through a 15 cm Vigreux column to give 2 
fractions b-p. 40-93”(14*3 g); b.p. 93”-95O/755 (8.0 g) and a residue (11.6 g). Analytical VPC showed 
that the second fraction was mainly a single component (97%); this was isolated by preparative 
scale VPC and shown to be l-iodoundeca~uoropentane, b.p. 94.5 /743 mm (Found: F, 52.5 %; 
I, 33.1%. C,F,,I requires: F, 52.8; I, 32.05 %>. The composition of the original telomer mixture 
was estimated by analytical scale VPC. 

Reactions of Telomers of I, I -Dipuoroethylene 

1. Dehydroiodinution of (CFJ,CFCHSCFSI 

(a) Using solid potassium hydroxide. A three-necked flask, fitted with mercury-seal stirrer, 
dropping funnel and condenser connected to a trap at -78”, was charged with powdered KOH 
(56 g; 1-O mole). The temp. of the flask was raised to 90” and the iodide (30 g, O-084 mole) was 
slowly added; after 2 hr, volatile material remaining in the flask was swept into the cold trap with a 
stream of nitrogen. Distillation of the contents of the trap gave 2H-nonapuoro-(3-merhyIbul-l-ene), 
(CFS),CFCH=CFt, (18 g, 85 %), b-p. 30”/752 mm, (Found: F, 73.5 %; M, 226. CoHF, requires: 
F, 73.7%; M, 232), n: < I-3. 

(b) Using ~riefhylamine. Using the apparatus dtibed in (a), the flask was charged with the 
iodide (80 g, O-22 mole) and triethylamine (27 g, O-268 mole) was added, dropwise, over 10 min. An 
exothermic. reaction occurred immediately on the addition of amine and crystals of the amine 
hydroiaide were precipitated. The mixture was stirred 1 hr and then volatile material was swept 
into the cold trap with nitrogen giving (CF&CF-CH=CF, (38 g, 75 %) whose IR spectrum was 
identical with that of the sample characterized in (a). 
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(a) (CF*)*CF.(CH*CF~*I. Using the techniques described above yields of 70 % (using KOH) and 
80% (using Et,N) of (CF&CFCH,CF,CH=CFo were recorded (Found: F, 70.0%; M, 291. 
C,HaFlx requires: F, 70.6%; M, 296), b.p. 93’1756 mm, n? < 1.3. 

(b) (CF&CF(CH&F,),I. A yield of 83% of (CF,),CF(CH,CF,),CH-cF, was obtained using 
KOH (Found: F, 68.0%; M, 354. CBH5Fi8 requires: F, 68.6%; M, 360), b.p. 146”/760 mm, 
H% 1.3173. 

(a) CnF,CH,CF,I. Reaction with solid KOH gave (85%) IH-he~ra~~orobur-I-ene (Found: 
F, 729%; M, 177. C,HF, requires: F, 73-l %; M, 182), b,p. 10-l I”/760 mm. 

(b) ~F~(CH*,CF$*I. Reaaion with triethy~~ne gave (75 %) ~F~-CH~,CF*.CH~~F* (Found : 
F, 69.0%; M, 238. CsH,Fo requires: F, 69.5%; M, 246), b.p. W/760 mm, ng < 1.3. 

(c) CLFL(CHOCFP)*I. Triethylamine gave (55%) C2Fb(CHaCF&CH=CFB (Found : F, 66.8 %; 
M, 296. CBH,F,, requires: F, 67.4%; M, 310), b.p. 134”/760 mm, n: 1.3167. 

All of the olefins characterized above, i.e. containing the element of structure -CH==CFo, showed 
a strong abso~tion in their IR spectra in the region 1748-17~ em-l (C====C stretch) and this is 
consistent with the findings of Hauptschein and Oesterling who also found that olefins having this 
structural element showed strong absorption in the same region. 

(4) Cuup!k~ of (CF=,),CFCH,CF,I 

(a) Wirtr n~cury and ~~~~u~~~~ef Ir@t. The iodide (75 g 0.208 moles) was sealed under vacuum 
in a thin-walled tube (200 ml) with enough Hg to form a continuous pool when horizontal. The 
tube was then shaken in a horizontal position at 14 cm from a 1 kW UV lamp until the contents 
turned black (4 days). The temp. in the region of the tube was 80”. A colourless liquid (33 g) was 
distilled under vacuum from the tube and analytical scale VPC showed that it consisted of one major 
and two very minor components. Distil~tion of this product gave fractions b.p. 20-60’ and b.p. 
139-140” (28 g, 75x), the latter fraction being [(CF&CFCH,CF,], (Found: F, 73‘3%; M, 458. 
C,oH,F18 requires: F, 73.5%; M, 466), n: < 1.3. The more volatile fraction was separated by 
preparative-scale VPC into two components, identified by comparison of their IR spectra with those 
of authentic specimens, as (CF&CFCH==CFa and (CF&CFCHsCHFs. 

(b) B$rh zinc und acel’ic anhydride. x* The iodide (10 g, O-27 mole) in methylene chloride (15 ml) 
was contained in a flask (100 ml> fitted with reflux condenser and stirrer. Granulated Zn (5*7 g) 
and acetic anhydride (6 g) were added and the methylene chloride began to reflux: after 15 min heat 
was applied to maintain reflux and this was continued for 3h hr. The mixture was then filtered and 
the methylene chloride solution was heated under reflux with dil. HsSOI to’hydrolyse the acetic 
anhydride; the organic layer was separated, washed (NaHCOJ and dried (P,O,), then distillation 
through a short packed column left a residue from which ~(CF*)~CF,CH~CF~]~ (2*9 g, 44.6%) was 
obtained by preparative scale VPC; the sampie gave an IR spectrum identical with that of samples 
prepared as described above. 

(a) C,F&H,CF,I. Using the t~hnique described above qF,CH,CFJ (46 g, O*lS mole), irra- 
diated for 5 days at IO cm from a 500 watt lamp (temp. 60”), gave a colourless liquid (24 g) from which 
was obtained [CIFbCHpCF& (19 g, 70%) (Found : F, 72.5 *A ; M, 359. C&I..,Flr requires: F, 72-7 %, 
M, 366), ng < 1.3. 

(b) CF,-CF,CF,CH-r,CF,I. Reaction of CF,CF,CF,CH,CF,I (54 g, 0.15 moles) with Hg, as 
described in (a) gave ~CF~~F~CF~CH~CF*]* (24 g, 70%) (Found: F, 73.0%; M, 457. CloHkFls 
requires : F, 73.5 “/ M, 4661, b.p. f57”/770 mm, m.p. 42 . 

(6) Reaction of (CF&CFCHIICFJ with lithium aluminium hydride 

A three-necked flask (250 ml) fitted with a mercury-seal stirrer, dropping funnel, and condenser 
leading to a trap at -78”, was charged with LiAIH, (t-5 g, 0.04 mole) and dry ether (50 ml). The 
mixture was cooled to --70’ and a solution of the iodide (IO g, 0.028 mole) in ether (25 ml) was 

lu A. L. Henne and W. Postelneck, J. Amer. Chem. Sot. 77, 2334 (1955). 
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slowly added. The mixtu~ was then allowed to reach room temp. after which, dii. H&O, was added, 
dropwise, until hydrolysis was complete and then the mixture was heated at reflux for 6 hr. A cofour- 
less liquid (IS ml) had collected in the trap and a further quantity of liquid (25 ml) was distilled from 
the flask, This liquid contained mainly ether and 2 minor components, one of which was separated 
by preparative scale VPC and identified as 1 H,2H,2H-nonapuoro-(3-~~~~~~~~f~~) (Found : F, 
72~2%; M, 238. C,H,F, requires: F, 73-l %; M, 2341, b.p. W/752 mm, ni” < l-3. 

Dioxane were purified according to the procedure of Miller et nLx and the reaction was carried 
out according to the method described by these workers for the preparation of n-C,F,ZnI. A three- 
necked flask (250 ml) fitted with mercury-seal stirrer, dropping funnel, and condenser leading to a 
trap at -78”, was charged with Zn (20 g, 0.3 g atoms) and dioxane (40 ml). The temp. was raised 
to 70” and the iodide (30 g, 0.083 mole) was added, dropwise. When this addition was complete the 
solution was heated at reflux 3 hr, during which time a colourless liquid (0.5 g) collected in the cold 
trap. The reflux condenser was removed and a further quantity of liquid (15 g) distilled. Preparative 
scale VPC (over tritolylphosphate) showed that the liquid contained 3 components; the component 
having the shortest retention time was present in only small proportion but sufhcient was isolated 
for the NMR and IR spectra to be recorded (see later> which indicate the compound to be lH,2H- 
octa8uoro-(3-methylbut-rrans-Iene), (CF&CF*CH=-HF. The next component was identified as 
(CF&CFCHBCHFs by comparing the IR spectrum with that of an authentic specimen. Finally 
thecomponent with longest retention time was identified as fH,2H-ucta-puorc7-f3-~~~~y~~~~~is-I-ene) 
(CF~~~CF.~H=CHF (Found: F, 70.8%; M, 208. C,H,F, requires: F, 71-O%; M, 2141, n$’ < I-3, 
b.p. 51’/752 mm (see below). The composition of the liquid mixture was determined by analytical 
scale VPC as 10:20:70°A weight, in order of increasing retention time. Hydrolysis (NaOH) and 
distillation of the remaining reaction mixture gave [(CF,),CFCH,CF& (3.5 g), (CF,),CFCH,CHF, 
(2 g) and the component thought to be ci.s-(CF&CFCH=CHF (0.5 g). 

The l*F resonanCe spectrum of the isomer having the longer retention time showed 3 groups of 
chemically shifted peaks, in intensity ratio 6: 1: 1, having chemical shifts: CFa, + l-82; ==CF, -f-32-6; 
and CF, + 108-9 ppm respectively. Chemical shifts were measured from triffuoroacetic acid as 
external reference and positive vafues represent shifts to high field of the reference signal. These 
observed shifts are consistent with the s~cture ~~F~)*CF*~H~CHF. Also the ‘H spectrum 
contained a J,u splitting of 59 c/s, a frequency which is of an order characteristic of cis H-H coupling 
in olefinic systemslg e.g. in vinyl fluoride, the value JHB cis is 4.7 c/s.** 

The isomer with the shorter retention time gave an IR spectrum which was strikingly similar to 
the cis isomer and the lsF resonance spectrum showed 3 groups of chemically shifted fluorine in the 
ratio 6: 1: 1 having shifts: CF8, +2*47; ===CF, 40.17; and CF, 108.67 ppm. A JaE coupling of 
1 I.3 cfs in the “H spectrum indicated that this component was the trms isomer of the of&n character- 
ized above. 

Antimony t~~uo~de dichloride (35 g) was contains under dry nitrogen in a dry thr~n~k~ 
flask (250 ml) fitted with dropping funnel, mercury-seal stirrer and condenser leading directly to a 
cold trap ( - 78”). The iodide { 15 g, WI41 5 mole) was added slowly and reaction occurred immediately, 
liberating iodine. After the reactants had been heated at reflux 1 hr, volatile material (9 g) remaining 
in the flask was swept into the cold trap in a stream of dry nitrogen. Analytical scale VPC showed 
that the product contained two components, one in excess. The principal component was separated 
by preparative scale VPC and identified as 2H,2H-becapuoro-(3-m~~~~~~~fu~~, (CF&CFCHpCFs 
(Found: F, 75~1%; M, 247. COHIFIO requires: F, 754%; M, 2521, b.p. 45”f77Omm, ng < l-3. 

I?eucfions of (CF&CFCF,CF,Z 

(1) C~~~~~~g~ miv mercury and u~f~u~~~~~~ Z&&r. The iodide (20 g, 0.051 mole) was sealed under 
vacuum in a ~jn-walls Pyrex tube (30 ml) with enough Hg to form a continuous pool when hori- 
zontal (60 g). The tube was rotated for 216 hr at a distince of 10 cm from a 500 watt UV lamp, the 

I* T. Schaefer, Canad. J. Chem. 40, 1 (1962). 
z” C. N. Banwell and N. Sheppard, Proc. Roy. Sot. A263, 136 (1962). 
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temp. in the region of the tube being about 80”. A colourless liquid (1 I.15 g) was distilled from the 
tube under vacuum and analytical scale VPC showed that it consisted of one major component 
(96.5%) and starting material (3-5 %), Preparative scale VPC was used to isolate the main component 
which was shown to be [(CF,),CFCF,CF,], (Found F, 77.7 OA; M, 567. C,,F,, requires: F, 77.7 Ok; 
M, 538), b.p. 144*5”/771 mm, I&’ < l-3. 

(2) Reduction using zinc and dilute sulphuric acid. A three-necked flask (250 ml) fitted with 
mercury-seal stirrer, dropping funnel and 10 cm Vigreux column leading to a trap at -78’ was 
charged with powdered Zn (50 g) and 5N H&SO, (50 ml). The temp. of the flask was raised to 80’ 
and the iodide (20 g, O-05 mole) added over 15 tin; immediate reaction occurred. After 30 min at 
9&100” volatile material remaining in the flask was swept into the cold trap in a stream of nitrogen 
giving a crude product (10.25 g). Distillation through a 10 cm Vigreux column yielded a fraction 
(5-6 g) b.p. 30-40” and a residue (4.5 g). Analytical VPC showed that the volatile material consisted 
of mainly one component (96% purity) and this was isolated by preparative scale VPC and shown 
to be 1H-undecapuoro-(3-methylburane) (Found: F, 76.4%; M, 271, CJFI,H requires: F, 77.5 %; 
M, 270) (39% yield), ng < 1.3, b.p. 45.5 /777 mm. 
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