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SUMMARY 

Polyfluoroiodoalkanes have oeen used t o synthesise 
model compounds r e l a t e d t o V i t o n A, a co-polymer of 
1,1-difluoroethylene and hexafluoropropene, i n which the 
predominating arrangement i-s - CFgCF^F^CTgCFgCHgCFg-. 
E f f o r t s t o prepare such compounds "by the coupling of two 
p o l y f l u o r o a l k y l r a d i c a l s f a i l e d "but success was achieved 
"by a route ^.involving the p r e p a r a t i o n of telomer iodides o f 
1,1-d i f l u o r o e t h y l e n e . Heptafluoro-2-iodopropane was used 
as the source of t e r t i a r y f l u o r i n e and was added thermally 
t o 1 , 1 - d i f l u o r o e t h y l e n e . The i o d i n e of the 1:1 adduct 
was replaced "by hydrogen and f l u o r i n e , and the adduct 
i t s e l f was coupled. The product from the coupling r e a c t i o n 
was found t o he the most conveniently prepared model. 
For comparison, s i m i l a r models without t e r t i a r y f l u o r i n e 
were synthesised using heptafluoro-l-iodopropane and 
pentalTuoroiodoethane as s t a r t i n g m a t e r i a l s i n the same 
r e a c t i o n sequence. The dehydroiodination of a l l the low 
molecular weight telomers prepared afforded a series of 
o l e f i n s , s u i t a h l e f o r co-polymerisation s t u d i e s , i n good 
y i e l d . 

A p r e l i m i n a r y i n v e s t i g a t i o n i n t o the processes occuring 
d u r i n g the c r o s s - l i n k i n g of V i t o n A was undertaken using 



the model compounds described above, but wh i l e i t was 
confirmed t h a t t e r t i a r y f l u o r i n e i s el i m i n a t e d p r e f e r e n c i a l l y 
d u r i n g treatment w i t h amines, i t was also discovered t h a t 
t h i s was not the only process t a k i n g place. 

A measure of the r e l a t i v e G-I bond strengths i n 
polyfluoroiodoalkanes has been obtained by measuring the 
r e l a t i v e r a t e s of exchange of r a d i o a c t i v e i o d i n e w i t h 
the i o d i n e i n the iodides. The order of decreasing C-I 
bond s t r e n g t h i s CFgl >C 2F &I^CFgCHgl> n-CgF 7I> (CFg)gCFI. 
The C-I bond s t r e n g t h i n pentafluoroiodobenzene i s of the 
same order as t h a t i n CFgl and CgFgl r a t h e r than t h a t i n 
the bep£a£looroipdoppopcmes, 



Chapter 1 

IKTRODUOTION 
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The preparation of fluorocarbon iodides other than telomers 
(See Table 1, p.10 ) 

Fluorocarbon. iodides are among the most useful compounds 
i n fluorine chemistry and therefore much effo r t has been 
devoted: to t h e i r preparation. 

One of the most useful general methods of preparation 
i s by decarboxylation of the s i l v e r s a l t of the corresponding 
f a t t y acid i n the presence of iodine. 

RCOOAg + Ig > RI + COg + Agl. 
1_A 84, 9 9 9 9 9 9 

R=CP3, *»°* CHgF, CHClF, CHBrF, CHIP, CHFg, CClPg, 

84 

I f the reactants are dry, high y i e l d s of the iodide 
are obtained. The temperature necessary for the reaction to 
proceed at a convenient rate i s dictated by the nature of 

4 39 
the individual s a l t . DSodides * too can be prepared by 
t h i s method but y i e l d s are sometimes reduced owing to lactone 

4 
formation. A study of t h i s type of reaction has been made 

82 
by Crawford and Simons who treated several s i l v e r 
perfluorocarboxylates with iodine at room temperature i n 
fluorocarbon solvents and were able to i s o l a t e complexes; of 
formula (Rf.C00)gAgI, i n which Rf = CFg, CgPg, n-CgP7, 

i 3 AUG 1964 , 
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n-C 4F g or n-CgF^. 

A general method for the preparation of iodides having 
the formula Rf.CHgl involves the decomposition of tosylates 

19 
or other esters of fluoroalcohols i n the presence of sodium 

35 
or potassium iodide. T i e r s i n 1953 reported t h i s reaction 
when he prepared thetosyl esters of several fluoroalcohols 
and then carried out the nucleophilic replacement of the 
tos y l group "by iodine using sodium iodide i n ethylene glycol 
at 150-220°C. 

e.g. CFgCHgOH + p-CHg-CgH^SOgCl •> CFgCHg-O-SOg-CgH^CHg. 

CFgCHg-0-SOg-CgH;-CH3 + Nal *• CFgCHg&I + CHg-CgH^SOg-ONa. 

Fluoroalcohols can he converted! into iodides "by treat -
17 36 

ment with iodine and red phosphorus, ' or potassium iodide 
40 

and phosphoric acid. 
3KI + HgP04

 > K
3

P 0 4 + 3 H I -

Rf OH + HI » R f l + HgO. 

The treatment of diazo compounds of the formula Rf. CHNg 
17 19 22 with hydrogen iodide » , or with iodine affords the 

iodide Rf.CHgl* and the diiodide Rf«CHIg respectively. 

Hucleophilic replacement i n saturated bromides "by 

iodine has "been carried out "by McBee and co-workers36 
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using sodium iodide i n acetone. Miller and h i s co-workers 
have replaced a l l y l i c bromine and chlorine by iodine using 

34 37 
the same reagents. ' Investigation of these l a t t e r 
reactions revealed that the mechanism was not a simple SN2 
reaction but was of the SN21 variety i l l u s t r a t e d by the 
following:-

? ? 
+ C F 2 = C-C-Cl =?=^ [ i — - C F 2 — G CI Y 

P F P F 

I-CF 2-G =CFQ: + C l 1 " 
p 

P- s H, F, Cl» Q usually = F. 

I t was found that only i f the o l e f i n possessed a difluoro-
methylene group could t h i s type of reaction be:.achieved.. 
The equilibrium i s disturbed to the right due to the greater 
i n s o l u b i l i t y of sodium chloride i n acetone over that of sodium 
iodide. When Q i s not fluorine the product of a reaction 
proceeding by an SN2 mechanism i s distinguishable from one 
proceeding by an SN21 process. I t i s experiments with such 
a compound that demonstrates i t to be an SN21 mechanism by 
which these reactions proceed. 

Polyfluoroalkyl iodides have been prepared by the 
27 

addition of hydrogen iodide to fluoro-olefins and fluoro-



75 acetylenes. These r e a c t i o n s have been c a r r i e d out "both 
under c o n d i t i o n s f a v o u r i n g an i o n i c mechanism and those 
f a v o u r i n g a r a d i c a l mechanism. Although success was 

27 P7 
achieved i n adding hydrogen i o d i d e t o CFg:CHg, CFgrCHCl, 
and CF3C:CH,75 c y - C 6 F l 0 , 2 7 C 3Fg 3 8 and CF 3CF::CFCF 3

2 7 , 3 8 f a i l e d , 
t o react under a l l c o n d i t i o n s used, and cy-C^Fg y i e l d e d 
GFgHCFHGFHGFgH.41 

Many iodi d e s have "been prepared by the a d d i t i o n of "I-X"' 
(X = F, CI , Br) t o an o l e f i n i c double bond. Early r e p o r t s 
of such r e a c t i o n s claim t h a t i n a r e a c t i o n i n v o l v i n g an 
asymmetric o l e f i n only one isomer i s produced, "but w i t h the 
development of g a s - l i q u i d chromatography, i t has "been revealed 
t h a t i n most cases "both isomers are formed, the r a t i o of 
each depending upon the c o n d i t i o n s used. Iodine c h l o r i d e has 
been added t o C F g : C F C 1 , 1 2 , 2 4 - 2 9 , 3 3 CP g:CHF, Z 0 ? > 1 CF g:CHCl, 1 3 2 

CFgrCHBr, 1 3 2 CFgtCHI, 1 3 2 C F g t f i H g , 2 7 > 1 3 2 CFC1: CFC1, 1 3 2 CFg-.CClg?8 

G 2 P 4 ' CjPg, cy-C 4F 8 ( I F 1 ̂  was the main product of 
f^T CI 

t h i s r e a c t i o n ) and cy-CgF 1 0
2 7 ( N?J c 1 was the main product 

of t h i s r e a c t i o n ) ; and i o d i n e bromide t o CFg-.CFCl, * 
18 32 

CFgiCHg, and CgF^. Iodine p e n t a f l u o r i d e has been used 
to add the elements of io d i n e and f l u o r i n e t o CgF 4, CgFg, 
cy-C^Fg, and cy-CgF 1 0 i n the vapour phase at 170°C. 1 0 A 
s t o i c h i o m e t r i c mixture of i o d i n e p e n t a f l u o r i d e and i o d i n e 

1 1 — l ^ 
has been shown, t o react as i f i t were i o d i n e monofluoride, 
an i n t e r h a l o g e n compound only prepared by a low temperature 
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Q C 

reaction "between iodine and fluorine. Using t h i s reagent, 
"iodine fluoride" has been added to C g F 4 , 1 1 - 1 3 CFg-CHg, 1 1 - 1 3 

CP 2:CFH, 1 3 C F g i C F G l , 1 2 ' 1 3 GFg-.CClg, 1 2 , 1 3 CFg-.CHCl,13 

CFC1:GFC1 1 3 and CgPg, 1 1" 1 3. Krespan 1 4 has found that 
mixtures of potassium fluoride and iodine i n a c e t o n i t r i l e 
behave i n a l i k e manner, and using t h i s reagent has 
added "iodine fluoride" to CgP 4, CP 2:CClg, CgPg, cy-C 4Pg, 
CPgCPsGPCPg and CHPg(GPg)4CP=CPg. (The addition of "iodine 
f l u o r i d e " to cy-C 4P Q, (CF 3) gC:CFg and cy-CgF 1 0 using iodine 
pentafluoride and iodine f a i l e d under a l l conditions 

42 
used ) . Worth;/ of mention here i s the work of Bowers et. 

86 
a l . who used mixtures of N-iodosuccinimide and anhydrous 
hydrogen fluoride i n the presence of an organic proton 
acceptor such as ether or T.H.F. to add the elements of 
iodine and fluorine to cyclohexene and a-;variety of 
unsaturated steroids. 

The mechanifan by which these addition reactions proceed 
i s open to speculation. Reactions between olefi n s of the 
hydrocarbon s e r i e s and interhalogens are undoubtedly 
e l e c t r o p h i l i c , so i t might be thought the same i s true of 
the attack of interhalogens on fluoro-olefins. However i t 
i s well known that fluoro-olefins are very susceptable to 
nucleophilic attack and i n p a r t i c u l a r the work of Miller et. 

•ZA <inr on 

a l . ' ' has shown that P" i s a p a r t i c u l a r l y strong 
nucleophile. 
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The high electronegativity of fluorine r e s u l t s i n a 
reduction of electron density i n the double bond of fluoro-
o l e f i n s . As a r e s u l t of t h i s , such a system becomes more 
susceptable to nucleophilic attack and l e s s susceptable to 
e l e c t r o p h i l i c attack. Another factor to be considered 
i s that v i n y l i c fluorine atoms are able to return 
electrons to the double bond by the mesomeric effect thus 
causing polarisation of the double bond i n the direction 
shown and encouraging nucleophilic attack on the 
difluoromethylen.e group. 

IV t F R F 
X c Q = c x < > > c f 

R = CI, Br, I , H or a perfluoroalkyl group. 

I f R i s a perfluoroalkyl group other than RfgC-, e.g. CFg-, 
there i s a further effect to be considered; a negative 
type of hyperconjugation which works i n the same d i r e c t i o n 
as the mesomeric effect and encourages, eyen more, 
nucleophilic attack on the difluoromethylene group. 

GFgCFsCFg < > F CFgrrCP-CPg 

I n c e r t a i n cases, the electronic effects are opposed to one 
another as i n CHgCBbCFg and the direction of attack must 
be s e t t l e d by experiment. 
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Consideration of the af ormentioned eff e c t s affords 
an explanation for the increase i n r e a c t i v i t y towards, 
nucleophiles i n the s e r i e s CPgt CTg <GP2: OPCFg <CFg: C(GPg)g. 
Also explained i s the f a c t that i n most cases, nucleophilic 
attack occurs on the difluoromethylene group when available. 
Unfortunately, most of the reactions which are not explained 
are those which involve the addition of * I F * , I d , IBr or HI 
to fluoro-olefins. 

As a l r e a d y mentioned, F~ i s a very reactive nucleophile 
hut C l ~ and Br~ are much l e s s so. I t i s almost c e r t a i n 
therefore that , I F I adds to fluoro-olefins via,a 
nucleophilic mechanism. Although the products are usually 
those i n which the fluoride ion has become attached to 
the difluoromethylene group, there are exceptions which 
are not e a s i l y explained. For example, the product from 
the reaction of ' I F ' with CFg:CFCl i s a mixture of the 
two possible isomers; also, the addition of 'IF* to 
CFg:CClg, i s b i - d i r e c t i o n a l . I n t h i s l a t t e r reaction, high 
temperatures favour the formation of CFglCClgF whereas when the 
reaction i s carried out at 0°C. and i n the presence of 
aluminium trioxide, CFgCClgl i s produced almost exclusively. 
The presence of iron i n t h i s system seems to lower the 

13 
overall conversion into iodides. 

The addition of iodinemonochloride and -bromide to 



8 
f l u o r o - o l e f i n s has. "been i n v e s t i g a t e d e x t e n s i v e l y , hut the 
f a c t o r s which i n f l u e n c e the o r i e n t a t i o n o f a d d i t i o n , and the 
mechanism "by which the r e a c t i o n s proceed, are not c l e a r . 

OA o"7 33 
Early r e p o r t s J 1 i n d i c a t e t h a t the a d d i t i o n of i o d i n e 
monochloride and -bromide t o CFg:CFCl y i e l d s e x c l u s i v e l y 
CFgClCFClI and CFgBrCFCH. R e c e n t l y 1 2 , 2 8 , 2 9 however, the 
r e a c t i o n has been r e i n v e s t i g a t e d and the use of g a s - l i q u i d 
chromatography has revealed t h a t both isomers are formed i n 
r a t i o s depending upon the c o n d i t i o n s used. High temperatures 
favour the f o r m a t i o n of CFgiCFClg while at 0°C. or lower 
CFgClCFCH i s the major product. The presence of i r o n 
i n the system favours the formation of CFglCFClg so t h a t 
when the r e a c t i o n i s c a r r i e d out even at 0°C., 65$ of the v 
r e a c t i o n product i s CFglGFClg. There i s no obvious 
explanation f o r t h i s behaviour. The a d d i t i o n of i o d i n e 

28 
monochloride t o CFg:CClg i s also b i - d i r e c t i o n a l and again 
the r a t i o of isomers produced i s temperature dependent 
and i n f l u e n c e d by the presence of i r o n . The a d d i t i o n of 
i o d i n e monochloride t o CF 3:CFH 3 0 , 3 : 1- and CFg-.CHg27, and the 

18 
a d d i t i o n of i o d i n e monobromide t o CFg:CHg has been repo r t e d 
as g i v i n g CFgCl.CFHI, CFgClCHgl and CFgBrCHgl e x c l u s i v e l y , 
but i t now seems l i k e l y t h a t were these r e a c t i o n s t o be 
r e i n v e s t i g a t e d , both isomers would be observed. 

Iod i n e p e n t a f l u o r i d e r e a c t s w i t h polyhalogenoalkanes 
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under controlled conditions to y i e l d fluoroalkyliodides. 
5 

Thus Banks e t . a l . have prepared trifluoroiodo-methane i n 
good y i e l d "by treatment of carbon tetraiodide with iodine 
pentafluoride, Pentafluoroiodoethane has been prepared by 
the interaction of tetrafluoro 1,2-diiodoethane and 
iodine p e n t a f l u o r i d e . 6 , 1 5 , 4 8 

Vinyl iodides have been prepared * by adding 
iodine monochloride to an o l e f i n containing a difluoro-
methylene group and a hydrogen atom, and then removing 
hydrogen chloride from the product, 

e.g. CF2:GHX + I G l • CTgClCHXI? 

CTgClCHXI + KOH EQIIV > CF 2:CXI + KC1 + HgO. 

X. = H,F,Cl,Br,I. 

This reaction scheme gives a pure product only i f the 
addition of iodine monochloride i s u n i d i r e c t i o n a l . 

Table 1 summarises the preparation of a l l simple 
iodides other than telomere. 
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TABLE 1 

The preparation of fluorocarbon iodides other than telomers 

Iodide Method of Preparation References1. 

CFgl CFgCOOAg/lg 1,4,83,84. 

CP3C0GAg,K,Hg,P'b,Ba/Ig 2,3. 
5,6. 

• C l ^ g 70. 

GFgGOCl/fcE 7. 

CP3(iX>0l/lg 2,8. 

CPgHI CPgHCOOAg/lg 9 

GFHgl CFHgCOOHg/lg 9 

CPHC1I CFHGlGOOAg/lg 9 

CEHBrI UJj'HiJrCOOAg/Ig 9 

CFHI 
p 

CFHICOOAg/Ig 9 

CPClgl GFClgC00Ag/l 2 9 
GCLr^Br/Nal, Acetone 34. 

CPgGlI CPgGlCOOAg/lg 9 

CgPgCOONa/Ig 9 

CgP 5C00AgA 8 
4,84. 

ICFg.CPgI/lF 5 5,15,48 

CgP 4/iP 5 10 

11,12,13. 

CgF 4AFAg 14 
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GPHgCHgl CHglCHgl/HgPg 16 
CFgHCHgl CPgHCHgBr/Calg 101 
CFgCHgl CPgCHWg/HI 17 

CPgCHgOH/P/lg 17 
CPgBrCHgl/liggPg 18 
(GP3CHgO)gPO/NaI 19 
CPgCHgO-p-tosyl/Nal 35 
CF 2:CHg/lg 20,21 
GP2: CHg/lP 5/lg 11,12,13 

CF 3CHl2 CFgCHNg/lg 22 
CJPglCPgl 15,23 
CPgClCPCll/GPgIC3FClg CP2:CPC1/IC1 12,24-29,33 
CPgBrCPGlI/CPgIC]?ClBr CP 2: CPCl/IBr 12,25 
GPglCPClI CF 2: CPCl/lg 24 
CPgCPGlI/CPglCPgGl CP 2:CPCl/IPg/lg 12,13 
CPgClCClgl/CPglCGlg CP 2:CClg/lCl 28 

GPgCClgl/CPglCClgjP CPgjCClg/lPg/lg 12,13 
CPgCClgl CP 2:CClg/KP/Ig 14 
CPgClCPGlI CPC1:CPCl/lPg/lg 13 
GPClgCPGH CPC1:CPC1/IC1 132 
CFgBrCHgl CPgrCHg/IBr 18 
CPgClCHgl CP 2: CHg/ICl 27, 132 
CPglCHg CP2:CHg/HI 27 



CF 2C1CFHI CF 2:CFH/IC1 30,31 

CFgCFHI CF g:CFH/lFg/Ig 13 
GFglGHgGl CFg:CHC1/HI 27 

CFgCHClI CF 2:CHCl/IFg/lg 13 

CFgClCHCH CFg:CHC1/IC1 132 
CFgClCFgl C 2F 4/IC1 32 
CFgClCHBrI CFgCHBr/lCl 132 
CFgClCHIg CFgCHI/ICl 132 
CFgBrCFgl CgF 4/lBr 32 
CFg:CFI CFgClCFHlAOH 30 
CFg: CHI CFgClCHgl/KOH 132 
CF :CC1I 

p 
CFgClCHCH/BOH 132 

CFg:CBrl CFgClCHBrl/KOH 132; 
CFgtCIg CFgClCHIg/KOH 132; 
CHg:CFI CFg:CHg/l2 20,21 
n-C 3 F ? I n-C 3F 7C0GAg/l 2 4 

n-C 3F 7C00I/lg 2,83,84 
CFgCHgCHgl CFgCHgCHgBr/Nal,acetone 36 
CFgCHgCHClI CFgCHgCHgl/Clg 69 
CFgCHgCHBTl CFgCHgCHgl/Brg 69 
CFgCFCFgl CFgCFCFgCl/Nal,acetone 37 
CFgCClCFgl CFgCClCFgCl/Nal,acetone 37 
CFCl-CHCFgl CFgCHCClgF/Nal,acetone 34 
CFgCFICFgCl / 

CFgCFClCFgl C 3 F 6 / i c i 28 
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(CP 3) 2CPI C 3 F 6 / I P 5 / I 2 11,12,13 

C 3P 6AP/I 2 14 
[(CF 3) 2GP]3Hg/l 2 105 
C 3 F 6 / I F 5 10 

No prod, under 
conditions used. CgFg/HI 38 
IC3P 2CP 2CP 2I ( C P 2 ) 3 ( C 0 0 A g ) 2 / I 2 4 
CPgGH:CHI CP3C:GH/HI 75 
ICP 2CP 2CP 2"Pgi; ( C P 2 ) 4 ( C 0 0 A g ) 2 / l 2 39 
n-C 3P 7CH 2I n-C 3P 7Cai 20-p-tosyl/NaI 35 

n-C3P?CJHN2/HI 19 
H(CP 2) 4I H(cp 2) 4coca/Ki 7 

CPgCHgGHgl CP3GHgCH2CHgl/H3P04Al 40 

BE oi E3 / i c 1 2 7 

No iodide prod-
uced |_FJ /HI 27,41 
" CP3CP:CPCP3/IG1 27 

No reactn. under 
conditions used CPgCP:CPCPg/HI 27,38 

(CF^g&CFg/lFg/lg 42 
Ml / I P 5 / I 2 42 

[ P j 1 [Z|l /KP/lg 14 
GO / I F 5 1° 

GPgCPI'CPgCPg CP3CP: CPCP3AP/Ig 14 
CPpClCPClCPoCHpI CPpClCPClCPpCHpO-p-tosyl/Nal 80 
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GPg*. CFCPgCPgl 

n - C 5 P 1 1 I 
CPgGHgCHgCHI.CH^ 
CP,CH(CH )CH„CHriI 

° 3 * c' 
n-CgP^CHgl 

c i 
No reaction under 
conditions used 

&1 

CP 2: CPCPgCPgCOOAg/lg 

n- CgP ̂COOAg/12 
CPgCHgCHgCHOHCHg/P/Ig 
CP3CH ( CH3 ) CHgCHgOH/fe3P04/fcl 
n-C 5P 1 1CH g0-p~ t o syl/Nal 

P|| /IC1 

0-COOAg/Ig 

ill / I " F 5 

186 
43,84 
36 
40 
35 

27 

27 
44,84 

10 



Telomerisation reactions of Polyfluoroalkyl iodides 

The term ttelomerisation* was f i r s t used i n 1942 
by Hanford and Joyce and defined "by them as:-
"The process of reacting together under polymerisable 
conditions, a molecule YZ, which i s c a l l e d a "telogen" 
(chain transfer agent),, and more than one unit of a poly-
merisable compound A, having ethylenic unsaturation c a l l e d 
a "taxogen" to form products called "telomers" having the 
formula Y(A) QZ, where n i s an integer greater than one, 
and Y and Z are fragments of the telogen attached to the 
terminal taxagens". The term telomerisation reaction has 
now come to include reactions with olefins which do not 
appear to homopolymerise and also some of the reactions 
i n which only the 1:1. adducts are obtained.. 

Telomerisation reactions i n i t i a t e d by i ) having 
present i n the system organic free r a d i c a l i n i t i a t o r s , 
i i ) i r r a d i a t i o n (U.V., X-rays, % - r a y s . ) , or i i i ) heat. 
The accepted mechanism f o r the process i s as follows:-

RX 5- R* + X" Primary Radical Formation 

R" + G=C R-C-C* Chain I n i t a t i o n 

R-C^C* + C=C » R-C-C-C-C Chain Propagation 

fc-cV X + R + RX n Chain Transfer. 
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The propagation and chain transfer steps compete and 
i t i s the r e s u l t of t h i s competition which dictates the 
average chain length. 

Factors influencing telomerisation reactions. 

I n discussing these f a c t o r s , a chain transfer agent 
of formula. RCFXY (R = polyhalogenoalkyl group or F, X= 
halogen or hydrogen, Y = halogen of higher molecular weight 
than X) w i l l he considered. 

B a s i c a l l y , there are only two factors which influence 
the course of telomerisation reactions, 

i ) the ease of homolytic f i s s i o n of the C-Y "bond i n 
RCFXY. 

i i ) the a f f i n i t y of the o l e f i n for RCFX* compared with 
i t s a f f i n i t y for RCFX(olefin)'. 

These points must he enlarged upon. While the four reactions, 
primary r a d i c a l formation, chain i n i t i a t i o n , chain 
propagation and chain transfer, proceeding i n a telomerisation 
process are obviously i n t e r r e l a t e d , i t is. convenient to 
discuss each i n turn. 

Primary Radical Formation. 

This depends upon the strength of the C-Y bond and 

hence the s t a b i l i t y of the r a d i c a l produced by i t s f i s s i o n ; 



17 

the weaker the C--Y "bond, the greater the ease of generation 
of the r a d i c a l . The id e n t i t y of "both X and Y influence 
the strength of the C-Y "bond which, for a given X, decreases 
i n the s e r i e s Y=F>Cl>Br>I, and which has "been predicted to 
decrease i n the s e r i e s 

RCPg-P > RCFg-Cl > RCFH-C1 >RCFC1-C1 
RCFg-Br > RCFH-Br > RCFCl-Br > RCFBr-Br 
RCFg-I > RCFH-I > RCFC1-I > RCFBr-I 

>RCFI-I 

I n general, the s t a b i l i t y of rad i c a l s increases i n the 
order primary<secondary<tertiary where these terms refe r 
to the number of atoms or groups other than hydrogen on 

31 51 
the carbon atom formally carrying the free electron. * 
This order may vary i f for example a secondary r a d i c a l "bears 
groups with a powerful s t a b i l i s i n g effect e.g. CI, Br, I , 
which a t e r t i a r y r a d i c a l has groups with a weak s t a b i l i s i n g 

102 
e f f e c t , e.g. F, a l k y l . Haszeldine correlates the 
position of the absorption maximum i n the u l t r a - v i o l e t 
spectra of polyhalogenoalkyl iodides with the s t a b i l i t y of 
the r a d i c a l s produced by the f i s s i o n of the C-I bond. 
He suggests that the s t a b i l i t y of the R* r a d i c a l i s the most 
important factor i n determining the position of the absorption 
maximum; the more stable the r a d i c a l , the further into the 
red w i l l be the absorption maximum of i t s iodide. I f t h i s 
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suggestion i s accepted, and i t seems reasonable to do 
so,* h i s r e s u l t s show that for halogen substituted on the 
oc-carbon atom, the s h i f t s to the red increase i n the 
order H < F < CI < Br •< I and with the number of halogen 
atoms. S h i f t s to the red increase i n t h i s same order, 
though to a smaller extent, when halogens are substituted 
on the /S -carbon atom. Since increased resonance 

s t a b i l i s a t i o n i n a l k y l iodides p a r a l l e l s bathochromic 
s h i f t s , i t i s ar,?ued that increased bathochromic s h i f t s 
p a r a l l e l increased resonance energy i n polyhalogenoalkyl 
r a d i c a l s . This leads to the conclusion that resonance 
s t a b l i s a t i o n i n a r a d i c a l , RCHX*, increases i n the s e r i e s 
X=H < F < Cl < Br < I . This is; the reverse of what i s the 

130 
accepted order for the mesomeric effect of halogens. 
I t might be argued that the order of s t a b i l i s a t i o n quoted 
by Haszeldine i s attributable to s t e r i c e f f e c t s but i n f a c t 
he puts forward a strong case i n favour of s t e r i c e f f e c t s 
being of only minor importance i n determining r a d i c a l 
s t a b i l i t i e s . 

* In the a l k y l iodide s e r i e s , RI, the bathochromic 
s h i f t s run p a r a l l e l to the ionisation potentials of the 
a l k y l r a d i c a l , the dis s o c i a t i o n energy of the carbon-iodine 
bond, the resonance energy of the hydrocarbon radicals and 
the s t a b i l i s a t i o n energy of the r a d i c a l s r e l a t i v e to the 
methyl r a d i c a l . R-Br and R-H bond dissociation energies 
vary i n the same way. 

yS -carbon atom 
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. Although i t i s clear that the s t a b i l i t y of a 
polyhalogenoalkyl r a d i c a l , RCFX*, increases as 
X=H <: F < C l < Br < I , i f t h i s increased s t a b i l i t y i s 
attributed to increased resonance s t a b i l i s a t i o n , then 
the mesomeric effect i n r a d i c a l s must operate i n a 
manner different to that i n other systems. 

I n i t i a t i o n 
Once the r a d i c a l RCFX" has been generated, attack on 

the o l e f i n depends upon the susceptability of the o l e f i n 
towards that r a d i c a l rather than upon i t s r e a c t i v i t y 
( i . e . the a b i l i t y of the lone electron to become 
delocalised). 

Fluorocarbon r a d i c a l s behave to some extent as electro-
p h i l i c reagents and hydrocarbon r a d i c a l s behave as weak 
nucleophilic reagents. Thus i t has been shown that 
CgF^, an o l e f i n susceptable to nucelophilic attack (see 

108 
page 5), has ten times the methyl a f f i n i t y of CgH4. 
I t was also shown that GgF 4 has a much lower t r i f l u o r o -

107 
methyl a f f i n i t y than C gH 4 i n spite of the f a c t that 
CgF 4 i s i n t r i n s i c a l l y more reactive than CgR*4. The 
r e a c t i v i t y of the trifluoromethyl r a d i c a l towards o l e f i n s 
increased i n the s e r i e s CgH4< C 3 H 6 ^ i s o ~ C 4 H 8 8 1 1 ( 1 a l s o 

became more s p e c i f i c i n i t s attack. This again demonstrates 
the e l e c t r o p h i l i c i t y of the rad i c a l for normally an 
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increase i n r e a c t i v i t y i s associated with a decrease i n 
s e l e c t i v i t y . Polar e f f e c t s cannot he the only influences 
at work for i f so, the methyl a f f i n i t y of CgCl 4 would be 
expected to "be higher than that of GgH4. In fact 
t h i s i s not so and therefore i t must he concluded that 

108 
s t e r i c e f f e c t s are also operative. The fact that 
s t e r i c e f f e c t s tend to make an o l e f i n l e s s reactive towards 
a free r a d i c a l than would be expected from other 
considerations i s quite general. 

27 
Haszeldine as a r e s u l t of many telomerisation 

reactions drew up the following order f o r the ease of 
r a d i c a l attack on fluoroolefins:-
CPg: CH g > CFgi CPg > CPg:;CHGl > CPg*. CPC1 > CPgCPsCPg 

>CP3CP:CPCPg > cy-G 4P 8 > cy-CgP 1 0 

Propagation 
This step i s i n competition with the chain transfer 

step and i t s e f f i c i e n c y depends upon:-

a.) the ease of polymerisation of the o l e f i n . 
b) the susceptability of the olefin towards the 

intermediate free r a d i c a l RCPX(olefin)" compared with that 
of RCPXY towards t h i s same r a d i c a l . 

c) The s t a b i l i t y of RCPX(olefin)Y. 
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a) An o l e f i n which reacts readily with fragments of a 
decomposing peroxide or other free r a d i c a l i n i t i a t o r 
to give a polmer of high molecular weight w i l l i n general 
give a longer chain telomer with RCFXY than one which does 
not. However, as already mentioned, the ease with which 
a s e r i e s or o l e f i n s homopolymerise i s not necessarily i n 
the same order as the susceptability to r a d i c a l attack 
e.g. C gP 4 i s more e a s i l y homopolymerisable than CFgiCHg 
yet CPg:CHg i s more susceptable to fluorocarbon r a d i c a l 
attack. 

b) Whether a r a d i c a l RCFX(olefin)* attacks an o l e f i n 
molecule or another molecule of chain transfer agent 
depends upon the susceptability of that o l e f i n towards 
r a d i c a l attack and the C-Y "bond strength i n RCFXY. I f 
the o l e f i n i s susceptable to r a d i c a l attack and the C-Y 
"bond i s strong then long chains w i l l "be produced for the 
propagation step w i l l "be more e f f i c i e n t than the chain 
transfer step". I f on the other hand, the C-Y bond i s weak 
and the o l e f i n i s not p a r t i c u l a r l y susceptable to r a d i c a l 
attack, short chains w i l l "be produced for here the chain 
transfer step i s the more e f f i c i e n t . 

c) I f the C-Y bond i n the telomers RCPX(olefin)Y i s weak, 
then i t w i l l be ruptured and assuming the o l e f i n to be 
susceptable to attack by r a d i c a l s , farther, attadk"upon 



molecules of unreacted o l e f i n w i l l occur l e a d i n g to the 

formation of high molecular weight telomers. 

Chain T r a n s f e r 

As a l r e a d y mentioned, t h i s step i s i n competition 

with the propagation step and i t s e f f i c i e n c y depends upon:-

a) The C-Y "bond strength i n RCFXY (see 'b' above) 

b) The r e l a t i v e c o n c e n t r a t i o n of the o l e f i n and 

chain t r a n s f e r agent. 

A r e a c t i o n i n which the propagation step i s e f f i c i e n t 

can be moderated to y i e l d low molecular weight telomers 

by having present i n the system a l a r g e excess of c h a i n 

t r a n s f e r agent. Conversely, reduction of the amount of 

telogen i n the system l e a d s to high molecular weight 

telomers. 

Isomer formation by f r e e r a d i c a l a t t a c k on unsymmetrical 
f l u o r o - o l e f i n s 

U n t i l a few years ago f r e e r a d i c a l a d d i t i o n s to 

unsymmetrical f l u o r o - o l e f i n s were thought to y i e l d s i n g l e 
111 

products. For example, Lovelace, Rausch and Postelnek 

proposed an e m p i r i c a l r u l e which p r e d i c t s the s t r u c t u r e of 

the products, of a d d i t i o n of perhalogenoalkyl r a d i c a l s to 

po l y f l u o r o - o l e f i n s . , S e v e r a l c a s e s compiled from the 31 l i t e r a t u r e were c i t e d . Haszeldine and S t e e l e i n 1957, 



23 

however, demonstrated that the addition of either t r i f l u o r o -
methyl r a d i c a l s or "bromine atoms to trifluoroethylene 
gives isomeric products. These workers took issue 

109 

with Tarrant, Lovelace and L i l y q u i s t who had reported 
CPgBrCHPCPgBr as the sole product of the reaction of 
dibromodifluoromethane with trifluoroethylene, contending 
that the product i s not a pure compound hut an isomeric 
mixture of CFgBrGHFCFgBr^a. 80$) and CPgBrCPgCHPBr (ca. 20%), 

34 
Mi l l e r i n 1959 showed that r a d i c a l addition to 
trifluoroethylene was "bidirectional. Coscia 3" 1^ has recently 

109 
repeated the reaction described by Tarrant and h i s 
r e s u l t s confirm the findings of Haszeldine. Although i t 
now seems l i k e l y that a l l r a d i c a l additions to unsymmetrical 

28 
fluoro-olefins are b i d i r e c t i o n a l to some extent, i t 

31 110 112 
i s only i n the cases of trifluoroethylene ' ' and 

112 113 114 

hexafluoropropene ' * that both isomers can be 
produced in comparable amounts. 

TABLE; 2 
Showing the direction of r a d i c a l attack on t r i f l u o r o ­

ethylene 
?!HP=CPg Reference 

Attack{%) on starred 
carbon atom 

CF3S'« 98 2 112 
CH3S> 75 25 112 
SP5» 100 0 113 
CPgBr* 80 20 31 
Br« 58 42 31 
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TABLE 5 
Showing the direction of r a d i c a l attack on 

hexafluoropropene 
CFgCF = CPg 

Attack (%) on starred Reference 
Carbon Atom 

9 91 112 
20 80 114 
8 92 28 

30 70 112 
34 66 114 
50 50 113 
55 45 112 

MeS:-
CTV 

CF3CH2S> 
PH2. 
SP 5. 
CPgS* 

Several factors have been considered as determining 
the direction of r a d i c a l additions to o l e f i n s . Amongst 
these are s t e r i c f actors, polar factors and the s t a b i l i t y of 
the intermediate free r a d i c a l s . Based on studies of the 
u l t r a - v i o l e t catalysed addition of hydrogen bromide and 
trifluoroiodomethane to a s e r i e s of o l e f i n s (mostly fluoro-

73 
o l e f i n s ) Haszeldine and co-workers concluded that the s t e r i c 
and polar e f f e c t s are of minor importance and that the 
d i r e c t i o n of addition i s determined primarily by the 
s t a b i l i t i e s of the two possible free r a d i c a l s . This concept 
of intermediate free r a d i c a l s t a b i l i t y explains a l l the 
reactions i n which addition i s unidirectional or largely so. 
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The lone exception to t h i s i s the case of 2-H pentafluoro-
propene to which trifluoroiodomethane and hydrogen bromide 

52 
add i n opposite directions. In the cases where both 
isomers are formed, other effects must be considered. 

The r e s u l t s reported i n table 2 and table 3 w i l l now 
be considered from two related aspects; i ) the r e a c t i v i t y 
of the attacking free r a d i c a l ( i . e . the extent to which 
del o c a l i s a t i o n of the free electron occurs) and the expected 
s p e c i f i c i t y of attack on the o l e f i n ; i i ) the nucleophilic 
or e l e c t r o p h i l i c character of the attacking r a d i c a l , taken 
i n conjunction with the susceptability towards nucleophilic 
or e l e c t r o p h i l i c attack of the o l e f i n being attacked. 

Considering i ) , one would expect that the more reactive 
the r a d i c a l , the l e s s discriminating i t would be i n i t s 
position of attack on an o l e f i n . Thus i n the case of 
hexafluoropropene, the more reactive the attacking r a d i c a l , 
the greater should be the extent of attack on the CP group 
compared with attack on the CP g group ( s t e r i c a l l y more favoured 
and leading to the formation of the more stable r a d i c a l ) . 
Examining the r e s u l t s i n table 4 shows that t h i s i s not 
observed. The more reactive the r a d i c a l ( c f . CPgS* and 
CH3S,•; SiHg* and Me 3Si°) the more discriminating i t seems to 
become. Reactivity i n t h i s sense thus has i t s ; effect 
mainly upon the rate of reaction. 
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As regards i i ) , i n the a d d i t i o n s of t h i o l s to 

hexafluoropropene, an o l e f i n susceptable to n u c l e o p h i l i c 

a t t a c k , i t i s p o s s i b l e to make a c o r r e l a t i o n "between the 

product d i s t r i b u t i o n and r e l a t i v e e l e c t r o p h i l i c i t i e s of the 

t h i y l r a d i c a l s . Although no q u a n t i t a t i v e e l e c t r o p h i l i c i t y 

data seem to "be a v a i l a b l e , c o n s i d e r a t i o n of the comparative 

i n d u c t i v e e f f e c t s of CFg-, CFgCHg--, and CH,,- groups 

l e a d s to the conclusion t h a t the r e l a t i v e e l e c t r o p h i l i c i t i e s . 

of the t h r e e t h i y l r a d i c a l s involved i s i n the order 

CPgS. y CFgCHgS.. > CH 3S». T h i s i s i n the same order as: the 

occurrence of the isomer unexpected by c o n s i d e r a t i o n of the 

r a d i c a l s t a b i l i t i e s alone, the formation of which r e q u i r e s 

the attachment of the r a d i c a l to the n e g a t i v e l y charged 

carbon atom of the double bond. 

6- 6+ ... 
CP 3CF = C F 2 "" 

The isomer r a t i o s obtained- i n the a d d i t i o n s of t r i f l u o r o -

methanethiol and methanethiol to t r i f l u o r o e t h y l e n e can 

a l s o be c o r r e l a t e d with the r e l a t i v e e l e c t r o p h i l i c i t i e s of 

the t h i y l r a d i c a l s , , The more e l e c t r o p h i l i c CFgS* r a d i c a l 

should be more i n c l i n e d to a t t a c k the negative carbon 

atom i n t r i f l u o r o e t h y l e n e , thus f u r t h e r favouring the isomer 

* I t i s assumed that the p o l a r i s a t i o n of hexafluoropropene 
i s the same i n r a d i c a l a d d i t i o n s a s i o n i c a d d i t i o n s 
(see page 6 ) . 
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CEP = CP, 

which i n t h i s case i s favoured on the "basis of intermediate 
r a d i c a l s t a b i l i t y . 

I t seems then that r e l a t i v e s t a b i l i t i e s of the two 
possible intermediate f r e e - r a d i c a l s i s the main factor 
which governs the d i r e c t i o n of r a d i c a l addition to 
unsymmetric fluoro-olefins "but that when the possible 
intermediate r a d i c a l s have similar energy and that s t e r i c 
requirements do not d i f f e r greatly , the product or mixture, 
of products may be determined by the electronic character 
of the attacking r a d i c a l . 

Telomerisation reactions i n i t i a t e d by f r e e - r a d i c a l i n i t i a t o r s 

So f a r , discussion has ignored telomerisation reactions 
i n i t i a t e d by organic free r a d i c a l i n i t i a t o r s . When these 
are employed, the reaction follows the course:-

I n * In* I n = free r a d i c a l 
i n i t i a t o r . 

In* + RX •» R* + X* 
C = C * etc. 

or ln° + C = C » I n - C - C 
I n - C -+6-6} C + n G I n 

I n 4 c - Of 
i i 

+ RX -> R- * i n4 C- Gjf X i i n 
R# + C = C * R - C - C 

etc. 
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Only small amounts of i n i t i a t o r are added to the reactants 
and therefore only small amounts of compounds of the type 
In -( C-C }- X are present i n the reaction product, 

i i n 

Many reactisms w i l l not proceed without the use of 
free r a d i c a l i n i t i a t o r s . The reason why a r a d i c a l R* 
generated i n t h i s way can i n i t i a t e the telomerisation 
process whereas the same r a d i c a l generated by other methods 
w i l l not react i s obscure. 

Thermal telomerisation of hexafluoropropene and other o l e f i n s 
which are d i f f i c u l t to homopolymerise. 

Hex afluoropropene has been copolymerised with polyfluoro-
o l e f i n s 1 1 7 ' 1 1 9 ' 1 2 0 ' 1 2 2 ' 1 2 3 and hydrocarbon o l e f i n s 1 1 8 ' 1 2 0 

121 124 as well as ethylene oxide, but u n t i l 1960 when KLeuterio 
using very d r a s t i c conditions was successful, efforts to 
homopolymerise hexafluoropropene by a r a d i c a l mechanism lead 
only to the production of d i m e r s , 1 2 5 ' 1 2 6 t r i m e r s , 5 0 ' 1 2 7 

50 127 50 127 tetramers * and pentamers. * I t was because of t h i s 
d i f f i c u l t y i n homopolymerising hexafluoropropene that 

57 
Hauptschein i n 1957 proposed a stepwise mechanism for the 
thermal 'telomerisation* of hexafluoropropene (and other 
non-homopolymerisable o l e f i n s ) with polyfluoroalkyl iodides. 
He proposed that i f r a d i c a l s are formed, they add simultaneously 
to the double bond, but suggests that i n fact the r a d i c a l s 
may not be formed at a l l and that the adduct i s produced by 
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way of a t r a n s i t i o n complex. 

R f l Rf-• 1 Rf I 
+ 

CPQCFCP CFCFg CFCF 

The 1:1 adduct adds to a second molecule of hexafluoropropene 
"by a s i m i l a r mechanism. Repetition of t h i s process gives 
r i s e to higher telomers. 

Table 4 summarises r a d i c a l reactions "between poly-
fluo r o a l k y l iodides and fluoro-olefins. 



TABLE 4 

Radical reactions of polyfluoroalkyl iodides 
vrith fluoro- olefins 

Olefin 
CHgtCHF 

CH 2:CP 2 

GHF: C3Pg 

Iodide References 
CP 3I 49 
CP 2:CPI 30 
CG1 3I 59 
CFGlgl 34,59 
CP 3I 18,58 

W 52 
n-C 3P ?I 58,77 
CPgClCPClI 28,58 
CgFgCFICFg 58 
CPg:CHI 132 
CPg: CPI 30 
CP 2:CC1I 132 
C 4F GCPI.CF 3 58 
CP 2CICPI.CP 3 58 
CPClgl 34 
CP 3I 31 

W 42 
i s o - G 3 P ? I 42 
CP 2CICPCII 33 
CPg:: CPI 30 
CPo:CC1I 132 
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CFg:CHC1 C F 3 I 73 
CFgjCFI 30 
CFgClCFClI 132 

CFgZCFCl C F 3 I 45 ,46,74 
CFgClCFClI 28,56,57 
CgFgCFClI 46 
CFgCHI 132 

CPg:CFg C F 3 I 6,47,54,55* 

W 47,78,103 
n - C 3 F 7 I 103 

i s o - C 3 F 7 I 42,103,104 
CFgClCFCH 57,79 
GFgClCFI.CFg 104 

CH g:CFCl CFgGlCFCH 35 
CFg:CClg CFg*. CFI 30 
CFg:CHCHg C F 3 I 51 

GFgClCFClI 33-
CHg:CHCFg cci3i 65 

C F 3 I 67,72,100 
CFgClCFClI 33 

CFg*. CHCFg C F 3 I 52 
n - C 3 F ? I 52 
CFgClCFCH 33 

CFg:CFCFg C F 3 I 28,50,57 

^ F 5 I ..." ,42fV 
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CFg:CFCFg n - C 3 F 7 I 28,57 

i s o - G 3 F 7 I 42 

CFgClCFCH 33 

CgFgGPj; CF 3 50 

n - C 3 F 7 ( C 3 F 6 ) l j 2 I 57 

CH 2:C(CF 3)(CH 3) CFgGlCFCH 33 

CHgiCF.CgFg C F 3 I 97 

GHg:C(CF 3) 2 C F 3 I 51 

C3Hg:C(CFgCl)(CF3) C F 3 I 51 

CFgCF:CFCFg C F 3 I 27 

ey-C 4F 8 C F 3 I 27 

CF 2C1CFCH 81 

cy-c 6F 1 0 GF 3I 53 

i s o - G 3 F 7 I 53*** 

'3 C F 3 I 53* 

Polyfluoroalkyl iodides have been used as chain transfer 
agents i n the telomerisation of many hydrocarbon unsaturated 
systems. For reports on these reactions references 
49, 60-64, 100, 115 and 132 should be consulted. 

* Only one CFgl addled. 

** CF ? 

CF 3 was the main product i n t h i s reaction. 

*** Reaction f a i l e d under conditions used* 

wrong direction of addition reported cf . 46 and 74. 
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REACTIONS OF POLYFLUOROIODOALKANES 

One of the main reactions of polyfluoroiodoalkanes, 
telomerisation, has already "been discussed i n some d e t a i l . 
Even so, the value of t h i s reaction as a method of preparing 
iodides has not "been discussed. There follows now a "brief 
review of the other reactions of polyfluoroiodoalkanes;. 
Every reaction involving these valuable compounds cannot be 
mentioned but i t i s hoped that the reader w i l l obtain an 
idea of the sort of reactions which they w i l l undergo and 
the range of polyfluoroaliphatic compounds which can be 
made from them. Some of the reactions mentioned here 
w i l l be discussed i n greater d e t a i l i n the next chapter. 
For a f u l l e r review of the preparation (and reactions) of 
polyfluoroalkyl derivatives of metals and non-metals involving 
the use of polyfluoroiodoalkanes, there e x i s t excellent 
a r t i c l e s by Lagowski, Emeleus, Banks and Haszeldine, 

11RQ 

and Clark. 

Chemically, the polyfluoroiodoalkanes are very different 
from t h e i r hydrocarbon analogues. Whereas i n iodoalkanes 
the C-I bond i s polarised i n such a way as to cause 
nucleophilic attack on the carbon, i n polyfluoroiodoalkanes 
the p o l a r i s a t i o n causes nucleophilic attack to be on the 
iodine. 
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HO + CH 3-I > H0-CH3 + I 
n> R _ _ H2O 

HO + I-CP 3 > HOI + [CP3J — ^ — > CPgH 

Thus on a l k a l i n e hydrolysis of perfluoroiodoalkanes, 
137 

the iodine i s replaced by hydrogen rather than by a 
hydroxyl group as i n the case of a l k y l iodides. Should 
there he hydrogen on the carbon atom [5- to the iodine-
bearing carbon, hydrogen iodide i s removed when the compound 

55 
i s treated with a wide v a r i e t y of weak and strong "bases 

77 
and nucleophiles i n general. I f however, the nucleophile 
i s a n i t r i t e ion derived from s i l v e r n i t r i t e , an acid i s 

77 
produced rather than the o l e f i n . 

RfCHgCFgl + AgONO > 
Rf CHgCPgONO + H gO > 
[RfCHgCPgOH] > RfCHgCOOH 

Polyfluoroiodoalkanes react with both c h l o r o - 1 4 0 

141 
and fluorosulphonic acids to y i e l d the corresponding 
chloro- or fluorosulphonates. These compounds react 
with water, sodium hydroxide, ethanol and ammonia to form 
products that are accounted for by the scheme:-
RfCPgCFgOSOgCl [Rf.CPgCPgOH] + BSOgB + HCl 

P 0 

[Rf CPgCPgOH] — > Rf CPgCP Rf CPgCB + HP 
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When B corresponds to OH, ONa, 0C gH 5 and NHg, the 
products are RfCFgCOOH, BfCFgCOONa, RfCFgCOOCgHg and 
RfCPgCONHg respectively. 

Polyfluoroiodoalkanes having the end group -CFgCHgl 
can "be converted into o l e f i n s "by elimination of iodine 

176 
and fluorine using zinc and g l a c i a l acetic acid. Iodine 
and fluorine c a n "be eliminated from iodides with end-group 

91 r \ 

-GFgCPgl using "butyl-lithium (see p. 37) but the y i e l d 
of o l e f i n i s very low i f there are more than three carbon 
atoms i n the chain. 

The iodine i n polyflxioroiodoalkanes can be replaced 
77 

by fluorine using antimony 1rifluorodichlcride, hydrogen 97 57 184 52 fluoride, c o b a l t t i i f l u o r i d e ' and mercurous fluoride, 
and by chlorine by di r e c t chlorination with chlorine gas 

77 184 77 under the influence of u l t r a - v i o l e t radiation or heat. ' 
This l a t t e r reaction can lead to the formation of an o l e f i n 
by dehydroiodination i f the iodide possesses the end-group-
CHgCPgl. 7 7 , 9 7 

The replacement of iodine i n polyfluoroiodoalkanes by 
hydrogen can be accomplished by treating the iodide with 

174 
lithium aluminium hydride. This reaction proceeds v i a . 
the formation of the complex L i A l ( R f ) H g I which on hydrolysis 
by water at 0°C. y i e l d s the hydro-compound. 
e.g. Cg.F 7I + L i A l H 4 > L i A l ( ) H g I + Hg 
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L i A l ( C 3 F 7 ) H g I + 3Hg0 > GzF7E
 + L i I + ^ C 0 1 1 ^ + 2Hg. 

Zinc and sulphuric acid too has "been successful i n 
52 

replacing iodine "by hydrogen. Hydrolysis of polyfluoro­
a l k y l zinc iodides and G rignard reagents: (see page .38) 
can also "be used as methods of replacing iodine by 
hydrogen. 

Polyfluoroiodoalkanes undergo Wtirtz-type condensation 
reactions. These reactions are best carried out by subjecting 
the iodide to u l t r a - v i o l e t radiation i n the presence of 
m~n„„™, 25,46,55,184 mercury. » » » 

2RfI H 6' / t J' V* > Rf.Rf + Hglg 

I f however the iodide concerned i s CPgl or CgPgl, then the 
15 

mucurial i s formed (see page 3 8 ) . These same coupled 
compounds are produced when iodides are treated with zinc 
and a c e t i c ahhydridefaiethylene chloride mixture, * 9 

46 170 184 zinc and dioxane, * or yellow mercuric oxide and heat. 

The use of polyfluoroiodoalkanes i n the preparation of 
polyfluoroalkyl derivatives of the 

elements. 
Polyfluoroiodoalkanes w i l l not react d i r e c t l y with 

lithium to y i e l d polyfluoroalkyl lithium derivatives but 
these compounds cein be prepared by halogen-metal interchange. 

e.g. R-Li + R f l » RfLi * RI 
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This exchange reaction takes place readily at low 
temperatures but i n most cases, the lithium derivative 
decomposes at temperatures not much higher than the 
temperature of formation with the production of lithium 

91 
fluoride (or chloride). 

e.g. G^Q1 * B u L i * C 2 F 5 L i + B u I 

G21?4 + L i F 

CPgClCPgl + BuLi > GPgClCPgLi + Bui 
CgP 4 + L i C I 

When the reaction, i s c a r r i e d out with trifluoroiodomethane, 
142 

tetrafluoroethylene i s produced. This i s probably 
formed by way of a difluorocarbene. 

L i CF 3 » :CFg + L i F 
2: CFg > CgF 4 

The lithium compounds derived from heptafluoro-1- and 
-2-iodopropanes are rather more stable and have been used 

91 142 
i n some reactions akin to those of Grignard reagents. 

167,172 
e.g. n - C 3 F ? L i + (CH 3) gC0 ^ (CH 3)gC0H.n-C 3P 7 

+ BtgSiClg — > E t g S i ( C 3 F 7 ) g 

Grignard reagents are prepared by the direct action of the 
iodide on magnesium i n a basic solvent but may also be 
prepared by an exchange reaction between the iodide and 
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phenyl magnesium "bromide. 

Rf I + PhMgBr » RfMgBr + Phi. 

The reactions of these Grignard reagents are analogous with 
91,168, 

those of the corresponding hydrocarbon Grignard reagent.369,172. 

Both heptafluoroiodopropanes form zinc compounds i n 
91 170 172 

dioxane and other solvents. ' Solutions of these 
compounds are thermally stahle and r e s i s t a n t to attack by 
carbon dioxide and oxygen, but they are readily hydrolysed, 
cleaved "by halogens and converted to ol e f i n s by p y r o l y s l s . 
e.g. n-C 3P 7ZnI + HgO » n-C 3P ?H + ZnlOH 

n-C 3P 7ZnI + Gig > n-CgPyCl + ZnlCl 
n-C 3P ?ZnI + HCl(anhyd) ^ n-C 3P ?H * ZnClI 
n-C 3P 7ZnI (unsolvated) — P y r o 1 , ) CgPg + ZnlP. 

Some polyfluoroalkylmercuric iodides are prepared hy 
direct action of the iodide on mercury under the influence 

15 
of u l t r a - v i o l e t radiation. But i n fa c t 

CP 3I + Hg U , V ' > CPgHgl 

many of these compounds cannot be isolated because the 
coupled compound snd mercuric iodide are f o r m e d . 2 5 , 4 6 , 1 8 4 

2RfI + Eg U * V * > Rf .Rf + Hglg 

Bispolyfluoroalkyl mercury compounds are prepared hy 



treating the iodide with cadmium amalgam. 
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173 

Polyfluoroiodoalkanes do not react with group I I I 
elements to form polyfluoroalkyl derivatives. 

Elemental S i l i c o n reacts with polyfluoroiodoalkanes 
(and other halides) i n the presence of copper to y i e l d 

143 
bispolyfluoroalkyldiiodides. 

Cu 
S i + CP 3I > ( G P 3 ) g S i I g 

In the same way as they add to simple o l e f i n s , polyfluoro­
iodoalkanes react with a l k e n y l s i l i c o n compounds. 

e.g. CPgl + CHg=CHSiMe3 * CPgCHgCHI.SiMeg 

Perfluoroalkyl-germanium compounds have "been prepared 
"by the reaction "between trifluoroiodomethane and germanium(ll) 
iodide. The main reaction product was trifluoromethyltri-
iodogermane, CFgGelg. 

The t i n - t i n bond i n hexaalkylditin and lead-lead bond 
i n hexaalkyldilead compounds are cleaved when these 
compounds are treated with perfluoroiodoalkanes under the 
influence of u l t r a - v i o l e t radiation or heat to y i e l d 

145, 
p e r f l u o r o a l k y l t r i a l k y l t i n and lead compounds respectively.146, 

148,149. 

e.g. (CH 3) 3SnSn(CH 3) 3 + CPgl » (CH 3) 3SnCP 3 + (CH 3) 3SnI 
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I t i s probable that these reactions proceed by a chain 
mechanism thus:-

Me3SnSnMe3 > 2Me3Sn-

Me3Sn'+ GFgl MegSnCFg + I» 
I " + Mer,,SnSnMe„ >• Me„SnI + Me,Sn* etc. 

o o o o 
151 

This view i s supported by the observation that hexamethyl-
digermane and hextaethyldisilane, where the Ge-Ge and S i - S i 
bonds become progressively stronger than the corresponding 
bonds i n hexamethylditin and hexamethyldilead, do not 
react under similar conditions with trifluoroiodomethane. 

Trialkyl-lead-polyfluoroalkyl lead compounds can also 
be prepared by the u l t r a - v i o l e t i r r a d i a t i o n of t e t r a - a l k y l 
lead compounds with perfluoroiodoalkanes but y i e l d s here 
are low. A similar reaction with t e t r a - a l k y l t i n compounds 
yields trifluoromethane and only a trace of the desired 

149 
product. Compounds of the type RgSnRfg are prepared by 
treating d i a l k y l t i n d i h a l i d e s with magnesium turnings and 

150 
a perfluoroiodoalkane i n tetrahydrofuran. This 
reaction presumably proceeds v i a . the formation of a 
Grignard reagent and therefore i s limited to the formation 
of derivatives of perfluoroalkyl groups whose iodides form 
such reagents. 

Reaction of a group V (M=P.As.Sb) element with 
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trifluoroiodomethane under pressure produces a mixture 
containing (CF 3)gM, (CP 3)gMI, CPgMIg and iodides of the 
element. Reaction occurs i n the same temperature range 
200-220°C, for phosphorus and arsenic hut antimony reacts 
at a low temperature, 165-175°Co The higher temperatures 
seem to favour the formation of the tris-compound. Mixed 
a l k y l (or aryl)-perfluoroalkyl compounds of phosphorus, 
arsenic or antimony can he made by heating trifluoroiodo­
methane with the trimethyl compounds of the element 

2(CH 3) 3M + CP 3I > CP 3M(CH 3) 2 + (CH 3) 4M + I ~ . 1 6 0 

The corresponding reaction with trimethylamine however, 
r e s u l t s i n the formation of large amounts of t r i f l u o r o -
methane together with tetramethylammonium iodide. Methyldi-
iodoarsine and diroethyliodoarsine when treated with trifluoro^-
iodomethane i n the presence of mercury y i e l d s methyl-(bis-
trifluoromethyl)-arsine and dimethyltrifluoromethylarsine 
respectively. Cullen et. a l . ' have prepared many 
other compounds of t h i s type by t h i s same method. 

Perfluoroalkyl derivatives of s u l p h u r 1 6 4 ' 1 6 5 , 1 7 2 and 
166 

selenium have been prepared by the d i r e c t action of a 
perfluoroiodoalkane with the elements at a high temperature. 
The reaction with sulphur y i e l d s mainly bis-perfluoroalkyl-
disulphide with small amounts of t r i - and tetra-sulphides, 
but no monosulphide. Selenium however y i e l d s only the 
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mono- and disulphides.. 

Metal carbonyls react with perfluoroiodoalkanes at 
45°C. i n "benzene to give perfluoroalkyl metal carbonyl 
iodides. Such reactions have so f a r heen successful with 

175 178 177 178 carbonyls of iron, ' cohalt, manganese, and 
178 

rhenium, 

e.g. Fe(CO) g + n-CgP 7I > C 3 P 7 F e ( C 0 ) 4 I . + GO. 

Under s i m i l a r conditions cyclopentadienylcohaltdicarbonyl 
177 

reacts with perfluoroiodoalkanes to give CgHg.CO.CoRfI. 

G HgCo ( CO ) g + n- CgP71 > CgHgCo. CO . CgF . I . 

Polyfluorodiiodoalkanes have "been used to prepare 
with. 179 181 180 581 heterocyclic systems/sulphur, selenium, and arsenic ' 

as the heteroatoms. e.g. ICPgCPgCPgGPgl + S > !^PJ 179 
vs 

I I CF, * 
l I 

CPgC'.CCPg AS 

.CF, 

' 180 

I I C P3 
F3 

CF, _ Sfi _ CP, 181 CP3C=CCP3 + Se > V A 3 — ^ 3 

CP 3' Se. CP 3 
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FLUORINE CONTAINING POLYMERS 

Polymers containing the elements of carbon, fluorine 
and only small amounts of hydrogen are extremely r e s i s t a n t 
to chemical attack and thermal degradation. This s t a b i l i t y 
i s attributable to the high carbon-fluorine bond diss o c i a t i o n 
energy, and to the shielding effect of the large fluorine 
atoms on the carbon skeleton. 

Fluorine containing polymers can be divided into two 
main groups; homopolymers and co-polymers. The physical 
properties of a homopolymer are determined largely by 
the constitution of the monomer from which i t i s b u i l t , 
but can be varied to a small extent by varying the 
conditions under which the polymerisation i s carried out 
e.g. the average molecular weight of polyhexafluoropropene 
increases as the pressure during the polymerisation 

152 
increases. The properties of a co-polymer can be varied 
over a wide range by a l t e r i n g the rat i o of the two monomer 
un i t s . I t i s a noteworthy fact that i t i s unnecessary 
for monomers employed i n a co-polymerisation reaction to 
be homopolymerisable under the conditions of the reaction. 
A. co-polymer of s. non-homopolymerisable o l e f i n and a homo-
polymerisable one can contain up to 50% of the non-homopoly­
merisable monomer. 
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Homopolymers of hydrofluoro-olefins have been studied 
and their thermal s t a b i l i t y has been found to decrease i n 
the order poly-CgF^poly-CFgiCHg > poly-GPg: CHF >poly-CgH4> 

Hfi 128 
poly-CHg-.CHP. Bro has found that the order of 
resistance of these polymers to attack by amines i s 
poly-CgF 4 x poly-CgH 4 (unattacked) > CHgtCFH XJFg-.CHg > CPgrCHF. 
This order he explains i s due to the increased withdrawl 
of electrons from the remaining C-H bonds as more and more 
hydrogen i s replaced by fluorine i . e . the protonic character 
of the remaining hydrogen increases as successive fluorine 
atoms are introduced into the polymer. The s t a b i l i t y of 
poly-tetrafluoroethylene (Teflon) i s due to the absence of 
hydrogen i n the polymer and the high shielding effect of 
the f l u o r i n e atoms. 

The high thermal and chemical s t a b i l i t y of poly-
t e t r a f luoro ethylene coupled with i t s s e l f lubricating 
properties has resulted i n i t s being, upto the present, the 
most used of fluorine containing polymers. The chief 
drawback to i t s greater use i s that i t i s not a thermoplastic 
and therefore i t s f a b r i c a t i o n i s d i f f i c u l t and expensive. 

The resinous nature of poly-tetrafluoroethylene can 
be reduced i n two ways:-

i ) The l i g h t l y coiled polymer backbone can be 
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converted to a more mobile structure "by the inclusion of 
methylene groups i n the chain. The existance of 
methylene groups i n such a chain also provides s i t e s f or 
cross-linking. 

i i ) Heterogenity can he introduced into the polymer 
"by the replacement of some of the fluorine atoms by 
bulky atoms or groups. Some polymers and co-polymers which 
have been prepared embodying these p r i n c i p l e s w i l l now 
be b r i e f l y discussed. 

Polyvinylidene fluoride i s made up of alternating 
18 

methylene and difluoromethylene groups. The methylene 
groups reduce the r i g i d i t y of the carbon skeleton and 
es t a b l i s h s i t e s for cross-linking but reduce the thermal 
and chemical s t a b i l i t y of the polymer. Madorski and Straus^ 
compared the thermal s t a b i l i t y of poly-vinylidine fluoride 
with poly-tetrafluoroethylene and found the former to lose 
hydrogen fluoride and become stable above 520°C at 70$ 
weight l o s s . 

Trifluoroethylene undergoes r a d i c a l attack at either 
end of the double bond and so the polymer must contain 
sequences such as. 

- GHFCFgCHFGFg - I 
-(SHFCFgCFgCHF - I I 
-GFgCHFCHFCFg- I I I 
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Haszeldine has attributed the apparently anomalous position 
of poly-trifluoroethylene i n the thermal s t a b i l i t y s e r i e s 
to structure I I I . 

Poly-vinylfluoride consists of the repeating fundamental 
structure -CFHCH^CFHCHg-. 

The only other simple fluorine containing homopolymers 
worthy of mention are poly-chlorotrifluoroethylene, ( K e l - F ) , 
and poly-hexafluoropropene. Having a "bulky chlorine atom 
i n the polymer chain the structure i s much l e s s r i g i d 
than the highly c r y s t a l l i n e poly-tetrafluoroethylene. The 
inclusion of chlorine i n the chain reduces thermal and 
chemical s t a b i l i t y but i t does mean that Kel-p i s a 
thermoplastic and therefore can be fabricated by a l l the 
usual techniques. 

Despite considerable e f f o r t , hexafluoropropene has 
been homopolymerised only recently (see page .28). At 
300°C. and under 3,000-5,000 atmospheres i n the presence 
of hydrogen-free i n i t i a t o r s such as CPgSHgSCPg, hexafluoro­
propene homopolymerised to y i e l d a highly stable thermo­
p l a s t i c , polyhexafluoropropene retai n s the important 
e l e c t r i c a l properties of polytetrafluoroethylene and the 
resistance to oxidising agent but i t s thermal s t a b i l i t y i s 
lower than that of polyietrafluoroethylene. Vacuum 
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pyrolysis of polyhexafluoropropene at 275°C. yields 
hexafluorpropene with only trace amounts of tetrafluoro-
ethylene and perfluoro-iso-butene, showing the structure 
to "be almost exclusively 1 head-to-tail'. Also unlike 
polytetrafluoroethylene, polyhexafluoropropene i s soluble 
i n most common fluorocarbon solvents 'though insoluble i n 

153 
hydrocarbon solvents. 

The p r i n c i p l e of introducing a bulky atom or group 
into the Teflon structure to make the resultant polymer 
thermoplastic was employed when tetrafluoroethylene and 

217 
hexafluoropropene were co-polymerised to produce Teflon 100 -X. 
This co-polymer retains most of uhe thermal and chemical 
s t a b i l i t y of Teflon and i s thermoplastic. 

Chlorotrifluoroethylene has been copolymerised with 
v i n y l i d i n e fluoride to y i e l d Kel-F elastomer. This 
co-polymer has admirable physical properties as well as 
high temperature resistance to o i l s , f u e l s and n i t r i c 
acid. Although i t i s exceptionally stable, the chlorine 

131 
atoms are a source of some i n s t a b i l i t y . In 1957 t a i s 
source of i n s t a b i l i t y was removed when Dixon, Rexfor-d and 
Rugg reported the co-polymerisation of hexafluoropropene 
with v i n y l i d i n e f l u o r i d e 1 2 2 to produce "VitonA*". Ferguson, 1 3 4 

* "Viton A" i s the du Pont trade name for a co-polymer of 
hexafluoropropene and vin y l i d i n e fluoride". 



using N-M-R has determined the structure of Viton and 
found i t to "bet-

CP 
I ' 

rCH 2-CP 2CP 2CP 
CP 

-4- 4CH CP„CPCF„-)-
/.G3\ 2 2 8/ .07 1-n 

{ c H 2 C P 2 C H 2 C P 2 ) g 5 - ^ 2 l | CP 2CP 2CH 2]-
.05 n 

where n i s the molar f r a c t i o n of vinylidine fluoride. This 
structure was deduced on the assumption that Viton i s 
a random l i n e a r co-polymer, except that there are no adjacent 
hexafluoropropene u n i t s . 

Cross-linking of Viton A. 

The high s t a b i l i t y of Viton A renders cross-linking 
of the polymer a very d i f f i c u l t process.. However, three 
main methods have "been developed "by which cro s s - l i n k s 
can "be introduced into the elastomer. They are; the 
action of al i p h a t i c amines, .the action of high energy 
radiation and the action of peroxides. Of these, the 
most important i s the action of amines. 
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Studies of the amine induced cross-linking mechanism 
have been carried out using the elastomer i t s e l f by 

1 -1 etc 

Smith and Paciorek et. a l . Both agree that the f i r s t 
step i s dehydrofluorination but while Smith favours 
the explanation that double bonds thus formed i n neighbouring 
chains i n t e r a c t to give the cross l i n k s , Paciorek supports 
the view that amine bridges bind the polymer chains 
together, except i n the case of t e r t i a r y amines which cannot 
react with the double bonds produced by the dehydrofluorina­
tion reaction. i n t h i s case she agrees that interaction 
of the double bonds to produce cross l i n k s could be the 

123 
process, involved i n the cross li n k i n g . Preliminary studies; 
carried out i n these laboratories on the cr6ss-linking 
of Viton using Viton/taethanol co-telomer suggest that 
amines are incorporated i n the cross^linked polymer. Further 
work along these l i n e s i s being carried out. 

I n order to elucidate further the cross-linking 
97 136 

mechanism, Paciorek ' made some model compounds 
containing the elements of structure present i n viton, and 
investigated th e i r reactions with amines. Further 
discussion of her work w i l l be deferred u n t i l l a t e r , (page 8 l ) . 



Chapter 2; 

DISCUSSION OP EXPERIMENTAL WORK 
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INTRODUCTION 

Primarily the work has been to investigate the process 
involved i n the cross-linking of Viton A, a co-polymer of 

133 135 
hexafluoropropene and 1,1-difluoroethylene. "t^"" previous. 
work on t h i s problem has involved experiments carried out 
on the co-polymer i t s e l f . The approach used i n t h i s work 
has "been to prepare compounds which contain the elements 
of structure present i n viton, and then investigate t h e i r 
reactions with cross-linking agents. These cross-linking 
experiments v/ere to "be ca r r i e d out "by 'Yarsley Laboratories 1 

"but a preliminary investigate was carried out "by the 
present author. This same approach was used "by Paciorek 

97 136 
e t . a l . ' i n work published during the course of the 
investigations reported in t h i s t h e s i s "but 'model compounds' 
were prepared which, i t i s f e l t , do not represent the 
situation existing i n viton. This point w i l l "be discussed 
l a t e r . 

Since hydrogen fluoride i s eliminated during the cross-
l i n k i n g of Viton, i t i s to the -CHg- groups that p a r t i c u l a r 

134 
attention must "be paid. Ferguson has shown the 
predominating structure to "be -CFgCFCCFgJCHgCFgCHgCFg-. 
I t can "be seen that there are two main types of methylene 
group; one which i s adjacent to two difluoromethylene 
groups, and one which i s adjacent to one difluoromethylene 



group and a carbon atom bearing one flu o r i n e atom and 
one trifluoromethyl group. The idea then was to prepare 
two model compounds, one containing a t e r t i a r y fluorine 
atom ( i . e . a fluorine atom attached to a carbon atom 
bearing three p e r f l u o r o a l k y l groups ) and a corresponding 

one without and then to compare the ease of elimination 
of hydrogen fluoride. Alternatively, one compound which 
contained both systems was to be prepared and then i t s 
dehydrofluorination investigated. 

preparation of Model Compounds. 

The f i r s t attempt to prepare compounds containing 
structures present i n viton was by coupling two 
different polyfluoroalkyl r a d i c a l s . In p a r t i c u l a r attempts 
were made to couple CPgCHgl with n-CgF^I and (CF 3)gCFI 
and so produce the alkanes 

OFgCFgCFgCHgCFg and (CF^gCFCHgCFg. 

Polyfluoroiodoalkanes when subjected to u l t r a - v i o l e t 
radiation i n the presence of mercury undergo a coupling 
reaction. In p a r t i c u l a r heptafluoro-1- and -2-iodopropanes 
undergo t h i s r e a c t i o n . 1 1 ' 1 2 

(CF 3)gCFI H g ^ t J * V > (CF 3)gCFCF(CF 3)2. 

When trifluoroiodomethane and pentafluoroiodoethane are 



treated i n a l i k e manner however, they y i e l d mercurials. 

CP 3I HS/ U' V» > CFgHgl 

The u l t r a - v i o l e t i r r a d i a t i o n of 1,1,1-trifluoroiodoethane 
i n the presence of mercury had not "been carried out, "but 
since the G-I "bond strength, as indicated by the iodine*/ 
iodide exchange experiments described elsewhere i n t h i s 
t h e s i s (Chapter 4, p. 169)» i s of the same order as those 
of trifluoroiodomethane and pentafluoroiodoethane i t was; 
anticipated that the mercurial would be formed rather than 
the coupled compound. This i s i n f a c t the case, for 1,1,1-
trifluoroethylmercuric iodide was found to be the main 
product with only a small amount of the coupled compound 
when t h i s reaction was c a r r i e d out. When a more powerful 
u l t r a - v i o l e t lamp was used, a greater amount of the 
coupled compound, 2H,2H,3H,3H-hexafluorobutane was 
produced. This demonstrates that i n coupling reactions, 
the mercurial i s the i n i t i a l product but that t h i s breaks 
down into r a d i c a l s on further i r r a d i a t i o n . 

An attempt to couple 1,1,1-trifluoroiodoethane was 
made using yellow mercuric oxide but t h i s proved unsuccessful. 
The iodide and yellow mercuric oxide were heated together as 

184 
described by Hauptschein but extensive decomposition 
occurred and much hydrogen fluoride was generated. I t i s 
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probable that t h i s method of coupling i s only sa t i s f a c t o r y 
when there i s no hydrogen present in the molecule. 

When heptafluoro-2-iodopropane and 1,1,1-trifluoroiodo-
ethane were irradiated together i n the presence of mercury, 
perfluoro-(2,3-dimethylbutane) and 1,1,1-trifluoro-
ethylmercuric iodide were obtained but none of the hoped 
for 2H,2H-decafluoro-(3-methylbutane). 

In separate experiments, 1,1,1-trifluoroethylmercuric 
iodide and heptafluoro-2^iodopropane were heated and 
irr a d i a t e d together i n the hope that the reaction 

would occur. A trace of the desired compound was 
produced i n the thermal reaction but the main reaction 
was one of decomposition as evidenced by the production of 
large amounts, of liydrogen fluoride. Again i t seems that 
the presence of hydrogen i n the molecule leads to thermal 
i n s t a b i l i t y . The u l t r a - v i o l e t i r r a d i a t e d reaction yielded 
only perf luoro-£2,,3^dimethyrbutane) and 1,1,1-trifluoro-
iodoethane. 

( C F 3 ) 2 C P I + CPgCHgHgl » (CP 3) 2CPCH 2CP 2 + Hglg 

2(CP 3) 2CPI + CPgCR^Hgl » (CP 3) 2CPCP(GP 3) 2 + CPgCHgl 

* H g I 2 . 
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presumably iodine produced "by the f i s s i o n of the C-I 
bond of the heptafluoro-2-iodopr-opane attacks the mercurial 
to produce mercuric iodide and 1,1,1-trifluoroiodoethane. 

The coupling of two d i f f e r e n t r a d i c a l s i n order to 
prepare model compounds did not seem to be proving very 
f r u i t f u l so a second method was employed and t h i s proved 
to be a success. 

Using heptafluoro-2-iodopropane as an example, the 
proposed route to model compounds, and the one which was 
i n f a ct followed, was:-

(CP 3) 8CPI + CH2: CP 2 > (CP 3) 2CPCH 2CP 2I 

(CP 3) 2CPCH gCP 3. (CP3)2CFCHgCPgH. 
I I I 

(CP3)gCPCHgCPgCPgCHgCP(CP3)g. 
I l l 

Of the three compounds I , I I and I I I , i t was found 
that I I I i s the most conveniently prepared. I t i s obtained 
i n good y i e l d from the iodide and can be obtained pure without 
recourse to preparative gas-liquid chromatography. For 
these reasons i t was used i n the 'cross-linking 1 experiments, 

a l b e i t the situation i s s l i g h t l y complicated by there being 
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two t e r t i a r y fluorine atoms i n the molecule. Corresponding 
compounds were made using CgPgl and n-CgP^I as starting 
materials so that t h e i r reactions with cross-linking agents 
could be compared, with those of (CP 3) 2CPCH 2CP 2CP 2CH 2CP(CP 3)g. 

Some copolymerisation studies being carried out i n 
these laboratories demanded the preparation of the o l e f i n s 
CgF5(CHgCFg)nCH:CFg and (CPgJgCTCCHgCFg^CH:CPg (n = 0,1,2). 
With t h i s i n mind, the dehydroiodination of the telomer 
iodides CgF 5(CHgCFg) n + 1 I and ( C P 3 ) g C F ( C H 2 C F 2 ) n + 1 I was 
investigated. 

Telomerisation reactions of 1,1-difluoro-
ethylene 

The f i r s t telomerisation reaction of vin y l i d i n e 
fluoride (l,l-dif3.uoroethylene) was reported i n 1954 when 

18 
Haszeldine irradiated i t with trifluoroiodomethane. 
Chemical and u l t r a - v i o l e t spectroscopic data indicated 
that the CP 3 r a d i c a l had attacked the CH2: end of the 
molecule exclusively. I n 1955 the reaction between penta-
fluoroiodoethane and vinylidene fluoride was carried out, both 

52 
thermal and u l t r a - v i o l e t i n i t i a t i o n being used. Only 
the 1:1 adducts were iso l a t e d and characterised. I n 1958 

58 
Hauptschein e t , a l . reacted several iodides, including 
trifluoroiodomethane and heptafluoro-l-iodopropane, with 
vinylidene fluoride using thermal i n i t i a t i o n . The early 
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members of each s e r i e s of telomers were iso l a t e d and 
characterised but i n f a c t these materials were not pure 

77 
isomers for l a t e r the use of a n a l y t i c a l G.L.C. showed 
that the composition of the simple heptafluoro-l-iodopropane-
vinylidene fluoride adduct i s 95 mole % CgP^CHgGPgl, and 
5 mole % CgPyCPgCHgl. Surprisingly, i t was found that 
the 1:2 adduct contains only one component. 

Heptafluoro-2-iodopropane has not hitherto been used 
i n reactions with vinylidene fluoride. 

Reaction between vinylidene fluoride and pentafluoroiodo-
ethane 

The reaction was c a r r i e d out using thermal i n i t i a t i o n 
because the reaction can be performed on a larger scale 
than i f u l t r a - v i o l e t i n i t i a t i o n i s used. The f i r s t three 
telomers were obtained reasonably pure by d i s t i l l a t i o n . 
A n a l y t i c a l G-.L.C. showed that i n each of these fractions 
there was present a material with a retention time only 
s l i g h t l y longer than that of the main component. The 
area of the small peak was ^/20 of that of the large peak. 
I t i s probable that t h i s smaller peak was due to the isomers 
produced by the C*J?5. r a d i c a l attacking the CPgt end of the 
o l e f i n molecule. Although t h i s small peak was not 
recorded on preparative scale chromatograms, pure samples 
of the isomers CgPgCHgCPgl and CgPgCHgCPgCHgCPgl were 
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obtained "by r e c y c l i n g the m a t e r i a l s through the apparatus 
several times using t r i c r e s y l phosphate as s t a t i o n a r y 
phase and t r a p p i n g out e a r l y cuts. This was only p o s s i b l e 
f o r the f i r s t two telomers because the 1:3 adduct has an 
impossibly long r e t e n t i o n time at the highest temperature 
at which t r i c r e s y l phosphate can be used. S i l i c o n e 
elastomer was found t o be o f no value i n r e s o l v i n g the 
two peaks. This i s the f i r s t time t h a t pure isomers o f 
pentafluoroiodoethane-vinylidene f l u o r i d e have been i s o l a t e d 
and c h a r a c t e r i s e d . 

Reaction between v i n y l i d e n e f l u o r i d e and h e p t a f l u o r o - 1 -
iodopropane 

Again thermal i n i t i a t i o n was used. A 1:1 molar r a t i o 
of r e a c t a n t s afforded a good y i e l d o f the 1:1 adduct and 
a sample o f the pure isomer CFgCFgCFgCHgCFgl was obtained by 
pr e p a r a t i v e G-.L.C. Hauptschein d i d not seem t o be 
concerned w i t h high y i e l d s o f the 1:1 adduct f o r he used 
molar r a t i o s of i o d i d e : o l e f i n o f 1:2.3 and 1:3.7 and consequent­
l y obtained greater amounts of the higher telomers. 

Reactions between v i n y l i d e n e f l u o r i d e and heptafluoro-8-
iodopropane 

I t has been found t h a t these compounds react together 

under thermal c o n d i t i o n s t o produce telomer i o d i d e s i n 

good y i e l d . As i n the case of pentafluoroiodoethane-

v i n y l i d e n e f l u o r i d e r e a c t i o n s , both isomers were observed, 
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"being formed i n the r a t i o 19:1. Pure samples of 
(CP 3) 2CPCH 2CFgI and (CFgJgCFCHgCFgCHgCFgl were obtained t u t 
f o r the same t e c h n i c a l reasons as already o u t l i n e d , no 
pure isomers o f higher telomers could "be i s o l a t e d . 

Reaction "between v i n y l i d e n e f l u o r i d e and t e t r a f l u o r o - 1 , 2 -
diiodoethane 

I n a thermal r e a c t i o n between a 1:1 molar r a t i o o f 
rea c t a n t s a lower y i e l d of telomers was obtained, only 
39$ of t h e d i i o d i d e "being converted i n t o telomers. This 
r e a c t i o n was r a t h e r l e s s 'clean' than those p r e v i o u s l y 
described f o r a n a l y t i c a l G.L.C., showed there t o be 
present i n the r e a c t i o n product small amounts of several 
compounds other than t e t r a f l u o r o - l , 2 - d i i o d o e t h a n e and the 
1:1 adduct. A sample o f t h e pure isomer ICFgCFgCHgCEgl 
was obtained pure by p r e p a r a t i v e G.L.C. The composition 
of the 1:1 adduct was estimated by a n a l y t i c a l G.L.C. t o be 
95 mole % ICFgCFgGHgCFgl and 5 mole % ICPgCFgCFgCHgl. 
None o f the 2:1 adduct was observed t o be produced. 

Some general considerations on the above mentioned telomerisa-
t i o n r e a c t i o n s 

The r e s u l t s of the above .-experiments are summarised 
i n t a b l e 5 below. The r e a c t i o n between v i n y l i d e n e f l u o r i d e 
and t r i f l u o r o i o d o i r i e t h a n e was c a r r i e d out i n these l a b o r a t o r i e s 
by Dr. R.H. Mobbs. The r e s u l t s of t h i s experiment are 
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included f o r the sake of completeness. 

TABLE 5 

Gonv.of Mole % composition of 
Iodide telomers; 

Molar Ratio Temp. Time, 
( h r s ) 

i n t o 
Telomers n = l n=2 n=3 n=4 n=5 n=6 

CF 3I/CH 2CP 2 

1 : 1 + 
200 
210 

17 
24 35f0 46 33 14.5 5.5 1 

G 2 P 5 I / C H 2 G F 2 
1 1 190 45 55 92 6 2 -

n-C 3P 7l/CH 2CF 2 

1 1 200 36 88 70 25 5 -
(CF 3) 2C1?I/CH 2CF 2 

1 1 185 36 88 90 10 tr a c e - -
1 1 820 36 90 87 13 it _ -
1 3 220 36 100 14 38 34 11 3 
1 4 220 36 100 2 21 29 26 18 4 

ICFgCF 2l/CH 2CF 2 

1 1 185 36 40 100-

Although the r e a c t i o n "between t r i f liioroiodomethane and 
v i n y l i d e n e f l u o r i d e was not c a r r i e d out under ex a c t l y the 
same co n d i t i o n s as: the r e a c t i o n s "between p e n t a f l u o r o i o d o -
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ethane and the heptafluoroiodopropanes, t a b l e 5 
i l l u s t r a t e s t h a t as the e f f i c i e n c y o f the chain t r a n s f e r 
agent decreases ( i . e . as the C-I "bond s t r e n g t h i n c r e a s e s ) , 
the conversion o f the i o d i d e i n t o telcaners decreases, 
and, w i t h the exception o f CgPgl/CHgCPg (see page 176) 

58 
the y i e l d s of higher telomers increases. Hauptschein 
found t h a t h eating equimolecular amounts o f t r i f l u o r o i o d o -
methane and v i n y l i d e n e f l u o r i d e i n a Monel autoclave t o 
188°C. f o r 22 hours converted 80$ of the i o d i d e i n t o telomers. 
The composition of the m i x t u r e o f telomers t h a t he obtained 
was n s l , 80; n =2;, 10; n=3, 5; n=4, 5 mole %. The 
experiment i n these l a b o r a t o r i e s was c a r r i e d out under 
c o n d i t i o n s which would be expected t o favour greater conver­
sion o f the i o d i d e i n t o telomers than t h a t achieved "by 
Hauptschein. I n f a c t , a smaller conversion was achieved, 
as was a gre a t e r y i e l d o f the higher telomers. I n view 
of the f a c t t h a t the conversion o f pentafluoroiodoethane 
i n t o telomers i s l e s s than t h a t o f the he p t a f l u o r o i o d o ­
propanes, i t seems l i k e l y t h a t Hauptschein*s r e s u l t s are 
questionable. Also, Hauptschein 1s r e s u l t i s i n c o n s i s t e n t 
w i t h the view t h a t as the e f f i c i e n c y of a chain t r a n s f e r 
agent decreases, the conversion of t h a t chain t r a n s f e r agent 
i n t o telomers decreases and the y i e l d of higher telomers 
increases'. This i s a view t o which Hauptschein h i m s e l f 

28 
subscribes. 
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A l l the telomers i s o l a t e d have u l t r a - v i o l e t spectra 
w i t h )v w i t h i n the range 271-274 m/x which i s i n max / 
agreement w i t h other compounds possessing the -CHgCFgl 
grouping. Had the a d d i t i o n gone i n the reverse d i r e c t i o n , 
the u l t r a - v i o l e t maximum would have "been i n the r e g i o n 
262 nyu.. 

TABLE 6 

X Max A Max: 
CPgCPgCPgl 271 GF*pR21 2 6 2 

CPgCHgCPgl 271 CPgClCHgl 263 

CHgCl.CPgl 269 CPgBrCHgl 26& 

Chemical evidence f o r the a t t a c k of the p e r f l u o r o a l k y l 
r a d i c a l having "been on the CHg: end of the o l e f i n ( i . e . 
d e h y d r i o i o d i n a t i o n ) w i l l "be discussed l a t e r . 

The same copolymerisation studies which demanded the 
production of the o l e f i n s CgP5(CHgCPg)nGH:.CPg and 
(CP 3) 2CP(CH 2CPg) n(^:CPg (n = 0 , 1 , 2) also demanded the 
pr e p a r a t i o n of the o l e f i n s (CF3)2CFCF:CFg and 
^CFg)gCFj gC=CFg. I t was thought t h a t a convenient 

fioute t o these might "be:-
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(CF~) CFI + CFH:CF > (CF 3) 2CFCHFCF 2I 

- HI 

(CF3)gCFCF:CF2 

and 
(CF 3) 2CFI + (CF3)gCFCH:CF2 » r(CF 3)gCF] CHCFgl 

-HI 
^CF 3)gCF] 2G:CFg 

One would expect t h a t the a d d i t i o n of heptafluoro-2-iodo-
propane t o these o l e f i n s might "be b i - d i r e c t i o n a l but t h i s 
does not i n t e r f e r e w i t h the d e h y d r o i o d i n a t i o n of the drawn 
isomer. 

Under a l l c o n d i t i o n s of temperature employed, the 
compounds heptafluoro-2-iodopropane and t r i f l u o r o e t h y l e n e 
f a i l e d t o i n t e r a c t . This i s indeed s u r p r i s i n g f o r both 
t e t r a f l u o r o e t h y l e n e and v i n y l i d e n e f l u o r i d e r e a d i l y 
react w i t h heptafluoro-2-iodopropane under the i n f l u e n c e 
of heat alone. Recent work i n these l a b o r a t o r i e s has 
shown t h a t these compounds react together i n the presence 
of the f r e e - r a d i c a l i n i t i a t o r a z o b i s i s o b u t y r o n i t r i l e . 

The r e a c t i o n between heptafluoro^S^iodopropane and 

2H-nonafluoro-(3-raethylbut-l-ene) f a i l e d under the c o n d i t i o n s 

of temperature employed. However i t was thought t h a t the f a i l ­

u re of t h i s r e a c t i o n might be due t o s t e r i c crowding, so 



the r e a c t i o n was c a r r i e d out between tr i f l u o r o i o d o m e t h a n e 
and the same o l e f i n . Both thermal and u l t r a - v i o l e t 
i n i t i a t e d r e a c t i o n s were attempted but i n both cases, no 
r e a c t i o n occurred,, 

I t seems t h a t these r e a c t i o n s might occur i f the 
r e c e n t l y a v a i l a b l e a z o b i s i s o b u t y r o n i t r i l e were used. 
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Reactions of Telomer iod i d e s o f 1,1-difluoroethylene. 
Reactions' of 2H,2H-l-iodononafluoro-(5-methyrbutane), 
~ (CPgJgCPCHgCTgl. 

1. Dehydr o i o d i n a t i on. 

As already mentioned, the o l e f i n (CFg)gCFCH:CFg was 
requ i r e d f o r some copolymerisation studies "being c a r r i e d 
out i n these l a b o r a t o r i e s and t h e r e f o r e the dehydroiodination 
of 2H,2H-l-iodononafluoro-(3-methylbutane) was undertaken. 

a) Using potassium hydroxide i n acetone. 

This r e a c t i o n was. c a r r i e d out i n a sealed tube. I t 
proceeded very r e a d i l y and w i t h v i g o u r . Preparative 
G.L.C. had t o be used t o o b t a i n the pure o l e f i n and the 
o v e r a l l y i e l d was only 50%, The r e a c t i o n r e s u l t e d i n the 
formation of much t a r r y m a t e r i a l and so a more d i l u t e 
s o l u t i o n of potassium hydroxide was used but no increase 
i n the y i e l d was achieved. 

b) Using potassium f l u o r i d e i n jNr,N-dimethylformamide 

7 7 

Hauptschein found t h a t the a c t i o n of n u c l e o p h i l e s , 
i n p a r t i c u l a r F~, on iod i d e s w i t h the grouping -CHgCPgl 
caused dehydroiodination i n h i g h y i e l d . The.procedure 
o u t l i n e d by Hauptschein was f o l l o w e d but although formed 
i n a h i g h y i e l d , the o l e f i n was contaminated w i t h a small 
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amount o f a m a t e r i a l which had an almost i d e n t i c a l 
r e t e n t i o n time. This meant t h a t p r e p a r a t i v e G.L.C. had 
t o he used t o i s o l a t e the o l e f i n and o v e r a l l y i e l d was 
t h e r e f o r e much reduced. The i m p u r i t y was not i d e n t i f i e d . 

c) Using s o l i d potassium hydroxide 

18 
Haszeldine used s o l i d potassium hydroxide t o 

dehydroiodinate CPgCHgCPgl. This same reagent was used 
t o dehydrr o i o d i n a t e 2H,2H-l-iodononafluoro-(3-methylhutane) 
i n h i g h y i e l d ( 8 5 % ) . The product was pure and t h e r e f o r e 
losses were not i n c u r r e d "by having t o use p r e p a r a t i v e G.L.C. 
d) Using t r i e t h y l a m i n e . 

Using t r i e t h y l a m i n e as the dehyd:r.oiodinating agent, 
a high y i e l d (75%) of o l e f i n was ohtained. Traces o f 
amine contaminating the o l e f i n can "be e a s i l y removed "by 
chemical means. 

The "best methods o f those i n v e s t i g a t e d f o r dehydro-
i o d i n a t i n g 2H,2H-:L-iodononafluoro-(3-methyl"butane) are 
those using s o l i d potassium hydroxide or a t e r t i a r y amine 
f o r they a f f o r d a pure o l e f i n i n high y i e l d . 

2. Replacement of Iodine "by Hydrogen 
a) Using L i t h i u m Aluminium Hydride 

The technique used was as th a t described "by 
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Hauptschein et. a l . Although the desired alkane 
1H, 2H, 2H-nonafluoro- (3-methyrbutane), ( CP3 JgCFCHgCPgH, 
was obtained, there was a l s o i s o l a t e d a small amount o f 
a second compound which was never i d e n t i f i e d . I t i s 
probable t h a t t h i s second compound i s produced by one or more 
o f the f l u o r i n e atoms having been replaced by hydrogen, 
f o r when t r i f l u o r o i o d o m e t h a n e i s t r e a t e d w i t h l i t h i u m 

174 
aluminium h y d r i d e , some methane i s produced. 

This method of r e p l a c i n g i o d i n e by hydrogen s u f f e r s 
from the f a c t t h a t the alkane has t o be separated from 
l a r g e amounts of ether, as w e l l as from the other product, 
by p r e p a r a t i v e G.L.C. which reduces the o v e r a l l y i e l d . 

b) By p r e p a r a t i o n of the Grignard reagent and i t s r e a c t i o n 
w i t h ethanol 

I n a s i n g l e experiment t o replace i o d i n e by hydrogen 
by f i r s t of a l l p r eparing the Grignard reagent and then 
h y d r o l y s i n g i t w i t h ethanol, none o f the desi r e d product 
was obtained. That the Grignard reagent had been formed 
was shown by the i s o l a t i o n of iodobenzene.q.. v. 

Rf I + PhMgBr > Ef MgBr + Phi 

The amount o f iodobenzene i s o l a t e d corresponded t o 
30$ o f the i o d i d e having been converted i n t o i t s . Grignard 
reagent. 
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This r e a c t i o n was not f u r t h e r i n v e s t i g a t e d "because 
even i f i t had been successful, i t , l i k e the previous one 
would have necessitated the i s o l a t i o n o f the product by 
Gas-Liquid chromatography. 

c) Using zinc and s u l p h u r i c a c i d . 

52 
The procedure adopted by Haszeldine was employed 

but the desi r e d r e d u c t i o n d i d not take place t o any 
appreciable extent. I n s t e a d , coupling was the main 
r e a c t i o n , 3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane), 
(CP3)2CPCH2CFgCPg'2BgCP(CP3)2, being produced i n 45% y i e l d . 
The v o l a t i l e product from the r e a c t i o n was found t o be 
a mixture of 2H-nonafluoro-(3-methylbut-l-ene) and 

52 
lH,2H,2H-nonafluoro-(3-methylbutane)., -Haszeldine n o t i c e d 
t h a t when he reduced 2H-l-iodooctafluoro-(2-methylpropane), 
(CP 3)gCHCPgI, using zinc and sul p h u r i c a c i d , the product 
was 'contaminated by an o l e f i n ' but he does not mention 
the f o r m a t i o n o f any coupled m a t e r i a l . 
d) By u l t r a - v i o l e t i r r a d i a t i o n i n a solvent 

71 
I t was n o t i c e d by Haszeldine e t . a l . t h a t p e r f l u o r o -

a l k y l r a d i c a l s were able t o abs t r a c t pro.tons from 
hydrogen c o n t a i n i n g solvents and since lH,2H,2H-nonafluoro-
(3-methylbutane) was produced d u r i n g the coupling o f 
2H,2H-l-iodononafluoro-(3-methylbutane) (see page 71), i t 
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was thought the i r r a d i a t i o n o f the i o d i d e i n cyclohexane 
might y i e l d the same alkane. I n f a c t , equimolecular 
amounts o f the alkane and 2H-nonaf luoro-(3-methylbut-l-ene) 
were produced. i t seems t h a t protons were abstracted 
from the i o d i d e hut not from the solvent. 

( CP 3 ) gCPCH 2CP ; 3I > (CFg ) gCFCHgCFg • 

(CF^gCFCHgCFgl + (CP3)gCFCHgCPg» > (CF^gCFCHCFgl + 

(CFgJgCFCHgCFgH. 

(CPgJgCFCHCFgl ~» (CP3)gCPCH:CFg + I * 

This type o f r e a c t i o n might he f u r t h e r i n v e s t i g a t e d using 
other solvents* 

e) Reaction w i t h zinc: p r e p a r a t i o n and h y d r o l y s i s o f 
(CF 5)oCFCHoCF gZnI. 

Although the purpose of t h i s r e a c t i o n was t o prepare 
2H,2H-nonafluoro-(3-methylhutane) and w h i l e some of the 
desired compound was obtained, i t was not the most important 

171 
product. The method described by M i l l e r e t . a l . who 
prepared 1-heptafluoropropylzinc i o d i d e from heptafluoro-1-
iodopropane was adopted. The solvent was p u r i f i e d 
r i g o u r o u s i y since the presence of peroxides has been 

1̂ -2 
found t o i n h i b i t the r e a c t i o n . 

During the course o f the r e a c t i o n w i t h 2H,2H-l-iodonona-
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fluoro-(3-methylbutane) (30 gms), a mixture of 
compounds (7.5 gms.) was produced. These compounds were 
i s o l a t e d "by G.L.C. and found t o be lH,2H-octafluoro-
( 3-me t h y l b u t - 1 ran s-1- ene ) , 1H, 2H, 2H-nonafluoro- (3-methyl£ 
"butane) and lH,2H-octafluoro-(3-methyl"but-cis-l-ene). 
Chromatography showed these compounds t o he present i n the 
r a t i o 1:2:7 by weight. I t i s proposed t h a t the o l e f i n s 
are produced by the mechanism. 

Zn/Diox. 
(CF 3) 2CPCHgCP 2I > 

Rf-CH=CPH 

That the hydrogen on the c* - c of the o l e f i n does 
not come from the solvent i s suggested by the f a c t t h a t 
the two geometric isomers are not produced i n equimolecular 
amounts. 

Hy d r o l y s i s of the zinc compound produced more o f 
the butane and a l i t t l e of the cis-butene ( t h i s was 
probably produced before the h y d r o l y s i s was c a r r i e d o u t ) . 
Also obtained was some o f the coupled compound, 3H,3H,6H,6H-
octadecafluoro-(2,7-dimethyloctane). 

The s t r u c t u r e s of the o l e f i n s were el u c i d a t e d by 

N-M-R spectroscopy. (See 'Experimental', page 129). 

H .P 
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3. Replacement of i o d i n e "by f l u o r i n e . 

The i o d i n e i n p o l y f l u o r o i o d o a l k a n e s can he replaced 
77 

"by f l u o r i n e u sing antimony t r i f l u o r o d i c h l o r i d e , 
97 57 184 hydrogen f l u o r i d e , c o b a l t t r i f l u o r i d e 9 and mercurous 

52 
f l u o r i d e . The f i r s t mentioned of these reagents was 
used and found t o "be s a t i s f a c t o r y . Although the 
product was not a pure compound, the 2H,2H-decafluoro-
(3-methylbutane) could "be e a s i l y separated from the i m p u r i t y 
by p r e p a r a t i v e G.L.C. No e f f o r t was made t o i d e n t i f y the 
i m p u r i t y but i t seems l i k e l y t h a t i t was a compound i n 
which one or both o f the hydrogen atoms had been replaced 
by f l u o r i n e . 
4. Coupling Reaction 

5 ci 
Hauptschein *" found t h a t iodides w i t h the grouping 

-CHgCFgl underwent coupling under the i n f l u e n c e of u l t r a ­
v i o l e t r a d i a t i o n i n the presence of mercury. Ke coupled 
CF 3(CH^CFg) nI (where n = 1,2 and 3) and also mixtures 
of telomers of heptafluoro-l-iodopropane and 1 , 1 - d i f l u o r o -
ethylene. 

2H,2H-l-iodononafluoro-(3-methylbutane) has now been 
coupled by the m e r c u r y / u l t r a - v i o l e t technique t o give 
3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane) i n good 
y i e l d ( 7 5 % ) . There was a l s o formed d u r i n g the r e a c t i o n 
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a small amount of gin equimolecular mixture o f 2H-nonafluoro-
( 3 ^ m e t h y l b u t - l - ene ) and 1H, 2H, 2H-nonaf l u o r o - (3-methylbutane). 
The formation o f these two compounds has not h i t h e r t o been 
observed. I t i s proposed, t h a t these compounds are produced 
by the mechanism:-

(CF 3) 2CFCH 2CF 2I > (CF 3) 2CFCH 2CF 2* 

(CF 3) 2CFCH 2CF 2- + (CF 3) 2CFCHgCF 2I » 

(CF 3) 2CFCH 2CF 2H + (CFg) 2CFCHCF 2I 1 
(CF 3) 2CFCH=CF 2 + I * 

Some r e a c t i o n s of telomer i o d i d e s other than those o f 
2Hj 2H-l-lodononafluoro-(5-methylbutane) 

1. Dehydroiodination 

Several other telomer i o d i d e s were dehydroiodinated 
t o y i e l d t e r m i n a l o l e f i n s . 

Method O l e f i n Y i e l d 

(GF 3) 2CF(CH 2CF 2) 2I S o l i d KOH 
3y Amine 

(CF3)2CFCH2CF2CH:CFg 72% 
80% 

(CF 3) 2CF(CH 2CF 2) 3I S o l i d KOH (CF 3) 2GF(CH 2CF 2) 2GH:CF 2 83% 

CgFgCHgCFgl S o l i d KOH G2F5CH:CF2 85% 

C 2 P 5 ( C H 2 G F 2 ) 2 I 3y Amine C2F5CH2CF2CH:CF2 75% 

C 2F 5(CH 2CF 2) 3I 3y Amine C 2F 5(CH 2CF 2) 2CH:CF 2 55% 
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The h i g h y i e l d s of o l e f i n show t h a t the att a c k of 
the p e r f l u o r o a l k y l r a d i c a l i s on the methylene group of 
1,1-d i f l u o r o e t h y l e n e t o a very l a r g e extent. 

2. Coupling 

2H,2H-l-iodononafluoro-(3-methylbutane), 
(CF3)gCFCHgCFgI, underwent a coupling r e a c t i o n t o y i e l d 
3H, 3H, 6H ,611^ octadecaf l u o r o - (2,7-dimethy l o c t ane), 
(CFgJgCFCHgCFgCHgCF^FjjJg, a model compound c o n t a i n i n g 
t e r t i a r y f l u o r i n e atoms. I n order t o make a s i m i l a r 
model compound without t e r t i a r y f l u o r i n e , the coupling 
of 2H,2H-l-iodoheptafluorot>utane, CgFgCHgCFgI, and 
2H,2H,-l-iodononafluoropentane, CgF^CHgCFgl, was c a r r i e d 
out u s i n g the same u l t r a - v i o l e t / m e r c u r y technique as 
p r e v i o u s l y described. I n a s i m i l a r way t o the 
pro d u c t i o n of small amounts of . ,2H-nonafluoro-(3~methylhut-
1-ene), (CF3)gCFCH=CF , and lH,2H,2H-nonafluoro-(3-methyl-
butane), (CFgigCFCSgCFgH, d u r i n g the cou p l i n g of 2H,2H-1-
iodononafluoro-(3-methylbutane), .... V2H-heptafluorobut-l-ene, 
CgF5CH=CFg, and lH,2H,2H-heptafluorobutane, CgFgCHgCFgH 
were produced during t h e coupling of 2H,2H-l-iodoheptafluoro-
butane. 

CgF5CH2CFgI » (GgPgCHgCFgJg + CgFgCH = CFg 

+ CgFgCHgCFgH• 
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I t i s l i k e l y that a similar alkane and alkene are 

produced during the coupling of 2H,2H-l-iodononafluoropentane, 
CgFyCHgCPgl, "but no effort was made to i s o l a t e them. 

Reaction between 3H,2H-l,4^-diiodohexafluorobutane and 
mercury under the influence of u l t r a - v i o l e t radiation 

I t was though i n t e r e s t i n g to observe the "behaviour of a 
1,4^-diiodobutane under the influence of u l t r a - v i o l e t 
radiation i n the presence of mercury, for i f i t c y c l i s e d 
then i t would seem l i k e l y that a 1,6-diiodohexane would 
c y c l i s e and so provide a new route to fluoroaromatic 
compounds. 

In f a c t , no v o l a t i l e material was obtained. A 
polymer which l o s t hydrogen fluoride spontaneously was 
the only product. 

When 1,2-diiodotetrafluoroethane was treated i n 
a l i k e manner, tetrafluoroethylene was the only product. 

Reaction between 2H,2H-lTr4^diiodohexaf luorobutane and sulphur 

In 1961 Tie r s heated 1,4-diiodooctafluorobutane with 
sulphur to 250°c. for 20 hours and obtained perfluoro-

179 
thiophane. A si m i l a r reaction was attempted using 
2H,2H-l,4-diiodohe;icaf luorobutane. The reactants were 
heated to 200°C» for 4 hours but even under these 
conditions, excessive decomposition took place and none of 
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the desired producst was obtained. I t seems reasonable 
to attribute t h i s i n s t a b i l i t y to the presence of hydrogen 
i n the system. 
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A preliminary investigation into the reactions of 
Model compounds of Viton A 

Having made the model compounds 3H,3H,6H,6H-octadeca-
fluoro-(2,7-dimethyloctane), 4H,4H,7H,7H-octadecafluoro-
decane and 3H,3H,5H,6H-tetradecafluorooctane, a preliminary 
investigation into the mechanism of cross-linking i n 
Viton was undertaken. The f i r s t step i n t h i s process: i s 

133 135 
regarded as "being one of dehydrofluorination »•«-««•' 
subsequent processes are rather more obscure (see p. 4 9 ) . 
The dehydrofluorination of the model compounds, was f i r s t 
of a l l undertaken., Since i t i s thought that a t e r t i a r y 
fluorine atom i s removed from-, a molecule more e a s i l y than 

135 
the f l u o r i ne of a difluoromethylene group i t was the 
dehydrofluorination of 3H,3H,6H,6H-octadecafluoro^(2,7-
dimethyloctane) which was investigated f i r s t . 
Dehydrofluorination of 5H,3H,6H t6H-octadecafluoro-(2 t7-

dim ethyl oct an e*7. 
Using Anion exchange r e s i n 

Anion exchange r e s i n has "been used successfully i n the 
147 

dehydrofluorination of hydrofluorocyclohexanes. When 
t h i s reagent was used i n attempts to dehydrofluorinate 
3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane), both i n 
the presence and absence of a solvent, no reaction occurred. 
Using sodium and potassium hydroxides. 

'When sodium hydroxide i n acetone was used as the 
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dehydrofluorinating agent, a vigorous exothermic reaction 
ensued, "but extensive decomposition occurred and no 
'product' was obtained. When a more d i l u t e solution was 
used, a s i m i l a r amount of decomposition occurred. 

In experiments using sometimes aqueous and sometimes 
powdered potassium hydroxide, dehydrofluorination did 
occur as evidenced "by infra-red spectroscopy, hut only 
with d i f f i c u l t y . when conditions were made more vigorous, 
so as to encourage the reaction, decomposition took place. 
A mixture of olefins was produced "by dehydrofluorination 
which could not be* isolated due to t h e i r having retention 
times s i m i l a r to that of the s t a r t i n g material. 

Using amines,. 

Almost immediate reaction occurred when 3H,3H,6H,6H-
octadecafluoro-(2,7-dimethyloctane) was treated with dry 
ethereal solutions of primary, and secondary amines at room 
temperature. I n "both cases precipitates were produced 
which were not amine hydrofluorides hut which contained 
fluorine^as evidenced by infra-red spectroscopy, and nitrogen. 
Both decomposed when f i l t e r e d from the ether and exposed 
to the atmosphere. I t seems l i k e l y that dehydrofluorination 
had occurred followed by the addition of amine to the 
double bond. 

A 
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e.g. 

„R?MH 
(CF3)gCPCH2CE24- * 

j 2 
(CP3)2C::;CHCP2- 2 

(CP3)2CHGHCP2— 
f .2 

This material on exposure to moist a i r possibly yielded 
a substituted amide c.f. 

(C 2H )2HH 
CPg=GPGP=CP2 — — > (CgH5)2N-CP=CPCP=CP2 

( C2 H5>2° 
H2° ( G2 H5>2° 

( c2H g) 2NCOCHPCP=CF 2. 1 8 5 

After f i l t r a t i o n of the pr e c i p i t a t e s , G.L.C. showed 
there to be nothing i n the ether solution other than s t a r t i n g 
materials. When treated with a t e r t i a r y amine under 
the same conditions no pre c i p i t a t e was produced and even 
after several days, a n a l y t i c a l G.L.C. revealed only 
the presence of st a r t i n g materials i n the reaction v e s s e l . 
In the absence of solvent, 3H,3H,6H,6H-octadecafluoro-(2,7-
dimethyloctane) weis treated with tri-n-butylamine and a f t e r 
f i v e hours at 130°C. an organic material was isolated which 
contained a large amount (70$ of t o t a l area of chromatogram) 
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of a compound which was not starting material. This 
compound could not he obtained absolutely pure due to 
another component of the mixture having a very similar 
retention time but a purity of 95% was achieved. 

The infra-red spectrum of t h i s material had a 
single peak at 1709 cm showing i t to be unsaturated. The 
N-M-R spectrum shows there to be four groups of fluorines 
i n the i n t e n s i t y r a t i o 12:2:1:1. ( P u l l data i n 'Experimental', 
p. 149). 

a) CF 5 groups. Three chemically shifted groups i n 
intensity r a t i o 3s6:3. Hence two trifluoromethyl groups 
are equivalent and two are different. This could 
a r i s e from a group ( ^ 3 ^ N ^ ¥ with X not necessarily 
fluorine; the (>c bond i s a single bond. The chemical 
s h i f t , however, i s not that of '(CFg)gCE|-— i n the s t a r t i n g 
material. The tvro non-equivalent trifluoromethyl groups 
probably a r i s e from a group ('CF„ ) o0: CRR' i n which the 
trifluoromethyl groups are c i s and trans to substituents 
R and R'. This i s also consistent with chemical s h i f t 
values which l i e i n the same region as i n (.'QPgJgC: CF^ 

b) CF„ groups. The CF g group gives r i s e to an AB spectrum 
and i s therefore a CFg i n a substituted ethane. 

c) One fluorine, gives r i s e to a peak i n the same region 
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of the spectrum as the above difluoromethylene group 
i . e . NOT a t e r t i a r y fluorine atom as i n (CF ) CF-. 

d) one fluorine at high applied f i e l d s , but i t has a 
different value of chemical s h i f t to t e r t i a r y fluorine as i n 
(CF 3)gCF( 130 p.p.m. as opposed to 108 p.p.m. found 
for t e r t i a r y fluorine i n (CF„)0CF i n many compounds). 

3 » 
The hydrogen spectrum shows there to be present two types 
of hydrogen i n the i n t e n s i t y r a t i o 1:1. The large H-F 
coupling constant observed i n one of these peaks could 
indicate either trans- NC=C„ or CFH. 

' XH 
I t seems then from the above infra-red and N-M-R 

evidence that dehydrofluorination has taken place giving 
(CF,,) 0C=C^ 2. and the other perfluoroisopropyl 
group has been changed i n some way. Had the observed 
chemical s h i f t s of CFg and F been the same as observed i n 
(CF,)0CFCBCF„, then the structure C P 3 > C=CHGF0CF=CH-CF-'CF3 
would have been the most probable but the s h i f t s are i n 
fact different and so i t i s unlikely that t h i s i s the 
structure of the compound. 

The experiments with primary and secondary amines show 
that hydrogen fluoride can be removed from 3H,3H,6H,6H-
octadecafluoro-(2,7-dimethyloctane) f a i r l y readily but i t 
i s clear that reactions with t e r t i a r y amines are quite 



81 

dif f e r e n t . This "behaviour with t e r t i a r y amines i s 
consistent with the fact that hydrogen fluoride ( t e r t i a r y 
f luorine) i s not eliminated during the dehydroiodination, 
by t e r t i a r y amines, of the telomer iodides (CFgJgC^CHgCFg^I 
(n= 1,2,3.). Study on t h i s reaction i s continuing. 

97 
Paciorek e t . a l . have shown that potassium hydroxide 

and amines both cause elimination of hydrogen fluoride 
( t e r t i a r y f l uorine) from CF 3CH 2CF(CgF g)CH=CFC 2F 5 to give 
the conjugated d i o l e f i n GF 3CH=C(C 2F 5)CH=CFC 2F 5 but i t i s 
f e l t that t h i s dehydrofluorination reaction i s not taking 
place i n a situation analogous to that existing i n Viton. 
The very f a c t that, a conjugated diene can be produced 
i s going to encourage the elimination of the fluorine 
atom which r e s u l t s i n the formation of such a diene. 
The dehydrofluorination of 3H,3H,6H,6H-tetradecafluoro-octane. 

Dehydrofluorination experiments roughly p a r a l l e l to 
those with 3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane) 
were car r i e d out. 

With powdered potassium hydroxide i t was again found 
that under conditions necessary to promote reaction, 
excessive decomposition took place. With aqueous potassium 
hydroxide, a f t e r prolonged refluxing, a cert a i n amount of 
unsaturated material was obtained without undue decomposition 
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but the product was a complicated mixture (see f i g . 6 p.152). 

After treating 3H,3H,6H,6H-$etradecafluoro-octane with 
tri-n-butylamine for 20 hours at 110°C., very l i t t l e 
reaction had occurred. 

Comparing the reactions of 3H,3H,6H,6H-octadecafluoro-
(2,7-dimethyloctane) and 3H,3H,6H,6H-tetradecafluorooctane 
with t e r t i a r y amines, i t seems that t e r t i a r y fluorine 
i s rather more e a s i l y removed than a fluorine atom from 
a difluoromethylene group as i n f a c t was suspected. 
However i t i s clear that the processes taking place 
during the treatment of 3H,3H,6H,6H-octadecafluoro(2,7-
dimethyloctane) with t e r t i a r y amines are more complicated 
than anticipated. I t i s probable that these same 
processes are talcing place during the cross<-linking of 
Viton. 



Chapter 3 

EXPERIMENTAL 
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Infra-red Spectroscopy 

Considerable use has "been made of infra-red 
spectroscopy for determining the identity of products. 
A Grubb-Parsons Type G.S.2A double beam grating infra-red 
spectrometer was used to obtain a l l spectra. 

Samples were i n the form of a thin film between 
potassium bromide d i s c s , a gas i n a c y l i n d r i c a l c e l l 
(5" long x diam.) with potassium bromide end windows;, 
or made into a disc with potassium bromide. 

Ul t r a - v i o l e t Spectroscopy 

U l t r a - v i o l e t spectroscopy was used i n the determination 
of the structure of some telomer iodides. An Optica 
CP.4. double beam spectrophotometer was used to obtain 
a l l spectra. 

Samples were dissolved i n cyclohexane and the solution 
placed i n quartz c e l l s , 

Nuclear-Magnetic-Resonance Spectroscopy 

With the exception of measurement on lH,2H-octafluorc— 
(3-methylbut-cis-l-ene), nuclear-magnetic-resonance 
spectroscopic data has been obtained by Dr. J . Snsley of 
Durham University using an A.E.I.R.S.2 spectrometer at 
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60 Mc/s. Dr. L.H.. S u t c l i f f e of Liverpool University 
using a Varian V-4300B spectrometer at 56.4 Mc/s made 
measurements on lH :,2H-octafluoro-(3-methylbut-cis-l-ene). 
These same two workers interpreted the spectra. 

Molecular Weights 

Molecular weights of gases and very v o l a t i l e l i q u i d s 
were determined "by Regnault's method. For t h i s , a glass 
"bulb (124.6 mis.) f i t t e d with a high vacuum tap and 
B10 cone was used. The volume of the bulb was found by 
weighing i t when evacuated and then when f i l l e d with 
d i s t i l l e d water at a known temperature. The bulb was 
f i t t e d to a vacuum system, f i l l e d with vapour to an 
accurately measured pressure and then weighed. The weight, 
volume, pressure and temperature of the vapour occupying 
the b\ilb afforded the molecular weight. 

Molecular weights of l e s s v o l a t i l e l i q u i d s and sol i d s 
were determined cryoscopically using standard apparatus. 

pressure Reactions 

For the preparation of pentafluoroiodoethane, tetrafluoro-
1,2-diiodoethane, heptafluoro-2-iodopropane and 1,1,1-trifluoro-
2-iodoethane, a s t a i n l e s s s t e e l autoclave (527 mis.) 
which could be rotated at an angle was 
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used. Mixing was further improved by having i n the v e s s e l 

several pieces of s t a i n l e s s s t e e l rod. 

Telomer iodides were prepared i n a s t a i n l e s s s t e e l 
autoclave which could be rocked. This autoclave was 
f i t t e d with a pressure gauge which made i t possible to follow 
the course of reactions being carried out therein. 

The charging of these autoclaves with gas was 
accomplished by using a simple vacuum system (Pig. &). The 
gas was condensed and weighed as a s o l i d i n a cold f l a s k 
which was attached to the vacuum system. The autoclave, 
which was already charged with any l i q u i d or solid reagents, 
was attached to the vacuum system and cooled i n l i q u i d a i r . 
After evacuating the system, the gas was transferred to the 
autoclave using standard vacuum techniques. 

Gas-Liquid Chromatography 

Analytical Scale 
A G r i f f i n and George Mark I I B model with two U-shaped 

columns (90 x .64 cms.) was used for most a n a l y t i c a l work. 
The packing was of kieselguhr on which had been deposited, 
a stationary phase (40%) of t r i c r e s y l phosphate (T.C.P.) 
or S i l i c o n e Elastomer. 

For the investigation of the products from the p y r o l y s i s 
of 'Teflon' (page 96), the same apparatus was f i t t e d with 
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a copper s p i r a l column (360 x .64 cms. diam.) which, 
after packing, was f i t t e d into a Dewar f l a s k packed with 
i c e . 

Preparative Scale,. (Pig. 3.. page 89) 

This apparatus, of the 'suck through 1 type, consisted 
of a horizontal U-shaped tube (240 x 2.3 cms. diam. 
containing ca. 380 gms. packing) leading through narrow 
bore s i l i c o n e rubber tubing to a separately heated dectee/tor 
and then to a trapping system. 

The columns lay i n a glass wool lagged box heated 
by a s t r i p heater positioned beneath a f a l s e bottom. The 
temperature inside the box was maintained uniform by means 
of a c i r c u l a t i n g fan f i t t e d at one end. Nitrogen, the 
c a r r i e r gas, prior to coming into contact with the sample 
was pre-heated inside the box by passing i t through a copper 
c o i l (7.62 metres). The sample was either injected into 
the nitrogen stream through a serum cap, or evaporated 
d i r e c t l y into the nitrogen stream by diverting the l a t t e r 
through a trap containing the sample.. The injected 
sample was quickly vapourised by means of a glass tube 
(62 x 1.9 cms. diam.) packed with glass wool and heated, 
by means of a heating jacket, to about 50°G. above the 
temperature of the box. 
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The detector was of the thermistor type sealed i n t o 
an aluminium "block and incorporating a lay-pass f o r 80% 
of the nitrogen stream. I t was positioned inside a small 
aluminium "box packed with as"bestos wool and f i t t e d with a 
small e l e c t r i c heater controlled by a Variac. 

The trapping/system was of the straight manifold 
v a r i e t y with fitments f o r U-shaped traps. A heating 
tape wrapped around the manifold prevented premature 
c ond ensati on. 

Analysis 

The f l u o r i n e content of v o l a t i l e compounds has been 
89 

determined essentially as described "by Savory. However 
there have "been s i g n i f i c a n t changes i n the preparation and 
handling of the diphenyl-sodium-dimethpxyethane complex. 

On occasions d i f f i c u l t y has "been encountered i n 
preparing a complex of the h i t h e r t o demanded strength of 

9 0 91 
1 to 1.5 M. or 2M. When reagent of t h i s concentration 
has "been prepared, i t has been noticed that diphenyl-sodium 
was p r e c i p i t a t e d , p a r t i c u l a r l y when the reagent was "being 
stored at 0°C. Warming to room temperature, instead of 
causing the p r e c i p i t a t e to dissolve, simply promoted decompo­
s i t i o n . I t may "be that i t i s impossible to obtain a true 
solution of strength greater than 1M. and that the higher 
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concentrations previously thought to exist have r e a l l y 
"been combinations of a solution and a f i n e suspension. I t 
has now "been found that a greater volume of a more d i l u t e 
solution (.5M) w i l l decompose organic f l u o r i n e containing 
compounds completely provided care i s taken to maintain an 
atmosphere of dry nitrogen above the reagent at a l l times. 

Preparation of diphenyl-sodium-dimethoxyethane complex 

a) P u r i f i c a t i o n of reagents 

i ) Diphenyl- was r e c r y s t a l l i s e d once from meths. and dried 
under vacuum at room temperature f o r 4-5 hours. 

i i ) Toluene - Sulphur free toluene was d i s t i l l e d over 
sodium i n an atmosphere of dry nitrogen. 

i i i ) Ethylene glycol dimethyl ether (dimethoxyethane)- was 
d i s t i l l e d three times from potassium i n an atmosphere of 
dry nitrogen, the l a s t time i n the presence of the 
k e t y l of benzophenone which gives a deep "blue colour only 
i n the presence of water and peroxides. 

i v ) Sodium dispersion- A f l a s k (2N. 250 mis.) with 
indented sides to prevent s w i r l i n g , was f i t t e d with nitrogen 
i n l e t and v e r t i c a l a i r condenser down which was f r e e l y 
suspended the rod of a dispersator. After purging with 
dry nitrogen the f l a s k was charged with sodium (23 gms., 
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1 gm. atom) and dry toluene (50 rals.). The toluene 
was gently refluxed and the dispersator run at maximum 
speed f o r 15 minutes during which time the dispersion was 
produced. The heating and dispersator were stopped and 
the dispersion was allowed to cool to room temperature. 
An atmosphere of dry nitrogen was maintained throughout 
the preparation. 

fc) Preparation of the complex 

This was carried out essentially as described "by 
92 93 L i g e t t and Sezerat. 

The sodium dispersion was transferred to a dry 
nitrogen purged f l a s k (3N. 3 1 i t . ) f i t t e d with dropping 
funnel, mechanical s t i r r e r and r e f l u x condenser. 
Dimethoxyethane was added u n t i l the volume of the l i q u i d 
i n the f l a s k was 1750 mis. The f l a s k was cooled i n an ice 
"bath u n t i l the temperature of the contents was 5°C. 
Diphenyl (160 gms., 1.04 moles) i n dimethoxyethane (250 mis.) 
was added with s t i r r i n g over two hours. The reaction 
started a f t e r a few minutes and the solution f i r s t turned 
green and f i n a l l y "black; the reaction was exothermic and 
the temperature was kept "below 10°C. "by cooling the f l a s k 
i n an ice/water hath. s t i r r i n g was continued f o r an hour 
a f t e r the "biphenyl solution had "been added. An atmosphere 
of dry nitrogen was maintained throughout the preparation. 
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The reagent was transferred, to flasks (2N. 250 mis.) and 
stored under dry nitrogen at 0°c. 

c) A n a l y t i c a l procedure. 

The tap and cone of f l a s k A were c a r e f u l l y greased, 
avoiding excess, grease (Apiezon L ) , and the f l a s k then 
evacuated t o a 1 sticking'vacuum on the apparatus shown 
i n Figure 2, With taps T 1, Tg, and Tg closed, T 4 was 
opened and the "bulh removed from the vacuum l i n e . The 
grease was c a r e f u l l y removed from the cone and the rest 
of the bulh polished with a chamois leather. After leaving 
i n the "balance case f o r f i f t e e n minutes, the "bulb was 
weighed t o the nearest te n j h of a milligramme. A was 
reattached to the vacuum l i n e and with B, which contained 
the sample to "be analysed, cooled i n l i q u i d a i r , and 
T1,Tg,T3 and T g open, the apparatus was again pumped down 
to a s t i c k i n g vacuum. Tg was closed and B was allowed 
to warm slowly u n t i l the pressure i n the system was 
such as to introduce a 40-60 mgm. sample i n t o A. T^ was 
closed and the weight of the sample found "by removing, 
cleaning, and reweighing A as "before. A was returned to 
the vacuum l i n e which was evacuated with Tg,T3,Tg and T 7 

open, and the sample was transferred to C by closing Tg, 
opening T^ and cooling the side arm of G i n l i q u i d a i r . Tg 
was closed and the u n i t comprising c and D removed a f t e r 
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releasing the vacuum at T^. With the side arm s t i l l 
i n l i q u i d a i r , diphenyl-sodium-dimethoxyethane complex 
(30 mis.) was taken/from a storage f l a s k under nitrogen 
and introduced i n t o D using a nitrogen f i l l e d p i p e t t e . Tg 
was opened and the complex allowed i n t o C followed "by 
di-isopropylether (25 mis.) Care was taken to leave the 
"bore of Tg f u l l of l i q u i d to maintain a p a r t i a l vacuum i n 
C". The sample was allowed to warm to room temperature 
and the reagent gently swirled f o r f i v e minutes. The 
sodium halides were extracted with demineralized water 
and the extract made up t o 100 mis. 

A 10 ml. aliquot was passed through a cation 
exchange r e s i n column containing 5 gms. Amberlite I.R. -120(H) 
resin and eluted with 60 mis. of demineralized. water added 
i n 15 ml. quantities. The eluate was heated to b o i l i n g 
and immediately cooled. 

The solution was t i t r a t e d against standard .02N sodium 
hydroxides-solution using methyl red - methylene blue 
(3 and 2 drops respectively) as indicator. 

A blank determination was made by shaking di-isopropyl 
ether (25 mis. ) with diphenyl-sodium-dimethoxyethane reagent 
(30 mis.) i n a stoppered separating funnel. Any sodium 
halide was extracted with demineralized water followed by 
the procedure f o r the determination of f l u o r i n e . 



Preparation of simple iodides, 

Preparation of trifluoroiodomethane from iodine and s i l v e r 
trifluoroacetate.1,4 

Silver Trifluoroacetate 

T r i f l u o r o a c e t i c acid was added to a s l i g h t excess 
of a suspension of s i l v e r hydroxide i n water; most of the 
hydroxide dissolved. F i l t r a t i o n , evaporation to dryness,, 
grinding i n t o a powder, and completing the desiccation i n 
vacuo on a steam bath afforded pure dry s i l v e r t r i f l u o r o ­
acetate. 

Trifluoroiodomethane 

An intimate mixture of powdered s i l v e r t r i f l u o r o ­
acetate (22.1 gms., .1 moles) and f i n e l y ground iodine 
(15 gms., .12 moles) was placed i n a h o r i z o n t a l l y held tube. 
One end of the tube was sealed but the other lead to two 
traps, one at 0°C. and one at -78°C., and a bubbler. 

The reactants were heated cautiously with a Bunsen 
burner, f i r s t at the end remote from the traps. As 
the reaction proceeded, the burner was moved towards the 

was 
ex i t of the tube. The rate of the. reaction/followed by 
observing the rate of evolution of carbon dioxide through 
the bubbler. 

When the reaction was complete, a pink l i q u i d (15 gms.) 
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had collected i n the trap at -78°C. This material was 
p u r i f i e d by preparative G.L.C. (D.N.P., 19°C., 150 mis./ 
min.) and recognised "by i t s i n f r a - r e d spectrum as being 
trifluoroiodomethane. Yield 65% 

Preparation of pentafluoroiodoethane from tetrafluoroethylene, 
iodine and iodine p e n t a f l u o r i d e . 1 1 * 1 2 * 9 1 

Tetrafluoroethylene was prepared "by the pyrolysis of 
Teflon* "but with our apparatus (Pig. 4) i t was found 

94 ,\ 
impossible to obtain the high y i e l d quoted i n the l i t e r a t u r e . 

Pyrolysis of Teflon 

Teflon (200 gms.) was placed i n the copper boat and 
positioned i n the tube as shown. The pyrolysis tube 
was sealed, s l i d i n t o the furnace and connected through 
traps to the pump. The pressure inside the system was 
reduced to 5 mms. and kept at t h i s value by suitable adjust­
ment of the needle valve. Heating was commenced and 
af t e r 5 hours the uniform temperature zone was at 600°C. 
This temperature was maintained f o r 4 hours during which 
tiijpe 195 gms. of pyrolysate collected i n the l i q u i d a i r 
trap. 

Composition of product 

The trap containing the crude pyrolysate was connected 

* Registered trade mark of E.I. du Pont de Nemours & Co. Ltd. 
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to an evacuated reservoir i n a vacuum system. Expansion 
of the gases allowed a sample to "be taken with a syringe 
through a serum cap. 

An a n a l y t i c a l chromatogram (360 cms. p e r f l u o r o - t r i - n -
"butylamine on kieselguhr at 0°C., .6 l i t s . / h r . ) revealed 
the gas to have the composition; tetrafluoroethylene, 
55%; hexafluoropropene, 20%; perfluorocyclobutane, 24%; 
perfluorobutenes, 1% by weight.* 

D i s t i l l a t i o n of product 

The product was condensed i n t o a s t i l l pot which was 
f i t t e d to a low temperature d i s t i l l a t i o n column (Pig. S ) . 
Tetrafluoroethylene was allowed to b o i l o f f past the cold 
finger containing acetone and d r i k o l d (-78°C.) and collected 
i n a trap at l i q u i d a i r temperature. As soon as the 
higher b o i l i n g materials began to r e f l u x on the cold f i n g e r , 
the s t i l l pot was cooled and the d i s t i l l a t i o n halted. I n 
t h i s manner, 70 gins, of tetrafluoroethylene (> 95%) was 
collected. 

Preparation of pentafluoroiodoethane 

The autoclave charged with iodine pentafluoride 

* The i d e n t i t y of these compounds has been established 
by Dr. R.H. Mobbs using low temperature preparative G-.L.C. 
and i n f r a - r e d techniques. 
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(31 gms., .14 moles.), iodine (84 gms., .28 moles.), and 
tetrafluoroethylene (70 gms., .7 moles) was rotated f o r 
16 hours without heating. I t was then vented through 
two cooled traps (-78°C. and -183°C.) to condense v o l a t i l e 
materials, leaving unreacted iodine and residual l i q u i d . 
The colder trap contained a material (2 gms.) i d e n t i f i e d 
"by i t s i n f r a - r e d spectrum as "being tetrafluoroethylene. 
The contents (170 gms.) of the other trap (-78°C.) were 
d i s t i l l e d through a short column of potassium hydroxide 
p e l l e t s to remove hydrogen f l u o r i d e and collected at -78°C» 
i n a s t i l l pot. This was f i t t e d to the low temperature 
d i s t i l l a t i o n column (p i g . fx.) and the iodide d i s t i l l e d . I n 
t h i s way 155 gms. of pentafluoroiodoethane ( > 98%) was 
obtained. 

For telomerisation reactions samples of iodide 
p u r i f i e d i n t h i s way were used, but f o r the exchange reactions 
with radioiodine chromatographic p u r i f i c a t i o n (T.C.P., 18°C., 
150 mls./min.) of the d i s t i l l e d iodide was carried out. 

Remaining i n the autoclave were small amounts of 
iodine and tetrafluoro-1,2-diiodoethane; the l a t t e r being 
i d e n t i f i e d by i t s ; having a coincident retention time with 
that of an authentic sample. 
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13L 12 
Preparation of l > l > l - t r i f l u o r o - 2 - i o d o e t h a n e . ' 

The autoclave, charged with iodine pentafluoride 
(36 gms., .16 moles.), iodine (80 gms., .304 moles), and 
1,1-difluoroethylene (50 gms., .78 moles) was rotated at 
103°C. f o r 15 hours. No gaseous material was vented from 
the autoclave; the remaining l i q u i d was washed with 
alka l i n e sodium thiosulphate to remove iodine, dried 
over anhydrous magnesium sulphate, and d i s t i l l e d giving 
1,1,1-trifluoroiodoethane (145 gms.) ( > 9 9 % ) , i d e n t i f i e d 
by i t s having a retention time coincident with that of 
an authentic sample, and by i t s i n f r a - r e d spectrum. 

For the exchange reactions with radioiodine, a sample 
was f u r t h e r p u r i f i e d by preparative G-.L.C. (T.C.P., 60°C., 
180 mls./min.) 

11 12 
Preparation of heptafluoro-2-iodopropane. ' 

The autoclave charged with iodine pentafluoride 
(29.5 gms., .132 moles), iodine (67 gms., .264 moles), and 
hexafluoropropene (100 gms., .66 moles) was rotated at 
150°C. f o r 20 hours. No gaseous material was vented 
from the autoclave:; the residual l i q u i d was washed with 
alkaline sodium thiosulphate to remove iodine, dried over 
anhydrous magnesium sulphate, and d i s t i l l e d y i e l d i n g 
heptafluoro-2-iodopropan.e.-(190 gms.) ( > 9 8 % ) , i d e n t i f i e d by 
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i t s having a retention time coincident with that of an 
authentic sample and "by i t s i n f r a - r e d spectrum. 

Again, f o r the exchange reactions with radioiodine, 
a sample was f u r t h e r p u r i f i e d by preparative G.L.C. 
(T.C.P., 50°C, 150 mls./min.). 

15 
preparation of tetrafluoro-l,2-diiodoethane. 

The autoclave charged with iodine (127 gms., .5 mole), 
and tetrafluoroethylene (50 gms., .5 moles) was rotated 
at 160°G. f o r 24 hours. No unreacted tetrafluoroethylene 
was vented from the autoclave; the residual l i q u i d was 
d i s t i l l e d , washed with a l k a l i n e sodium thiosulphate and dried 
over anhydrous magnesium sulphate. I t was identifiedf.as 
being tetrafluoro--l,2-diiodoethane by i t s infra-red. 
spectrum and b.pt., (113°C). 
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The attempted preparation of 2H,2H-decafluoro-(5-methyrbutane) 
from l . l y l - t r i f l u o f o - g ^ i o d o e t h a n e and heptafluoro-2^iodo-

propane, and.related reactions. 

The u l t r a - v i o l e t i r r a d i a t i o n of 1,1,1-trifluoro-2^iodoethane 
i n the presence of mercury 

l,l,l-trifluoro--2-iodoethane (15 gms., .07 moles) was 
sealed under vacuum i n a t h i n walled 1 tube (50 mis. 
capacity), with just enough mercury to form a continuous 
pool when horizontal. The tube was shaken i n a horizontal 
p o s i t i o n 35 cms. from a Hanovia Model 11 u l t r a - v i o l e t 
lamp f o r 240 hours. The temperature i n the region of 
the tube was 40°C.> 

The tube was opened to a vacuum system and there 
d i s t i l l e d out material ( 1 gm.) which was shown by 
a n a l y t i c a l G.L.C. (T.'CP., 25°C., 1 l i t . / h r . ) to consist 
of three components. The compound having the longest 
retention time accounted f o r 80$ of the area under the 
chromatogram. This was p u r i f i e d by G.L.C. ( S i . Elast., 
35°C., 160 mls./min.) and found to be 2H,2H,3H,3H-hexafluorc£ 
butane. (Found: P, 68.6$, M, 163. requires F, 
68.7$. M, 166.) I.R.NO. 1„ 

The solid:' remaining i n the tube was extracted with 
meths. F i l t e r i n g and evaporating the solution to dryness 
yielded 22 gms. of a pale yellow c r y s t a l l i n e material. 
This was r e c r y s t a l l i s e d twice from meths and the white 
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c r y s t a l l i n e compound 1,1,1-trifluoroethylmercuric iodide 
obtained. (Found; C, 6.0, F43-7 . 1,30.6%. M, 400. 
CgHgFgHgl requires C, 5.8. F, 13.9. I , 30.9%. M, 410.6.) 
M.Pt. 163°C. I.R.No. 2. 

Using the same amounts of s t a r t i n g materials, the 
reaction has; been repeated using a \ kw. u l t r a - v i o l e t 
lamp f o r the i r r a d i a t i o n . After three, days i r r a d i a t i o n 
at 30 cms. from the lamp, the tube was opened and 4 gms. 
of v o l a t i l e material obtained together with 8 gms. crude 
1,1,1-trifluoroethylmercuric iodide. 

Attempted coupling of 1,1,1-trifluoro-2^iodoethane using 
yellow mercuric oxide. 

l , l , l - t r i f l u o r o - 2 - i o d o e t h a n e (2.1 gms., .01 mole) 
was sealed under vacuum i n a Carius tube (30 mis. capacity) 
with yellow mercuric oxide (2.3 gms., .01 moles) and heated 
f o r 40 hours at 190°C. At the end of t h i s time, the 
tube was opened and the iodide (2.1 gms.) recovered. 

The reaction was repeated at 230°C. f o r 30 hours 
at the end of which time, the contents of the tube were 
black. The tube was opened to a vacuum system and the 
v o l a t i l e material (.8 gm.) d i s t i l l e d out. I t soon 
became apparent that t h i s v o l a t i l e material was la r g e l y 
hydrogen f l u o r i d e . A n a l y t i c a l G-.L.C. ( S i . Elast., 60°C., 
1 l i t . / h r . ) showed the only other compound to have a 
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retention time coincident with 1,1,1-trifluoro-S^iodo-
ethane. On washing out the tube, considerable etching 
was noted to have taken place. 

The u l t r a - v i o l e t i r r a d i a t i o n of l , l , l - t r i f l u o r o - 2 - i o d o -
ethane with heptafluoro-2^iodopropane i n the presence 

of mercury. 

Heptaf luoro-3-iodopropane (5.0 gms., .01 mole) and 
l , l , l - t r i f l u o r o - 2 - i o d o e t h a n e (2.1 gms., .01 mole.) were sealed 
under vacuum i n a t h i n walled tube (50 mis. capacity) v/ith 
enough clean dry mercury to form a continuous pool when 
horizontal. The tube was shaken i n a horizontal 
p o s i t i o n 35 cms. from a Hanovia Model 11 U l t r a - v i o l e t 
lamp f o r 96 hours:. 

The tube was opened to a vacuum system and there 
d i s t i l l e d out v o l a t i l e material (2.5 gms.) which was shown 
by a n a l y t i c a l G.L.C.(>Si. Blast., 64°C., 1 l i t . / h r . ) to 
contain only two compounds. These had retention times 
coincident with perfluoro-(2,3-dimethylbutane),* and 
l , l , l - t r i f l u o r o - 2 - i o d o e t h a n e . The s o l i d residue was 
extracted with meths and crude 1,1,1-trifluoroethylmercuric 
iodide ( 1 gm.) obtained by d i s t i l l i n g o f f the solvent. 

* A sample of perfluoro-(2,3-dimethylbutane) was prepared 
f o r comparison purposes by i r r a d i a t i n g heptaf luoro-2-
iodopropane i n the presence of mercury. 
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The r e a c t i o n "between heptafluoro-2-iodopropane and 
1 , 1 , 1 - t r i f l u o r o e t h y l m e r c u r i e i o d i d e 

1, Thermal Reaction. A Carius tube (25 mis. c a p a c i t y ) 
charged w i t h heptafluoro-2-iodopropane (2.1 gms., .0072: mole) 
and 1 , 1 , 1 - t r i f l u o r o e t h y l m e r c i i r i c i o d i d e (3 gms., .0072; moles) 
was heated f o r 44 hours at 200°C. The tube was opened 
t o a vacuum system and v o l a t i l e products (1.5 gms.) were 
d i s t i l l e d out (some of the v o l a t i l e m a t e r i a l was 
hydrogen f l u o r i d e as evidenced "by the p r o d u c t i o n o f white 
fumes when allowed t o warm t o room temperature). 
Remaining i n the tube, which was e x t e n s i v e l y etched, was 
red mercuric i o d i d e and a black s o l i d which appeared t o he 
carbon. I t was extracted w i t h m©ths and from the s o l u t i o n 
was e x t r a c t e d .1 gm. of t h e m e r c u r i a l . A chromatogram 
of the v o l a t i l e m a t e r i a l ( S i . H a s t . , 40°C., 1.1 l i t . / h r . ) 
possessed three peaks of almost equal area. The three 
components were separated by p r e p a r a t i v e G.L.C. ( S i . B l a s t . , 
35°C., 150 mls./nin.) b u t only enough of each compound f o r 
an i n f r a - r e d spectrum was obtained. The i n f r a - r e d 
spectrum of the compound having the shortest r e t e n t i o n 
time has not been recognised. The compound having the 
longest r e t e n t i o n time has an i n f r a - r e d spectrum i d e n t i c a l 
w i t h t h a t o f heptafluoro-2-iodopropane. The remaining 
compound has been recognised by i t s ; i n f r a - r e d spectrum as 
being 2H,2H,-decafluoro-(3-methybutane). (page 331). 



2. photochemical Reaction 

A t h i n walled tube (25 mis. c a p a c i t y ) charged w i t h 
heptafluoro-2-iodopropane (1.4 gms., .0048 mole) and 
1 , 1 , 1 - t r i f l u o r o e t h y l m e r c u r i e i o d i d e (2 gms., .0048 mole) 
was i r r a d i a t e d 35 cms. from a Hanovia Model 11 lamp f o r 
142 hours. At the end of t h i s time the tube contained a 
red c r y s t a l l i n e compound. I t was opened t o a vacuum 
system and 1.4 gms. v o l a t i l e m a t e r i a l d i s t i l l e d out. This 
was shown "by a n a l y t i c a l G.L.C. ( S i . E l a s t . , 60°C., 
1 l i t . / h r . ) t o consist of three components. Each was 
obtained pure using p r e p a r a t i v e G.L.C. (T.C.P., 50°C., 
150 mls./min.) and i t s i n f r a - r e d spectrum obtained. The 
spectra were recognised as "being those of p e r f l u o r o - ( 2 , 3 . 
dimethylhutane), heptafluoro-2-iodopropane and 1 , 1 , 1 - t r i -
fluoro-2-iodoethane. No hydrogen f l u o r i d e was produced 
nor was there any etching o f the tube. 
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Preparation o f Telomer Iodides 

Reaction between pentafluoroiodoethane and 1 , 1 - d i f l u o r o -
ethylene 

An autoclave (150 mis.) charged w i t h p e n t a f l u o r o -
iodoethane (180.5 gms., .49 moles.) and 1 , 1 - d i f l u o r o -
ethylene (31.6 gms., .49 moles) was rocked at 190°C. f o r 
45 hours. A f t e r a l l o w i n g t o cool t o 40-50°C., v o l a t i l e 
m a t e r i a l (33 gms.) was vented from the autoclave. of 
t h i s , 11 gms.,, was unreacted 1,1-difluoroethylene and the 
remainder pentafluoroiodoethane. A v i o l e t coloured 
l i q u i d (109 gms.) was poured from the autoclave and from 
i t d i s t i l l e d a f u r t h e r 32 gms. pentafluoroiodoethane. 
Only 55$ of the pentafluoroiodoethane had t h e r e f o r e been 
converted i n t o telomers. 

A n a l y t i c a l G.L.C. ( S i . E l a s t . , 170°C., 1.1 l i t . / h r . ) 
revealed the l i q u i d product (77 gms.) t o c o n t a i n three 
main components i n a d d i t i o n t o a t r a c e of pentafluoro^-
iodoethane. Using a 25 cm. e l e c t r i c a l l y heated v i g r e u x 
column, atmospheric and c o n t r o l l e d reduced pressure 
d i s t i l l a t i o n of the l i q u i d r e a c t i o n products afforded 
the f o l l o w i n g three f r a c t i o n s ; 

1. b.p. 89-93°C./7 5 6 roros. Hg.; 65 gms. 
2. t>.p. 75-80°C./80 mms. Hg.; 5 gms. 
3. "b.p. 68^-73°C./ 7 mms. Hg.; 1.7 gms. 

F r a c t i o n 1 , was r e d i s t i l l e d and m a t e r i a l obtained b e t t e r 
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than 95% pure. Further p u r i f i c a t i o n was carried! out 
by p r e p a r a t i v e G«L.C. (T.C.P., 90°C., 200 mls./min.) 
and the compound was i d e n t i f i e d as "being 2H,2H-l-iodo-
heptafluorobutane (Found: F, 43.1; I , 4=0,9%; M, 306. 
Calc. f o r C 4H ; 3F 7I; F, 42.9; I , 40.9%; M.310). I.R.NO. 17, 
b.pt. 91°C.A56 rnras. Hg; n 2 0 , 1,3578; X m & x , 272 m̂ ; £, 
318. ( H a s z e l d i n e 5 2 r e p o r t s "b.pt. 88°C. n 2 0 , 1.354. 

\nax» 2 7 1 mA ' € ' 3 0 0 ^ 

F r a c t i o n 2, 

On r e d i s t i l l i n g under reduced pressure a m a t e r i a l 
d i s t i l l i n g a t 79°C./80 mms.Hg. ( 95%) was obtained. The 
use of p r e p a r a t i v e scale G.L.C. (T.C.P, 130°C., 150 mis./ 
min.) a f f o r d e d a pure sample of the 1:2 adduct, 
C 2F 5.(CH 2CF 2) 2I. (Found: F, 45.5; I , 33.4%;; M, 360. 
CgH^Fgl r e q u i r e s F, 45.7; I , 33.95%; M, 374) I.R.No. 18, 
n 2 0 , 1.3673. X 272 m/o. £ , 345. ( H a s z e l d i n e 5 2 r e p o r t s 
n j , 1.440; b.pt. 140°C f o r "supposed!" C gF 5.(CHgCFg) gI.) 

F r a c t i o n 3 

Using a micro-reduced pressure d i s t i l l a t i o n apparatus 
a m a t e r i a l ( > 95%) "boiling a t 70°c./7 mms. was obtained. 
(Found; M, 430, CgHgFyl r e q u i r e s M, 438.). Dehydroiodination 
(see page 137 ) confirms the compound t o be the 1:3 adduct, 

C 2 F 5 ( C H 2 C P 2 ) 3
1 ' 
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Prom the chromatogram, the composition of the crude 
l i q u i d product was c a l c u l a t e d as "being:- CgF 5(CHgCFg)l, 
90%; C 2F 5(CH g,CFg) 2I, 7%; CgFgCCHgCFg^I, 3# by weight. 

Reaction between heptafluoro-l-iodopropane and 1,1-dif l u o r o -
ethylene 

An autoclave (150 mis.) charged w i t h h e p t a f l u o r o - l -
iodopropane (90 gms., .31 moles) and 1,1-difluoroethylene 
(23 gms., .36 moles) was rocked at 200°C. f o r 36 hours. 
A f t e r a l l o w i n g t o c o o l , 1 , 1 - d i f l u o r o e t h y l e n e ( 1 gm.) was 
vented and a v i o l e t coloured l i q u i d (110 gms.) was poured 
from the autoclave. 

A n a l y t i c a l G.L.C. ( S i . E l a s t . , 160°G., 1.1 l i t s . / h r . ) 
showed there t o be f o u r main compounds present i n the 
l i q u i d product. 

Using a 25 cm. e l e c t r i c a l l y heated Vigreux column, 
atmospheric d i s t i l l a t i o n y i e l d e d two f r a c t i o n s : -

1. b.p. 40-43°p./760 mms. Hg. 9gms. 
2. b.p. 108-112 C.A60

 T m s » Hg. 50 gms. 

F r a c t i o n 1 was shown by a n a l y t i c a l G.L.C. (T.C.P., 80°C., 
1.1 l i t . / h r . ) and i n f r a - r e d techniques t o be h e p t a f l u o r o - l -
iodopropane. 

F r a c t i o n 2 was shown by a n a l y t i c a l G.L.C. ( S i . E l a s t . , 130°C., 
1.1 l i t s . / h r . ) t o have p u r i t y g reater than 90%, R e d i s t i l l a -
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t i o n a f f o r d e d m a t e r i a l more than 95$ pure. A sample 

obtained pure using p r e p a r a t i v e G.L.C. (T.C.P., 80°C., 
170 mls./min.) was i d e n t i f i e d as being the 1:1. adduct, 
2H,2H- 1-iodononafluoropentane. (Pound: P, 47.8.1, 35.055. 
M, 355. Calculated f o r CgHgPgl; P, 47.5; I , 35.3$;; M, 
360.) n^° 1.3513. b.pt. 108°C./7 7 0 i m ^ > (H a u p t s c h e i n 5 8 

r e p o r t s n ^ 3 1.3502) I.R.No. 21. 

The m a t e r i a l remaining i n the s t i l l p o t was assumed 
t o be the 2:1 and 3:1 adducts. The composition of the 
crude l i q u i d product was c a l c u l a t e d from an a n a l y t i c a l 
chromatogram as being n-CgF^I, 10$; CF 3(CF 2) 2CH 2CF 2I, 6 0 ^ ; 

CP 3(CP 3) g(CH 2CP 2) 2I, 25%; C F 3 ( C F 2 ) 2 ( C H 2 C F 2 ) 2 I , 5$ by 
weight. This represents a conversion of 88$ of the 
heptafluoro-l-iodopropane i n t o telomer i o d i d e s . 

Reaction between heptafluoro-2-iodopropane and 1 , 1 - d i f l u o r o ^ 
e t h y l e n e . I . 

Molar Ratio Iodide: O l e f i n = 1:1. 

An autoclave (150 mis.) charged w i t h h e p t a f l u o r o - 2 -
iodopropane (68 grns., .23 moles) and 1,1-dif l u o r o e t h y l e n e 
(18 gms., .28 moles) was rocked a t 185°C. f o r 36 hours. 
A f t e r a l l o w i n g t o c o o l , 1 , 1 - d i f l u o r o e t h y l e n e ( 1 gm.) was 
vented and a v i o l e t l i q u i d (84 gms.) was poured from the 
autoclave. 

A n a l y t i c a l G-.L.C. ( S i . E l a s t . , 160°C., 1.1 l i t s . / h r . ) 
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revealed the l i q u i d t o c o n s i s t of three main components 
and a t r a c e of a f o u r t h . Using a 25 cm. e l e c t r i c a l l y 
heated Vigreux column, atmospheric and reduced pressure 
d i s t i l l a t i o n o f the l i q u i d r e a c t i o n products was c a r r i e d 
and three f r a c t i o n s were obtained: 

1. b.p. 40-45°G./750 mms.Hg; 6.5 gms. 
2. b.p.102-105 C./7 5 0 m r " s . Hg; 70 gms. 
3. b.p. 63-67°C./25 mms. Hg; 7 gms. 

F r a c t i o n 1 was shown by a n a l y t i c a l G.L.C. ( S i . H a s t . , S0°C, 
1.1 l i t s . / h r . ) and i n f r a - r e d spectroscopy t o be h e p t a f l u o r o -
2-iodopropane. 

F r a c t i o n 2 was by a n a l y t i c a l G.L.C. ( S i . E l a s t . , 120 ° c . , 

1.1 l i t s . / h r . ) t o be gre a t e r than 90% pure. R e d i s t i l l a t i o n 
a f f o r d e d m a t e r i a l more than 95% pure b o i l i n g at 103°C./ 
750 mms. A sample obtained pure using p r e p a r a t i v e 
G.L.C. (T.C.P., 80°C., 160 mls./min.) was i d e n t i f i e d as 
being the 1:1 adduct, 

2H,2H-l-iodononafluoro-(3-methylbutane). (Found: F, 48.1; 
I , 34.8%; M, 354. C g H ^ I r e q u i r e s F, 47.5; I , 35.3%; 

F r a c t i o n 5 was r e d i s t i l l e d under c o n t r o l l e d reduced pressure 
and a sample of p u r i t y g r e a t e r than 95% obtained ( b . p t . 65°C./ 
25 mms). A pure sample was obtained using p r e p a r a t i v e G.L.C* 

20 1.3555; X M, 360.). nz max 
274 m " / A J 332;; I.R.No. 19. 

(T.C.P., 130°C., 160 mls./min.) and i d e n t i f i e d as the 1 :2 
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adduct, (CP 3) 2CP(CH 2CPg) 2I. (Pound: P, 49.7; I , 29.6%; 

M, 416. C 7H 4P 1 ; LI r e q u i r e s P, 49.3; I , 29.95%; M, 424.) 

n 2 0 , 1.3646; X m&^.t 272 nyu. ; €, 313; I.R.NO. 20. 

The f o u r t h ; , component of the mixture i s probably 
the 3:1 telomer. 

The composition o f the crude r e a c t i o n product was 
ca l c u l a t e d from the chromatogram as being (CP 3) 2CPI, 10%; 

(CP3)gCPCHgCPgl, 80%; (CPg)gCF.(CH gCP 2)gl, 10% by weight. 
This represents; a conversion of 88% of the h e p t a f l u o r o - 2 -

iodopropane i n t o telomers. 

A s i m i l a r r e a c t i o n i n which the same amounts of 
rea c t a n t s were heated together f o r 36 hours at 220°C. y i e l d e d 
a product whose composition was not s i g n i f i c a n t l y d i f f e r e n t 
from t h a t quoted above. 

Reaction between heptafluoro - 2-iodopropane and 1 , 1 - d i f l u o r o -
ethylene I I . 

Molar Ratio Iodide: O l e f i n = 1:3. 

An autoclave (150 mis.) charged w i t h heptafluoro - 2-iodo-
propane (44 gms., .15 moles) and 1 , 1-difluoroethylene 
(29 gms., .45 moles) was rocked at 220°C. f o r 36 hours. 
Unreacted 1 , 1-dif luoroethylene (2 gms.) was vented and a 
v i o l e t coloured l i q u i d (68 gms.) was poured from the cooled 
autoclave. An a n a l y t i c a l chromatogram ( s i . E l a s t . , 180oc., 
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1.1 l i t s . / h r . ) of the l i q u i d showed i t t o contain f i v e 
main components of which none was heptafluoro-2-iodopropane. 
Two of these components had i d e n t i c a l r e t e n t i o n times t o 
(CF 3) 2CFCH 2CF 2I snd (CF 3) 2CF(CH gCF 2) 2I. A c o n t r o l l e d 
reduced pressure d i s t i l l a t i o n through an e l e c t r i c a l l y 
heated 25 cm. Vigreux column a f f o r d e d t h r e e f r a c t i o n s : -

1. b.p. 102-105°C.A52 mms. Hg. 7 gms. 
2. b.p. 63-67 C./25 mms. Hg. 22 gms. 
3. h.p. 105-110°C./25 mms. Hg. 23 gms. 

F r a c t i o n 3 was estimated by a n a l y t i c a l G.L.C. ( S i . E l a s t . , 
170°C., 1.1 l i t s . / h r . ) t o he more than 85$ pure. 
R e d i s t i l l a t i o n a f f o rded a m a t e r i a l more than 95% pure 
b o i l i n g at 107°C./26 mms. Hg. Attempts t o p u r i f y the 
d i s t i l l a t e by p r e p a r a t i v e scale G.L.C. f a i l e d . (Found; 
M, 480. (CF 3)gCF(GHgCF 2) 3I r e q u i r e s M, 488). The i d e n t i t y 
of t h i s compound was confirmed as being the 3:1 adduct by 

dehydroiodination,. (see page B5)» 

'The compounds remaining the s t i l l - p o t were assumed t o 
be the 4:1 and 5:1 telomers. 

The composition of the r e a c t i o n product, c a l c u l a t e d 
from an a n a l y t i c a l chromatogram was:-

(CFgJgCFCHgCFgl, 11#; (CF 3)gCF(CHgCF 2) 2I, 36$; 

(CF 3) 2CF(CH 2CF 2) 3I, 37$; (CF 3) 2CF(CHgCF g) 4I, 13$ 



115 

(CP 3) 2CP(CH 2CF 2) 5I, 3% by weight. 

Reaction between heptafluoro-2-iodopropane and 1,1-dif l u o r o -
ethylene I I I . 

Molar Ratio Iodide: O l e f i n = 1:4. 

An autoclave (150 mis.) charged w i t h h e ptafluoro-2-
iodopropane (45 gms., .15 moles) and 1,1-difluoroethylene 
(37 gms., .58 moles) was rocked at 220°C. f o r 36 hours. 
Unreacted 1 , 1 - d i f l u o r o e t h y l e n e (5 gms.) was vented and a 
v i o l e t coloured l i q u i d (65 gms.) was poured- from the cooled 
autoclave. 

The composition o f the l i q u i d product was revealed 
by a n a l y t i c a l G.L.C. ( S i . H a s t . , 190°C., 1 l i t . / n r . ) t o 
be:- (CF 3) 2CFCH gCF 2I, 2%; (CF 3) 2CF(CH gCF 2) 2I, 23%; (CFg) 2 

CF(CH 2CF 2) 3I, 36%;; (CF 3) gCF(CH 2CF 2) 4I, 27%; (CF 3) 2CF(CH 2CFg)^ 
13%; (CF 3) 2CF(CH 2CF g) 6I, 3% by weight. 

Reaction between t e t r a f l u o r o 1,2-diiodoethane and 1,1-
d i f l u o r o e t h y l e n e 

An autoclave (150 mis.) charged w i t h t e t r a f l u o r o 1,2-
diiodoethane (107 gms., .3 moles) and 1,1-difluoroethylene 
(19 gms., .3 moles) and f i l l e d w i t h an atmosphere of dry 
n i t r o g e n at -183°C. was rocked at 185°C. f o r 36 hours. 
A f t e r a l l o w i n g t o c o o l , 1 , 1 - d i f l u o r o e t h y l e n e (10 gms.) was 
vented and a v i o l e t coloured l i q u i d (110 gms.) was poured 
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from the autoclave. A n a l y t i c a l G.L.C. ( S i . B l a s t . , 200°C., 
1.1 l i t s . / h r . ) revealed the l i q u i d product t o contain two 
main components, the l a r g e r of which had a r e t e n t i o n time 
coinc i d e n t w i t h t h a t o f t e t r a f l u o r o 1,2-diiodoethane. 
C o n t r o l l e d reduced pressure d i s t i l l a t i o n using an e l e c t r i c a l l y 
heated Vigreux column gave two f r a c t i o n s , one w i t h " b o i l i n g 

range 110-115°C., the other w i t h b o i l i n g range 50^-52°C. at 
9 mms. Hg. (50 gms.). The f i r s t f r a c t i o n was almost 
e x c l u s i v e l y t e t r a f l u c f r o 1,2-diiodoethane. The second f r a c t i o n 
was r e d i s t i l l e d and then a sample of the pure 1:1 adduct, 
2H,2H-1,4-diiodohexafluorobutane obtained 1 by p r e p a r a t i v e 
G.L.C. (T.C.P., 145°C., 160 mls./min.) (Found: F, 26.8: 
I , 64.3%; H, 400. C 4HgF gIg r e q u i r e s F, 27.3; I , 60.7%; 
M, 418.) n^°, 1.4603; X m a x > 271 ny* ; £ , 694; b.pt. 
162°C./760 mms. Hg. I.E. No. 22. 

The production of 50 gras. of the 1:1 adduct represents 
a conversion of 39% of the t e t r a f l u o r o - 1 , 2 - d i i o d o e t h a n e 
i n t o adduct. 

Reaction between heptafluoro-2-iodopropane and t r i f l u o r o -
ethylene. 

T r i f l u o r o e t h y l e n e was prepared by e i t h e r the 
dechlorobromination of BrCFg.CHFCl by the zinc/ethanol t e c h n i ­
que described by Park e t . a l f 6 or by the d e c h l o r i n a t i o n of 
CICFpCFHCl' by the b u t y l - l i t h i u m technique described by 
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Savory. E f f o r t s t o d e c h l o r i n a t e ClCPg.CFHCl "by the 
zinc/ethanol technique f a i l e d . 

An autoclave (150 mis. ) charged w i t h heptafluoro-2^-
iodopropane (90 gms., .305 moles) and t r i f l u o r o e t h y l e n e 
(25 gms., .305 moles) was rocked at 190°C. f o r 36 hours. 
The pressure i n the autoclave d i d not f a l l d u r i n g t h i s time 
so the temperature was r a i s e d t o 240°C. f o r a f u r t h e r 
36 hours. A l b e i t the pressxire had f a l l e n but l i t t l e , 
the autoclave was cooled and from i t vented t r i f l u o r o e t h y l e n e 
(15 gms.). A v i o l e t l i q u i d (60 gms.) poured from the 
autoclave was noted to co n t a i n l a r g e amounts; of s o l i d 
i o d i n e . There remained i n the autoclave some carbon i n 
a d d i t i o n t o more iod i n e . A l l the l i q u i d r e a c t i o n product 
d i s t i l l e d a t 40-45°C./760°C. and an a n a l y t i c a l chromatograrn 
( S i . E l a s t . , 100°C., 1 l i t . / h r . ) showed i t t o be one 
compound w i t h a r e t e n t i o n time c o i n c i d e n t w i t h t h a t o f 
heptafluoro-2-iodopropane. 

Attempted r e a c t i o n between heptafluoro-2-iodopropane and 
2H-nonaf l u o r o - (5-methylbut- 1-ene 

An autoclave (100 mis.) charged w i t h heptafluoro-2-
iodopropane (29 gras., .098 moles:) and 2H-nonafluoro-
(3-methylbut-1-ene) (23 gms., .10 moles) was rocked f o r 
20 hours at temperatures of 185°C., 240°C., and 280°C. I n 
each case, nothing other than s t a r t i n g m a t e r i a l was recovered. 
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Attempted r e a c t i o n between t r i f l u o r o m e t h y l i o d i d e and 
2H-nonafluoro- (3-methylbut-1- ene)'. 

1. Thermal Reaction 

An autoclave (50 mis.) charged w i t h t r i f l u o r o m e t h y l 
i o d i d e (16 gms., .08 .:moles) and 2H-nonafluoro-(3-methylbut-l-
ene) (9 gms., -.038 moles) was f i l l e d w i t h an atmosphere 
of dry n i t r o g e n at -183°C. then rocked f o r 40 hours 
at 220°C. Nothing other than, s t a r t i n g m a t e r i a l ( i d e n t i f i e d 
by a n a l y t i c a l G.L.C.) was recovered a f t e r t h i s treatment. 

Photochemical Reactions. 

,a) A s i l i c a Carius tube charged w i t h t r i f l u o r o m e t h y l 
i o d i d e (8.5 gms., .043 moles) and 2H-nonafluoro-(3-methylbut-
1-ene) (5.1 gms., .022 moles) was p o s i t i o n e d 10 cms. from 
a % kw. u l t r a - v i o l e t lamp and i r r a d i a t e d f o r 240 hours. 
The l i q u i d phase; was sh i e l d e d t o discourage the f o r m a t i o n 
of h i g h telomers. A f t e r the i r r a d i a t i o n was complete, 
the contents of the tube were d i s t i l l e d out under reduced 
pressure. The d i s t i l l a t e (13.6 gms.) was shown by 
a n a l y t i c a l G.L.C. and i n f r a - r e d spectroscopic techniques t o 
con s i s t only of s t a r t i n g materials:. 

b) The experiment was repeated, both phases being 
i r r a d i a t e d , but again no telomers were obtained. 
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Reactions of Telorcers of 1,1 - d i f l u o r o e t h y l e n e 
Reactions of 2H,2H-l-iodononafluoro-(3-methyl-

butane). 

1. Dehydroiodination 

a) Using potassium hydroxide i n acetone,. 

2H,2H-l-iodononafluoro^(3-methyl"butane) (9 gms., .025 
moles), potassium hydroxide (8 gms., .14 moles) and acetone 
(10 m i s . ) , were sealed under vacuum i n a Carius tube 
and then shaken at room temperature. The r e a c t i o n was 
exothermic and the tube had t o be cooled from time t o time. 
A f t e r 30 minutes the r e a c t i o n was complete. The tube was. 
cooled (-78°C.) and opened t o a l i q u i d a i r t r a p but no gas 
was evolved on warming the tube t o room temperature. The 
contents of the tube were d i s t i l l e d from a f l a s k f i t t e d 
w i t h a Vigreux column; about 10 mis. of a d i s t i l l a t e 
(b.p. 25-56°C.) was c o l l e c t e d . This was resolved i n t o 
two f r a c t i o n s by p r e p a r a t i v e G.L.C. ( S i . KLast., 40°C., 
200 mls./min.). The compound w i t h the longer r e t e n t i o n 
time proved t o be acetone. The compound w i t h the shorter 
r e t e n t i o n time was f u r t h e r p u r i f i e d by r e c y c l i n g through 
the G.L.C. apparatus ( S i . S l a s t . , 23°C., 200 mls./min.) and 
found t o be 2H--nonafluoro- (5-methylbut-l-ene). (Pound: 
P, 73.5$; M, 226. C,-HPQ r e q u i r e s P, 73.7$; M, 232). 
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n^°<1.3; "b.pt. 30°C.A52 mms. Hg. I.R. No. 6. Y i e l d 30%. 

When a l l the acetone was d i s t i l l e d from the ' r e a c t i o n 
product 1 t h e r e remained i n the f l a s k a dark "brown t a r , 
evidence of decomposition. 

The above r e a c t i o n was repeated using 2H,2H-l-iodonona-
fluoro-(3rmethybutane) (10 gms., .0277 moles), potassium 
hydroxide (2 gms., .037 moles) and acetone (20 m i s . ) . 
The products were the same except t h a t some s t a r t i n g m a t e r i a l 
(2 gms.) was recovered. The y i e l d of 2H-nonafluoro-(3-
methylbut-l-ene) based on the amount of i o d i d e reacted was 
30%. 

A sample of 2H-perfluoropent-l-ene was prepared by 
the above method from 2H,2H-l-iodononafluoropentane so t h a t 
i t s i n f r a - r e d spectrum (I.R.No. 5) could be compared w i t h 
those of s i m i l a r o l e f i n s (see page 155). 

b) Using potassium f l u o r i d e i n N,N-dimethyl formamide 

A th r e e necked f l a s k (250 mis) f i t t e d w i t h a mercury 
sealed s t i r r e r , dropping fu n n e l and condenser le a d i n g d i r e c t l y 
t o a c o l d t r a p (-78°C.) was charged w i t h d r y, f r e s h l y d i s t i l l e d 
N,N-diraethyl formamide (50 mis.) and dry potassium f l u o r i d e 
(2.9 gms., .05 moles). The iodi d e (18 gms., .05 moles) 
was added and the temperature of the f l a s k was rais e d t o 
100°C. over l£ hours, maintained at t h i s temperature f o r 
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f hours, then r a i s e d again t o 150°G. f o r a f u r t h e r ^ hour. 
By the end of t h i s time th e r e had c o l l e c t e d i n the c o l d 
t r a p 10 gms. of a c o l o u r l e s s l i q u i d . 

A l b e i t a n a l y t i c a l G.L.C. (T.C.P., 20°C., 1 l i t . / h r . ) 
i n d i c a t e d t h i s m a t e r i a l t o be pure, p r e p a r a t i v e G.L.C.(T.C.P., 
20°C, 160 mls./min.) revealed the presence of a small amount 
of an i m p u r i t y w i t h a r e t e n t i o n time almost i d e n t i c a l w i t h 
t h a t o f the main product. A sample of the main product 
was obtained pure and i d e n t i f i e d by i t s : i n f r a - r e d spectrum 
as being 2H-nonafIuoro-(3-methylbut-1-ene). The i m p u r i t y 
was not i d e n t i f i e d . 

c) Using s o l i d potassium hydroxide 

A th r e e necked f l a s k (250 mis.) f i t t e d w i t h mercury 
sealed s t i r r e r , dropping f u n n e l and condenser lead i n g d i r e c t l y 
t o a c o l d t r a p (-78°C.) was charged w i t h powdered potassium 
hydroxide (56 gms., 1.0 mole).. The temperature o f the 
f l a s k was r a i s e d t o 90°C. and the io d i d e (30 gms., .084 moles) 
was slowly added. A f t e r two hours, v o l a t i l e m a t e r i a l 
remaining i n the f l a s k was swept i n t o the t r a p w i t h a stream 
of n i t r o g e n . I n the t r a p c o l l e c t e d a c o l o u r l e s s l i q u i d 
(18 gms.) d i s t i l l a t i o n of which y i e l d e d a f r a c t i o n b o i l i n g 
at 30°C and having an i n f r a - r e d spectrum i d e n t i c a l w i t h 
t h a t of 2H-nonafluoro-(3-methylbut-1-ene). Y i e l d 85%. 
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d) Using triethylaroine 

A three necked f l a s k (250 rals.) f i t t e d with mercury 
sealed s t i r r e r , dropping funnel and condenser leading 
d i r e c t l y to a cold trap (-78°C.) was charged with iodide 
(80 gms., .22 moles). Triethylamine (27 gms., .268 moles) 
was added dropwise over ten minutes. Almost as soon 
as the addition of amine was "begun, an exothermic reaction 
commenced and c r y s t a l s were precipitated. After s t i r r i n g 
for an hour, the product was swept into the cold trap 
"by a stream of nitrogen. D i s t i l l a t i o n of the contents 
of the cold trap afforded a material recognised by i t s 
infra-red spectrum as "being 2H-nonafluoro-(3-methylbut-l-
ene) ( >' 98$ pure). Y i e l d 75%. 

2, Replacement of Iodine "by Hydrogen 

a) Using Lithium Aluminium Hydride 

A three necked f l a s k (250 mis.) f i t t e d with mercury sealed 
s t i r r e r , dropping funnel and condenser leading d i r e c t l y to 
a cold trap (-78°C.) was piirged with dry nitrogen and charged 
with lithium aluminium hydride (1.5 gms., ,04 moles) 
and dry ether (50 mis.). The mixture was cooled to -70°C. 
and a solution of the iodide (10 gms., ,028 moles) i n ether 
(25 mis.) slowly added. The reactants were allowed to 
warm to room temperature at which dilute sulphuric acid 
was added dropwise u n t i l hydrolysis was complete. The 
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solution was refluxed for s i x hours. 

By the end of the experiment, 15 mis. of a colourless 
l i q u i d had collected i n the cold trap. Another 25 mis. 
of l i q u i d were d i s t i l l e d from the reaction vessel and 
collected i n a cooled r e c e i v r e r . The two d i s t i l l a t e s 
were combined and using a n a l y t i c a l G-.L.C. (T.C.P., 40°C., 
1 l i t . / h r . ) found to contain two products ( r a t i o of peak 
areas, 3:7) i n addition to much ether. Unfortunately, 
the products, had similar retention times and so much 
recycling through the preparative G.L.C. apparatus 
(T.C.P., 25°C., 150 mls./min.) was necessary before a pure 
sample of the main product could "be obtained and found to 
be 1H,8H,2H-nonafluoro-(3-methylbutane) (Pound: F, 72.2%; 
M, 238. C 5HgP 9 requires P, 73.1%; M, 234.) ii^< 1.3; 
b.pt. 50°C.A52 mms. Hg. I.R.No. 14. 

Of the minor product, only enough for an infra-red 
spectrum could be isolated. The spectrum showed the 
compound to be saturated but could not be recognised. 

b) By preparation of the Grignard reagent and i t s reaction 
with ethanol. 

A three necked f l a s k (250 mis.) f i t t e d with mercury 
sealed s t i r r e r , dropping funnel and condenser leading 
d i r e c t l y to a cold trap (-78°C.) was sv/ept with dry nitrogen 
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and charged with iodide (10 gms., .0277 moles) and ether 
(20 mis.). This solution was cooled (-70°C.i), s t i r r e d 
and to i t phenyl magnesium "bromide (.04 moles) in ether 
(50 mis.) was added over a period of 20 minutes. The 
reactants were s t i r r e d at -70°C. for 1% hours "before an 
ethanoi/water solution (excess) was added. The solution 
was allowed to warm to room temperature and then refluxed 
for 3-g- hours. Over t h i s time a colourless l i q u i d (5 mis.) 
had collected in the cold trap. This was shown "by a n a l y t i c a l 
G.L.C.(T.C.P., 40°C., 1 l i t . / h r . ) to consist e n t i r e l y of 
ether. 

The solution remaining i n the f l a s k was f i l t e r e d and 
separated into two l a y e r s . Ether was d i s t i l l e d , from the 
organic layer and there remained a yellow l i q u i d which 
was d i s t i l l e d under reduced pressure. The d i s t i l l a t e was 
investigated "by a n a l y t i c a l G.L.C. ( S i . E l a s t . , 150°C., 1 l i t . / 
hr.) and shown to contain a compound having a retention 
time coincident with that of iodohenzene. This compound 
(1.6 gms.) was isolated using preparative scale G.L.C. 
( S i . E l a s t . , 140°C., 200 mls./min.) and confirmed as "being 
iodohenzene "by i t s infra-red spectrum. 1.6 gms. iodohenzene 
corresponds to the exchange reaction having taken place 
to the extent of 3095. No lH,2H,2H-nonafluoro-(3-methyl"butane) 
was i s o l a t e d . 
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c) Using zinc and sulphuric acid. 

A three necked f l a s k (250 mis.) f i t t e d with mercury 
sealed s t i r r e r , dropping funnel and condenser leading 
d i r e c t l y to a cold trap (-78°C.) was charged with zinc 
(20 gms.) and iodide (7 gms., .0195 moles). Sulphuric 
acid (35 mis. 5N) was added and the mixture s t i r r e d at 
70°C. for 5 hours. At the end of t h i s time v o l a t i l e 
materials remaining in the reaction v e s s e l were swept into 
the cold trap. The contents of the f l a s k were d i s t i l l e d . 
Prom the d i s t i l l a t e there separated out a l i q u i d (2 gros.) 
more dense than water which had an infra-red spectrum 
i d e n t i c a l with that of 3H,3H,6H,6H-octadecafluoro-(2,7-
dimethyloctane) (page 132). In the cold trap had collected 
a colourless l i q u i d (.9 gms.) shown "by a n a l y t i c a l G.L.C. 
( S i . E l a s t . , 40°C, 1 l i t . / n r . ) to consist of two components. 
These were separated "by preparative G.L.C. (T.C.P., 25°C., 
150 mls./min.) and i d e n t i f i e d "by th e i r infra-red spectra 
as "being 2H-nonafluoro-(3-methyl"but-l-ene) and 1H,2H,2H-
nonaf luoro- (3-methyl"butane). 

d) By i r r a d i a t i o n in a solvent(cyclohexane). 

The iodide (15 gms., .042 moles) and cyclohexane (20 mis.) 
were sealed under vacuum i n a tube which was positioned 
10 cms. from a £ k.w. u l t r a - v i o l e t lamp. The temperature 
i n the region of the tube was 60°C. 
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After 130 hours the tube was cooled and i t s contents 
transfered to a f l a s k f i t t e d with a Vigreux column. 
Material b o i l i n g below 80°C. (.6 gms.) was collected i n a 
cooled receiver and separated into i t s two components: by 
preparative G.L.C. (T.C.P., 20°C., 150 mls./min.). These 
were i d e n t i f i e d by t h e i r infra-red spectra as being 
2H-nonafluoro-(3-methylbut-l-ene) and lH,2H,2H-nonafluoro-
(3-methybutane). 12 gras. of s t a r t i n g material was 
recovered. I t was noted the areas of the peaks of the 
chromatogram were almost equal. 

e) Reaction with zinc; preparation and hydrolysis of 
(CF 3) 2CFCH 2CF 2ZfcI. 

Zinc dust. Commercial zinc dust was treated with 10% 
sulphuric acid and allowed to stand for 30 minutes 
before the super-natant l i q u i d was poured off. The zinc 
was washed with d i s t i l l e d water u n t i l the washings', no 
longer gave a precipitate with barium-chloride solution. 
After washing the zinc three times with acetone, i t was 
dried under vacuum at 100°G. 

Dioxane. Commercial dioxane usually contains a certain 
amount of glycol, acetal and some water. On storage 
the acetal i s hydrolysed and there i s liberated 
acetaldehyde which gives; r i s e to rapid peroxide formation. 
The following p u r i f i c a t i o n procedure was carried out. 
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Commercial dioxane (2 l i t r e s ) , concentrated 
hydrochloric acid (27 mis.), and water (200 mis.) were 
refluxed together for 12 hours, during which time a slow 
stream of nitrogen was "bubDled through the solution to 
entrain acetaldehyde. The solution was cooled, and 
potassium hydroxide p e l l e t s were added slowly and with 
shaking u n t i l they no longer dissolved and a second 
layer had separated. The dioxane was decanted into a 
clean f l a s k , and refluxed with sodium i n an atmosphere 
of dry nitrogen for 12 hours. The solvent was then 
d i s t i l l e d and stored under dry nitrogen. 

Preparation of (C3?3)oCFCHgCFoZnI. 

A three necked f l a s k (250 mis.) f i t t e d with a 
mercury sealed s t i r r e r , dropping funnel and condenser 
leading d i r e c t l y to a cold trap (-78°C.) was charged 
with zinc (20 gms., .3 gm. atoms) and dioxane (40 mis.). 
The temperature was raised to 70°C. and the iodide (30 gms., 
.083 moles) was added dropwise. When a l l of the iodide 
had "been added, the solution was refluxed for three 
hours during which, time 0.5 gms. of a colourless l i q u i d 
collected i n the cold trap. The reflux condenser was 
removed and 15 gms. of l i q u i d were d i s t i l l e d from the 
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f l a s k . A n a l y t i c a l G.L.C. revealed t h i s material 
to contain four compounds, one of which had a retention 
time coincident with that of dioxane. Preparative 
G.L.C. (T.C.P., 40°C., 200 mls./min.) was used to 
separate dioxane from the product (7 gms.)., then again 
to resolve the product into i t s three components (T.C.P., 
20°c., 150 mls./min.). 

The compound having the shortest retention time 
was produced i n the l e a s t quantity and only en^ough 
for infra-red (No,. 11) and N-M-R spectra could "be iso l a t e d . 
Comparing these spectra (see page 129) with those of the 
compound with the longest retention time suggests the 
compound to be lH y2H-octafluoro- (S-methyTbut-trans^l-ene). 
i d e n t i f i e d by i t s infra-red spectrum as lH,2H,2H-nona-
fluoro-(3-methyl"butane). The compound having the 
longest retention time was i d e n t i f i e d as being lH,2H-octa-
fluoro-(5-methylhut-cis-l-ene). (Pound, P, 70.8$; M, 208. 
C 5 H 2 F 8 r e t i r e s P, 71.0$; M, 214). n^°<1.3; "b.pt. 51°C./ 
752 mms. I.R.No. 12. 

prom the chromatogram i t was calculated that the 
composition of the product was lH,2H-octafluoro-(3-methyl-
"but-trans-l-ene), 10$; 1H, 2H,2H-nonaf luoro- (3-methyl-
"butane), 20$; lH,2H-octafluoro-(3-methylhut-cis-l-ene), 
70$ "by weight. 



129 

Hydrolysis. The reaction mixture was cooled to room 
temperature and treated with 2N sodium hydroxide (20 mis.), 
the addition taking 10 minutes. After refluxing the 
mixture for an hour, about 20 mis. of l i q u i d were d i s t i l l e d 
from the reaction v e s s e l . This d i s t i l l a t e separated 
into two l a y e r s . The organic layer was separated into 
i t s components by preparative G.L.C. and there was isolated 
lH,2H,2H-nonaf"luoro-(3-methylbutane) (2 gms.), lH,2H-octa-
fluoro-(3-metbylbut-cis-l-ene) (.5 gms.), 5H,3H,6H,6H-
octadecafluoro-(2,7-dimethyloctane (3.5 gms.), and dioxane, 
each compound being i d e n t i f i e d by i t s infra-red spectrum. 

Proof of structure of lH,2H-octafluoro-(5-methybut-l-enes,). 

The analysis, molecular weight and infra-red spectrum 
of the material having the longest retention time (see 
page 123) are commensurate with a compound with formula 
(CPgJgCPCHsCPH. The infra-red spectra of the compounds, 
with the longest and shortest retention times', are 
s t r i k i n g l y similar (see page ±a>j), therefore i t seems 
reasonable to suggest that these are the c i s and trans 
isomers of lH,2H-octafluoro-(3-methylbut-l-ene). 

i n 

The F resonance spectrum of the isomer with the 
longer retention time shows; three groups of chemically 
shifted peaks in int e n s i t y r a t i o 6:1:1 having chemical s h i f t s 
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+ 1.82 + .01 p.p.m. 6 
=CF , + 32.6 + .3 p.p.m. 1 
CP s + 108.9 + 0 p.p.m. 1* 

These are consistent with a structure (CPg)gCPCH=CPHJ 

The molecule was confirmed to "be the ' c i s ' isomer "by the 
presence i n the H' spectrum of a s p l i t t i n g of 5.9 c/s, 

n i l 
a frequency c h a r a c t e r i s t i c of c i s H-H coupling i n o l e f i n i c 

98 
systems. In vi n y l fluoride the value of J . — c i s 

Ha. 
i s 4.7 c/s. J 

19 

The isomer with the shorter retention time has an p 
resonance spectrum which shows three groups, of fluorine 
in the r a t i o 6:1:1 having the chemical s h i f t s 

CPg , + 2.47 p.p.m. 6 
=CP , 40.17 p.p.m. 1 
CP , 108.67 p.p.m. 1* 

These are consistent with a structure (CPg)gCPCH=CPH 
A s p l i t t i n g of 11.3 c/s. i n the H spectrum shows 
the material to "be the trans isomer. 

187 

* The chemical s h i f t s were measured from t r i f l u o r o a c e t i c 
acid as reference signal; positive s h i f t s are^high 
f i e l d s of the external reference sig n a l . t° 
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3. Replacement of Iodine "by fluorine using antimony 
tri f l u o r o d i c h l o r j d e . 

P u r i f i c a t i o n of Antimony T r i f l u o r i d e . 

Commercial antimony t r i f l u o r i d e was placed i n a 
sintered disc extractor and extracted with dry methanol. 
After extraction, most of the methanol was d i s t i l l e d off. 
On cooling the solution, antimony t r i f l u o r i d e was 
precipitated. T'he s o l i d was f i l t e r e d on a Buchner 
funnel. 

preparation of Antimony Trifluorodichloride. 

Chlorine gas was passed into molten antimony 
t r i f l u o r i d e . As more gas was passed into the melt, 
l e s s heating became necessary for the mass, to remain 
molten. Eventually, on cooling the material remained a 
sticky gum. 

Reaction between 2H,2H-l-iodononafluoro- ('3-methylbutane) 
and- Antimony Trjfluorodichloride. 

A three necked f l a s k (250 mis.) f i t t e d with 
dropping funnel, mercury sealed s t i r r e r and condenser 
leading d i r e c t l y to a cold trap (-78°C.) was purged with 
dry nitrogen, heated to 70°C. and then charged with 
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antimony trif l u o r o d i c h l o r i d e (35 gms.). The iodide 
(15 gms., .0415 moles) was slowly dropped onto the 
fluorinating agent. Reaction was immediate and much 
iodine was liberated. After the reactantshad refluxed 
for an hour, v o l a t i l e material (9 gms.) remaining in 
the f l a s k was swept into the cold trap i n a stream of 
dry nitrogen. Analytical G.L.C. ( S i . E l a s t . , 60°C., 
1 l i t . / h r . ) revealed the contents of the cold trap 
to consist of two compounds, one i n far greater 
concentration than the other. The two components were 
separated "by preparative G.L.C. (T.C.P., 25°C., 150 mls./min). 

The main product was i d e n t i f i e d as "being 2H,2H-
decafluoro-(3-methylhutane) (pound; F, 75.1$; M, 247. 
G5 H2 P10 r e ( l u i r e s ]?» 7 5 - 4 # ; M, 252). "b.pt. 45°C./7 7 0 m r " S . 

90 
Hg. njj <1.3. I.R. No. 15. 

The second component of the reaction product was 
not i d e n t i f i e d . 

4. Coupling Reaction; preparation of 3Hi3H,6H,6H-
octadecaf luoro-(2,7-dimethyloctane J~. 

The iodide (75 gms., .208 moles) was sealed under 
vacuum i n a thin walled tube (200 mis. capacity) with 
ju s t enough clean, dry mercury to form a continuous pool 
when horizontal. Th e tube was shaken i n a horizontal 
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position at 14 cms. from a one k.w. u l t r a - v i o l e t lamp 
u n t i l the contents turned "black (4 days). The 
temperature i n the region of the tube was 80°C 

The tube was opened and a colourless l i q u i d (23 
gms.) d i s t i l l e d out under vacuum. Analytical G.L.C. 
(T.C.P., 80°C., 1 l i t . / h r . ) showed the d i s t i l l a t e to 
consist of three components, two i n small amounts. 
D i s t i l l a t i o n of the reaction product afforded two f r a c t i o n s , 
one "boiling from 20-60°C., and the other (28 gms.) with 
"boiling range 139-140°C. The more v o l a t i l e f r a c t i o n 
was separated into i t s two components "by preparative 
G.L.C. (T.C.P., 25°C, 150 mls./min. ). These two 
compounds were ide n t i f i e d by t h e i r infra-red spectra 
as "being 2H-nonafIuoro-(3-methyl"but-l-ene) andj , 2HyS.H-
nonafluoro-(3-methyrbutane). The high "boiling fraction 
was pure and i d e n t i f i e d as 3H,3H?6H,6H-octadecafluoro-
(2,7-dimethyloctane). (Pound: P, 73.3% M, 458. 

pn 
C ^ H ^ ^ requires P, 73.5%; M,. 466). n*tl.3; 
I.R.No. 24. Yield 75%. 
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Some reactions of telomer iodides other than (CF^)gCFCHgCFrJ. 

1. Dehydr oi od inat i on 

Dehydroiodination of (CF„)gCF(CHoCFo)oI. 

a) Using s o l i d potassium hydroxide. 

A three necked f l a s k (250mls.) f i t t e d with dropping 
funnel, mercury s e a l e d s t i r r e r and reflux condenser was 
charged with powdered potassium hydroxide (30 gms., 
.54 moles). The f l a s k was heated to 90°G. and the 
iodide (10 gms., .024 moles) was added dropwise. When 
about three quarters of the iodide had been added, a vigorous 
reaction commenced and the heat was removed u n t i l i t had 
subsided and the r e s t of the iodide had been added. 
After maintaining the reaction vessel at 90°C. and s t i r r i n g 
the reactants for an hour, the product (5 gms.) was d i s t i l l e d ! 
from the f l a s k and found by a n a l y t i c a l G.L.G. (T.C.P., 
70°C, 1 l i t . / h r , ) to be largely (>95#) one compound. A 
pure sample obtained by preparative G.L.C. (T.C.P., 60°C., 
150 mls./min.) was i d e n t i f i e d as being (CF 5)oCFCH gCFgCH=CFo 
(Found: F, 70.0$; M, 291. ^^^11 r e < l u i r e a F» 70.6#; 
M, 296); b.pt., 93°C.A56 mms. Hg; n^°<1.3 (ca.1.299;: 
I.R.No. 7. Crude y i e l d 70%. 

b) Using triethylamine. 

Using ( C | ) 2 C F ( C H 2 C F 2 ) 2 I (12.8 gms., .031 moles) and 
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triethylamine (3.1 gms., .031 moles), the reaction was 
carried out as that described for the dehydroiodination of 
(CP 3)gCP.CH gCPgI (page 322). After s t i r r i n g the reactants 
for an hour, the product was d i s t i l l e d from the reaction 
vessel under reduced pressure and washed with dilute 
hydrochloric acid to remove anyvunreacted amine. The 
material thus obtained was shown by a n a l y t i c a l G.L.C. 
(T.C.P., 70°c,, 1 l i t . / h r . ) to be of purity greater than 
95$. A sample purified by preparative scale G.L.G. 
(T.C.P., 60°G., 150 mls./rain.) had an infra-red spectrum 
i d e n t i c a l with that of (CP3)gCF.GHgCF CH=CPg. Crude y i e l d , 
80$. 

Some of the c r y s t a l s produced during the reaction 
were washed several times with dry ether, dried and analysed 
for halide ion. (Pound: P, 0; I , 55.6$. Calculated for 
CgH16Ii\r; P, 0; I , 55.5$). The absence of fluoride ion 
confirms, that no dehydrofluorination has taken place. 

Dehydroiodination of supposed (CPs)gCF(CHir,CPg)sI using 
s o l i d potassium hyarftxide. 

Using supposed (CP 3)gCP(CHgCPg) 3I (9 gms., .018 
moles) and powdered potassium hydroxide (20 gms., .36 moles), 
the reaction was carried out and followed the same course 
as that described i n the dehydroiodination of 
(CP,)pCPCH CPpI (pagelSQ. After s t i r r i n g the reactants for 
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an hour at 90 C., the product was d i s t i l l e d from the 
reaction v e s s e l under reduced pressure. The organic 
layer (5.5 gms.) was shown "by a n a l y t i c a l G.L.C. (T.C.P., 
150°C., 1 l i t . / h r . ) to "be largely (>95%) one compound. 
The use of preparative G.L.C. (T.C.P., 130°C., 160 mls./min.) 
afforded a pure sample of (CFg)gCF(CH„CFg)gCH= CF g. 
(Pound: P, 68.0%; M, 354. CgHgP^ requires F, 68.6%; 
M, 360) h.pt. 146°C./760 roms. Hg; n^°, 1.3173. I.R.No. 8. 
Crude y i e l d 83%. 

Dehydroiodination of 2H>2H-l-iodoheptafluoro'butane using 
solid potassium hydroxide. 

Using the technique described for the dehydroiodination 
of (CP 3) 2CPeH 2CP gI (page 121), CgFgCHgCFgl (20 gms., .065 moles) 
was dehydroiodinated "by powdered potassium hydroxide 
(40 gms., .71 moles) to y i e l d 10 gms. crude product. 
Anal y t i c a l G.L.C. showed t h i s material to "be of purity greater 
than 90%. Preparative G.L.C. (T.C.P., 25°C., 150 mls./min.) 
afforded pure aH-heptafluorohut-l-ene (Pound: P, 72.9%; 
M, 177. C AHP ? requires P, 73.1%; M, 182) "b.pt. 10-11°C./ 
760 rams. Hg. (This value has "been obtained "by R.H. Mobbs 
in these laboratories when he d i s t i l l e d a large amount of 
the o l e f i n through the low temperature d i s t i l l a t i o n column). 
I.R. No. 4. Crude y i e l d 85%. 
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Dehydroiodination of CoF5(CHoCPg)oI using triethylamine. 

Using Cg.P5(C!H2CPg)2I (60 gms., .16 moles) and 
triethylamine (20 gms., .2 moles), the reaction was carried 
out using the technique described for the dehydroiiodination 
of (CP 3) 2CP(CHgCP 2) 2I (page 322). The crude product was 
revealed by a n a l y t i c a l G.L.C. (T.C.P., 70°C., 1 l i t . / h r . ) 
to be of purity greater than 90%. A sample was obtained 
pure by preparative G.L.C. (T.C.P., 65°C.,"150 mls./min.) 

and i d e n t i f i e d as being CgPgCHgCTgCJfcCFg. (Pound: P, 69.0%; 
20 

M, 238. C6H3Pg, requires P, 69.5%; M, 246.) n j , < 1.3; 
b.pt. 75°C.A60 mms. Hg. I.R.No. 10. Cimde y i e l d 75%. 
Dehydroiodination of supposed CpPt-(CHgCP n)^I using t r i e t h y l ­

amine. 

Supposed CgP,j(CHgCP 2) 3I (see page ]Q9) (10 gms., .032 
moles) was dehydroiodinated i n the manner described for 
the dehydroiodination of (CP 3) 2CP(CHgCP g)gI (page 154) 
using triethylamine (3.2 gms. .032 moles). The crude 
product was purified by preparative G.L.C. (T.C.P., 130°C., 
150 mls./min.) and i d e n t i f i e d as being CgP5(CHgCPg)gCH=CPg 
(Pound: P, 66.£J%; M, 296. CgHgF^ requires P, 67.4%; 
M, 310). n^°, 1.3167; b.pt. 134°C.A60 ™s« I.R.No. 9. 
Crude y i e l d 55$. 
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2. Coupling reactions-

Coupling of 2H,2H-l-iodoheptafluorolratane; preparation of 
3H, 3H, 6H, 6H^tetradecafluorooctane 

Using the technique described f o r the preparation of 
3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane) (page 132), 
2H,2H-l-iodoheptafluoro"butane (46 gms., .15 moles) was 
irr a d i a t e d f o r f i v e days i n a tube positioned 10 cms. from 
a 500 watt, u l t r a - v i o l e t lamp. The temperature i n the 
region of the tube was 60°C. 

The tube was opened and a colourless l i q u i d (24 gms.) 
d i s t i l l e d out under vacuum. Ana l y t i c a l G-.L.C. (T.C.P., 
85°C., 1 l i t . / h r . ) revealed t h i s to contain three components, 
two i n small amount. 

The main f r a c t i o n d i s t i l l e d at 118°C./V60 mms. Hg. 
and was 3H t5H,6H >6H~tetradecafluorooctane (Pound: F,7s.5%. 
M, 359. C 8H 4P 1 4 requires P, 72.7$; M, 366) n^°, < 1.3. 
I.R. No. 26. Yield 70%. 

The bulked v o l a t i l e f r a c t i o n s from several reactions 
were separated i n t o t h e i r component by preparative G-.L.C. 
(T.C.P., 20°C., 150 mls./min.) One component was recognised 
"by i t s i n f r a - r e d spectrum as "being lH-heptafluorobut-l-ene 
and the other was: l,2,2-tri.hydroheptafluoro"butane (found: 
P, 72.0%; M, 180. C4H3P7 requires P, 72.3%; M,184) I.R.No. 13. 
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Coupling of 2H,3H-l-iodononafluoropentane, preparation of 
4H,4H,7H,7H-octadecafluorodecane 

Using the technique described f o r the preparation 
of 3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane) (page 132), 
2H,2H-l-iodononafluoropentane (54 gms., .15 moles) was 
ir r a d i a t e d f o r f i v e days i n a tube positioned 10 cms., 
from a 500 watt u l t r a - v i o l e t lamp. The temperature i n 
the region of the tube was 60°C. 

On cooling the tube to room temperature, the l i q u i d 
contents set s o l i d . The tube v/as opened and the organic 
material extracted from excess; mercury and mercuric 
iodide with ether. D i s t i l l a t i o n afforded a f r a c t i o n 
(26 gms.) with "boiling range 156-162°C./770 mms. Hg. 
This was f u r t h e r p u r i f i e d "by preparative G-.L.C. (T.C.P., 
95°C., 300 mls./min.) and i d e n t i f i e d as "being 
4H,4H,7H,7H-octadecafluorodecane. (Pound: F, 73.0%; M, 457. 
°10H4P18 r e c l u i r ' e s F» 73.5%. M, 466) b.pt. 157°C./770 mms. 
Hg; . m.pt. 42°C. I.R. No. 23. Yie l d , 70%. 

I t i s probable that 2H-nonafluoropent-l-ene and 
lH,2K,2H-nonafluoropentane are produced i n t h i s reaction 
but no e f f o r t s were made to is o l a t e e i t h e r . 
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3. Reactions of 2H t2H-l t4-diiodohexafluoro-
butane 

1. With mercury under the influence of u l t r a - v i o l e t 
r a d i a t i o n . 

The diiodide (13 gins.; .031 moles) was sealed under 
vacuum i n a t h i n walled tube (100 mis. capacity) with 
j u s t enough clean dry mercury to form a continuous pool 
when hor i z o n t a l . The tube was shaken i n a horizontal 
position at 20 cms. from a 1 kw. u l t r a - v i o l e t lamp. 
The temperature i n the region of the tube was 80°C. 

The tube was opened "but nothing could he d i s t i l l e d 
out under vacuum. The contents of the tube were extracted 
with acetone. After f i l t e r i n g the solution and d i s t i l l i n g 
o f f the solvent, a pale yellow polymeric material was 
obtained which on standing evolved hydrogen f l u o r i d e . The 
u n i t of structure i n t h i s polymer i s presumably 
-(CFgCFgCHgCFg-)-. An i n f r a - r e d spectrum of material which 
had stood i n a i r f o r several days showed absorption i n 

-1 - 1 
the region 1786-1690 cm and at 1429 cm i n d i c a t i n g 
the presence of unsaturation and -CHg- groups respectively. 

When tetrafluoro^l,2-diiodoethane was i r r a d i a t e d 
i n a l i k e manner, tetrafluoroethylene was produced. 

2. With Sulphur 

A Carius tube (50 mis.) charged with sulphur (25 gms.) 



and 2H,2H-l,4-diiodohexafluorobutane (17 gms., .04 moles) 
under vacuum was heated at 200°C. f o r 4 hours. A f t e r 
t h i s time, the tube was cooled, opened and attached to a 
vacuum system. On warming the tube, nothing d i s t i l l e d out 
other than hydrogen f l u o r i d e . Remaining i n the tube was 
iodine and other decomposition products. Etching of the 
tube was noted to have taken place. 
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The dehydrofluorination of model compounds related 
to "Viton A"* 

The dehydrofluorination of 5H>5H,6H,6H-octadecafluoro-

(2,7-dimethyloctane) 

1. Using ion exchange re s i n . 

i ) I n the absence of a solvent. 
A Carius tube charged with 3H,3H,6H,6H-octadecafluoro-

(2,7-dimethyloctane)(5 gms., .0107 moles) and dry f u l l y 
regenerated I.R.A. 400 (OH) (25 gms., i . e . 50% more than 
required to remove two HF) was heated to 60°C f o r f i v e 
hours. At the end of t h i s time, the tube was opened and 
the contents d i s t i l l e d out under vacuum. An inf r a - r e d 
spectrum of the d i s t i l l a t e was i d e n t i c a l with that of the 
s t a r t i n g material. 
i i ) With solvent 

3H,3H,6H,6H-(2,7-dimethyloctane) (lgm., .0021 moles), 
f u l l y regenerated I.R.A. 400(OH)(10 gms.) and dry 
Isceon 113** (10 mis.) were shaken together f o r six days 
at room temperature. A f t e r t h i s treatment, an a n a l y t i c a l 
gas l i q u i d chromatogram (T.C.P., 80°C., 1 l i t . / h r . ) of the 

*: Registered trade mark of E.I. du Pont de Nemours & Co. Inc. 

** Registered trade mark of the Imperial Smelters Corporation 
Ltd., - CFo CI CFClp 
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solution revealed there to he present only compounds with 
retention times i d e n t i c a l with those of the s t a r t i n g 
materials. 

2. Using sodium hydroxide i n acetone. 

i ) 3H,3H,6H,6H-octadecafluoro-(2,7-dimethy1octane) 
(4 gms., .0086 moles), sodium hydroxide p e l l e t s (5 gms., 
.125 moles) and acetone (15 mis.) were sealed under vacuum 
i n a Carius tube. When the tube had warmed^to room 
temperature, a vigorous exothermic reaction commenced 
and from time to time, i t became necessary to cool the 
tube. A f t e r about 30 minutes, no more reaction seemed 
to be taking place so the tube was opened. The contents 
were transfered to a f l a s k and d i s t i l l e d through a short 
Vigreux column. When 10 mis. of acetone had been 
collected, the d i s t i l l a t i o n was stopped. The remaining 
l i q u i d was d i s t i l l e d under reduced pressure (water pump). 
An a l y t i c a l G.L.C. (T.C.P., 80°C., 1 l i t . / h r . ) revealed 
t h i s d i s t i l l a t e to contain only a trace of s t a r t i n g 
material and acetone. There remained i n the s t i l l pot a 
considerable amount of t a r . 

i i ) The reaction was repeated using milder conditions 
(3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane)(2.3 gms.), 
sodium hydroxide (4 gms.) and acetone (20 mis.)), but the 
same products were obtained. 
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3. Using s o l i d potassium hydroxide 

i ) 3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane) (3.1 gms., 
.0067 moles.) and powdered potassium hydroxide (3.1 gms., 
.055 moles) were sealed under vacuum i n a Carius tube and 
heated to 100°C. f o r 8 hours;. After t h i s treatment, the 
contents of the tube appeared brown. The tube was opened 
and there d i s t i l l e d out under vacuum 2.7 gms. of a colourless 
l i q u i d a chromatogram of which (T.C.P., 80°C., 1 l i t . / n r . ) 
showed the main component (80% of t o t a l area) to "be s t a r t i n g 
material. The second compound i n the product had a 
retention time shorter than that of the s t a r t i n g material. 
An i n f r a - r e d spectrum of the mixture showed absorption at 
1727 cms."""'" showing that some dehydrofluorination had 
taken place. 

i i ) The a"bove reaction was repeated at 150°C. f o r 16 hours. 
At the end of t h i s time, the contents of the tube were 
dark "brown. The tube was opened and .7 gms. of l i q u i d 
d i s t i l l e d out under vacuum. A chromatogram of the 
d i s t i l l a t e ( S i . Elast., 80°C., 1 l i t . / h r . ) showed i t to 
contain two compounds i n addition to s t a r t i n g material the 
area of whose peak was 60% of the t o t a l . An in f r a - r e d 

— 1 

spectrum of the material showed peaks at 1727 cm. and 
1681 cm."1 
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4. Using aqueous potassium hydroxide. 

i ) 3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane) (5 gms., 
.011 moles) and en aqueous solution of potassium hydroxide 
(7 gms. KOH i n 10 mis. HgO) were sealed together i n a tube 
and shaken together at 150°c. f o r 10 hours. 

Aft e r t h i s treatment the aqueous layer was noted to 
"be dark "brown. Organic material (1.2 gms.) was recovered 
from the reaction tube and shown "by a n a l y t i c a l G.L.C. 
(T.C.P., 80°C., 1 l i t . / n r . ) to consist of three compounds 
one of which had a retention time coincident with that 
of the s t a r t i n g material. This accounted f o r 60% of the 
area under the chromatogram. An i n f r a - r e d spectrum of the 

_ i 
organic reaction products; showed absorption at 1727 cm 

_ i 
and 1681 cm 
i i ) The same amounts of reactants as used i n the above 
experiment were shaken at 115°C. f o r four days. Again 
the contents of the tube had turned brown. organic material 
(3 gms.) obtained from the reaction gave an a n a l y t i c a l 
chromatogram similar to the one obtained i n the foregoing 
experiment. In t h i s case, the s t a r t i n g material 
accounted f o r 75% of the t o t a l area under the chromatogram. 
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5. Using amines. 

i ) iso-"butylamine i n dry ether. 

Dry d i s t i l l e d iso-butylamine (.63 gras. , .0086 moles) 
i n dry ether (5 mis.) was added to a solution of 3H,3H,6H,6H-
octadecafluoro-(2,7-dimethyloctane) ( 1 gm., .00217 moles) 
i n dry ether (5 mis.). Almost immediately, a white gel 
"began to he precipitated. The reactants were stood f o r 
12 hours at room temperature during which time, the 
contents of the f l a s k apparently "became s o l i d . The 
reaction product was f i l t e r e d through a Buchner funnel. 

The p r e c i p i t a t e on standing i n a i r "became a viscous 
brown l i q u i d and therefore was not the hoped f o r amine 
hydrofluoride. (A sample of the hydrofluoride was 
prepared and found to be stable i n the atmosphere). A 
"sodium fusion" on the syrup revealed the presence of 
nitrogen and the infra-red spectrum showed absorption 
chara c t e r i s t i c of N-H stretching (3262 cm""-). 

The f i l t r a t e was washed with d i l u t e acid to remove 
excess amine. The ether layer was dried, with anhydrous 
magnesium sulphate. An a n a l y t i c a l chromatogram (T.C.P., 
80°C., 1 l i t . / n r . ) revealed the presence of only ether and 
a trace s t a r t i n g material. 

i i ) di-ethylamine i n dry ether. 
Dry d i s t i l l e d di-ethylamine (.3 gms., .0041 moles) i n 
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dry ether (5 mls„) was added to a solution of 3H,3H,6Hi6H-
octadecafluoro-(2,7-dimethyloctane) ( 1 gm., .00217 moles) 
i n dry ether (5 nils. ). A f t e r 30 minutes, white needle­
l i k e crystals "began to "be pre c i p i t a t e d . After standing 
f o r 24 hours at room temperature, during which time more 
of these crystals were p r e c i p i t a t e d , the solution was 
f i l t e r e d through a Buchner funnel. 

The c r y s t a l l i n e p r e c i p i t a t e on standing i n the 
atmosphere "broke down and produced a yellow gum. This 
behaviour revealed the c r y s t a l s not to "be the amine 
hydrofluoride which i s stable i n the atmosphere. A 'sodium 
fusion' showed the gum to contain nitrogen. 

The f i l t r a t e was shown by an a l y t i c a l G.L.C. ( S i . Elast., 
80°C., 1 l i t . / h r . ) to contain only ether and s t a r t i n g 
materials. 

• i i i . ) tri-ethylamine i n dry ether. 

Dry d i s t i l l e d triethylamine (.44 gms., .0044 moles) 
i n dry ether (5 mis.) v/as added to a solution of 3H,3H,6H,6H-
octadecafluoro-(2,7-dimethyloctane) ( 1 gm., .00217 moles) 
i n dry ether (5 mis.). The solution became yellow but 
even a f t e r several days, no p r e c i p i t a t e was produced. An 
a n a l y t i c a l chromatogram ( S i . Elast, 80°C., 1 l i t . / h r . ) 
of the solution a f t e r i t had been standing f o r several days 
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revealed only the presence of ether and s t a r t i n g materials, 

i v ) tri-n-butylamine 

a) 3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane) (2 gms., 
.0043 moles) and dry d i s t i l l e d tri-n-butylamine 
(1.6 gms., .0086 moles) were sealed under vacuum i n a 
Carius tube (15 mis. capacity) arid shaken hor i z o n t a l l y 
at 100°C. f o r 6 hours at the end of which time, l i t t l e 
change appeared to have taken place so the temperature was 
r a i s e d to 160°C. f o r 4 hours. After t h i s treatment, the 
contents of the tube were dark "brown and viscous. The 
tube was opened and the contents were washed with d i l u t e 
hydrochloric acid. The organic material had decomposed 
to such an extent that two layers did not separate out. 

"bi) A f l a s k f i t t e d with r e f l u x condenser and charged with 
3H,3H,6H,6H-octadecafluoro-(2,7idimethyloctane) (10 gms., 
.022 moles) and tri-n-butylamine (8 gms., .043 moles) was 
heated to 130°C. f o r 5 hours. At the end of t h i s time, 
the reaction vessel was cooled. A c r y s t a l l i n e material 
was noted to be present i n the brown reaction producls 
A sample was taken, washed with dry ether several times 
and i d e n t i f i e d "by i t s i n f r a - r e d spectrum as tri-n-butylamine 
hydrofluoride.* The bulk of the reaction product was 

# For comparison purposes, a sample of authentic t r i - n -
"butylamine hydrofluoride was prepared by passing hydrogen 
f l u o r i d e through an e t h e r i a l solution of tri-n-butylamine. 
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washed with d i l u t e hydrochloric acid. The organic layer 
was separated and from i t was d i s t i l l e d under reduced 
pressure (water pump) three grams of a colourless l i q u i d . 
A n a l y t i c a l G.L.C. (T.C.P., 80°C., 1 l i t . / n r . ) showed 
t h i s to "be la r g e l y (70% of t o t a l area) one compound which 
had a retention time d i f f e r e n t from that of s t a r t i n g 
material. This compound was obtained 95% pure (estimated 
by anal. G.L.C.) using preparative G.L.C. (T.C.P., 65°C., 
160 mls./min.) but i n doing so, the y i e l d was reduced 
considerably due to the impurities having retention times, 
simila r t o that of the main product. 

The infrai-red spectrum has a single peak at 1790 cm." 
showing the material to be unsaturated. 

19 
The P magnetic resonance spectrum shows four groups 

of f l u o r i n e i n the i n t e n s i t y r a t i o 12:2:1:1 having 
the chemical s h i f t s : - I n t e n s i t y 

(CP 3) 2C= 
(CP 3) 2CX-C 

-12.9, -7.2 
-11.5 

3,3 
6 

CP (mean) 35.00 J A =273 c/s 
CP 34.17 1 
CP 132.9 1 

Chemical s h i f t s are from t r i f l u o r o a c e t i c acid as external 
reference. Positive s h i f t s are to high f i e l d . 
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The H magnetic resonance spectrum showed two groups of 
hydrogen i n the i n t e n s i t y r a t i o 1:1. One of these shows 
an H-P coupling constant of 49.0 c/s. 

Dehydrofluorination of 3H,3H«6H,6H-tetradecafluorooctane 

1. Using anhydrous potassium hydroxide; 

i ) 3H,3H,6H,6H-tetradecai"Tuorooctane (2 gms., .0055 moles) 
and powdered potassium hydroxide (3 gms., .054 moles) 
were sealed under vacuum i n a Carius tube and heated to 
150°C. f o r 16 hours. At the end of t h i s time, the contents 
of the tube were dark brown. When opened, nothing could 
be d i s t i l l e d from the tube suggesting complete decomposition 
to have taken place. 

i i ) The same amount of materials as used i n reaction i ) 
(above) were sealed i n a Carius tube and heated f o r 
8 hours at 100°C. Organic material (1,2 gms.) d i s t i l l e d 
from the tube at the end of t h i s time and was shown by 
a n a l y t i c a l G.L.C. ( S i . Blast., 70°C., 1 l i t . / h r . ) to 
contain more than 80% s t a r t i n g material. 

Using aqueous potassium hydroxide 

An aqueous solution of potassium hydroxide (1.6 gms., 
i n 10 mis.) was refluxed with 3H,3H,6H,6H-tetradecafluoro-
octane (5 gms., .0137 moles) ( o i l bath temp. ca. 120°C.) 
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f o r 12 hours. The organic layer a f t e r t h i s treatment 
gave chromatogram ' I 1 (Pig. 6) showing the reaction 
to have taken place to only a small extent. 

The concentration of the solution was increased "by 
adding a fu r t h e r 6 gms. potassium hydroxide and r e f l u x i n g 
was continued f o r a f u r t h e r 8 hours. Chromatogram I I 
(Pig. 6) was obtained from the organic layer a f t e r t h i s 
treatment. 

Af t e r 10 more hours r e f l u x i n g chromatogram I I I was; 
obtained, and f i n a l l y a f t e r a f u r t h e r 12 hours, chromatograms 
IVa, and IVb. (N.B. Chromatograms IVa and IVb are givenc 
by the same material but i n one case Silicone Elastomer i n 
the l i q u i d phase end i n the other Trieresyl Phosphate i s the 
l i q u i d phase). 

An attempt to separate the mixture i n t o two components 
f a i l e d due to the lack of resolution by the preparative 
scale G.L.C. (T.C.P., 60°C., 160 mls./min.) Almost 
a r b i t r a r y cuts were taken and these were found to be impure 
by a n a l y t i c a l G.L.C. Infra- r e d spectra of these cuts 

-1 - 1 
showed strong absorption at 1727 cm , and 1678 cm. , 
showing the presence of unsaturation. 

From the 5 gms.;. s t a r t i n g material, 3.5 gms. organic 
material were recovered. 
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Using tri-n-butylamine. 

i ) 3H,3H,6H,6H-tetradecafruorooctane (2 gms., .0055 moles) 
and tri-n-butylamine (1.7 gms., .0092 moles) were sealed 
under vacuum i n a Carius tube (15 mis. capacity) and 
shaken i n a horizontal p o s i t i o n at 100°G. f o r 6 hours. 
L i t t l e change appeared t o have taken place by the end of 
t h i s time so the temperature was raised to 160°C. f o r 
4 hours. After allowing to cool, the tube was opened 
and the contents were washed with d i l u t e hydrochloric 
acid to remove excess: amine. The organic layer was 
separated from the: aqueous and d i s t i l l e d under reduced 
pressure. Decomposition had occurred to such an extent 
that only a few drops of d i s t i l l a t e could be obtained. 
This material was shown by an a l y t i c a l G.L.C. (T.C.P., 
75°C., 1 l i t . / h r . ) to contain f i v e compounds, present i n 
similar amounts-, other than s t a r t i n g material. 

Peaks at 1730 cm.""1 and 1681 cm.""1 i n the i n f r a - r e d 
spectrum showed the d i s t i l l a t e to be unsaturated. 

i i ) The reaction was repeated as above except that the 
reactants were heated to 110°C. f o r 20 hours. The reaction 
product was worked up as described i n the above reaction and 
1.2 gms. of d i s t i l l a t e were obtained. This was shown by 
ana l y t i c a l G.L.C. (T.C.P., 80°C., 1 l i t . / h r . ) to consist 



l a rge ly of s t a r t i n g mater ia l (65-7052), 'together wi th two 

other mater ials wi th s l i g h t l y shorter re ten t ion times. 

Again, the i n f r a - r e d spectrum of the mixture showed 
-i • -I 

absorption at 1730 cm and 1681 cm. 
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i n f r a - r e d spectra 

Very few spectral assignments of fluorocarbon groups 

have "been possible because of the many in terac t ions which 

occur. 

A l l the o l e f i n s which were prepared and which contain 

the s t ruc ture -CH=GFg show a strong peak i n the range 

1748-1764 cm." 1 due to G=C s t re tch ing . This is; 
77 

consistent wi th the f i nd ings of Hauptschein and Oesterling ' 

who prepared f l u o r o - o l e f i n s containing t h i s same element 

of s t ructure and found them to absorb strongly i n t h i s 

region. 

A l l compounds prepared by the present author containing 
_ -I 

a methylene group show absorption at or near 1429 cm. 
77 97 This too was observed by Hauptschein, and by Paciorek, 

35 

Tiers and t h e i r co-workers i n the spectra of s imi l a r 

compounds which they prepared. (RfCHgCFXRf*; X = F , C l , B r , I . 

Rf ' = F, CP 3 ) . This band has been ascribed to the 

methylene deformation as inf luenced by the adjacent pe r f luoro 

grouping and a halogen substi tuent or a second per f luoro grotip, 

The i n f r a - r e d spectra of several compounds (CF3CH:CFg, 

(CP3)gCPCF=CP2, (CP3)gGPGPgCPgH) not prepared by the 

author are included f o r comparison purposes.. 
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PART I I 

Chapter 4 

THE CARBON-IODINE BOND STRENGTH IN POLYFLUORO-
IODOALKANES 



170 

I n t r o d u c t i o n 

The obj e c t of the work described i n t h i s chapter was 
t o o"btain a measure of the r e l a t i v e C-I bond strengths i n 
a series of p o l y f l u o r o i o d o a l k a n e s . H i t h e r t o the only 
i n f o r m a t i o n regarding C-I "bond strengths ( w i t h the exception 

190 102 of CFgl ) has "oeen due t o Haszeldine who proposed 
t h a t the p o s i t i o n of maximum absorption i n the u l t r a - v i o l e t 
spectrum of an io d i d e was d i r e c t l y r e l a t e d t o the C-I 
bond s t r e n g t h and also t o the s t a M l i t y of the r a d i c a l 
produced by the f i s s i o n of t h a t bond (see also p. 17). 
I n a s e r i e s of i o d i d e s , the s h i f t of X „ towards the 

max: 
red p a r a l l e l s a decrease i n C-I bond s t r e n g t h . 

For most iodoalkan.es; i t seems probable t h a t the 
188 

mechanism of thermal decomposition i s 

RI > R* + I * ( 1 ) 
R« + RI RH + R* (2) 
R' * o l e f i n + 1° (3) 

I'+ I ' > I 8 (4) 
R'+ I * =• RI (5) 

Also i f the extent of conversion becomes appreciable, 
various secondary r e a c t i o n s w i l l come i n t o p l a y , e s p e c i a l l y 

http://iodoalkan.es
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I n the case of per f l u o r o i o d o a l k a n e s , a r e a c t i o n 
corresponding t o ( 2 ) , and t h e r e f o r e ( 3 ) , i s impossible f o r 
the s t r e n g t h of the C-F "bond i s such t h a t f l u o r i n e 
a b s t r a c t i o n cannot take place. I n the presence of added 
iod i n e a n e g l i g i b l e number o f a l k y l r a d i c a l s recombine 
w i t h i o d i n e atoms compared w i t h the number which combine 
w i t h i o d i n e molecules simply on the basis t h a t the chance 
of an a l k y l r a d i c a l c o l l i d i n g w i t h an i o d i n e atom i n the 
presence of a t h i r d body i s l e s s than the chance of an 
a l k y l r a d i c a l c o l l i d i n g v/ith an i o d i n e molecule. S i m i l a r l y , 
the p o s s i b i l i t y of two a l k y l r a d i c a l s combining i s very 
remote. Yi/hen a perfluoroiodoalkane i s heated i n the 
presence of added i o d i n e t h e r e f o r e , only three reactions can 
be of importance:-

R f l * Rf' + I * (7) 
R f 6 + I g * » R f l * + I * (8) 

r * r » i 2 \ 
r + i * » IT* J (9) 
I * + I * > I 2 * J 

I t would seem the;n t h a t i f a perfluoroiodoalkane i s heated 
131 

w i t h r a d i o a c t i v e i o d i n e ( I ) , the amount o f r a d i o a c t i v i t y 
found i n the iodide a f t e r a given time would be a measure 
of the number of p e r f l u o r o a l k y l r a d i c a l s t h a t have been 
produced i n t h a t time u n t i l of course the rea c t i o n s 












































