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SUMMARY

Polyfluoroiocdoalkanes have been used to synthesise
model compounds related to Viton A, a co-polymer of
1,1-difluoroethylene and hexafluoropropene, in which the
predominating arrangement is - CFZCF(CFS)CHchZCHchz-.
Efforts to prepare such compounds by the coupling of two
polyfluoroalkyl radicals failed but success was achieved
by a routé:involving the preparation of telomer iodides of
i,lfdifluoroethylene. Heptafluoro-2-iodopropane was used
as the source of tertiary fluorine and was added thermally
to 1,1-difluorocethylene. The iodine of the 1:1 adduct
was replaced by hydrogen and fluorine, and the adduct
itself was coupled. The product from the coupling reaction
was found to be the most conveniently prepared model..

For comparison, similar models without tertiary fluorine
were synthesised using heptafluoro-l-iodopropane and
pentatluoroiodoethane as starting materials in the same
reaction sequence. The dehydroiodination of all the low
molecular weight telomers prepared afforded a series of
olefins, suitable for co-polymerisation studies, in good

yield.

A preliminary investigation into the processes occuring

during the cross—linking of Viton A was undertaken using



iii
the model compounds described above, but while it was
confirmed that tertiary fluorine is eliminated preferencially
during treatment with amines, it was also discovered that

this was not the only process taking place,

A measure of the relative C-I bond strengths in
polyfluoroiodoalkanes has been obtained by measuring the
relative rates of exchange of radiocactive iodine with
the iodine in the iodides. The order of decreasing C-I
bond strength is CFzI1 >02F5i§SCFscH21>-n—CsF7I>>(CF5)20FI.
The C-I bond strength in pentafluoroiodobenzene is of the
same order as that in CFgzI and CoFgl rather than that in

the beptaflvoroiodopropanes,



Chapter 1

INTRODUCTION




The preparation of fluorocarbon iodides other than telomers
(See Table 1, p.X0 )

Fluorocarbon iodides are among the most useful compounds
in fluorine chemistry and therefore much effort has been

devoted to their preparation.

One of the most useful general methods of preparation
is by decarboxylation of the silver salt of the corresponding

fatty acid in the presence of iodine.

RCOOAg + 12 ——> RI % 002 + Agl.

9 9 9 9

R:CF5,1'4’84 CH2F,9 GHOLF, ° CHBrF, CHIF, CHFg, CClFg,

9 4,84 4,84 _ 43,84 44,8
COLFs~ CoFg, *  n-CgFp, *~ D-CgFyq, @ »84

. 84

If the reactants are dry, high yields of the iodide
are obtained. The temperature necessaryhfor the reaction to
proceed at a convenient rate is dictated by the nature of
4,39

the individual salt. Dipbdides t00 can be prepared by

this method but ylelds are sometimes reduced owing to lactone
formation.4 A study of this type of reaction has been made
by Crawford and Simons82 who treated several silver
perfluorocarboxylates with iodine at room temperature in

fluorocarbon solvents and were able to isolate complexes of

formula (Rf.COO)zAgI, in wh_igt_; Rf = CFz, CoFg, n-CgFy,
“\\mx»-::._\?\.“..!!f%\
§ 3 RUG196L )
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n-C4F9 or n-C5F11.

A general method for the preparation of iodides having

the formula Rf.CHzI involves the decomposition of tosylates55
or other esters19 of fluoroalcohols in the presence of sodium
35

or potassium iodide. Tiers in 1953 reported this reaction

when he prepared thetosyl esters of several fluorocalcohols
and then carried out the nucleophilic replacement of the
tosyl group by iodine using sodium iodide in ethylene glycol

at 150-220°C.

Fluoroalcohols can be converted into iodides by treat-

17,36

ment with iodine and red phosphorus, or potassium iodide

and phosphorié ac:’l.d.40

3KI * H5PO4 -_— K5PO4 + SHI.
RfOH + HI ——> RfI + H20.

The treatment of diaz¢ compounds of the formula Rf. CHN2

17,19 22

with hydrogen iodide , or with iodine“” affords the

iodide Rf.CH21, and the diiodide Rf.GH]':2 respectively.

NMucleophilic replacement in saturated bromides by

iodine has been carried out by McBee and co-workers36



using sodium iodide in acetone. Miller and his co-workers
have replaced allylic bromine and chlorine by iodine using
the same reagents.54’57 Investigation of these latter

reactions revealed that the mechanism was not a simple SN2

reaction but was of the SN2' variety illustrated by the

following: -
1 : lQ -
IT + CFg== C-C-Cl === [I----— CFgmea:CezoacC----C1 |
=T e T ]
F PR P r

|

I-CFg=C ==CFQ + c1™
P

P=H, Fy Cl, @ usually = Fe.

It was found that only if the olefin possessed a difluoro-
methylene group could this type of reaction be:achieved.

The equilibrium is disturbed to the right due to the greater
insolubility of sodium chloride in acetone over that of sodium
iodide. When Q is not fluorine the product of a reaction
proceeding by an SN2 mechanism is distinguishable from one
proceeding by an SN2' process., It is experiments with such
a compound that demonstrates it to be an SN2' mechanism by

which these reactions proceed.

Polyfluoroalkyl iodides have been prepared by the

27

addition of hydrogen iodide to fluoro-olefins and fluoro-



acetylenes.75 These reactions have been carried out both
under conditions favouring an ionic mechanism and those

favouring a radical mechanism. Although success was

achieved in adding hydrogen iodide to CF2:CH2,27 GF2:0H01,

. 75 o7 . _ 38 o7 o
and CF4CiCH, ° cy=CgFys~ CgFg ~ and CFCF:CFCF, 238 coiled

27

to react under all conditions used, and cy—C4F8 yielded

CF2HCFHCFHCF2H.41

Many iodides have been prepared by the addition of "I-X"
(X = F, C1, Br) to an olefinic double bond. Early reports
of such reactions claim that in a reaction involving an
asymmetric olefin only one isomer is produced, but with the
development of gas-liquid chromatography, it has been revealed
that in most cases both isomers are formed, the ratio of
each depending upon the conditions used. Iodine chloride has

12,24-29,33 3031 CF2:CH01,152

132

been added to CFZ:CFC1, CF2:CHF,

27,132 28

132 o . ey 152 on . — .
CBZ,CHBP, CF2.CHI, CF2.CH2, CFCl:CFrcC1, CF2.0012,

—
02F4,52 05F6,28 cy--c4F827 ( [F] Ei was the main product of

this reaction) and cy-06F1027 ( [:jrgi was the main product
of this reaction); and iodine bromide to CFy:CFCL, 2220
CF2:CH2,18 and 02F4.52 Iodine pentafluoride has been used
to add the elements of iodine and fluorine to CoFys CaFgs
cy-04F6, and cy—CﬁFlo in the vapour phase at 17000.10 A
stoichiometric mixiure of iodine pentafluoride and iodine

has been shown to react as if it were iodine monofluoride,ll'.13

an interhalogen compound only prepared by a low temperature



reaction between iodine and fluorine.85 Using this reagent,

"jodine fluoride" has been added to 02F4,11‘15 CF2:052,11’15

cPy: cFH, 1% cryiorar, 12218 ory:con,,t?01% cpy:cman,1®
cFcl:cre1® and ¢ F,*"1%.  Kkrespan'® has founa that
mixtures of potassium fluoride and iodine in acetonitrile
behave in a like manner, and using this reagent has

added "iodine fluoride" to 02F4, CF2:0012, C5F6, cy—C4F8,
CF5CF=CFCF; and CHFy(CFy),CP=CF,. (The addition of "iodine
fluoride" to cy-C,Fg, (CF3)20:0F2 and cy-CzF,, using iodine
pentafluoride and iodine failed under all conditions
used42). Worthy of mention here is the work of Bowers et.
al.86 who used mixtures of N-iodosuccinimide and anhydrous
hydrogen fluoride in 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 mechanism by which these addition reactions proceed
is open to speculation. Reactions between olefins of the
hydrocarbon series and interhalogens are undoubtedly
electrophilic, so it might be thought the same is true of
the attack of interhalogens on fluoro-olefins. However it
is well known that fluoro-olefins are very susceptable to
nucleophilic attack and in particular the work of Miller et.

a1.%4237587 s chown that F~ is a particularly strong

nucleophile,



The high electronegativity of fluorine results in a
reduction of electron density in the double bond of fluoro-
olefins. As a result of this, such a system becomes more
susceptable to rmcleophilic attack and less susceptable to
electrophilic attack. Another factor to be considered
is that vinylic fluorine atoms are able to return
electrons to the double bond by the mesomeric effect thus
causing polarisstion of the double bond in the direction
shown and encouraging nucleophilic attack on the

diflucromethylene group.

R }G R /F-
D T — ;:c I
FX F F F

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

If R is a perfluoroalkyl group other than Rfscé, €eLe CFS-,
there is a further effect to be considered; a negative
type of hyperconjugation which works in the same direction
as the mesomeric effect and encourages, evien more,

nucleophilic attack on the difluoromethylene group.
- +

In certain cases, the electronic effects are opposed to one

another as in CH:sCH'=CF2 and the direction of attack must

be settled by experiment.



Consideration of the aformentioned effects affords
an explanation for the increase in reactivity towards
nucleophiles in the series CFy:CFg <CFg:CFCFg < CFg:C(CFgz)g.
Also explained is the fact that in most cases, mucleophilic
attack occurs on the difluoromethylene group when available.
Unfortunately, most of the reactions which are not explained
are those which involve the addition of 'IF', ICl, IBr or HI

to fluoro-olefins,

As alregdy mentioned, F; is a very reactive nucleophile
but C1- and Br are much less so. It is almost certain
therefore that 'IF' adds to fluoro-olefins via.a
nucleophilic mechanism. Although the products are usually
those in which the fluoride ion has become attached to
the difluoromethylene group, there are exceptions which
are not easily explained. For example, the product from
the reaction of 'IF' with CF,:CFCl is a mixture of the
two possible isomers; also, the addition of 'IF' to
CF2:0012513 bi-directional. In this latter reaction, high
temperatures favour the formation of CF21C012F whereas when the
reaction is carried out at 0°C. and 1n the presence of
aluminium trioxide, CF50012I is produced almost exclusively.
The presence of iron in this system seems to lower the

overall conversion into iodides.15

The addition of iodinemonochloride and ~bromide to



8

fluoro-olefins has been investigated extensively, but the
factors which influence the orientation of addition, and the
mechanism by which fhe reactions proceed, are not clear.
Early reportsz4_27’55 indicate that the addition of iodine
monochloride and -bromide to CF2:0F01 yvields exclusively
12,28,29

CcmlcFCII and CFzBrCFClI. Recently however, the

reaction has been reinvestigated and the use of gas-liquid
chromatography has revealed that both isomers are formed in
ratios depending upon the conditions used, High temperatures
favour the formation of CF2iCF012 while at 0°C. or lower
CF201CF01I is thé major product. The presence of iron

in the system favours the formation of CF2ICF012 so that
when the reaction is carried out even at O°C., 65% of the =
reaction product is CFzICFclz. There is no obvious
explanation for this behaviour. The addition of iodine
monochloride to CF2:001228 is also bi-directional and again
the ratio of isomers produced is temperature dependent

and influenced by the presence of iron. The addition of

iodine monochloride to CF2:CFH50’51 and CF2:CH227, and the

18

addition of iodine monobromide to CFg:CH2 has been reported

as giving CF4Cl.CFHI, CFoC1CHoI and cszrcﬁgx exclusively,
but it now seems likely that were these reactions to be

reinvestigated, both isomers would be observed.,

Iodine pentafluoride reacts with polyhalogenoalkanes



under controlled conditions to yleld fluoroalkyliodides.
Thus Banks5 et.al. have prepared trifluoroiodo-methane in
good yield by treatment of carbon tetraiodide with iodine
pentafluoride. Pentafluoroiodoethane has been prepared by
the interaction of tetrafluoro 1,2-diiodoethane and

iodine pentafluoride.s’ls’48

80,152 1o oqaing

Vinyl iodides have been prepared
iodine monochloride to an olefin containing a difluoro-
methylene group and a hydrogen atom, and then removing

hydrogen chloride from the producte.
e.g. CFg: CHX + IC1 —> CF,ClCHXIY

CFoC10EXT + KOH _flg%‘l_'x_, CF,:CXI + KCL + HgO.

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

This reaction scheme gives a pure product only if the

addition of iodine monochloride is unidirectional,

Table 1 summarises the preparation of all simple

jodides other than telomers.



TABLE 1

10

The preparation of fluorocarbon iodides other than telemers

Jodide

CFoHI
CFH, I
CFHCLI
CFHBrl
CFHI

CFClgl

CFgoClI

CoF 5T

Method of Preparation

CF5C00Ag/I,
CFC00Ag,K,Hg,Pb,Ba/Iy
CI,/IFg

CI, /Py

CEBGOCl/KI
CF5B001/Ig

CF HCOOAG/I,
CFH,,CO0Hg/I
CFHC1CO00Ag/Io
CFHBrCOOAg/I,
CFHICOOAg/ Iy
CFCl,C00Ag/I,
CC&EFBr/NaI,Acetone
CF5C1C00Ag/T,
CoFgCOONa/ I,
CoFyCOOAZ/X,
ICF,CF I/ IF,
CoFy/IFg
CoFya/1Fs/To
czEé/KF/Iz

References

1,4,83,84.
243,

5,6.

70.

© O O © YW O Y =3
-
o
[ ]

O &
P‘

4,84.
5,15,48
10
11,12,13.
14



CFH20H21
CFoHCH,I
CF4CHoI

cF50H12
CFzICle

CcmlcFClI/GlecFClz
CFzBPCFCII/CFQICFClBr

CFoICFCLI
CFgzCFC1I/CF,ICF,CL
CF5C1CC1,I/CF ICCL,
CF300121/CF210012E
CF5CCL T

CF,C1CFCLI
CPC1l,CFClI
CFoBrCH,I

CFoE1CH, I

CF5ICH,

CH5ICH,I/HgF,,
CF2H0H2BI‘/ CaI,
CF5CHNy/HI
CF;CH,0H/P/I,
CFoBrCHpI/Hg Py
(CFzCHg0) ,PO/Nal
CFSCHBO-p-tosyl /Nal
CFg: CHZ/ 1,

CFg: CHo/IF:/1,
CF5CHNo/I,
CoFa/Ig

CFg: CFC1/ICL
CFg: CFC1/IBr
CFg: CFCl/Ig

CFg: CFCL/IFg/I,
g3 CCly/IC1
CFg: CCly/IFg/I,
CFgy: CCly/KF/I,
CFC1: CFCl/IFg/I,
CFCl:CFCl/ICl

CF

CFg: CH,/IBr
CFy: GH,/ICL

'CF2:CH2/HI

11

16
101
17
17
18
19
35
20,21
11,12,13
22
15,23
12,24-29,33
12,25
24
12,13
28
12,13
14
13
132
18
27, 132
27



CcmlcFHI
CF3CFHI
Glecchl
CF3CHGII
CFgchHCII
CF2010F21
CF2ClCHBrI
CF2010H12
CFzBrCFzI
CF2:CFI
CF2:CHI

CF :CClI

2

CF2:CBrI
CF2:012
CH2:CFI

CF5CH,CH, T
CF5CH,CHCLT
CF 5 CH,CHBr'T
CFCFCF,T
CF4CCLCF,1
CPCLCHCF,I
CFzCFICF,CL
CF;GFCLCF,I

GF2:CFH/ICl
CF2:CFH/TF5/12
CF2:CH01/HI
CF2:CH01/IF5/12
CFg: CHC1/ICl
02F4/ICl
CF,CHBr/ICL
CF2CHI/ICI
02F4/IBr
CcmlCFHI/KOH
CF4CLCH,I/KOH
CF5C1EHCLI/KOH
CF5C1CHBrI/KOH
CF,CLCHI,/KOH
CF2:CH2/12
n-03F7000Ag/12
npcsF7c001/12

CF30H20HZBr/NaI,acetone

CF5CH,CH,I/Cl,
CF5CH,CH,I/Brg

CFQCFQcml/NaI,acetone
CFéCClCFZCI/NaI,acetone
CFéCHCCle/NaI,acetone

CaFg/1C1

12

30,31
13
27
13

132
32
132
132
32
30
132
132
132
132
20,21

2,835,84
36
69
69
37
37
34

28



(CF5)2CFI

No prod. under
conditions use@d.

ICcmcmFgI
ICF,CFoCFobF, I

H(CF2)4I
CF5CHgCH,T

[Fla

No iodide prod-
uced

No reactn. under
conditions used

17

E—I

CF4CFI* CFoCFz
CF ,C1CFGLCFCH, I

05F6/1F5/12
C5F/KF/I
[CRRES
C5F6/IF5

CsFG/HI
(CFz)s(COOAg)g/Iz
CFscsGH/HI
(CF2)4(COO_A3)2/12
n-05F7CH20-p-tosy1/NaI
n-CstcHNz/HI
H(CF2)4COCl/KI
CF50H20H20H21/H3P04/KI

(7] /12
[#] fux

CFscF:CFCFs/IGl

CF 5CF: CFCF 5 /HI
(CP3)o0=CFo/TF5/ 15
[F] /1Fg/1,
[F]) /x¥/1,
[F1 /17g

CF5CF: CFCF 5 /KF/I,

CF2ClCFCICF20H20-p-tosyl/NaI

|__'.
(@3]

11,12,13
14
105
10

38

75
39
35
19

27

27,41
27

27,38
42
42
14
10
14
80



CFq: CFCF5CFolI
n-C5F111
CFSGH20H2CHI.CHEi
CFscH(Cﬂs)CHZGHgI
n“C5F110521

OF
Cl

No reaction under
conditions used

E::rI

CFg: CFCF4CF,C00AE/Io
n-CgF, ,C00AZ/I,

CF 5CH,CH,CHOHCH,;/P/ I,
CF5CH(CH, ) CHyCH,0H/H,PO, /K1

n—CsFlchzo-p-tosyl/NaI

(7} /12

14

186

43,84

27

44,84

10



Telomerisatior reactions of Polyfluoroalkyl iodides

The term 'telomerisation' was first used in 1942

by Hanford and Joyce106

and defined by them as:-

*The process of reacting together under polymerisable
conditions, a molecule YZ, which is called a "telogen"
(chain transfer agent), and more than one unit of a poly-
merisable compound A, having ethylenic unsaturation called
a "taxogen" to form products called "telomers™ having the
formula Y(A)nz, where n is 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

in which only the 1:1. adducts are obtained.

Telomerisation reactions initiated by i) having
present in the system organic free radical initiators,
ii) irradiation (U.V., X-rays, ) -rays.), or iii) heat.

The accepted mechanism for the process is as follows:-

RX -> R* 4+ X° Primary Radical Formation

1o N

R° + ?:? —_— RF?—?' Chain Initation
[ 1 [ |

RA?¥?° + ¢=? — R—g—qéq—q' Chain Propagation

19, 1 |
R c":-g}n + Rt —>R{0-C4 X+ R Chain Transfer.
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The propagation and chain transfer steps compete and

it is the result of this competition which dictates the

average chain length.

Pactors influencing telomerisation reactions.

In discussing these factors, a chain transfer agent
of formiila RCFXY (R = polyhalogenoalkyl group or F, X=
halogen or hydrogen, Y = halogen of higher molecular weight

than X) will be considered.

Basically, ‘there are only two factors which influence

the course of telomerisation reactions,

i) the ease of homolytic fission of the C-Y bond in

RCFXY,
ii) the affinity of the olefin for RCFX°® compared with

its affinity for RCFX(olefin)°.

These points must be enlarged upon, ﬁhile the four reactions,
primary radical formation, chain initiation, chain
propagation and chain transfer, proceeding in a telomerisation

process are obviously interrelated, it is convenient to

discuss each in t .

Primary Radical Formation.

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

hence the stability of the radical produced by its fission;
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the weaker the C-Y bond, the greater the ease of generation
of the radical. The identity of both X and Y influence
the strength of the C-Y bond which, for a given X, decreases

in the series Y=1">C1>Br>I, and which has been predicted to

decrease in the series

RCF,-F > RCF,-C1 > RCFH-C1 > RCFC1-Cl
RCF5-Er > RCFH-Br > RCFC1-Br > RCFBr-Br
'RCF2- ¥ > RCFH-I > RCFCl-I > RCFBr-I

'>RCFI—I56

In general, the stability of radicals increases in the
order primary<secondary<{tertiary where these terms refer
to the number of atoms or groups other than hydrogen on
the carbon atom formglly carryirg the free electron.31’51
This order may vary if for example a secondary radical bears
groups with a powerful stabilising effect e.g. Cl, Br, I,
which a tertiary radical has groups with a weak stabilising
effect, e.g. F, alkyl." Haszeldine102 correlates the

position of the sbsorption maximum in the ultra-violet

spectra of pelyhalogenoalkyl iodides with the stability of

the radicals produced by the fission of the C-I bond.

He suggests that the stability of the R radical is the most
important factor in determining the position of the absorption

maximum; the more stable the radical, the further into the

red will be the absorption maximum of its iodide. If this



i8
suggestion is accepted, and it seems reasonable to do
s0,® his results show that for halogen substituted oﬁ the
oC-carbon atom, the shifts to the red increase in the
order H<F«<Cl<Br«<I and with the number of halogen
atoms. Shifts to the red increase in this same order,
though to a smaller extent, when halogens are substituted
on the A -carbon atom. Since increased resonance
stabilisation in alkyl iodides parallels bathochromic
shifts, it is argued that increased bathochromic shifts
pParallel increassd resonance energy in polyhalogenoalkyl
radicals. This leads to the conclusion that resonance
stablisation in a radical, RCHX-, increases in the series
X=H<F<Cl<Br<lI. This is the reverse of what is the
accepted order for the mesomeric effect of halogens.150
It might be argued that the order of stabilisation quoted
by Haszeldine is attributable to steric effects but in fact
he puts forward a strong case in favour of steric effects

being of only minor importance in determining radical

stabilities.

% In the alkyl iodide series, RI, the bathochromic
shifts run parallel to the ionisation potentials of the
alkyl radical, the dissociation energy of the carbon-iodine
bond, the resonance energy of the hydrocarbon radicals and
the stabilisation energy of the radicals relative to the
methyl radical. R-Br and R-H bond dissociation energies

vary in the same way.
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_Although it is clear that the stability of a
polyhalogenoalkyl radical, RCFX°, increases as
X=H<F<Cl<Br<I, if this increased stability is
attrivuted to increased resonance stabilisation, then
the mesomeric effect in radicals must operate in a

manner different to that in other systems,

Initiation

Once the radical RCFX® has been generated, attack on
the olefin depends upon the susceptability of the olefin
towards that radical rather than upon its reactivity
(i.e. the ability of the lone electron to become
delocalised).

Fluorocarbon radicals behave to some extent as electro-
philic reagents and hydrocarbon radicals behave as weak
nucleophilic reagents, Thus it has been shown that
CoF,, an olefin susceptable to nucelophilic attack (see
page 5), has ten times the methyl affinity of CoH,. 0%
It was also shown that 02F4 has a much lower trifluoro-
methyl affinity than C,H,™"' in spite of the fact that
CoF,
reactivity of the trifluoromethyl radical towards olefins

is intrinsically more reactive than 02H4. The

increased in the series 02H4< 05H6'<iso-C4H8 and also
became more specific in its attack. This again demonstrates

the electrophilicity of the radical for normally an
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increase in reactivity is associated with a decrease in
selectivity. Polar effects cannot be the only influences
at work for if so, the methyl affinity of 02014 would be
expected to be higher than that of 02H4. In fact

this is not so and therefore it must be concluded that

108 The fact that

steric effects are also operative.
steric effects tend to make an olefin less reactive towards
a free radical than would be expected from other

considerations is quite general.

Haszeldine2I7 as a result of many telomerisation

reactions drew up the following order for the ease of
radical attack on fluoroolefins;:-

CF2: CH2 > CEFZ: CF2 > CF2::CHC1 > CFgt crel > CF56F=CF2

>CF50F: CFCF5 2 cy-C4F8 > cy—CGFlo

Propagation

This step is in competition with the chain transfer

step and its efficiency depends upon:-

a) the ease of polymerisation of the olefin,

b) the susceptability of the olefin towards the
intermediate free radical RCFX(olefin)® compared with that
of RCFXY towards this same radical.

c) The stability of RCFX(olefin)Y.
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a) An olefin which reacts readily with fragments of a
decompbsing percxide or other free radical initiator

to give a polmer of high molecular weight will in general
give a longer chain telomer with RCFXY than one which does
not. However, as already mentioned, the ease with which
a series ot olefins homopolymerise is not necessarily in
the same order as the susceptability to radical attack
€ 02F4 is more easily homopolymerisable than CF2:GH2
yet CF2:CH2 is more susceptable to fluorocarbon radical

attack.,

b) Whether a radical RCFX(olefin)® attacks an olefin
molecule or another molecule of chain transfer agent
depends upon the susceptability of that olefin towards
radical attack and the C-Y bond strength in RCFXY. It

the olefin is susceptable to radical attack and the C-Y
bond is strong then long chains will be produced for the
propagation step will be more efficient than the chain
transfer step. If on the other hand, the C-Y bond is weak
and the olefin is not particularly susceptable to radical
attack, short chains will be produced for here the chain

transfer step is the more efficient.

c) If the C~-Y bond in the telomers RCFX(olefin)Y is weak,
then it will be ruptured and assuming the olefin to be

susceptable to aitack by radicals, further attack tipen
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molecules of unreacted olefin will occur leading to the

formation of high molecular weight telomers.

Chain Transfer

As already meantioned, this step is in competition

with the propagation step and its efficiency depends upon:-

a) The C-Y bond strength in RCFXY (see 'b' above)
b) The relative concentration of the olefin and

chain transfer agent,

A reaétion in which the propagation step is efficient
can be moderated to yield low molecular weight telomers
by having present in the system a large excess of chain
transfer agent. sonversely, reduction of the amount of
telogen in the sysiem leads to high molecular weight
telomers,

Isomer formation by free radical attack on unsymmetrical
fluoro~olefins

Until a few years ago free radical additions to
unsymmetrical fluoro-olefins were thought to yield single
products. For example, Lovelace, Rausch and Postelneklll
proposed an empirical rule which predicts the structure of
the products of addition of perhalogenocalkyl radicals to
polyfluoro-olefins. Several cases compiled from the

literature were cited. Haszeldine and Steele in 1957,51
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however, demonstrated that the addition of either trifluoro-
methyl radicals or bromine atoms to trifluorocethylene

gives isomeric piroducts. These workers took issue

109

with Tarrant, Lovelace and Lilyquist who had reported

GFzBrCHFCFzBr as the sole product of the reaction of
dibromodifluorcmethane with trifluoroethylene, contending
that the product is not a pure compound but an isomeric
mixture of CFzBrCHFCFzBr(ca. 80%) and CFoBrCF,CHFBr (ca. 20%).
Miller in 1959°% showed that radical addition to

trifluoroethylene was bidirectional. Coscia110

repeated the reaction described by Tarrant109 and his

has recently

results confirm the findings of Haszeldine, Although it

now seems likely that all radical additions to unsymmetrical

fluoro-olefins are bidirectional to some extent,28 it

51,110,112 __

is only in the cases of trifluorocethylene d

hexafluoropropenellz’113’114 that both isomers can be

produced in comparsable amountse.

TABLE 2
Showing the direction of radical attack on trifluoro-
ethylene
tap=Gr,, Reference

Attack(%) on starred
carbon atom

CFgzSe a8 2 112
CHqS* 75 25 112
SFge 100 0 113
CFgBre &0 20 31

Br- &8 42 31



TABLE 3
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ghowing the direction of radical attack on

hexafluoropropene

>* s
CFSCF = CP

2

Attack (%) on starred
Carbon Atom

MeS:- 9
CF5° 20

8
CFscHgs- 30
PH2° 34
SF5° 50
CF5S~ 55

91
80
92
70
66
50
45

Reference

112
114

28
112
114
113
112

Several factors have been considered as determining

the direction of radical additions to olefins., Amongst

these are steric factors, polar factors and the stability of

the intermediate free radicals.,

Based on studies of the

ultra~-violet catalysed addition of hydrogen bromide and

trifluorociodomethane to a series of olefins (mostly fluoro-

olefins) Haszeldine and co-workers

73

concluded that the steric

and polar effects are of minor importance and that the

direction of addition is determined primarily by the

stabilities of the two possible free radicals., This concept

of intermediate free radical stability explains all the

reactions in which addition is unidirectional or largely so.
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The lone exception to this is the case of 2-H pentafluoro-
propene to which trifluoroiodomethane and hydrogen bromide
add in opposite directions.52 In the cases where both

isomers are formed, other effects must be considered,

The results reported in table 2 and table 3 will now
be considered from two related aspects; i) the reactivity
of the attacking free radical (i.e. the extent to which
delocalisation of the free electron occurs) and the expected
specificity of attack on the olefin; ii) the nucleophilic
or electrophilic character of the attacking radical, taken
in conjunction with the susceptability towards nucleophilic

or electrophilic attack of the olefin being attacked.

Considerifig i), one would expect that the more reactive
the radical, the less discriminating it would be in its
position of attack on an olefin. Thus in the case of
hexafluoropropene, the more reactive the attacking radical,
the greater should be the extent of attack on the CF group
compared with attack on the CF2 group (sterically more favoured
and leading to the formation of the more stable radical).
Examining the results in table 4 shows that this is not
observed. The more reactive the radical (cf. CF;S* and
CHzS*; SiHg* and MeSSi°) the more discriminating it seems to
become. Reactivity in this sense thus has its effect

mainly upon the rate of reaction.
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As regards ii), in the additions of thiols to
hexafluoropropene, an clefin susceptable to nucleophilic
attack, it is possible to make a correlation between the
product distribution and relative electrophilicities of the
thiyl radicals., Although no quantitative electrophilicity
data seem to be available, consideration of the comparative
inductive effects of CFS-, CF50H2~, and CHS- groups
leads to the conclusion that the relative electrophilicities
of the three thiyl radicals involved is in the order
CFgS. > CFzCHgS. > CHgS-. This is in the same order as the
ocecurrence of the igomer unexpected by consideration of the
radical stabilities alone, the formation of which requires
the attachment of the radical to the negatively charged
carbon atom of the double bond.

§- &
CESCF = CF2

The isomer ratios obtained in the additions of trifluoro-
methanethiol and methanethiol to trifiuvoroethylene can
also be correlated with the relative electrophilicities\bf
the thiyl radicals. The more electrophilic CFES- radical
should be more inclined to attack the negative carbon

atom in trifluoroethylene, thus further favouring the isomer

* It is assumed that the polarisation of hexafluoropropene
is the same in radical additions as ionic additions
(see page 6).
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S- LY
CHF = CF2
which in this case is favoured on the basis of intermediate

radical stability.

It seems then that relative stabilities of the two
possible intermediate free-radicals is the main factor
which governs the direction of radical addition to
unsymmetric fluoro-olefins but that when the possible
intermediate radicals have similar energy and that steric
requirements do not differ greatly , the product or mixture.
of products may he determined by the electronic character

of the attacking radical.

Telomerisation reactions initiated by free-radical initiators

So far, discussicn has ignored telomerisation reactions
initiated by organic free radical initiators. When these

are employed, the reaction follows the course:-

in —— In* In £ free radical
initiator.

In* + X —— R* + X°

! ]
R® + 9 = ¢ —> ete.

i }
or In® & (r:=(:: —_— n-C~-C *
i )
\ i ] ) ] i .
In-C-C*4+n C=¢€ —> In-{C-C
) i ) | —€' '-}n
] § 1 1
— . ° > hd -
Im{C-C} -+ RX R* + I;{C-¢} X
] ] ]
R+ C=C —> R-C-(:r

o
ct
Q
L ]
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Only small amounis of initiator are added to the reactants
and therefore only small amounts of compounds of the type

In c-¢ )hx are present in the reaction product.
! }

Many reactions will not proceed without the use of
free radical initiators. The reason why & radical R*
generated in this way can initiate the telomerisation
process whereas the same radical generated by other methods

will not react is obscure,

Thermal telomerisation of hexafluoropropene and other olefins
which are difficult to homopolymerise.

Hex,fluoropropene has been copolymerised with polyfluoro-

117,119,120,122,123 and hydrocarbon olefins118,120

181 vyt until 1960 when Eleuteriol?

olefins
as well as ethylene oxide,
using very drastic conditions was successful, efforts to

homopolymerise hexafluoropropene by a radical mechanism lead

125,126 50,127

only to the production of dimers, trimers,

tetramers50’127 and pentamers.so’l27 It was because of this
difficulty in homopolymerising hexafluoropropene that
Hauptschein in 195757 proposed a stepwise mechanism for the
thermal 'telomerisation' of hexafluoropropene (and other
non-homopolymerisable olefins) with polyfluorocalkyl iodides.

He proposed that if radicals are formed, they add simultaneously
to the double bond, but suggests that in fact the radicals

may not be formed at all and that the adduct is produced by
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way of a transition complex.

RfI Rf—-—— -I Rf I
!
I R —
CF20F0F5 %?~—_--—CFCF5 CF2 CFCF5

The 1:1 adduct adds to a second molecule of hexafluoropropene
by a similar mechanism, Repetition of this process gives

rise to higher telomers.

Table 4 summarises radical reactions between poly-

fluoroalkyl iodides and fluoro-olefins.
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TABLE 4

Radical reactions of polyfluoroalkyl iodides
with fluoro-olefins

Olefin Jodide References
CH2:CHF CFsI 49
CF2:CFI 30
CH2:CF2 CClsl 59
CFGIZI 34,59
CFEI 18,58
CZFsI 52
n—03F7I 88,77
CFZClCFclI 28,58
CngcFICF5 58
CF2:CHI 132
CF2:GFI 30
CFz:CGlI 132
C4F.'QCFI.CF3 58
CF201CFI.GF3 58
GHF:CF2 CF0121 34
CFsI 31
CgFSI ‘ 42
CFgclcFCII 33
CF2:CFI 30

CFq: CCLI 132



CF2:0H01

CF2:CF2

CH2:CFCI
CF2:CCl2
GF2:CHCH5

CH2:CHCFs

GF2:CHCF5

2:CFCF

CFy; CFI
CF,CLEFCLT
CF,1

CF2010F01I

CzEscFCII
CF20HI
CF51
02F51
iso-C3F7I
GF2ClCFCII
GcmlCFI.CF5
CcmlCFClI
CFg: CFI
CFSI
CFZCICFClI
CClaI
CFSI
CF5CLCFCLI
CFsI
GFECICFCII
CFaI

31

73
30

152##*

a5"*** 46,74
28,56 ,57

46

132
6,47,54,55
47,78,103

103
42,103,104

57,79

104

35

30

51

33,

65
67,72,100

33,

52

52

55#**

28,50,57
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1so-CSF7I 42
CFgC1CFC1I 33%** 57

CoF5CFE CF 4 50
CH2:C(CF5)(CH3) CF5C1CFC1I 33
CHg: CF.CoF g CFgI o
CH2:C(CF5)2 CFzI 51
CH2:C(CF261)(CF5) CFgzI 51
CF5CF: CFCF CF51 27
cy-C,Fg CFzI on
CF5C1CFC1I 81

L2

L33
180-CzFy I 53

&
E:j CFSI 53

Polyfluoroalkyl iodides have been used as chain transfer
agents in 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 CFSI added.

L CF
]
[:]-CES ' was the main product in this reaction,

3% Reaction failed under conditions used.

#32% Wrong direction of addition reported cf. 46 and 74.
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REACTIONS OF POLYFLUOROIODOATKANES

One of the main reactions of polyfluoroiodoalkanes,
telomerisation, has already been discussed in some detail.
Bven so, the value of this 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 it is hoped that the reader will obtain an
idea of the sort of reactions which they will undergo and
the range of polyfluoroaliphatic compounds which can be
made from them. Some of the reactions mentioned here
will be discussed in greater detail in the next chapter.

For a fuller review of the preparation (and reactions) of
polyfluoroalkyl derivatives of metals and non-metals involving
the use of polyfluoroiodoalkanes, there exist excellent

139 138 158

articles by Lagowski, Bmeleus, Banks and Haszeldine,

and Clark.l59

Chemically, the polyfluoroiodoalkanes are very différent
from their hydrocarbon analogues. Whereas in iodoalkanes
the C-I bond is polarised in such a way as to cause
nucleophilic attack on the carbon, in polyfluoroiodoalkanes
the polarisation causes nucleophilic attack to be on the

iodine,
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Z ry L - HO
HO™ + I-CF; —> HOIL + [CFz] = —=—> CF4H

Thus on alkaline hydrolysis of perfluoroiodoalkanes,

the iodine is replaced by hydrogen137 rather than by a
hydroxyl group as in the case of alkyl iodides. Should
there be hydrogen on the carbon atom ﬁ- to the iodine-
bearing carbon, hydrogen iodide is removed when the compound

is treated with a wide variety of weak and strong bases55

i
and nucleophiles in general. If however, the nucleophile
is a nitrite ion derived from silver nitrite, an acid is

produced rather than the olefin.77

RECH,CF,ONO + H ,0 —>
[RECH,CF,0H] ———> RECH,COOH

Polyfluoroiodoalkanes react with both chloro-14o

141

and fluorosulphonic™ acids to yield the corresponding

chloro- or fluorosulphonates. These compounds react
with water, sodiun hydroxide, ethanol and ammonia to form

products that are accounted for by the scheme:-~

SHB | |
RECF,CFo0S0,C1 —2i2» [Rf.CcmFQOH] + BSOGB + HCL

0 0
[Recroorgon| —HE-—>  recECP B> RecR,CB 4+ HF
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(W)}

\then B corresponds to OH, QONa, 002H5 and NH2, the
products are RfCcmooH, RfCFZCOONa, RfCF200002H5 and

RfCFZCONH2 respectively.

Polyfluoroiodoalkanes having the end group -CF20H21
can be converted into olefins by elimination of iodine

176 Iodine

and fluorine usirg zinc and glacial acetic acid.
and fluorine cgn be eliminated from iodides with end-group
_CF,CF,I using butyl-lithium®' (see p.37) but the yield

of olefin is very low if there are more than three carbon

atoms in the chain.

The icdine in polyfluoroiodoalkanes can be replaced

by fluorine using antimony1rif1uorodichlcride,77 hydrogen

o7 57,184 52

and mercurous fluoride,

fluoride, cobalttrifluoride

and by chlorine by direct chlorination with chlorine gas
under the influence of ultra-violet radiation77 or heat._184’77
This latter reaction can lead to the formation of an olefin
by dehydroiodination if the iodide possesses the end-group-

77,97
CH,CFpT.

The replacement of iodine in polyfluoroiodoalkanes by
hydrogen can be accomplished by treating the iodide with
lithium aluminium hydm‘.ciie..l'74 This reaction proceeds via.
the formation of ihe complex LiA.l(Rf)H21 which on hydrolysis

by water at o%c. vields the hydro-compound.

e.g. C. ¥ b i :
g z¥ql + LIAMH, =~ ——> LiAl(GyF,)H,I + Hy
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LiAl(CgF, JH-I + BH 0 —> CaFpH + LiT + AL(OH), + 2H,.

Zinc and sulphuric acid too has been successful in
replacing iodine by hydrogeno52 Hydrolysis of polyfluoro-
alkyl zinc iodides and Grignard reagents (see page 38)
can also be used as methods of replacing iodine by

hydrogen.

Polyfluoroiodoalkanes undergo Wurtz-type condensation
reactions. These reactions are best carried out by subjecting

the iodide to ultra-violet radiation in the presence of

mercury. 25:46,55,184

opey -HBAUVey pe pe . Hgl,

If however the iodide concermed is CF3I or CngI, then the
mucurial is formed15 (see page 38). These same coupled

compounds are produced when iocdides are treated with zinc

and acetic anhydri&#nethylene chloride mixture’26,182,184

46,170 184

zinc and dioxane, or yellow mercuric oxide and heat.,

The use of polyfluorociodoalkanes in the preparation of
polyfluoroalkyl derivatives of the
elements.

Polyfluoroiodoalkanes will not react directly with

15

lithium to yield polyfluoroalkyl lithium derivatives but

these compounds can be prepared by halogen-metal interchange.

€CeZe R-Li + RfI — RfLi + RI



This exchange reaction takes place readily at low
temperatures but in most cases, the lithium derivative
decomposes at temperatures not mich higher than the
temperature of formation with the prodmetion of lithium

fluoride (or chloride).91

€ole 02F51 + Buli — 02F5Li + Bul
CoF, + LiF
GF2010F21 + BulLi ——> GcmlCFzLi + Bul
02%; + LicCl
When the reaction is carried out with trifluoroiodomethane,

142

tetrafluorcethylene is produced. This is probably

formed by way of a difluorocarbene.

LiCFs-————é :CF2 + LiF
The lithium compounds derived from heptafluoro-1l- and
-2-iodopropanes are rather more stable and have been used

in some reactions akin to those of Grignard reagents.91’142’
167,172

e.ge N=~CgFyLi + (CHg)sCO0 —> (CHyz)yCOH.n-CyFy
+ Ety8iCly, ——> Et8i(CgF, ) g

Grignard reagents are prepared by the direct action of the
iodide on magnesium in a basic solvent but may also be

prepared by an exchange reaction between the iodide and
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phenyl magnesium bromide.
RfI + PhMgBr —— RfMgBr + PhI.

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

those of the corresponding hydrocarbon Grignard reagent.169,172.

Both heptafluoroiodopropanes form zinc compounds in

91,170-172 g jutions of these

dioxane and other solvents.
compounds are thermally stable and resistant to attack by
carbon dioxide and oxygen, but they are readily hydrolysed,

cleaved by halogens and converted to olefins by pyrolysis.

n-C,F,2nl + HCl(anhyd)-————?-n—C5F7H + ZnClI
n-€;Fy,ZnI (unsolvated) —Eyrol., CgFg + ZnIF.

Some polyfluoroalkylmercuric iodides are prepared by

direct action of the iodide on mercury under the influence

of ultra-violet radiation.=> But in fact

CF5I + Hg —0*¥*> CFyHgI

many of these compounds cannot be isolated because the

coupled compound snd mercuric iodide are for.med.25’46’184

ORFI + Eg —22V®3 RE.RF 4 Hel,

Bispolyfluoroalkyl mercury compounds are prepared by



treating the iodide with cadmmium amalgam.173

Polyfluoroiodoalkanes do not react with group IIT

elements to form polyfluorocalkyl derivatives.

Elemental Silicon reacts with polyfluoroiodoalkanes
(and other halides) in the presence of copper to yield

bispolyfluoroalkyldiiodides.145

Cu
Si + CFgl ——> (CF5)2SiIz

In the same way as they add to simple olefins, polyfluoro-

iodoalkanes react with alkenylsilicon compounds.
€eLe GFSI + CH;EFCHSiMe5 —— CFSCHchI.SiMe5

Perfluoroalkyl—germanipm campounds have been prepared
by the reaction between trifluoroiodomethane and germanium(II)

iodide. The main reaction product was trifluoromethyltri-

iodogermane, CFsGeIs.

The tin-tin bond in hexaalkylditin and lead-lead bond
in hexaalkyldilead compounds are cleaved when these
compounds are treated with perfluoroiodoalkanes under the
influence of ultra-violet radiation or heat to yield

145,

perfluorecalkyltrialkyltin and lead compounds respectively,146,
148,149,

e.g. (CHg);SnSn(CHg); + CPgI > (CHg ) 5SnCFy + (CHg)zSnI



It is probable that these reactions proceed by a chain

mechanism thus:-~

UoVo N -
Me,Sndnile, —> 2MegzSn
Me5Snf+ CFSI —_— MeSSnCF'5 + I
I° +-Me38nSnMes'————%~Me5SnI + Messn' etc.

151 that hexamethyl-

This view is supported by the observation
digermane and heiamethyldisilane, where the Ge-Ge and Si-Si
bonds become progressively stronger than the corresponding
bonds in hexamethylditin and hexamethyldilead, do not

react under similar conditions with trifluoroiodomethane.

Trialkyl-lead-polyfluorocalkyl lead compounds can also
be prepared by the ultra-violet irradiation of tetra-alkyl
lead compounds with perfluoroiodoalkanes but yields here
are low, A similar reaction with tetra-alkyl tin compounds
yields trifluoromethane and only a trace of the desired
product.149 Compounds of the type stan2 are prepared by
treating dialkyltindihalides with magnesium turnings and
a perfluoroiodoalkane in tetrahydrofuran.150 This
reaction presumably proceeds via. the formation of a
Grignard reagent and therefore is 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



trifluoroiodomethane under pressure produces a mixture
containing (CF5)3M, (GF5)2MI, CFzMI, and iodides of the
element. Reaction occurs in the same temperature range
200—22000, for phosphorus and arsenic but antimony reacts
at a low temperature, 165-17500. The higher temperatures
seem to favour the formation of the tris-compound. Mixed
alkyl (or aryl)-perfluoroalkyl compounds of phosphorus,
arsenic or antimony can be made by heating trifluoroiodo-

methane with the trimethyl compounds of the element..
. t._ 160
2(CHg)gM + CFgI ———> CFzM(CHg)g + (CHg), M 1.
The corresponding reaction with trimethylamine however,
results in the formation of large amounts of trifluoro-
methane together with tetramethylammonium iodide. Methyldi-
iodoarsine and dimethyliodoarsine when treated with trifluoro-
iodomethane in the presence of merdury yields methyl-(bis-~
trifluoromethyl )~arsine and dimethyltrifluoromethylarsine

162,163

respectively.161 Cullen et. al. have prepared many

other caompounds of this type by this same method.

Perfluorocalkyl derivatives of sulphurl64’165’172 and

selenium166 have been prepared by the direct action of a
perfluoroiodoalkane with the elements at a high temperature.
The reaction with sulphur yields mainly bis-perfluoroalkyl-
disulphide with small amounts of tri- and tetra-sulphides,

but no monosulphide, Selenium however yields only the
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mono- and disulphides.

Metal carbonyls react with perfluoroiodoalkanes at
45°C. in benzene to give perfluoroalkyl metal carbonyl

iodides. Such reactions have so far been successful with

carbonyls of iron,175’178 cobalt,177 manganese,l’?8 and

rhenium.178

e.g. Fe(CO)g + 1~CgF,I —> CzF,Fe(C0),I. + CO.

Under similar conditions cyclopentadienylcobaltdicarbonyl

reacts with perfluoroiodoalkanes to give 05H5.CO.CoRfI.177

05H500(00)2 + N=CzFpl —> 05H500.00.05F7 .I.

Polyfluorodiiodoalkanes have been used to prepare

with 179 181

heterocyclic systems /sulphur, 180,181

selenium, and arsenic

as the heteroatoms.

e.ge  ICFoCPoCFCFI + S —> fpj 179

I1I
b
CFSC:CCF5 + As —_—

ul

Asygﬁc%

11 CFy

R
[
CF,C=CCP; + Se —> CFyg \ﬁ/ 181
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FLUORINE CONTAINING POLYMERS

Polymers containing the elements of carbon, fluorine
and only small amounts of hydrogen are extremely resistant
to chemical attack and thermal degradation. This stability
is attributable to the high carbon-fluorine bond dissociation
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 it is built,
but can be varied to a small extent by varying the
conditions under which the polymerisation is carried out
e.g. the average molecular weight of polyhexafluoropropene
increases as the pressure during the polymerisation
increases.152 The properties of a co-polymer can be varied
over a wide range by altering the ratio of the two monomer
units. It is a noteworthy fact that it is unnecessary
for monomers employed in a co~polymerisation reaction to
pe homopolymerisable under the conditions of the reaction.

A co-polymer of & non-homopolymerisable olefin and a homo-
polymerisable one can contain up to 50% of the non-homopoly-

merisable monomer.,



Homopolymers of hydrofluorc-olefins have been studied
and their thermal stability has been found to decrease in
the order poly-02F4>poly-CF2:GH2:>poly-GF2:CHF.>poly-02H4>
poly-CHy: CHF. 11®  Bro'®® has found that the order of
resistance of these polymers to attack by amines is
poly-CoF, ~ poly-CoH, (unattacked) > CHg: CFH >CFg: CHy > CFy: CHF.
This order he explains is due to the increased withdrawl
of electrons from the remaining C~H bonds as more and more
hydrogen is replaced by fluorine i.e. the protonic character
of the remaining hydrogen increases as successive fluorine
atoms are introduced into the polymer. The stability of
poly-tetrafluoroethylene (Teflon) is due to the absence of
hydrogen in the polymer and the high shielding effect of

the fluorine atoms.

The high thermal and chemical stability of poly-
tetrafluoroethylene coupled with its self lubricating
properties has resulted in its being, upto the present, the
most used of fluorine containing polymers., The chief
drawback to its greatér use is that it is not a thermoplastic

and therefore its fabrication is difficult and expensive.

The resinous nature of poly-tetrafluoroethylene can

be reduced in two ways:-

i) The 'tightly coiled polymer backbone can be
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converted to a more mobile structure by the inclusion of
methylene groups in the chain. The existance of
methylene groups in such a chain also provides sites for

cross~-linking.

ii) Heterogenity can be introduced into the polymer
by the replacement of some of the fluorine atoms by
bulky atoms or groups. Some peolymers and co-polymers which
have been prepared embodying these principles will now

be briefly discussed.

Polyvinylidene fluoride is made up of alternating

18 The methylene

methylene and difluoromethylene groups.
groups reduce the rigidity of the carbon skeleton and

establish sites for cross-linking but reduce the thermal

and chemical stability of the polymer. Madorski and straus-.129
compared the thermal stability of poly-vinylidine fluoride
with poly-tetrafluoroethylene and found the former to lose
hydrogen fluoride and become stable above 520°¢ at 70%

weight loss.

Trifluoroethylene undergoes radical attack at either
end of the double bond and so the polymer must contain
sequences such as

- CHFGcmHFCF2 - I

-CHFCF CF2CHF'— IT

2
~CFoCHFCHFCF g~ III
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Haszeldine31 has attributed the apparently anomalous position
of poly-trifluorcethylene in the thermal stability series

to structure III.

Poly-vinylfluoride consists of the repeating fundamental

structure -CFHCHZCFHGHZ—.

The only other simple fluorine containing homopolymers
worthy of mention are poly-chlorotrifluoroethylene, (Kel=F),
and poly-hexaflucropropene. Having a bulky chlorine atom
in the polymer chain the structure is much less rigid
than the highly crystalline poly-tetrafluoroethylene. The
inclusion of chlorine in the chain reduces thermal and
chemical stability but it does mean that Kel-F is a
thermoplastic and therefore can be fabricated by all the

usual technigues.

Despite considerable effort, hexafluoropropene has

124 (see page 28)., At

been homopolymerised only recently
50000. and under 3,000-5,000 atmospheres in the presence

of hydrogen-free initiators such as CFsngSCFS, hexafluoro-
propene homopolymerised to yield a highly stable thermo-
plastic. Polyhexafluoropropene retains the important
electrical properties of polytetrafluoroethylene and the

resistance to oxidising agent but its thermal stability is

lower than that of polytetrafluoroethylene. 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 'head-to-tail'. Also unlike
polytetrafluoroethylene, polyhexafluoropropene is soluble

in most common fluorocarbon solvents !'though insoluble in

153
hydrocafbon solvents.

The principle of introducing a-bulky atom or group
into the Teflon structure to make the resultant polymer
thermoplastic was employed when tetrafluoroethylene and
hexafluoropropene were co-polymerised to produce Teflon 100 jii

This co-polymer retains most oi vhie thermal and chemical

stability of Teflon and is thermoplastic.

Chlorotritluoroethylene has been copolymerised with
vinylidine fluoride to yield Kel-F elastomer, Thisg
co-polymer has admirable physical properties as well as
high temperature resistance to oils, fuels and nitric
acid. Although it is exceptionally stable, the chlorine
atoms are a source of scme instability.151 In 1957 tais
source of instability was removed when Dixon, Rexford and
Rugg reported the co-polymerisation of hexafluoropropene

122 134

with vinylidine fluoride to produce "VitonA®", PFerguson,

# "yiton A" is the du Pont trade name for a co-polymer of
hexafluoropropene and vinylidine fluoride".
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using N-M-R has determined the structure of Viton and

found it to be:-~

l
(-CH ~CF,CF CF)- -écrx CF ,CFCF 7\
TR TETRT T es 2 20 72 op

~ 1-n

[(CH2CF20H20F27\.95 {cngcpchzcnz}. s .

[ 59

where n is the molar fraction of vinylidine flﬁoride. This
structure was deduced on the assumption that viton is

a random linear co-polymer, except that there are no adjacent

hexafluoropropene units.

Cross-linking of viton A.

The high stability of Viton A renders cross-linking
of the polymer a very difficult process. However, three
main methods have been developed by which cross-links
can be introduced into the elastomer. They are; the
action of aliphatic amines, 'the action of high energy
radiation and the action of peroxides. 0f these, the

most important is the action of amines.
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Studies of the amine induced cross-linking mechamnism
have been carried out using the elastomer itself by

133 135 Both agree that the first

smith and Paciorek et.al.
step is dehydrofluorination but while Smith favours

the explanation that double bonds thus formed in neighbouring
chains interact to give the cross links, Paciorek supports

the view that amine bridges bind the polymer chains

together, except in the case of tertiary amines which cannot
react with the double bonds produced by the dehydrofluorina-
tion reaction. In this case she agrees that interaction

of the double bonds to produce cross links could be the

process involved in the cross linking. Preliminary studies}25
carried out in these laboratories on the créss-linking

of Viton using Viton/Methanol co-telomer suggest that

émines are incorporated in the cross-linked polymer, Fﬁrther

work along these lines is being carried out.

In order to elucidate further the cross-linking

mechanism, Paciorek97’156 made some model compounds

containing the elements of structure present in Viton, and
investigated their reactions with amines. Further

discussion of her work will be deferred until later. (page 81).
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INTRODUCTION

Primarily the work has been to investigate the process
involvea in the cross-linking of viton A, & co-polymer of

153,135

hexafluoropropene and 1,l1-difluorocethylene. Previous

work on this problem has involved experiments carried out
on the co-polymer itself. The approach used in this work
has been to prepare compounds which contain the elements

of structure present in Viton, and then investigate their
reactions with cross-linking agents. These cross-linking
experiments were to be carried out by 'Yarsley Laboratories!
but a preliminary investigate was carried out by the
present author. This same approach was used by Paciorek
et.al.97’156 in work published during the course of the
investigations reported in this thesis but 'model compounds!
were prepared which, it is felt, do not represent the

situation existing in viton. This point will be discussed

later.

Since hydrogen fluoride is eliminated during the cross-
linking of Viton, it is to the -CH2- groups that particular
attention must be paid. Fergusonl54 has shown the
predominating structure to be -CcmF(CF5)CH20EZCHZCF2—.

It can be seen that there are two main types of methylene

group; one which is adjacent to two difluoromethylene

groups, and one which is adjacent to one difluoromethylene



group and a carbon atom bearing one fluorine atom and

one trifluoromethyl group. The idea then was to prepare

two model compounds, one containing a tertiary fluorine

atom (i.e. a fluorine atom attached to a carbon atom

pearing three perfluoroalkyl g;;;;; ~~~~——~—-5 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 its

dehydrofluorination investigated.

Preparation of Model Compounds.

The first attempt to prepare compounds containing
structures present in vViton was by coupling two
different polyfluoroalkyl radicals. In particular attempts
were made to couple CFzCHoI with n-CgF,I and (CFS)chI

and so produce the alkanes
CFzCFoCFoCHoCF; and  (CFg)oCFCHoCF,.

Polyfluoroiodoalkanes when subjected to ultra-violet
radiation in the presence of mercury undergo a coupling
reaction. In particular heptafluoro-1l- and -2-iodopropanes

undergo this.reaction.ll’lz

(cPg)gorr  -HBLU=Vs (R, ) CRCR(CF,)q.

When trifluoroiodomethane and pentafluoroiodoethane are



538

treated in a like manner however, they yield mercurials.15

CFSI _.I-.I_EAI_'I!9 CFSHEI

The ultra-violet irradiation of 1,1,l-trifluoroiodoethane
in the presence of mercury had not been carried out, but
since the C-I bond strength, as indicated by the iodine%/
iodide exchange experiments described elsewhere in this
thesis (Chapter 4, p. 169), is of the same order as those
of trifluoroiodomethane and pentafluoroiodoethane it was:
anticipated that the mercurial would be formed rather than
the coupled compound. This is in fact the case, for 1,1,1-
trifluorocethylmercuric iodide was found to be the main
product with only a small amount of the coupled compound
when this reaction was carried oute. When a more powerful
ultra=-violet lamp was used, a greater amount of the
coupled compound, 2H,2H,3H,3H-hexafluorobutane was
produced. This demonstrates that in coupling: reactions,
the mercurial is the initial product but that this breaks

down into radicals on further irradiation.

An attempt to couple 1,1,1-trifluoroiodoethane was
made using yellow mercuric oxide but this proved unsuccessful.
The iodide and yellow mercuric oxide were heated together as
described by Haup'tschein184 but extensive decomposition

occurred and much hydrogen fluoride was generated. It is



Probable that this method of coupling is only satisfactory

when there is no hydrogen present in the molecule.

When heptafluoro-2-iodopropane and 1l,1,l-trifluoroiodo-
ethane were irradiated together in the presence of mercury,
perfluoro-(2,3-dimethylbutane) and 1,1,l~-trifluoro=
ethylmercuric iodide were obtained but none of the hoped

for 2H,2H-decafluoro-(3-methylbutane),

In separate experiments, 1l,l,1-trifluoroethylmercuric
iodide and heptafluoro-2-iodopropane were heated and

irradiated together in the hope that the reaction
(CFz)oCFL + CFgCHoHET —> (CF3)20F0H20I{23+ Helg

would occur. A trace of the desired compound was

produced in the thermal reaction but the main reaction

was one of decomposition as evidenced by the production of
large amounts. of hydrogen fluoride. Again it seems that
the presence of hydrogen in the molecule leads to thermal
instability. The ultra-violet irradiated reaction yielded
only perfluoro-{(2,3-dimethylbutane) and 1,1,1-trifluoro-

iodoethane.
2(CF5)oCFI + CFzCHoHEI ——> (CFyz)oCFCF(CFz)g + CFiCHI

: I
+ Hg o
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Presumably iodine produced by the fission of the C-I
bond of the heptafluoro-2-iodopropane attacks the mercurial

to produce mercuric iodide and 1,1,1-trifluoroiodoethane.

The coupling of two different radicals in order to
prepare model compounds did not seem to be proving very
fruitful so a second method was employed and this proved

to be a success.

Using heptafluoro-2-iodopropane as an example, the
proposed route tc model compounds, and the one which was

in fact followed, was:-

(CF5)gCFI + CHg:iCFg ———> (CFyg)gCFCHoCFOI + weesens

“—
(CFyz ) oCFCH,CF (CFz ) 5CFCHCFSH.
I 11
(CF5)2CFCH20F20F20H20F(CF5)2.
III

Of the three compounds I, II and III, it was found
that III is the most conveniently prepayqd. It is obtained
in good yield from the jodide and can bexaypained pure without
recourse to preparative gas-liquid chromatography. For

these reasons it was used in the 'cross-linking' experiments,

albeit the situation is slightly complicated by there being
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two tertiary fluorine atoms in the molecule. Corresponding

compounds were made using 02F51 and n-CsF7I as starting

materials so that their reactions with cross-linking agents

could be compared with those of (CF5)2CFCH20F20F20H20F(CF5)2.

Some copolymerisation studies being carried out in
these labdratories demanded the preparation of the olefins
Cst(CHchz)nCH:CFz and (CFS)ZCF(CHZCFz)nCH:CFg (n = 0,1,2).
With this in mind, the dehydroiodination of the telomer
iodides 02F5(QH20F2)n+1 I and (CF5)20F(CH20F2)H+1I was

investigated.

Telomerisation reactions of 1,1-difluoro-

ethxlene

The first telomerisation reaction of vinylidine
fluoride (1,1-difluoroethylene) was reported in 1954 when
Haszeldine18 irradiated it with trifluoroiodomethane.
Chemical and ultra-violet spectroscopic data indicated
that the CFg radical had attacked the CHg: end of the
molecule exclusively. In 1955 the reaction between penta-
fluoroiodoethane snd vinylidene fluoride was carried out, both
thermal and ultra-violet initiation being used.52 Only
the 1:1 adducts were isolated and characterised. In 1958
Hauptschein et,al.58 reacted several iodides, including
trifluoroiodomethane and heptafluoro-l-iodopropane, with

vinylidene fluoride using thermal initiation. The early
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members of each series of telomers were isolated and
characterised but in fact these materials were not pure

v the use of analytical G.L.C. showed

isomers for later
that the composition of the simple heptafluoro-l-iodopropane-
vinylidene fluoride adduct is 95 mole % CzFpCHoCFI, and

5 mole % CgzFpCFoCHoIe Surprisingly, it was found that

the 1:2 adduct contains only one component.

Heptafluoro-2-iodopropane has not hitherto been used

in reactions with vinylidene fluoride,

Reaction between vinylidene fluoride and pentafluoroiodo-
eéthane

The reaction was carried out using thermal initiation
because the reaction can be performed on a larger scale
than if ultra-violet initiation is used. The first three
telomers were obtained reasonably pure by distillation.
Analytical G.L.C. showed that in each of these fractions
there was present a material with a retention time only
slightly longer than that of the main component. The
area of the small peak was 1/20 of that of the large peak,
It is probable that this smaller peak was due to the isomers
produced by the CBF5° radical attacking the CFZ: end of the
olefin molecule, Although this small peak was not
recorded on preparative scale chromatograms, pure samples

of the isomers CofgCHoCF,I and CoFCHoCFoCHoCFoI were
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obtained by recycling the materials through the apparatus
several times using tricresyl phosphate as stationary
phase and trapping out early cuts, This was only possible
for the first twc telomers because the 1:3 adduct has an
impossibly long retention time at the highest temperature
at which tricresyl phosphate can be used. Silicone
elastomer was found to be of no value in resolving the

two peaks. This is the first time that pure isomers of

pentafluoroiodoethane-vinylidene fluoride have been isolated

and characterised.

Reaction between vinylidene fluoride and heptafluoro-1-
icdopropane

Again thermal initiation was used. A 1:1 molar ratio
of reactants afforded a good yield of the 1:1 adduct and
a sample of the pure isomer CF50F20F20H20F21 was obtained by
preparative G.L.C. Hauptschein58 did not seem to be
concerned with high yields of the 1:1 adduct for he used
molar ratios of iodide:olefin of 1:2.3 and 1:3.7 and consequent-
1y obtained greater amounts of the higher telomers,

Reactions between vinylidene fluoride and heptafluoro-2-
iodopropane

It has been found that these compounds react together
under thermal conditions to produce telomer iodides in

good yield. As in the case of pentafluoroiodoethane-

vinylidene fluoride reactions, both isomers were observed,
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being formed in the ratio 19:1. Pure samples of
(CF5)20FCH20F21 and (CF5)20F0H20F20H20F21 were obtained but
for the same technical reasons as already outlined, no

pure isomers of higher telomers could be isolated,

Reaction between vinylidene fluoride and tetrafluoro-1,2-
diiodoethane

In a thermal reaction between a 1:1 molar ratio of
reactants a lower yield of telomers was obtained, only
39% of the diiodide being converted into telomers. This
reaction was rather less 'clean' than those previously
described for analytical G.L.C., showed there to be
present in the reaction product small amounts of several
compounds other than tetrafluoro-l,2-diiodoethane and the
1:1 adduct, A sample of the pure isomer ICF20F20H20221
was obtained pure by preparative G.L.C. The composition
of the 1:1 adduct was estimated by analytical G.L.C, to be
95 mole % ICF20F20H20F21 and 5 mole % IGF20F20F20H21.
None of the 2:1 adduct was observed to be produced.

Some general considerations on the above mentioned telomerisa-—
tion reactions

The results of the above experiments are summarised
in table 5 below, The reaction between vinylidene fluoride
and trifluoroiodomethane was carried out in these laboratories

by Dr. R,H. Mobbs. The results of this experiment are
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included for the sake of completeness.

TABLE &
Conv.of Mole % composition of
Todide telomers

Molar Ratio Temp. Time: into

(hrs) Telomers n=1 n=2 n=3 n=4 B=5 n=6

CF.I/CH,CF

3/ rrere 200 17

1: 1 + 210 24 356 46 33 14.5 5.5 1
CoF5L/CHoCP,

1 1 190 45 55 92 6 2 - -
n-CgFy,1/CH,CF,

1 1 200 36 88 70 256 5 - -
(0F5)20F1/0H20F2

1 1 185 36 88 90 10 trace - -

1 1 . 820 36 90 87 13 " - -

1 3 220 36 100 14 38 34 11 3

1 4 220 36 100 2 21 290 26 18 4
ICF,CFy1/CH,CF,

1 1 185 36 40 100,

Although the reaction between trifluoroiodomethane and
vinylidene fluoride was not carried out under exactly the

same conditions as the reactions between pentafluoroiodo-
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ethane and the heptafluoroiodopropanes, table 5
illustrates that as the efficiency of the chain transfer
agent decreases (i.e. as the C-I bond strength increases),
the conversion of the iodide into telomers decreases,

and, with the exception of 02F51/CH2CF2 (see page 176)

the yields of higher telomers increases. Hauptschein58
found that heating equimolecular amounts of trifluoroiodo-
methane and vinylidene fluoride in a Monel autoclave to

188°C. for 22 hours converted 80% of the iodide into telomers.
The composition of the mixture of telomers that he obtained
was n=1, 80; n =2, 10; n=3, 5; n=4, 5 mole %, The
experiment in these laboratories was carried out under
conditions which would be expected to favour greater conver-
sion of the iodide into telomers than that achieved by
Hauptschein, In fact, a smaller conversion was achieved,

as was a greater yield of the higher telomers. In view

of the fact that the conversion of pentafluoroiodoethane

into telomers is less than that of the heptafluoroiodo-
propanes, it seems likely that Hauptschein's results are
questionable, Also, Hauptschein's result is inconsistent
with the view that as the efficiency of a chain transfer
agent decreases, the conversion of that chain transfer agent
into telomers decreases and the yield of higher telomers

increasess, This is a view to which Hauptschein himself

subscribes.28



All the telcmers isolated have ultra-violet speetra
with )\max within the range 271-274 @/‘ which is in
agreement with other compounds possessing the -CHoCFoI
grouping. Had the addition gone in the reverse direction,

the ultra-violet maximum would have been in the region

262 T/A.

TABLE 6

A Max AMax:
CF5CFoCF,1 271 CFCH, I 262
CF5CHoCF 5T 271 CFoCLCH, T 263
CHyC1. CFyI 269 CF,BrCH, I 266

Chemical evidence for the attack of the perfluorocalkyl
radical having been on the CHy: end of the olefin (i.e.

dehydrioiodination) will be discussed later.

The same copolymerisation studies which demanded the
production of the olefins 02F5(0H20F2)ngH:.CF2 and
(CF5)20F(CH20F2)nCH:CF2 (n = 0, 1, 2) also demanded the
preparation of the olefins (CF5)20FCF:CF2 and
ZZCFs)chJ oC=CFg. It was thought that a convenient

route to these might bve:=



(CF3)20FI + CFH:CFy —> (CF5)20FCHFCF21
- HI
(CF3)20FCF:CF2

and
(CF)5OFT + (CFg)oCFCH: CFy —> [(CF3)oCF | CHOPT

| =

KCFS)zcé] 2C:CF2

One would expect that the addition of heptafluoro-2-iodo-
propane to these olefins might be bi-directional but this

does not interfere with the dehydroicdination of the drawn

isomer.

Under all conditions of temperature employed, the
compounds heptafluaoro-2-iocdopropane and trifluoroethylene
failed to interact. This is indeed surprising for both
tetrafluorcethylene and vinylidene fluoride readily
react with heptafluoro-2-iodopropane under the influence
of heat alone, Recent work in these laboratories has
shown that these compounds react together in the presence

of the free-radical initiator azobisisobutyronitrile.

The reaction between heptafluoro=g2=iodopropane and
2H-nonafluoro~- (3-methylbut-l-ene) failed under the conditions

of temperature employed. However it was thought that the fail-

ure of this reaction might be due to steric crowding, so
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the reaction was carried out bpetween trifluoroiodomethane
and the same olefin, Both thermal and ultra-violet
initiated reactions were attempted but in both cases no

reaction occurred.

It seems that these reactions might occur if the

recently available azobisisobutyronitrile were used.,
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Reactions of Telomer iodides of 1,1-difluorcethylene.

Reactions of 2H,2H~-l1-iodononafluoro-(3-methylbutane),
' (CstchCHQCFQI.

i. Dehydroiodination.

As already mentioned, the olefin (GFs)chCH:CFz was
required for some copolymerisation studies being carried
out in these laboratories and therefore the dehydroiodination

of 2H,2H-1-iodononafluoro~(3-methylbutane) was undertaken.

a) Using potassium hydroxide in acetone.

This reaction was carried out in a sealed tube. It
proceeded very readily and with vigour. Preparative
G.L.C. had to be used to obtain the pure olefin and the
overall yield was only 30%. The reaction resulted in the
formation of much tarry material and so a more dilute
solution of potassium hydroxide was used but no increase

in the yield was achieved.

b) Using potassium fluoride in N,N-dimethylformamide

Hauptschein77 found that the action of nucleophiles,

in particular F~, on iodides with the grouping -CH20F21
caused dehydroiodination in high yield. The procedure
outlined by Hauptschein was followed but although formed

in a high yield, the olefin was contaminated with a small
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amount of a material which had an almost identical
retention time., This meant that preparative G.L.C. had
to be used to isclate the olefin and overall yield was

therefore much reduced. The impurity was not identified.

c) Using solid potassium hydroxide

Haszeldine18 used solid potassium hydroxide to
dehydroiodinate CFacHchzI. This same reagent was used
to dehyd:r oiodinate 2H,2H-l-iodononafluoro-(3-methylbutane)
in high yield (85%). The product was pure and therefore

losses were not incurred by having to use preparative G.L.Ce.

d) Using triethylamine.

Using triethylamine as the dehyd:roiodinating agent,
a high yield (75%) of olefin was obtained. Traces of
amine contaminating the olefin can be easily removed by

chemical means,

The best methods of those investigated for dehydro-
iodinating 2H,2H-l-iodononafluoro-(3-methylbutane) are
those using solid potassium hydroxide or a tertiary amine

for they afford a pure olefin in high yield.

2. Replacement of Iodine by Hydrogen

a) Using Lithium Aluminium Hydride

The technique used was as that described by
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Hauptschein et.al.174 Although the desired alkane

1H, 2H, 2H-nonafluoro-(3-methylbutane), (CFg )20F0H20F2H »

was obtained, there was also isolated a small amount of

a second compound which was never identified. It is
probable that this second compound is produced by one or more
of the fluorine atoms having been replaced by hydrogen,

for when trifluoroiodomethane is treated with lithium

aluminium hydride, some methane is produced.174

This method of replacing iodine by hydrogen suffers
from the fact that the alkane has to be separated from
large amounts of ether, as well as from the other product,
by preparative G.L.C, Which reduces the overall yield,

) By preparation of the Grignard reagent and its reaction
with ethanol

In a single experiment to replace iodine by hydrogen
by first of all preparing the Grignard reagent and then
hydrolysing it with ethanol, none of the desired product
was obtained, That the Grignard reasgent had been formed

was shown by the isolation of iodobenzene.g.v.
RfI + PhMgBr» —> RfMgBr + PhI

The amount o iodobenzene isolated corresponded to
30% of the iodide having been converted into its Grignard

reagent,



This reacticn was not further investigated because
even if it had been successful, it, like the previous one
would have necessitated the isolation of the product by

Gas-Liquid chromatography.

¢) Using zinc and sulphuric acid.

The procedure adopted by Haszeldine52 was employed

but the desired reduction did not take place to any
appreciable extent. Instead, coupling was the main
reaction, 3H,3H,6H,6H-octadecafluoro-(2,7-dimethyloctane),
(CF3)20F0H20F2CF2m2CF(CF5)2, being produced in 45% yield.
The volatile product from the reaction was found to be

a mixture of 2H—nonaf1uoro-(5-methy1but-1—ené) and
1H,2H,2H¥nonafluoro—(3—methy1butane).1THaszeldinesz noticed
that when he reduced 2H-l-iodooctafluoro-(2-methylpropane),
(CF5)2CHCF21, using zinc and sulphuric acid, the product
was 'contaminated by an olefin' but he does not mention

the formation of any coupled ‘material.

d) By ultra-violet irradiation in a solvent

It was noticed by Haszeldine et.al.’?1 that perfluoro-

alkyl radicals were able to abstract propons_from
hydrogen containing solvents and since 1H,2H,2H-nonafluoro-
(3-methylbutane) was produced during the coupling of

2H,2H-1-iodononafluoro~(3-methylbutane) (see page 71), it
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was thought the irradiation of the iodide in cyclohexane
might yield the same alkane. In fact, equimolecular
amounts of the alkane and 2H-nonafluoro-(3-methylbut-l-ene)
were produced. It seems that protons were abstracted

from the iodide but not from the solvent.,
(CFg)oCFCHoCFpI —>  (CFg)oCFCH,CF e
(CFy)oCFCHCF,T + (CFy) CFCH Py ——> (CFjg)oCFCHCF,T +
(CFz ) oCFCH,CFH
(CF5)oCFCHCF,T ——> (CFg)oCFCH:CFg + I°

This type of reaciion might be further investigated using

other solvents.

e) Reaction with zinc; preparation and hydrolysis of
(CF, ) CFCH,_CF ZnI.

Although the purpose of this reaction was to prepare
2H,2H-nonafluoro-(3-methylbutane) and while some of the
desired compound was obtained, it was not the most important
product. The method described by Miller et..al.l'?1 who
prepared l-heptafluoropropylzinc iodide from heptafluoro-i-
iodopropane was adopted. The solvent was purified
rigourously since the presence of peroxides has been

A
found to inhibit the reaction. 2

During the course of the reaction with 2H,2H-1-iodonona-
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fluoro-(3-methylbutane) (30 gms), a mixture of

compounds (7.5 gms.) was produced. These compounds were
isolated by G.L.C. and found to be 1H,2H-octafluoro-
(3-methylbut-trans-1-ene), 1H,2H,2H-nonafluoro-(3-methyls
butane) and 1H,2H-octaf1uoro=(S-methylbutécis-l-ene).
Chromatography showed these compounds to be pfesent in the
ratio 1:2:7 by weight. It is proposed that the olefins

are produced by the mechanism.

Zn/Diox.
(ch )2CFCH20F21 >

Rf-CH=CFH

That the hydrogen on the ™® ~C of the olefin does
not come from the solvent is suggested by the fact that

the two geometric isomers are not produced in equimolecular

amountse.

Hydrolysis of the zinc compound produced more of
the butane and a little of the cis-butene (this was
probably produced before the hydrolysis was carried out).
Also obtained was some of the coupled compound, 3H,3H,6H,6H=-

octadecafluoro-(2,7-dimethyloctane).

The structures of the olefins were elucidated by

N-M=R spectroscopy. (see 'Experimental', page 129).
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Se Replacement of iodine by fluorine.

The iodine in polyfluoroiodoalkanes can be replaced

by fluorine using antimony trifluorodichloride,77

hydrogen fluoride,®’ cobalt trifluoride®’»184

and mercurous
fluoride.52 The first mentioned of these reagents was

used and found to be satisfactory. Although the

product was not a pure compound, the 2H,2H-decafluoro-
(3-methylbutane) could be easily separated from the impurity
by preparative Go.l..C. No effort was made to identify the
impurity but it seems likely that it was a compound in

which one or both of the hydrogen atoms had been replaced

by fluorine,

4, Coupling Reaction

Hauptschein®® found that iodides with the grouping

—CH20F21 underwent coupling under the influence of ultra-

violet radiation in the presence pf mercury. He coupled

CF5(CH20F2)nI (where n = 1,2 and 3) and also mixtures

of telomers of heptafluoro-l-iodopropane and 1,1-difluoro-

ethylene,

2H,2H-1-iodononafluoro-(3-methylbutane) has now been
coupled by the mercury/ultra-violet technique to give
3H,3H,6H,6H~octadecafluoro-(2,7-dimethyloctane) in good

yield (75%). Tnere was also formed during the reaction
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a small amount of &an equimolecular mixture of 2Z2H-nonafluoro-

(3~methylbut-l-ene) and 1H,2H,2H-nonafluoro-(3-methylbutane).

The formation of these two compounds has not hitherto been

observed, It is proposed. that these compounds are produced

by the mechanism:-

(CFg)oCFCHoCFoH + (CFg)oCFCHCFI

(CF5)20FCH=CF2 + I°

gome reactions of telomer iodides other than those of

2H, 2H-1-iodononafluoro-( 3-methylbutane)

1. Dehydroiodination

Several other telomer iodides were dehydroiodinated

to yield terminal olefins.

(CF5)2CF(CH20F2)2I
(CF3)oCF (CHCFg ) 5T
CoFCHoCF T
CoF5(CHoCFg ) 51

C2F5(CH20F2)5I

Method Olefin ;field
Solid KOH | (CFg)oCFCHGCF4CH: CF,, | 7%
3y Amine 80%
Solid KOH (CFS)ZCF(CH20F2)20H:CF2 83%
Solid KOH |CoFgCH:CFy 85%
3y Amine CoF5CHSCP,CH: CFy 7 5%
3y Amine 02F5(CH20F2)2CH:CF2 55%
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The high yields of olefin show that the attack of
the perfluoroalkyl radical is on the methylene group of

1,1-difluorcethylene to a very large extent.

2e COugling

2H,2H-1-iodononafluoro~(3-methylbutane),
(CF5)20F0H20F2I, underwent a coupling reaction to yield
3H,3H,6H,6H=octadecafluoro-(2,7-dimethyloctane),
(CFS)2CFCHZCFZCH2()F(CF5)2, a model compound containing
teptiary fluorine atoms. In order to make a similar
model compound without tertiary fluorine, the coupling
of 2H,2H-l-iodoheptafluorobutane, CstcHchzI, and
2H,2H,-1-iodononafluoropentane, C3F7CH20F21, was carried
out using the same ultra-~violet/mercury technique as
previously described. In a similar way to the
production of small amounts of . .2H-nonafluoro-(3-methylbut-
l-ene), (CF5)2CFCH=CFO, and 1H,2H,2H-nonafluoro-(3-methyl<
butane), (CFS)chcﬂzcng, during the coupling of 2H,2H-1-
iodononafluoro-(3-methylbutane), .. °.2H-heptafluorobut~l-ene,
02F50H=CF2, and 1H,2H,2H-heptafluorobutane, 02F5CH20F2H
were produced during the coupling of 2H,2H-1-iodoheptafluoro-

butane.

CoFgCHoCFI —> (62F5CH20F2)2 + CoFgCH = CFy

+ CstCﬁzCFzH.



It is likely that a similar alkane and alkene are
produced during the coupling of 2H,2H-l1-iodononafluoropentane,
C5F7CH2GF21, but no effort was made to isolate them.

Reaction between 2H,2H-1,4=diiodohexafluorobutane and
mercury under the influence of ultra-violet radiation

It was though interesting to observe the behaviour of a
l,4-diiodobutane under the influence of ultra=~violet
radiation in the presence of mercury, for if it cyclised
then it would seem likely that a 1,6-diiodohexane would

cyclise and so provide a new route to fluoroaromatic

compounds.

In fact, no volatile material was obtained., A
polymer which lost hydrogen fluoride spontaneously Was

the only product.

When 1,2-dijiodotetrafluoroethane was treated in

a like manner, tetrafluoroethylene was the only product.

Reaction between 2H,2H-1y4=diiodchexafluorobutane and sulphur

In 1961 Tiers heated l,4-diiodooctafluorobutane with
sulphur to 250°Cc. for 20 hours and obtained perfluoro-
thiophane.179 A similar reaction was attempted using
2H,2H~-1,4-diiodohexafluorobutane, The reactants were

heated to 200°C. for 4 hours but even under these

conditions, excessive decomposition took place and none of



the desired product was obtained, It seems reasonable
to attribute this instability to the presence of hydrogen

in the system.

75
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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 in
Viton was undertaken. The first step in this process is

133,135

regarded as being one of dehydrofluorination but

subsequent processes are rather more obscure (see p. 49).
The dehydrofluorination of the model compounds was first
Iof all undertaken. Since it is thought that a tertiary
fluorine atom is removed from- a molecule more easily than

135

the fluorine of a difluoromethylene group it was the

dehydrofluorination of 3H,3H,6H,6H-octadecafluoro-(2,7-
dimethyloctane) which was investigated first.

Dehydrofluorination of 3H,3H,6H,6H-octadecafluoro-(2,7-
dimethyloctane).

Using Anion exchange resin

Anion exchange resin has been used successfully in the
dehydrofluorination of hydrofluorocyclohexanes.147 When
this reagent was used in attempts to dehydrofluorinate
3H,3H,6H,6H~octadecafluoro-(2,7-dimethyloctane), both in

the presence and absence of a solvent, no reaction occurred.

Using sodium and potassium hydroxides.

fhen sodium hydroxide in 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 dilute solution was

used, a similar amount of decomposition occurred.

In experiments using sometimes aqueous and sometimes
powdered potassium hydroxide, dehydrofluorination did
occur as evidenced by infra-red speetroscopy, but only
with difficulty. When conditions were made more vigorous,
s0 as to enccurage the reaction, decomposition took place.
A mixture of olefins was produced by dehydrofluorination
which could not be isolated due to their having retention

times similar to that of the starting material.

Using amines.

Almost immediate reactién occurred when 3H,3H,6H,6H-
octadecafluoro-(2,7-dimethyloctane) was treated with dry
ethereal solutions of primary, and secondary amines at room
temperature. In both cases precipitates were produced
which were not amine hydrofluorides but which contained
fluorine,as evidenced by infra-red spectroscopy,and nitrogen.
Both decomposed when filtered from the ether and exposed
to the atmosphere, It seems likely that dehydrofluorination
had occurred followed by the zddition of amine to the

double bond.
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RoNH B
N . :;" 2 ’ ']
PCFS)EOFCHzcEQ}% =E l}0F3)zc,CHCF2-{%2

[(CFs)OCHCHCF,;T |
|2

!

NR2

This material on exposure to moist air possibly yielded

a substituted amide c.f.

(CoH,_ ) oNH
CPF.=CFCF=CF 2 (CoHy ) N~ CF=CFCF=CF
P 2 (G.n.).0 s )g 2
2l5/9
H,0 | (CgHg)g0
c 185
( 2H ) ;NCOCHFCF=CF,.

After filtration of the precipitates, G.L.Ce. showed
there to be nothing in the ether solution other than starting
materials, When treated with a tertiary amine under
the same conditions no precipitate was produced and even
after several days, analytical G.L.C. revealed only
the presence of starting materials in the reaction vessel,

In the absence of solvent, 3H,3H,6H,6H-octadecafluoro-(2,7=
dimethyloctane) was treated with tri-n=butylamine and after

five hours at 15000. an organic material was isolated which

contained a large amount (70% of total area of chromatogram)
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of a compound which was not starting material. This
compound could not be obtained absolutely pure due to
another component of the mixture hafing a very similar

retention time but a purity of 95% was achieved.

The infra-red spectrum of this material had a
single peak at 1709 cm"1 showing it to be unsaturated, The
N-M-R spectrum shows there to be four groups of fluorines

in the intensity ratio 12:2:1:1. (Full data in 'Experimental’,

P. 149).

a) CF,_groups. Three chemically shifted groups in
intensity ratio 3:6:3. Hence two trifluoromethyl groups
are equivalent and two are different. This could

arise from a group (CES)ZEQ* with X not necessarily
fluorine; the éééibond is é single bond. The chemical
shift, however, is not that of {C@ézécEi.‘ in the starting
material. The two non-equivalent trifiluoromethyl groups
probably arise from a group (CFSJZC:CRR' in which the
trifluoromethyl groups are cis and trans to substituents

R and R'. This is also consistent with chemical shift

values which lie in the same region as in (CFs)gCich

b) CFg_groups. The CFy group gives rise to an AB spectrum

and is therefore & CF2 in a substituted ethane.

c) oOne fluorine. gives rise to a peak in the same region
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of the spectrum as the gbove difluoromethylene group

i.es NOT a tertiary fluorine atom as in (CFS)ch—.

d) one fluorine at high applied fields, but it has a

different value of chemical shift to tertiary fluorine as in
(CFs)ch( 130 p.p.m. as opposed to 108 p.p.m. found

for tertiary fluorine in (CFS)ch in many compounds).

The hydrogen spectrum shows there to be present two types

of hydrogen in the intensity ratio 1:1, The large H-F
coupling constant observed in one of these peaks could

indicate either trans- FKC::C/ or CFH.
/ \H

It seems then from the above infra-red and N-M=R

evidence that dehydrofluorination has taken place giving

’/CF1 and the other perfluoroisopropyl

(CF3)20=0
group has been changed in some way. Had the observed

chemical shifts of CF5 and P been the same as observed in

(CF,).CFCHCF,, then the structure  CF3 C=CHCF.CF=CH-CF-°F3
3)g 2 S 2 “cp
3 3

would have been the most probable but the shifts are in
fact_different and so it is unlikely that this is 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) fairly readily but it

is clear that reactions with tertiary amines are quite
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different. This behaviour with tertiary amines is
consistent with the fact that hydrogen fluoride (tertiary
fluorine) is not eliminated during the dehydroiodination,

by tertiary amines, of the telomer iodides (CF5)20F(CH20F2)nI

(n= 1,2,3.). Study on this reaction is continuing.

Paciorek et.al.97 have shown that potassium hydroxide
and amines both cause elimination of hydrogen fluoride
(tertiary fluorine) from CFSCHch(02F5)0H=CF02F5 to give
the conjugated diolefin CF50H=C(02F5)CH=GF02F5 but it is
felt that this dehydrofluorination reaction is not taking
place in a situation analogous to that existing in viton,
The very fact that a conjugated diene can be produced
is going to encourage the elimination of the fluorine

atom which results in the formation of such a diene.

The dehydrofluorination of 3H,3H,6H,6H-tetradecafluoro-octane.

Dehydrofluorination experiments roughly parallel to

those with 3H,3H,6H,6H~-octadecafluoro-(2,7-dimethyloctane)

were carried out.

With powdered potassium hydroxide it was again found
that under conditions necessary to promote reaction,
exqessive decomposition tock place, With aqueous potassium
hydroxide, after prolonged refluxing, a certain amount of

unsaturated material was obtained without undue decomposition
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but the product was a complicated mixture (see fig. 6 p.152).

After treating 3H,3H,6H,6H-tetradecafluoro-octane with
tri-n-butylamine for 20 hours at 110°C., very little

reaction had occurred.

Comparing the reactions of 3H,3H,6H,6H-octadecafluoro~
(2,7-dimethyloctane) and 3H,3H,6H,6H-tetradecafluorooctane
with tertiary amines, it seems that tertiary fluorine
is rather more easily removed than a fluorine atom from
a difluoromethylene group as in fact was suspected.

However it is clear that the processes taking place
during the treatment of 3H,3H,6H,6H-octadecafluoro(2,7-
dimethyloctane) with tertiary amines are more complicated
than anticipated, It is probable that these same

processes are taking place during the cross-~linking of

viton,
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Chapter 3

EXPERTMENTAL
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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 all spectra.

Samples were in the form of a thin film between
potassium bromide discs, a gas in a cylindrical cell
(5" long x 13" diam.) with potassium bromide end windows,

or made into a disc with potassium bromide,

Ultra-violet Spectroscopy

Ultra-violet spectroscopy was used in the determination
of the structure of some telomer iodides. An QOptica

C.F.4. double beam spectrophotometer was used to obtain

all spectra.

Samples were dissolved in cyclohexane and the solution

placed in quartz cells,

NuclearéMagnetic-Resonance Spectroscopy

With the exception of measurement on 1lH,2H-octafluoro-
(3-methylbut-cis-1-ene), nuclear-magnetic-resonance
spectroscopic data has been obtained by Dr. J. Busley of

Durham University using an A,E,I.R.S.2 spectrometer at
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60 Mc/s. Dr. L.H. Sutcliffe of Livervool University
using a Varian V-4300B spectrometer at 856.4 lic/s made
measurements on 1H,2H-octafluoro-(3-methylbut-cis-l-ene).

These same two workers interpreted the spectra.

Molecular Weights

Molecular weights of gases and very volatile liquids
were determined by Regnault's method. For this, a glass
buldb (124.6 mls.) fitted with a high vacuum tap and
B10 cone was used. The volume of the bulb was found by
weighing it when evacuated and then when filled with
distilled water at a known temperature. The bulb was
fitted to a vacuum system, filled with vapour to an
accurately measured pressure and then weighed, The weight,
volume, pressure and temperature of the vapour occupying

the bulb afforded tihe molecular weight.

Molecular weights of less volatile liquids and solids

were determined cryoscopically using standard apparatus.

Pressure Reactions

For the preparation of pentafluoroiodcethane, tetrafluoro-
l,2-diiodoethane, heptafluoro-2-iodopropane and 1,1,l-trifluoro-
2-iodoethane, a stainless steel autoclave (527 mls.)

which could be rotated at an angle was
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used. Mixing was further improved by having in the vessel

several pieces of stainless steel rod.

Telomer iodides were prepared in a stainless steel
autoclave which could be rocked. This autoclave was
fitited with a pressure gauge which made it 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 (Fig. %). The
gas was condensed and weighed as a solid in a cold flask
which was attached to the vacuum system. The autoclave,
which was already charged with any liquid or solid reagents,
was attached to the vacuum system and cooled in ligquid air.
After evacuating ihe system, the gas was transferred to the

autoclave using standard vacuum techniques.

Gas--Liquid Chromatography

Analytical Scale

A Griffin and George Mark IIB model with two U-shaped
columns (90 x .64 cms.) was used for most analytical work.
The packing was oi kieselguhr on which had been deposited
a stationary phase (40%) of tricresyl phosphate (T.C.P.)

or Silicone Elastomer,

For the investigation of the products from the pyrolysis

of 'Teflon' (page 96), the same apparatus was fitted with
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a copper spiral column (360 x .64 cms. diam.) which,
after packing, was fitted into a Dewar flask packed with

ice,

Preparative Scale. (Fig. 3. page 89)

This apparatus, of the 'duck through' type, consisted
of a horizontal U-shaped tube (240 x 2.3 cms. diam.

containing ca. 380 gms. packing) leading through narrow

bore silicone rubber tubing to a separately heated decteetor88

and then to a trapping system,

The columns lay in a glass wool lagged box heated
by a strip heater positioned beneath a false bottom. The
temperature inside the box was maintained uniform by means
of a circulating fan fitted at one end. Nitrogen, the
carrier gas, prior to coming into contact with the sample
was pre-heated inside the box by passing it through a copper
coil (7.62 metres). The sample was either injected into
the nitrogen stream through a serum cap, or evaporgted
directly into the nitrogen stream by diverting the latter
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°c. above the

temperature of the box.
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The detector was of the thermistor type sealed into
an aluminium block and incorporating a by-pass for 80%
of the nitrogen stream, It was positioned inside a small
aluminium box packed with asbestos wool and fitted with a

small electric heater controlled by a Variac.

The trapping 'system was of the straight manifold
variety with fitments for U-shaped traps. A heating
tape wrapped around the manifold prevented premature

condensation.

Analysis

The fluorine content of volatile compounds has been
determined essentially as described by Savory.89 However
there have been significant changes in the preparation and

handling of the diphenyl-sodium-dimethoxyethane complex.

On occasions difficulty has been encountered in
preparing a complex of the hitherto demanded strength of

90 31

1l to 1.5 M. or 2M.€ When reagent of this concentration

has been prepared, it has been noticed that diphenyl;sodium
was precipitated, particularly when the reagent was being
stored at 0°c. Warming to room temperature, instead of
causing the precipitate to dissolve, simply promoted decompo-
sition. It may be that it is impossible to obtain a true

solution of strengih greater than 1M. and that the higher
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concentrations previously thought to exist have really
been combinations of a sclution and a fine suspension. It
has now been found that a greater volume of a more dilute
solution (.5M) will decompose organic fluorine containing
compounds completely provided care is taken to maintain an

atmosphere of dry nitrogen above the reagent at all times.

Preparation of diphenyl-sodium-dimethoxyethane complex

a) Purification of reagents

i) Diphenyl- was recrystallised once from meths. and dried

under vacuum at rcom temperature for 4-5 hours.

ii) Toluene - Sulphur free toluene was distilled over

sodium in an atmosphere of dry nitrogen.

iii) Ethylene glycol dimethyl ether (dimethoxyethane)- was

distilled three times from potassium in an atmosphere of
dry nitrogen, the last time in the presence of the
ketyl of benzophenone which gives a deep blue colour only

in the presence of water and peroxides.

iv) gSodium dispersion- A flask (2N. 250 mls.) with

indented sides to prevent swirling, was fitted with nitrogen
inlet and verticéal air condenser down which was freely
suspended the rod of a dispersator. After purging with

dry nitrogen the flask wgs charged with sodium (23 gms.,
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1 gm. atom) and dry toluene (50 mls.). The toluene

was gently refluxed and the dispersator run at maximum
speed for 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.

b) Preparation of the complex

This was carried@ out essentially as described by

92 93

Ligett and Sezerat.

The sodium dispersion was transferred to a dry
nitrogen purged flask (3N. 3lit.) fitted with dropping
funnel, mechanical stirrer and reflux condenser.
Dimethoxyethane was added until the volume of the liquid
in the flask wgs 1750 mls. The flask was cooled in an ice
bath until the temperature of the contents was 5°C.
Diphenyl (160 gms., 1.04 moles) in dimethoxyethane (250 mls.)
was added with stirring over two hours. The reaction
started after a few minutes and the solution first turned
green and finally black; the reaction was exothermic and
the temperature was kept below 10°¢. by cooling the flask
in an ice/water bath. Stirring was continued for an hour
after 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 mls.) and

storéd under dry nitrogen at OOC.

c) Analytical procedure.

The tap and cone of flask A wereicarefully greased,
avoiding excess grease (Apiezon L), and the flask then
evacuated to a 'sticking' vacuum on the apparatus shown
in Figure 2; With taps Tl’ T2, and 'I'5 closed, T, was
opened and the bulb removed from the vacuum line, The
grease was carefully removed from the cone and the rest
of the bulb polished with a chamois leather, After leaving
in the balance case for fifteen minutes, the bulb was
weighed to the nearest tenth of a milligramme. A was
reattached to the vacuum line and with B, which contained
the sample to be analysed, cooled in liquid air, and
T1’T2’T5 and T5 open, the apparatus was again pumped down
to a sticking wvacuvum. Ts was closed and B was allowed
to warm slowly until the pressure in the system was
such as to intrcduce a 40-60 mgm. sample into A. Tl was
closed and the weight of the sample found by removing,
cleaning, and reweighing A as before. A was returned to
the vacuum line which was evacuated with T2,T5,T6 and Try
open, and the sample was transferred to C by closing TS’
opening T1 and cooling the side arm of C in liquid air. T6

was closed and the unit comprising C and D removed after
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releasing the vacuum at Ty With the side arm still

in liquid air, diphenyl-sodium-dimethoxyethane complex

(30 mls,) was taken.from a storage flask under nitrogen
and introduced intoc D using a nitrogen filled pipette. T6
was opened and the complex allowed into C followed by
di-isopropylether (25 mls, ) Care was taken to leave the
bore of Tg full of liquid to maintain a partial vacuum in
C. The sample was allowed to warm to room temperature
and the reagent gently swirled for five minutes. The
sodium halides were extracted with demineralized water

and the extract made up to 100 mls.

A 10 ml, aliguot was passed through a cation
exchange resin column containing 5 gms., Amberlite I.R. -120(H)
resin and eluted with 60 mls. of demineralized water added

in 15 ml, quantities. The eluate was heated to boiling

and immediately cooled,

The solution was titrated against standard .02N sodium

hydroxide.solution using methyl red - methylene blue

(3 and 2 drops respectively) as indicatcr.

A blank determinatioﬁ was made by shaking di-isopropyl
ether (25 mls.) with diphenyl-sodium-dimethoxyethane reagent
(30 mls.,) in a stoppered separating funnel, Any sodium
halide was extracted with demineralized water followed by

the procedure for the determination of fluorine,




Preparation of simple iodides;

Preparation of trifluoroiodomethane from jodine and silver
trifluoroacetate, 1,4

Silver Trifluoroacetate

Trifluorocacetic acid was added to a slight excess
of a suspension c¢f silver hydroxide in water; most of the
hydroxide dissolved., Filtration, evaporation to dryness,
grinding into a powder, and completing the desiécation in
vacuo on a steam bath afforded pure dry silver trifluoro-

acetate,

Trifluoroiodomethane

An intimate mixture of powdered silver trifluoro-
acetate (22.1 gms., .1 moles) and finely ground iodine
(15 gms., .12 moles) was placed in a horizontally held tube.
One end of the tube was sealed but the other lead to two

traps, one at 0°Cc. and one at -78°C., and a bubbler.

The reactants were heated cautiously with a Bunsen
burner, first at the end remote from the traps. As
the reaction procceded, the burner was moved towards the
exit of the tube. The rate of thke reactiogﬁgzllowed by
observing the rate of evolution of carbon dioxide through

the bubbler.

When the reaction was complete, a pink liquid (15 gms.)
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had collected in the trap at -78°C. This material was
purified by preparative G.L.C. (D.N.P., 19°C., 150 mls./
min.) and recognised by its infra-red spectrum as being

trifluoroiocdomethane. Yield 65%

Preparation of pentafluoroiodoethane from tetrafluoroethylene,
iodine and iodine pen‘l:afluor:i.de.11’12’91

Tetrafluoroethylene was prepared by the pyrolysis of

Teflon* but with our apparatus (Fig. 4) it was found
94,95
impossible to obtain the high yield quoted in the literature.

Pyrolysis of Teflon

Teflon (200 gms.) was placed in the copper boat and
positioned in the tube as shown. The pyrolysis tube
was sealed, slid into the furnace and connected through
traps to the pump. The pressure inside the system was
reduced to 5 mms, and kept at this value by suitable adjust-
ment of the needle valve. Heating was commended and
after 5 hours the uniform temperature zone was at 600°C.
This temperature was maintained for 4 hours during which

time 195 gms. of pyrolysate collected in the ligquid air

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 in a vacuum. system. Expansion
of the gases allowed a sample to be taken with a syringe

through a serum cap.

An analyticsl chromatogram (360 cﬁs. rerfluoro-tri-n-
butylamine on kieselguhr at OOC., «6 lits./hr.) revealed
the gas to have the composition; tetrafluorcethylene,
55%; hexafluororropene, 20%; perfluorocyclobutane, 24%;

perfluorobutenes, 1% by weight.*

Distillation of product

The product was condensed into a still pot which was
fitted to a low temperature distillation column (Fig. ©).
Tetrafluoroethylene was allowed to boil off past the cold
finger containing acetone and drikold (-78°C.) and collected
in a trap at liquid air temperature. As soon as the
higher boiling materials began to reflux on the cold finger,
the still pot was cooled and the distillation halted. In
this manner, 70 gms. of tetrafluoroethylene (> 95%) was

collected,

Preparation of pantafluéroiodoethane

The autoclave charged with iodine pentafluoride

% The identity of these compounds has been established
by Dr. R.H. Mobbs using low temperature preparative G.L.C.
and infra-red techniques.
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(31 gms., .14 moles.), iodine (84 gms., .28 moles.), and
tetrafluoroethylene (70 gms., .7 moles) was rotg%ed for

16 hours withcut heating, It was then vented through

two cooled traps (—78°C. and —18500.) to condense volatile
materials, leaving unreacted iodine and residual liquid.
The colder trap contained a material (2 gms.) identified
by its infra-red spectrum as being tetrafluoroethylene,

The contents (170 gms.) of the other trap (-78°C.) were
distilled through a short column of potassium hydroxide
pellets to remove hydrogen fluoride and collected at 47800.
in a still pot. This was fitted to the low temperature
distillation column (Fig. 5) and the iodide distilled. 1In
this way 155 gms. of pentafluoroiodoethane ( > 98%) was

obtained.

For telomerisation reactions samples of iodide
purified in this way were used, but for the exchange reactions
with radioiodine chromatographic purification (T.C.P., 18%¢.,

150 mls./min.) of the distilled iodide was carried out.

Remaining in the autoclgve were small amounts of
iodine and tetrafluoro-l1l,2-diiodoethane; the latter being
identified by its having a coincident retention time with

that of an authentic sample,
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Preparation of 111,1—trifluoro-z-iodoethane.11,12

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
10500. for 15 hours. No gaseous material was vented from
the autoclave; the remaining liquid was washed with
alkaline sodium thiosulphate to remove iodine, dried
over anhydrous magnesium sulphate, and distilled giving
1,1,1-trifluoroiodoethane (145 gms.) (> 99%), identified
by its having a'retention time coincident with that of

an authentic'sample, and by its infra-red speetrum.

For the exchange reactions with radioiodine, a sample
was further purified by preparative G.L.C. (T.C.P., 60°C.,

180 mls,/min, )

Preparation of heptafluoro—2-iodopropane.11’12

The autoclave charged with iodine pentaflucride
(29.5 gms., .132 moles), iodine (67 gms., .264 moles), and
hexafluoropropene (100 gms., .66 moles) was rotated at
150°c. for 20 hours. No gaseous material was vented
from the autoclave; the residual liquid was washed with
alkaline sodium thiosulphate to remove iodine, dried over
anhydrous magnesium sulphate, and distilled yielding

heptafluoro-z—1odopropane (190 gms.) (>98%), identified by

LNU ”‘}
1 3 AUG 1964 /J
ML BRA R
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its having a retention time coincident with that of an

authentic sample and by its infra~red spectrum.

Again, for the exchange reactions with radioiodine,
a sample was further purified by preparative Ge.L.Ce.

(T.C.P., 50°C., 150 mls./min. ).

Preparation of tetrafluoro—l,2—diiodoethane.15

The autoclave charged with iodine (127 gms., .5 mole),
and tetrafluoroethylene (50 gms., .5 moles) was rotated
at 160°c. for 24 hours. No unreacted tetrafluoroethylene
was vented from the =zutoclava; the residual ligquid was
distilled, washed with alkaline sodium thiosulphate and dried
over anhydrous magnesium sulphate. It was identified:ras
being tetrafluoro--1,2-diiodoethane by its infra-~red

spectrum and b.pt. (11500.).
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The attempted preparation of 2H,2H-decafluoro-(3-methylbutane)
from 1,1,1-trifluoro-2-iodoethane and heptafluoro-2=iodo=
propane, and.related reactions.

The ultra-violet irradiation of 1,1£;-trifluoroéziiodoethane
in the presence of mercury

1,1,1-trifluoro-2-iodoethane (15 gms., .07 moles) was
sealed under vacuum in a thin walled tube (50 mls.
capacity), with just enough mercury to form a continuous
prool when horizontal. The tube was shaken in a horizontal
position 35 cms. from a Hanovia Model 11 ultra-violet
lamp for 240 hours., The temperature in the region of

the tube was 40000

The tube was opened to a vacuum system and there
distilled out material (1 gm.) which was shown by
analytical GeL.C. (T+C.P., 25°C., 1 lit./hr.) to consist
of three components. The compound having the longest
retention time accéunted for 80% of the area under the
chromatogram. This was purified by G.L.C. (Si. Elast.,
35°C., 160 mls./min.) and found to be 2H,Z2H,3H,3H-hexafluoros
butane. (Found: ¥, 68.6%, M, 163. C,H,Fg Tequires F,

68.7%e M, 166.,) I«ReNO. 1o

The solid:’ remaining in the tube was extracted with
meths. Filtering and evaporating the solution to dryness
yielded 22 gms. of a pale yellow crystalline material.

This was recrystallised twice from meths ang the white
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crystalline compound 1,1,l=-trifluorocethylmercuric iodide

obtained, (Found; C, 6.0, F,d3-7 . I,30.6%. M, 400.
CoHoPoHET 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 starting materials, the
reaction has: been repeated using a &+ kw. ultra~violet
lamp for the irradiation. After three days irradiation
at 30 cms, from the lamp, the tube was opened and 4 gms,
of volatile material obtained together with 8 gms. crude
1,1,1-trifluorocethylmercuric iodide.

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

1,1,1-trifluoro-2-iodoethane (2.1 gms., .01 mole)
was sealed under vacuum in a Carius tube (30 mls. capacity)
with yellow mercuric oxide (2.3 gms., .01l moles) and heated
for 40 hours at 190°C. At the end of this time, the

tube was opened and the iodide (2.1 gms.) recovered.

The reaction was repeated at 23000. for 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
volatile material (.8 gm.) distilled out. It soon
became apparent that this volatile material was largely
hydrogen fluoride. Analytical Ge.L.C. (Si. Elast., 60°C.,

1 1lit./hr.) showed the only other compound to have a



retention time coincident with 1,1,l-trifluoro-2-iodo-
ethane. On washing out the tube, considerable etching

was noted to have taken place.

The ultra-violet irradiation of 1,1,1-trifluoro-2~iodo-
ethane with heptafluoro-2-iodoprcpane in the presence

of mercury.

Heptafluoro-2-iodopropane (3.0 gms., .01 mole) and
1,1,1-trifluoro-2-iodoethane (2.1 gms., .0l mole.) were sealed
under vgcuum in a thin walled tube (50 mls. capgcity) with
enough clean dry mercury to form a continuous pool when
horizontal. The tube was shaken in a horizontal
position 35 cms. from a Hanovia Model 11 Ultra-violet

lamp for 96 hours,

The tube was opened to a vacuum system and there
distilled out volatile material (2.5 gms.) which was shown
by analytical G.L.C.{Si. Elast., 64°C., 1 lit./hr.) to
contain only two compounds. These had retention times
coincident with perfluoro-(2,3-dimethylbutane),* and
1,1,1-trifluoro=2-iodoethane. The solid residue was
extracted with meths and crude 1,1,l=trifluoroethylmercuric

iodide (1 gm.) obtained by distilling off the solvent.

* A sample of perfluoro-(2,3-dimethylbutane) was prepared
for comparison purposes by irradiating heptafluoro-2-
icdopropane in the presence of mercury.
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The reaction between heptafluoro-2-iodopropane and
1,1,1-trifluoroethylmercuric iodide

1. Thermal Reaction. A Carius tube (25 mls. capacity)

charged with heptafluoro-2-iodopropane (2.1 gms., .0072 mole)
and 1,1,1~trifluoroethylmercuric iodide (3 gms., 0072 moles)
was heated for 44 hours at 200°C. The tube was opened

to a vacuum system and volatile products (1.5 gms.) were
distilled out (some of the volatile material was

hydrogen fluoride ms evidenced by the production of white
fumes when allowed to warm to room temperature).

Remaining in the itube, which was extensively etched, was
red mercuric iodide and a black solid which appeared to be
carbon, It was extracted with meths and from the solution
was extracted .1 gm. of the mercurial. A chromatogram

of the volatile material (Si. Elast., 40°C., 1.1 lit./hr.)
possessed three pegks of almost equal area. The three:
components were separated by preparative Ge.L.C. (Si. Elast.,
55°C., 150 mls./min.) but only enough of each compound for
an infra-red spectrum was obtained. The infra-red
spectrum of the compound having the shortest retention

time has not been recognised. The compound having the
longest retention time has an infra-red spectrum identical
with that of heptai®luoro-2-iodopropane. The remaining
compound has been recognised by its infra-red spectrum as

being 2H,2H,-decafluoro~(3-methybutane). (page 131),
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20 Photochemical Reaction

-
-

A thin ngle@ tube (25 mls. capacity) charged with
heptafluoro-2-iodopropane (1.4 gms., .0048 mole) and
1,1,1~trifluoroethylmercuric iodide (2 gms., .0048 mole)
was irradiated 35 cms. from a Hanovia Model 11 lamp for
142 hours. At the end of this time the tube contained a
red crystalline compound. It was opened to a vacuum
system and 1.4 gms. volatile material distilled out, This
was shown by analytical G.L.C. (Si. Elast., 60°c. ,

1 lit./hr.) to consist of three components. Each was
obtained pure using preparative G.L.C. (TeC.P., 50°C. ,
150 mls./min.) and its infra-red spectrum obtained. The
spectra were recognised as being those of perfluoro-(2,3,
dimethylbutane), heptafluoro-2-iodopropane and 1,1,1-tri-
fluoro-2-iodocethane, No hydrogen fluoride was produced

nor was there any etching of the tube.
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Preparction of Telomer Jodides

Reaction between pentafluoroiodoethane and 1,1~-difluoro-

etgzlene

An autoclave (150 mls.) charged with pentafluoro-
iodoethane (120.5 gms., .49 moles.) and 1,1-difluoro-
ethylene (31.6 gms., .49 moles) was rocked at 190°c. for
45 hours, After allowing to cool to 40-5000., volatile
material (33 gms.) was vented from the autoclave. of
this, 11 gms., was unreacted 1,i—dif1uoroethy1ene and the
remainder pentafluoroiodoethane. l A violet coloured
liquid (109 gms.) was poured from the autoclave and from
it distilled a further 32 gms. pentafluoroiodoethane.

Oonly 55% of the pentafluoroiodoethane had therefore been

converted into telomers.

Analyticel G.L.C. (Si. Elast., 170°C., 1.1 1lit./hr.)
revealed the liquid product (77 gms.) to contain three
main components in addition to a trace of pentafluoro-
iodoethane, Using a 25 cm., electrically heated Vigreux
column, atmospheric and controlled reduced pressure
distillation of the liquid reaction products afforded
the following three fractions;

1. b.p. 89-93°C./756 mms. Hg.; 65 gms.

2. b.p. 75-80°C./80 mms. Hg.; 5 gms.
3. Depo 68=73°C./ 7 mms. Hge; 1.7 gms.

Fraction 1 , was redistilled and material obtained better
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than 95% pure. Further purification was carried out

by preparative GeL.Ce (T.C.P., 90°C., 200 mls./min.)

and the compound was identified as being 2H,2H-1-iodo-
heptafluorobutane (Found: P, 43.1; I, 40.9%; M, 306.
Calc. for CaHoFaI;  Fy 42.9; I, 40.9%; MW.310). I.R.No. 17,

o) 20 .
b.pt. 91°C./756 mms. Hg; n;~, 1,3578; A.max, 272 mu; €,

318. (Haszeldine52 reports b.pt. 88°C. ngo, 1.354,

'kmax, 271 mum . €, 300).

Praction 2.

On redistilling under reduced pressure a material
distilling at 79°0./80 mms.Hg. (> 95%) was obtained. The
use of preparative scale G.L.C. (T.C.P, 130°C., 150 mls./
min., ) afforded a pure sample of the 1:2 adduct,

CoFpe (CHoCFg)oI. (Found: F, 45.5; I, 33.4%; M, 360.

CgHyFgl requires ¥, 45.7; I, 33.95%; M, 374) I.R.No. 18,

ngo, 1.3673. A 272 mu. € , 345. (Haszeldine®? reports:
max? .

20 o -
ny”» 1.440; b.pt. 140°C for “supposed" 02F5.(CH20F2)2I.)

FPraction 3

Using a micro-reduced pressure distillation apparatus
a material (> 95%) boiling at 70°, 7 mms. was obtained.
(Found; M, 430. CgHgF,I requires M, 438.). Dehydroiodination

(see page 137 ) confirms the compound to be the 1:3 adduct,

02F5(CH20F2)31.



From the chromatogram, the composition of the crude
liguid product was calculated as being:- 02F5(CH20F2)I,
90%; CoFyg(CHoCR)oI, 7%; CoFg(CHGOF,)sI, 3% by weight.

Reaction between heptafluoro-l-iodopropane and 1,1~difluoro-

ethylene

An autoclave (150 mls.) charged with heptafluoro-1-
iodopropane (90 gms., .31 moles) and 1,1-difluoroethyléne
(23 gms., .36 moles) was rocked at 200°C. for 36.hours.
After allowing to cool, 1,1-difluorcethylene (1 gm.) was
vented and a violet coloured liquid (110 gms.) was poured

from the autoclave,

Analytical G.L.C. (Si. Elast., 160°c., 1.1 lits./hr.)

showed there to be four main compounds present in the

liguid product.

Using a 25 cm, electrically heated Vigreux column,

atmospheric distillation yielded two fractions:-

1, b.p. 40-43°c./760 rms. Hg. Ogms.
2. b.p. 108-112°C./760 mms, Hg. 50 gms.

Fraction 1 was shown by analytical GeL.Ce (TeCePe, 80°C.,

1.1 1lit./hr.) and infra-red technigues to be heptafluoro-1l-

iodopropane,

Fraction 2 was shown by analytical G.L.C. (Si. Elast., 15000.,

le1 lits./hr.) to have purity greater than 90%. Redistilla~
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tion afforded material more than 95% pure. A sample

obtained pure using preparative Ge.L.C. (T«C.P., 80°C.,
170 mls./min. ) was identified as being the 1:1 adduct,

2H,2H-1-iodononafluoropentane. (Found: F, 47.8.I, 35.0%.

M, 555. Calcuj.ated for CSHZFQI; F, 47.5; I, 55.3%;: M’

360.) 020 1.3513. b.pt. 108°C./770 mms. (Hauptschein®®

reports ngs 1.3502) I.R.No. 21,

The material remaining in the still pot was assumed
to be the 2:1 and 3:1 adductse. The composition of the
crude liquid product was calculated from an analytical
chromatogram as being n-CgF,I, 10%; CF3(0F2)20H20F21, 60%;
CFz(CFg)o(CHoCP )T, 25%; CFg(CFg)o(CHCFo) I, 5% by
weight, This represents a conversion of 88% of the

heptafluoro-l~iodopropane into telomer iodides.

Reaction between heptafluoro-2-iodopropane and 1,l1-difluoro~
ethylene. I.

Molar Ratio Icdide: Olefin = 1l:1,

An autoclave (150 mls.) charged with heptafluoro-2-
iodopropane (68 gms., .23 moles) and 1,1-difluoroethylene
(18 gms., .28 moles) was rocked at 185°¢. for 36 hours.
After allowing to cool, 1,l1-difluoroethylene (1 gm.) was
vented and a violet ligquid (84 gms.) was poured from the

autoclave.

Analytical G.L.C. (Si. Elast., 160°C., 1.1 lits./hr.)
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revealed the liquid to consist of three main components
and a trace of a fourth, Using a 25 cm, electrically
heated Vigreux column, atmospheric and reduced pressure
distillation of the liquid reaction products was carried
and three fractions were obtained:

1. b.p. 40-45°G./750 mms.Hg; 6.5 gms.

2. b.polc)z;l'os Ca/.750 mms. Hg; 70 g'mSo
3. b.p. 63-67°C./25 mms. Hg; 7 gms.

Praction 1 was shown by analytical G.L.C. (Si. Elast., 80°C.,

1.1 lits./hr.) and infra-red spectroscopy to be heptafluoro-

2-iodopropane.

Fraction 2 was by analytical G.L.C. (Si. Elast., 120°c,,

1.1 lits./hr.) to be greater than 90% pure. Redistillation
afforded material more than 95% pure boiling at 103°c./

750 mms, A sample obtained pure using preparative

GeLeCe (ToC,Pe, BOOC., 160 mls,/min.) was identified as

being the 1:1 adduct,

2H, 2H-1=iodononafluoro=( 3-methylbutane). (Found: F, 48.1:

I, 34.8%; M, 354, CsHoF,I requires F, 47.5; I, 354 3%;

M, 360.). 020 , 1.3555; A i 274 s £ 892; T.R.No. 19,

Fraction 3 was redistilled under controlled reduced pressure

and a sample of purity greater than 95% obtained (b.pt. 65°C./

25 mms). A pure sample was obtained using preparative Ge.L.Ce

(T.C.P., 130°C., 150 mls./min.) and identified as the 1:2
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adduct, (CFS)ZCF(Cﬁchz)zI. (Found: ®, 49.7; I, 29.6%;

M, 416. C,H,F,,T requires F, 49.3; I, 29.95%; M, 424.)
20
=", 1,3646; Xmax, 272 me s €, 313; I.R,No. 20.

The fourth : ' component of the mixture is probably

the 3:1 telomer,

The composition of the cmide reaction product was
calculated from the chromatogram as being (CFa)chI, 10%;
(CF3)ZCFCH20F21, 80%; ( CI"S)zCF.(CHchz)zI, 10% ‘by weight,
This represents: a conversion of 88% of the heptafluoro-2-

iodopropane into telomers.

A similar reaction in which the same amounts of
reactants were heated together for 36 hours at 220°¢. yielded
a product whose composition was not significantly different

from that quoted above,

Reaction between heptafluoro-2-iodopropane and 1,l1-difluoro-
ethylene TI.

Molar Ratio Iodide: Olefin = 1:3.

An autoclave (150 mls,) charged with heptafluoro-2-iodo-
propane (44 gms., .15 moles) and 1,1-difluorocethylene
(29 gms., .45 moles) was rocked at 220°C. for 36 hours.
Unreacted 1,l1-difluoroethylene (2 gms.) was vented and a

violet coloured liguid (68 gms.) was poured from the cooled

autoclave. An analytical chromatogram (Si. Elast., 1800(,,
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1.1 lits./hr.) of the liquid showed it to contain five
main components of which none was heptafluoro-2-iodopropane.
Two of these components had identical retention times to
(CF5 ) CFCHoCFoT &nd (CFz)oCF(CHaCFg)oI. A controlled
reduced pressure distillation through an electrically
heated 25 cm, Vigreux column afforded three fractions:-

1. b.p. 102-195°C, /752 mms. Hg. 7 gms.

3. b.p. 63-67 C,/25 mms., Hg. 22 gms.
3. b.p. 105-110°C./25 mms. Hg. 23 gms.

Fraction 3 was estimated by analytical G.L.C. (Si. Elast.,

170°C., 1.1 lits./hr.) to be more than 85% pure.
Redistillation afforded a material more than 95% pure

boiling at 107°C./26 mms. Hg. Attempts to purify the
distillate by preparative scale G.L.C. failed. (Found;

M, 480. (CFj)oCF(CHoCF,),I Tequires M, 488). The identity
of this compound was confirmed as being the 3:1 adduct by

dehydroiodination. (see page 135).

The compounds remaining the still-pot were assumed to

be the 4:1 and 5:1 telomers.

The composition of the reaction product, calculated

from an analytical chromatogram was:-

(CP5)oCFCHoCF I, 11%; (CFg)oCF(CHoCFg) oL, 36%5

(CF3)oCF(CHGCFR) 515 87%; (CFg)gCF(CHCF,),I, 13%



(CFs)ZCF(CH20F2)5I, 3% by weight.

Reaction between heptafluoro-2-iodopropane and 1,l-difluoro-
ethylene III.

Molar Ratio Iodide: Olefin = 1:4.

An autoclave (150 mls.) charged with heptafluoro-2-
iocdopropane (45 gms., .15 moles) and 1,l-difluoroethylene’
(37 gms., .58 moles) was rocked at 220°c. for 36 hours.
Unreacted 1,1-difluorocethylene (5 gms.) was vented and a
violet coloured liquid (65 gms.) was poured from the cooled

autoclave.

The compcsition of the liquid product was revealed
by analytical G.L.C. (Si. Elast., 190°C., 1 1lit./hr.) to
be: - (CF5)ZCFCH20F21, 2% (CFa)ch(CHZCFz)zl, 23%; (CFgz)g
CF(CHchz)SI, 36%:; (CF5)20F(CHZCF2)4I, 27%; (CF5)20F(CHZCF2)55
13%; (CF5)2CF(CH20F2)6I, 3% by weight.

Reaction between tetrafluoro 1l,2-diiodoethane and 1,1-
- difluoroethylene

An autoclave (150 mls.) charged with tetrafluoroc 1,2~
diiodoethane (107 gms., .3 moles) and 1,l-difluoroethylene
(19 gms., .3 moles) and filled with an atmosphere of dry
nitrogen at -183°C. was rocked at 185°C. for 36 hours.
After allowing to cool, 1,1-difluoroethylene (10 gms.) was

vented and a violet coloured liquid (110 gms.) was poured
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from the autoclave., Analytical G.L.C. (Si. Elast., 200°C.,
1.1 lits./hr.) revealed the liquid product to contain two

main components, the larger of which had a retention time
coincident with that of tetrafluoro 1,2-diiodoethane.

. Controlled reduced pressure distillation using an electrically
_1heated Vigreux column gave two fractions,one with boiling
range 110-115°C., the other with boiling range 50-52°C. at

9 mms. Hg. (50 gms.). The first fraction was almost
exclusively tetrafludro 1,2-diiodoethane. The second fraction
was redistilled and then a sample of the pure 1:1 adduct,

2H,2H-1,4~diiodohexafluorobutane obtained by preparative

GeLeCe (T.C.P., 145°C,, 160 mls./min.) (Found: F, 26.8:

I, 64,3%; M, 400, C, HoFgI, requires F, 27.3; I, 60.7%;
.20

M, 418.) ng , 1.4608; A ___, 271 mp 3 €, 694; Db.pt.

162°¢. /760 mms. Hg. I.R. No. 22.

The production of 50 gms. of the 1l:1 adduct represents

a conversion of 39% of the tetrafluoro-l,2-diiodoethane

into adduct.

Reactlon between heptafluoro-2-iodopropane and trifluoro-
ethylene.

Trifluoroethylene was prepared by either the

dechlorobromination of BrCFz.CHFCl by the zinc/ethanol techni-
gue described by Park et.al?6 or by the dechlorination of

ClCcmFHCI'by the butyl-1lithium technique described by
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§gvory.91 Efforts to dechlorinate ClCFz.CFH01 by the

zinc/ethanol tecbnique failed,

An autoclave (150 mls.) charged with heptafluoro-2-
iodopropane (90 gms., .305 moles) and trifluoroethylene
(26 gms., .305 moles) was rocked at 190°C. for 36 hours.
The pressure in the autoclave did not fall during this time
so the temperature was raiseq to 240°C. for a further
36 hours. Albeit the pressure had fallen but 1little,
the autoclave was cooled and from it vented trifluorocethylene
(15 gms. ). A violet liquid (60 gms.) poured from the
autoclave was noted to contain large amounts of solid
iodine. There remained in the autoclave some carbon in
addition to more iodine, All the liguid reaction product
distilled at 40-45°C./760°C, and an analytical chromatogram
(si. Flast., 100°2., 1 1lit./hr.) showed it to be one
compound with a retention time coincident with that of

heptafluoro-2-icdopropane.

Attempted reaction between heptafluoro—2-iodopropane and
2H-nonafluoro=(3-methylbut-l-ene

An autoclave (100 mls.) charged with heptafluoro-2-
iodopropane (29 gms., .098 moles) and 2H-nonafluoro-
(3-methylbut-1-ene) (23 gms., .10 moles) was rocked for
20 hours at temperatures of 18500., 240°G., and 280°C. In

each case, nothing other than starting material was recovered.



Attempted reacticn between trifluoromethyl iodide and
2H-nonafluoro-(3-methylbut-l-ene).

1. Thermal Reaction

An autoclave (50 mls.) charged with trifluoromethyl
iodide (16 gms., .08 .moles) and 2H-nonafluoro-(3-methylbutsi-
ene) (9 gms., .038 moles) was filled with an atmosphere
of dry nitrogen at ~-183°C. then rocked for 40 hours
at 220°Cc. Nothing other than starting material (identified

by analytical G.L.C,) was recovered after this treatment.

Photochemical Reactions.

&) A silica Carius tube charged with trifluoromethyl
iodide (8.5 gms., .043 moles) and Z2H-nonafluoro-(3-methylbut-
l-ene) (5.1 gms., .022 moles) was positioned 10 cms. from
a & kw. ultra-violet lamp and irradiated for 240 hours.

The liquid phase: was shielded to discourage the formation
of high telomers. After the irradiation was complete,

the contents of the tube were distilled out under reduced
pressure. The distillate (13,6 gms.) was shown by
analytical G.L.C., and infra-red spectroscopic techniques to

consist only of starting materials.

b) The experiment was repeated, both phases being

irradiated, but again no telomers were obtained.
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Reactions of Telomers of 1l,l-difluorocethylene

Reactions of 2H,£H-1-iodononafluoro-(3-methyl-

butane).

1. Dehydroicdination

a) Using potassium hydroxide in acetone.

2H, 2H-1~iodononafluoro~(3-methylbutane) (9 gms., .025
moles), potassium hydroxide (8 gms., .14 moles) and acetone
(10 mls., ), were sealed under vacuum in a Carius tube
and then shaken at room temperature. The reaction was
exothermic and the tube had to be cooled from time to time.
After 30 minutes the reaction was complete. The tube was.
cooled (-78°C.) and opened to a ligquid air trap but no gas
was evolved on warming the tube to room temperature. The
contents of the tube were distilled from a flask fitted
with a Vigreux coiumn; about 10 mls, of a distillate
(b.p. 25-56°C.) was collected. This was resolved into
two fractiéons by preparative G.,L.C. (Si. Elast., 40%.,

200 mls./min.). The compound with the longer retention
time proved to be acetone, The compound with the shorter
retention time was further purified by recycling through
the G,L.C. apparatus (Si. Elast., 23°C., 200 mls./min.) and

found to be 2H-nonafluoro-(3-methylbut-l-ene). (Found:

F, 73.5%; M, 226. CgHF, requires F, 73.7%; M, 232).
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n§0<1.5; b.pt. 30°C./752 mms. Hg. I.R. No. 6. Yield 30%.

When all the acetone was distilled from the 'reaction
product' there remained in the flask a dark brown tar,

evidence of decomposition,

The above reaction was repeated using 2H,2H-1-iodonona-
fluoro-(3=methybutane) (10 gms., .0277 moles), potassium
hydroxide (2 gms., .037 moles) and acetone (20 mls.).

The products were the same except that some starting material
(2 gms.) was recovered. The yield of 2H-nonafluoro-(3-

methylbut-l-ene) hased on the amount of iodide reacted was

30%.

A sample of 2H-perfluoropent-l-ene was prepared by
the above method from 2H 2H-l-iodononafluoropentane so that
its infra-red spectrum (I.R.No. 5) could be compared with

those of similar clefins (see page 155).

b) Using potassium fluoride in N,N-dimethyl formamide

A three necked flask (250 mls) fitted with a mercury
sealed stirrer, dropping funnel and condenser leading directly
to a cold trap (-78°C.) was charged with dry, rreshly distilled
N,N-dimethyl formamide (50 mls.) and dry potassium fluoride
(2.9 gms., .05 moles). The iodide (18 gms., .05 moles)
was added and the temperatﬁre of the flask was raised to

100°C, over 1% hours, maintained at this temperature for
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hours, then raised again to 150°C. for a further % hour,

Mot

By the end of this time there had collected in the cold

trap 10 gms. of a colourless liquid.

Albeit analytical G.L.C. (T.C.P., 20°C., 1 1lit./nr.)
indicated this material to be pure, preparative G.L.C.(T.Ce.P.,
20°C., 160 mls./min.) revealed the presence of a small amount
of an impurity with a retention time almost identical with
that of the main product. A sample of the main product
was obtained pure and identified by its infra-red spectrum
as being 2H-nonafluoro-(3-methylbut-l-ene). The impurity

was not identified.

c¢) Using solid potassium hydroxide

A three necked flask (250 mls.) fitted with mercury
sealed stirrer, dropping funnel and condenser leading directly
to a cold trap (;78°C.) was charged with powdered potassium
hydroxide (56 gms., 1.0 mole). The temperature of the
flask was raised to 90°C. and the iodide (30 gms., 084 moles)
was slowly added. After two hours, volatile material
remaining in the flask was swept into the trap with a stream
of nitrogen. In the trap collected a colourless liquid
(18 gms.) distillation of which yielded a fraction boiling
at 30°C and having an infra-red spectrum identical with

that of 2H-nonafluoro-(3-methylbut-l-ene). Yield 85%.
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d) Using triethylamine

A three necked flask (250 mls.) fitted with mercury
sealed stirrer, dropping funnel and condenser leading
directly 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 crystals were precipitated. After stirring
for an hour, the product was swept into the cold trap
by a stream of nitrogen. Distillation of the contents
of the cold trap afiorded a material recognised by its
infra-red spectrum as being 2H-nonafluoro-(3-methylbut-1~

ene) (Y98% pure). Yield 754.

2 Replacement of Todine by Hydrogen

a) Using Lithium Aluminium Hydride

A three necked flask (250 mls.) fitted with mercury sealed
stirrer, dropping funnel and condenser leading directly to
a cold trap (—78°C.) was purged with dry nitrogen and charged
with lithium aluminium hydride (1.5 gms., .04 moles)
and dry ether (50 mls.). The mixture was cooled to -70°C.
and a solution of the iodide (10 gms., .028 moles) in ether
(25 mls. ) slowly added. fhe reactants were allowed to
warm to room temperature at which dilute sulphuric acid

was added dropwise until hydrolysis was complete. The
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solution was refluxed for six hours.

By the end of the experiment, 15 mls. of a colourless
liquid had collected in the cold trap. Another 25 mls,
of liquid were distilled from the reaction vessel and
collected in a coonled receivier. The two distillates
were combined and using analytical G.L.C. (T,C.P., 40°C.,
1 1lit./hr.) found to contain two products (ratio of peak
areas, 3:7) in 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,2H,2H-nonafluoro-(3-methylbutane) (Found: F, 72.2%;

M, 258. CgHFy requires F, 73.1%; M, 234.) n50< 1.3;

b.pt. 50°C. /752 mms. Hg. I.R.No. 14,

O0f 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.

D) By preparation of the Grignard reagent and its reaction
with ethancl.

A three necked flask (250 mls.,) fitted with mercury
sealed stirrer, dropping funnel and condenser leading

directly to a cold trap (-7800.) was swept with dry nitrogen
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and charged with iodide (10 gms., .0277 moles) and ether

(20 mls.). This solution was cooled (-70°C.), stirred

and to it phenyl magnesium bromide (.04 moles) in ether

(50 mls,) was added over a period of 20 minutes. The
reactants were stirred at -70°C, for 1} hours before an
ethanol/water solution (excess) was added. The solution

was allowed to warm to room temperature and then refluxed

for 3% hours. Over this time a colourless liquid (5 mls,)
had collected in the cold trape. This was shown by analytical

GeLeC.(T.C.P., 40°C., 1 1it./hr.) to consist entirely of

ether.

The solution remaining in the flask was filtered and
separated into two layers, Ether was distilled from the
organic layer and there remained a yellow liquid which
was distilled under reduced pressure. The distillate was
investigated by analytical G.L.C. (Si. Elast., 150°C., 1 1it./
hr.) and shown to contain a compound havihg a retention
time coincident with that of iodobenzene. This compound
(1.6 gms.) waé isolated using preparative scale G,L.Ce.

(si. Elast., 140°C., 200 mls./min.) and confirmed as being
iodobenzene by its infra-red spectrum. 1.6 gms. iodobenzene
corresponds to the exchange reaction having taken place

to the extent of &0%. No 1H,2H,2H~nonafluoro-(3-methylbutane)

was isolated.
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c) Using zinc snd sulphuric acid.

A three necked flask (250 mls.) fitted with mercury
sealed stirrer, dropping funnel and condenser leading
directly to a cold trap (-7800.) was charged with zinc
(20 gms.) and iodide (7 gms., .0195 moles).  Sulphuric
acid (35 mls. 5N) was added and the mixture stirred at
70°C. for 5 hours. At the end of this time volatile
materials remaining in the reaction vessel were swept into
the cold trap. The contents of the flask were distilled.
From the distillate there separated out a liquid (2 gms.)
more dense than water which had an infra-red spectrum
identical with that of 3H,3H,6H,6H~cctadecafluoro-(2,7-
dimethyloctane) (page 132). 1In the cold trap had collected
a colourless liquid (.9 gms.) shown by analytical G.L.C,
(si. Elast., 40°C., 1 1lit./hr.) to consist of two components.
These were separated by preparative GeL.Cs (T.C.P., 25°C.,
150 mls./min.) and identified by their infra-red spectra
as being 2H-nonafluoro=(3-methylbut-l~ene) and 1H,2H,2H~

nonafluoro~(3-methylbutane).

d) By irradiation in a solvent(cyclohexane).

The iodide (15 gms., .042 moles) and cyclohexane (20 mls.)
were sealed under vacuum in a tube which was positioned
10 cms. from a & k.w. ultra-violet lamp. ‘The temperature

in the region of the tube was 60°¢c.
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'After 130 hours the tube was cooled and its contents
transfered to a flask fitted with a Vigreux column.
Material boiling below 8000. (.6 gms.) was collected in a
cooled receiver and separated into its two components by
preparative G.L.C. (T+C.P., 20°C., 150 mls./min.). These
were identified by their infra-red speetra as being
2H-nonafluoro-(3-methylbut-l-ene) and 1H,2H,2H-nonafluoro-
(3-methybutane). 12 gms. of starting material was
recovered. It was noted the areas of the peaks of the
chromatogram were almost equal.

e) Reaction with zinc; preparation and hydrolysis of
(CF5)20F0H20F2ZhI.

Zinc dust. Commercial zinc dust was treated with 10%
sulphuric acid and allowed to stand for 30 minutes

before the super-natant liquid was poured off. The zinc
was washed with distilled water until the washings no
longer gave a precipitate with barium-chloride solution.
After washing the zinc three times with acetone, it was

dried under vacuum at 10000.

Dioxane., Commercial dioxane usually contains a certain
amount of glycol, acetal and some water. On storage

the acetal is hydrolysed and there is liberated
acetaldehyde which gives rise to rapid peroxide formation,

The following purification procedure was carried out.
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Commercial dioxane (2 litres), concentrated
hydrochloric acid (27 mls.), and water (200 mls.) were
refluxed together for 12 hours, during which time a slow
stream of nitrogen was bubbled through the solution to
entrain acetaldehyde, The solution was cooled, and
potassium hydroxide pellets were added slowly and with
shaking until they no longer dissolved and a second
layer had separated., The dioxane was decanted into a
clean flask, and refluxed with sodium in an atmosphere
of dry nitrogen for 12 hours. The solvent was then

distilled and stored under dry nitrogen.

Preparation of (CJ%lBCFCHOCFggnI.

A three necked flask (250 mls.) fitted with a
mercury sealed stirrer, dropping funnel and condenser
leading directly %o a cold trap (-78°C.) was charged
with zinc (20 gms., .3 gm. atoms) and dioxane (40 mls.).
The temperature was raised to 70°C. and the iodide (30 gms.,
.083 moles) was added dropwise. When all of the iodide
had been added, the solution was refluxed for three
hours during which time 0.5 gms. of a colourless liguid
collected in the cold trap,. The reflux condenser was

removed and 15 gms. of liquid were distilled from the
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flaske. Analytical G.L.C, revealed this material

to contain four compounds, one of which had a retention
time coincident with that of dioxane, Preparative
GeL.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 its three components (T.C.P.,

2000. 9 150 mlS'!./min. )o

The compound having the shortest retention time
was produced in the least quantity and only enough
for infra-red (No. 11) and N-M-R spectra could be isolated.
Comparing these spectra (see page 129 with those of the
compound with the longest retention time suggests the

compound to be 1H,2H-octafluoro-(3-methylbut-trans-l-ene).

identified by its infra-red spectrum as 1H,2H,2H-nona-

fluoro-(3-methylbutane). The compound having the

longest retention time was identified as being 1H,2H-octa-

fluoro-(3-methylbut-cis-1-ene). (Found, F, 70.8%; M, 208,

CxlioFg requires ¥, 71.0%; M, 214). nox1.3; b.pt. 51°C./

752 mns. I.R.NO. 12.

From the chromatogram it was calculated that the
composition of the product was 1H,2H-octafluoro-(3-methyl-
but-trans-l-ene), 10%; 1H,2H,2H-nonafluoro-(3-methyl-
butane), 20%; 1H,2H-octafluoro-(3-methylbut-cis-i~ene),

70% by weight.
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Hydrolysis. The reacticn mixture was cooled to room

temperature and treated with 2N sodium hydroxide (20 mls.),
the addition taking 10 minutes. After refluxing the
mixture for an hour, about 20 mls., of liguid were distilled
from the reaction vessel. This distillate separated

into two layers. The organic layer was separated into

its components by preparative G.L.C, and there was isolated
1H,2H,2d-nonafluoro-(3-methylbutane) (2 gms.), 1H,2H-octa-
fluoro-(3-methylbut-cis~l-ene) (.5 gms.), 3H,3H,6H,6H-
octadecafluoro-(2,7-dimethyloctane (3.5 gms. ), and dioxane,

each compound being identified by its infra-red spectrum.

Proof of structure of 1H,2H-occtafluoro-(3-methybut-l-enes).

The analysis, molecular weight and infra-red spectrum
-of the material having the longest retention time (see
page 128) are comnensurate with a compound with formula
(CF5)2CFCH=CFH. The infra-red spectra of the compounds.
with the longest and shortest retention times are
strikingly similar (see page 161, therefore it seems
reasonable to suggest that these are the cis and trans

isomers of 1H,2H~-octafluoro~(3-methylbut-l-ene).

The 19F resonance spectrum of the isomer with the

longer retention time shows: three groups of chemically

shifted peaks in intensity ratio 6:1:1 having chemical shifts
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CFny + 1.82 + .01 p.p.m. 6

==CF‘ L] + 52.6 + 05 p.p.m. 1

CF y + 108.9 + O DpPeD.me 1

These are consistent with a structure (CF5)2GFCH=CFH187

The molecule was confirmed to be the 'cis' isomer by the
presence in the H' spectrum of a JHH splitting of 5.9 c¢/s,
a frequency characteristic of cis H~H coupling in olefinic

systems.g8 In vinyl fluoride the value of JHH cis

c 7
is 4.7 ¢/s.0°

The isomer with the shorter retention time hasanjF19

resonance spectrum which shows three groups of fluorine

in the ratio 6:1:1 having the chemical shifts

C].."3 s + 2047 DeD. .M. 6
=CF 9 4-'0017 P.P.m.' 1

CF , 108.67 pep.m, 1=
These are consistent with a structure (CF5)2CFCH=CFH.187

A J... splitting of 11.3 c/s. in the H1 spectrum shows

HH
the material to be the trans isomer.,

# The chemical shifts were measured from trifluorocacetic
acid as reference signal; positive shifts are.high
fields of the external reference signal. to



3. Replacement of Todine by fluorine using antimony
trifluorodichloride.

Purification of Antimony Trifluoride.

commercial antimony trifiuoride was placed in a
sintered disc extractor and extracted with dry methanol,
After extraction, most of the methanol was distilled off,
On cooling the solution, antimony trifluoride was

precipitated. The solid was filtered on a Buchner

funnel.

Preparation of Antimony Trifiuorodichloride,

Chlorine gas was passed into molten antimony
trifluoridge. As more gas was passed into the melt,
less heating became necessary for the mass to remain

molten. Eventually, on cooling the material remained a

sticky gum,

Reaction between 2H,2H-1-iodononafluoro-(3-methylbutane)
and Antimony Trjfluorodichloride.

A three necked flask (250 mls.,) fitted with
dropping funnel, mercury sealed stirrer and condenser
leading directly to a cold trap (—7800.) was purged with

dry nitrogen, heated to 70°C. and then charged with

131



antimony trifluorodichloride (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, volatile material (9 gms.) remaining in
the flask was swept into the cold trap in a stream of
dry nitrogen. Anglytical G.L.C. (Si. Elast., 60°C.,

1 1lit./hr.) revealed the contents of the cold trap

to consist of two compounds, one in far greater
concentration than the other. T™he two components were

separated by preparative GeL.C, (Te«C.P., 25%c., 150 mls./min).

The main product was identified as being 2H,2H-

decafluoro-(3-methylbutane) (Found: F, 75.1%; M, 247,

CgHoF o requires ¥, 75.4%; M, 252). b.pt. 45°C,/770 mms.

20

Hg. nD <1l.3. I.R. No. 1l3.

The second component of the reaction product was

not identified,

4. Coupling Reaction; preparation of 3H,3H,6H,6H~
octadecafluoro-(2,7-dimethyloctane).

The iodide (75 gms., .208 moles) was sealed under
vacuum in a thin walled tube (200 mls. capacity) with
just enough clean, dry mercury toc form a continuous pool

when horizontal. The tube was shaken in a horizontal
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position at 14 cms. from a one k.w. ultra-violet lamp
until the contents turned black (4 days). The

temperature in the region of the tube was 80°C.

The tube was opened and a colourless liguid (23
gms. ) distilled out under vacuum. Analytical G.L.C,
(T.c.P., 80°C., 1 lit./hr.) showed the distillate to
consist of three components, two in small amounts.
Distillation of the reaction product afforded two fractions,
one boiling from 20-60°C., and the other (28 gms.) with
boiling range 139-140°¢. The more volatile fraction
was separated into its two components by preparative
‘GoL+C, (T.CeP., 25°C., 150 mls./min.). These two
compounds were identified by their infra-red spectra
as being 2H~nonafluoro-(3-methylbut-l-ene) and@l%,zﬁﬁ&}
nonafluoro-(3-methylbutane). The high boiling fraction

was pure and identified as 3H,3H,6H,6H-octadecafluoro-~

(2,7-dimethyloctane). (Pound: F, 73.3% M, 458.

CioHsFqg TeQuires F, 73.5%; M, 466). noil.5;

I.R.No. 24. Yield 75%.
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Some reactions of telomer iodides other than<jCF5)20FCH20F21.

1. Dehydroiodination

Dehydroiodination of (CF,),CF(CH,CFo)oI.

a) Using solid potassium hydroxide.

A three necked flask (250mls.) fitted with dropping
funnel, mercury segled stirrer and reflux condenser was
charged with powilered@ potassium hydroxide (30 gms.,

.54 moles). The flask was heated to 90°C. 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 until it had
subsided and the rest of the iodide had been added.

After maintaining the reaction vessel at 90°C. and stirring
the reactants for an hour, the product (5 gms.) was distilled
from the flask and found by analytical G.L.C. (T.C.P.,

70°C., 1 lit./hr.) to be largely (>95%) one compound. A
pure sample obtained by preparative G.L.C. (T.C.P., 60°C.,
150 mls./min.) was identified as being (CFj),CFCH,CF,CH=CF,
(Pound: P, 70.0%; M, 291, C,HzF,, requires F, 70.6%;

M, 296); b.pt., 95°C./756 mms. Hg; no< 1.3 (ca.1.299;

I.R,No., 7. Crude yield 70%.

b) Using triethylamine.

Using (CE ) JCF(CH,CFg) oI (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
(CF5)2CF.CH20F21 (page 122). After stirring the reactants
for an hour, the product was distilled from the reaction
vessel under reduced pressure and washed with dilute
hydrochloric acid to remove any.unreacted amine, The
material thus obtained was shown by analytical G.L.C.
(T.C.P., 70°C., 1 lit./hr.) to be of purity greater than
95%. A sample purified by preparative scale G¢G.L.C.
(T.C.P., 60°C., 150 mls./min.) had an infra<red spectrum

identical with that of (CFS)ch.CH20F20H=CF2. Crude yield,
8%.

Some of the crystals produced during the reaction
were washed several times with dry ether, dried and analysed
for halide ion. (Found: F, 0; I, 55.6%. Calculated for
Cgll1gIN; F, 05 I, 55.5%). The absence of fluoride ion
confirms. that no dehydrofluorination has taken place,

Dehydroiodination of supposed (CF gCFQCH CFo) -1 using
so.lid potassium hydr xide.2 21

Using supposed (CFS)ZCF(CH20F2)5I (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 in the dehydroiodination of

(CFs)ZCFCHchQI (pagel?), After stirring the reactants for



an hour at 90°C., the product was distilled from the
-reaction vessel under reduced pressure, The organic
layer (5.5 gms.) was shown by analytical G.L.Ce (T.CeP.,
150°C., 1 1it./nr.) 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)oCF(CH,CF,),CH=CF,.
(Found: F, 68.0%; M, 354. CgH.F, requires F, 68.6%;
M, 360) b.pt. 146°C./760 mms. Hg; ngo, 1,3173. I.R.No. 8.

Crude yield 83%.

Dehydroiodination of 2H,2H-1l-iodoheptafluorcbutane using
s0lid potassium hydroxide.

Using the technique described for the dehydroiodination
of (CFs)chCchle (page 121), CoF sCHoCFo I (20 gms., .065 moles)
was dehydroiodinated by powdered potassium hydroxide
(40 gms., .71 moles) to yield 10 gms. crude product.

Analytical G.L.C. showed. this material to be of purity greater
than 90%. Preparative G.L.C. (T+C.P., 25°C., 150 mls./min.)

afforded pure RH-heptafluorobut-l-ene (Found: P, 72.9%;

M, 177. C,HF, requires F, 73.1%; M, 182) Db.pt. 10-11°c./
760 mms., Hg. (This value has been obtained by R.H. Mobbs
in these laboratories when he distilled a large amount of
the olefin through the low temperature distillation column).

I.R. No. 4. Crude yield 85%.
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Dehydroiodination of CoF.(CH,CF5)oI using triethylamine.

Using 02F5(CH20F2)21 (60 gms., .16 moles) and
triethylamine (20 gms., .2 moles), the reaction was carried
out using the technique described for the dehydroiiodination
of (CF5)2CF(CH20F2)2I (page 122). The crude product was
revealed by analytical G.L.C. (T,C.P., 70°C., 1 lit./hr.)
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 identified as being CoF CH,CF,CH=CF,. (Found: F, 69.0%;
M, 238. CgHgFg remuires F, 69.5%; M, 246.) noy < 1.3;
b.pt. 75°C. /760 mms. Hg. I.R,No. 10, Crude yield 75%.

Dehydroiodination of supposed 0325§CH20F2)¢I using triethyl-
amine, <

Supposed 02F5(CH20F2)5I (see page 109) .(10 gms., 032
moles) was dehydroiodinated in the manner described for
the dehydroiodination of (CFS)ZCF(CHBCFg)zl (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 identified as being 02F5(CH20F2)2CH=CF2
(Found: F, 66.8%; M, 296. CBH5F11 requires F, 67.4%;

M, 310). ngo, 1.3167; b.pt. 134°C./760 mms. I.R.No. 9.

Crude yield 55%.



2. Coupling reactions

Coupling of 2H,2H-l-iodoheptafluorobutane; preparation of
5H,3H,6H,b6H-tetradecafluorooctane

Using the technique described for the preparation of
3H,3H,6H,6H~0octadecafluoro-(2,7-dimethyloctane) (page 132),
2H,2H-1=iodoheptafluorobutane (46 gms., .15 moles) was
irradiated for five days in a tube positioned 10 cms. from
a 500 watt. ultra~violet lamp. The temperature in the

region of the tube was 60°C.

The tube was opened and a colourless liquid (24 gms.)
distilled out under vacuum, Analytical G.L.C. (T«CoP.,

85°C., 1 1lit./hr.) revealed this to contain three components,

two in small amount.

The main fraction distilled at 118°C./760 ms. Hg.

and was 3H,3H,5H,6H-tetradecafluorooctane (Found: Fo.5%.

. 20
M, 359. CgH,F,, requires F, 72.7%; M, 366) ny~, < 1.8.

I.R. Yo, 26, Yield 70%.

The bulked vclatile fractions from several reactions
were separated into their component by preparative G.L.C.
(T.C.P., 20°C., 150 mls./min.) One component was recognised
. by its infra-red spectrum as being l1lH~heptafluorobut-l-ene

and the other was 1,2,2-trilydroheptafluorcbutane (found:

F, 72.0%; M, 180. C,H;F, requires F, 72.3%; M,184) I.R.No. 13.
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Coupling of 2H,2H-l-iodononafluoropentane, preparation of
4H,4H,7H,7H-octadecafluorodecane

Using the technigue described for the preparation
of 3H,3H,6H,6H-octadecafluoro~(2,7-dimethyloctane) (page 132),
2H,2H~1~-iodononafluoropentane (54 gms., .15 moles) was
irradiated for five days in a tube positioned 10 cms.,
from a 500 watt ultra~violet lamp. The temperature in

the region of the tube was 60°C,

On cooling the tube to room temperature, the liguid
contents set solid, The tuve was opened and the organic
material extracted from excess mercury and mercuric
iodide with ether., Distillation afforded a fraction
(26 gms.) with boiling range 156-162°C. /770 mms. Hg.

This was further purified by preparative G.L.C. (TeC, P.,
95°C., 300 mls./min.) and identified as being

4H,4H,7H,7H-octadecafluorodecane. (Found: F, 73.0%; M, 457.

CyoH,Fqg requires F, 75.5%. M, 466) b.pt. 157°C./770 mms.
Hg; . .:; m.pt. 42°C. I.R. No. 23. Yield, 70%.

It is probable that ZH-nonafluoropent-l-ene and
1H,2H,2H=-nonafluoropentane are produced in this reaction

but no efforts were made to isolate either.
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5. Resctions of 2H,2H~1,4=diiodohexafluoro-
butane

1. With mercury under the influence of ultra-violet
radiation.

The diiodide (13 gms.; .031 moles) was sealed under
vacuum in a thin walled tube (100 mls, capacity) with o
just enough clean dry mercury to form a continuous pool
when horizontal. The tube wes shaken in a horizontal

position at 20 cms. from a 1 kw. ultra-violet lamp.

The temperature in the region of the tube was 80°C‘

The tube was opened but nothing could be distilled
out under vacuum. The contents of the tube were extracted
with acetone. Atter filtering the solution and distilling
off the solvent, a pale yellow polymeric material was
obtained which on standing evolved hydrogen fluoride, The
unit of structure in this polymer is presumably
{CF20F20H20F2%u An infra-red spectrum oflmaterial which
had stood in air for severai days showed@ absorption in

1

the region 1786-1690 cm ~— and at 1429 o™t indicating

the presence of unsaturation and JCH2— groups respectively.

When tetrafluoro-l,2-diiodoethane was irradiated

in a like manner, tetrafluoroethylene was produced.

2e With Sulphur

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



1

and 2H,2H~1,4-diiodohexafluorobutane (17 gms., .04 moles)
under vacuum was heated at 200°C. for 4 hours, After

this time, the tube was éooled, opened and attached to a
vacuum system, On warming the tube, nothing distilled out
other than hydrogen fluoride. Remaining in the tube was
iodine and other decomposition products. Etching of the

tube was noted tc have taken place,
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The dehydrofiuorination of model compounds related
to "Viton A"*

The dehydrofluor:natlon of 3H,3H, 6H16H—octadecafluoro—
(2,7= dlmethxloctane)

1. Using ion exchange resin,

i) In the absence of a solvent.

A Carius tube charged with 3H,3H,6H,6H-octadecafluoro-
(2,7~dimethyloctane) (5 gms., .0107 moles) and dry fully
regenerated I.R.A. 400 (OH) (25 gms., i.e, 50% more than
required to remove two HF) was heated to 60°C for five
hours. At the end of this time, the tube was opened and
the contents distilled out under vacuum, An infra-red
spectrum of the distjllate was identical with that of the

starting material.

ii) With solvent

3H,3H,6H,6H~ (2,7-dimethyloctane) (1lgm., .0021 moles),
fully regenerated I.R.A. 400(0H)(10 gms,) and ary
Isceon 113%*%* (10 mls.) were shaken together for six days
at room temperature. After this treatment, én analytical

gas liquid chromatogram (T.C,P., 80°C., 1 1lit./hr.) of the

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

#% Registered trade mark of the Imperial Smelters Corboratlon
Ltd., - CF201 CF012
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solution revealed there to be present only compounds with
retention times identical with those of the starting

materials.

2. Using sodium hydroxide in acetone.

i) BH,3H,6H,6H~octadecafluoro-(2,7-dimethyloctane)

(4 gms., .0086 moles), sodium hydroxide pellets (5 gms.,
»125 moles) and acetone (15 mls.) were sealed under vacuum
in a Carius tube. When the tube had warmed!to room
temperature, & vigorous exothermic reaction commenced

and from time to time, it became necessary to cool the
tube, After about 30 minutes, no more reaction seemed
to be taking place so the tube was opened, The contents
were transfered to a flask and distilled@ through a short
Vigreux column. When 10 mls., of acetone had been
collected, the distillation was stopped. The remaining
liquid was distilled under reduced pressure (water pump).
Analytical GeL.C. (T.C.P., 80°C., 1 1it./hr.) revealed
this distillate to contain only a trace of starting
material and acetone, There remained in the still pot a

considerable amount of tar,

ii) 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 mls.)), but the

same products were obtained.,



Be Using solid potassium hydroxide

i) 3H,3H,6H,6H~octadecafluoro-(2,7-dimethyloctane) (3,1 gms.,
.0067 moles.) ané powdered potassium hydroxide (3.1 gms.,
.055 moles) were sealed under vacuum in a Carius tube and
heated to 100°C. for 8 hours. After this treatment, the
contents of the tube appeared brown. The tube was opened
and there distilled out under vacuum 2.7 gms. of a colourless
liquid a chromatogram of which (T,C,P., 80°C., 1 lit./hr.)
showed the main component (80% of total area) to be starting
material, The second compound in the product had a
retention time shorter than that of the starting material,

An infra-red speetrum of the mixture showed absorption at

1727 cms."'1 showing that some dehydrofluorination had

taken place,

ii) The above reaction was repeated at 150°C. for 16 hours.
At the end of this time, the contents of the tube were

dark brown, The tube was opened and .7 gms, of liquid
distilled out under vacuum. A chromatogram of the
distillate (Si. Elast., 80°C., 1 lit./hr.) showed it to
contain two compounds in addition to starting material the
area of whose peak was 60% of the total, An infra-red

-1

spectrum of the material showed peaks at 1727 cm.; and

1681 em.”t



4, Using aqueous potassium hydroxide.

i) 8H,3H,6H,6H~-cctadecafluoro-(2,7-dimethyloctane) (5 gms.,
+011 moles) and sn aqueous solution of potassium hydroxide
(7 gms. KOH in 10 mls. H20) were sealed together in a tube

and shaken together at 150°c. for 10 hours.

/

After this treatment the aqueous layer was noted to
be dark brown, Organic material (1.2 gms.) was recovered
from the reaction tube and shown by analytical G.L,C,
(i.C.P., 80°C., 1 1lit./nr.) to consist of three compounds
one of which had a retention time coincident with that
of the starting material. This accounted for 60% of the
area under the chromatogram, An infra-red spectrum of the

organic reaction products showed absorption at 1727 cm_l

and 1681 cm~ L.

ii) The same amounts of reactants as used in the above
experiment were shaken at 115°%¢. for four dayse. Again

the contents of the tube had turned brown, Organic material
(3 gms.) obtained from the reaction gave an analytical
chromatogram similar to the one obtained in the foregoing
experiment, In this case, the starting material

accounted for 75% of the total area under the chromatogram.



He Using amines.

i) iso-butylamine in dry ether.

Dry distilled iso-butylamine (.63 gms., .0086 moles)
in dry ether (5 mls.,) was added to a solution of 3H,3H,6H,6H-
octadecafluoro-(2,7-dimethyloctane) (1 gm., .00217 moles)
in dry ether (5 mls.). Almost immediately, a white gel
began to be precipitated. The reactants were stood for
12 hours at room temperature during which time, the
contents of the flask apparently became solid. The

reaction product was filtered through a Buchner funnel.

The precipitate on standing in air became a viscous
brown liquid and therefore was not the hoped for amine
hydrofluoride. (A sample of the hydrofluoride was
prepared and found to be stable in the atmosphere). A
"sodium fusion" on the syrup revealed the presence of
nitrogen and the infra-red spectrum showed absorption

characteristic of N-H stretching (3262 cm'lj.

The filtrate was washed with dilute acid to remove
excess amine, The ether layer was dried with anhydrous
magnesium sulphate., An analytical chromatogram (T.C,P.,
80°C., 1 lit./hr.) revealed the presence of only ether and

a trace starting material.

ii) di-ethylamine in dry ether.

Dry distilled di-ethylamine (.3 gms., .0041 moles) in
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dry ether (5 mls.) was added to a solution of 3H,3H,6H;6H-
octadecafluoro-(2,7-dimethyloctane) (1 gm., .00217 moles)
in dry ether (5 mls.). After 30 minutes, white needle-
like crystals began to be precipitated., After standing
for 24 hours at room temperature, during which time more
of these crystals were precipitated, the solution was

filtered through a Buchner funnel.

The crystalline precipitate on standing in the
atmosphere broke down and produced a yellow guma This
behaviour revealed the crystals not to be the amine
hydrofluoride which is stable in the atmosphere, A 'sodium

fusion' showed the gum to contain nitrogen.

The filtrate was shown by analytical G,L.C. (Si. Elast.,
80°Cc., 1 lit./hr.) to contain only ether and starting

materials,

iii) tri-ethylamine in dry ether.

Dry distilled triethylamine (.44 gms., .0044 moles)
in dry ether (5 mls,) was added to a solution of 3H,3H,6H,6H~
octadecafluoro-(2,7-dimethyloctane) (1 gm., .00217 moles)
in dry ether (5 mls.). The solution became yellow but
even after several days, no precipitate was produced. An
analytical chromatogram (Si. Elast, 80°C., 1 1it./hr.)

of the solution af'ter it had been standing for several days
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revealed only the presence of ether and starting materials.

iv) iri-n-butylamine

a) 3H,3H,6H,6Hioctadecafluoro-(2,7-dimethyloctane) (2 gms.,
«0043 moles) and dry distilled tri-n-butylamine

(1.6 gms., .0086 moles) were sealed under vacuum in a

Carius tube (15 mls. capacity) and shaken horizontally

at 100°C, for 6 hours at the end of which time, little
change appeared to have taken place so the temperature was
rgised to 160°C. for 4 hours, After this treatment, the
contents of the tube were dark brown and viscous. The

tube was opened and the contents were washed with dilute
hydrochloric acid. The organic material had decomposed

to such an extent that two layers did not separate out.

b) A flask fitted with reflux condenser and charged with
3H,3H,6H,6H~octadecafluoro~(2,7+dimethyloctane) (10 gms.,
.022 moles) and tri-n~butylamine (8 gms., .043 moles) was
heated to 13000. f'or 5 hours. At the end of this time,

the reaction vessel was cooled, A crystalline material

was noted to be present in the brown reaction products

A sample was taken, washed with dry ether several times

and identified by its infra-red spectrum as tri-n-butylamine

hydrofluoride.®* The bulk of the reaction product was

* For comparison purposes, a sample of authentic tri-n<
butylamine hydrofluoride was prepared by passing hydrogen
fluoride through an etherial solution of tri-n=butylamine,
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washed with dilute hydrochloric acid. The organic layer
was separated and from it was distilled under reduced
pressure (water pump) three grams of a colourless liguid,
Analytical G.L.C. (T.C.P., 80°C., 1 lit./hr.) showed

this to be largely (70% of total area) one compound which
had a retention time different from that of starting
material. This compound was obtained 95% pure (estimated
by anal. G.L.C,) using preparative G,L.C, (T.C.P., 65°C.,
160 mis./min.) but in doing so, the yield was reduced
considerably due to the impurities having retention times

similar to that of the main product.

The infra-red spectrum has a single peak at 1790 cm.;1

showing the material to be unsaturated,

The Flg

magnetic resonance spectrum shows four groups
of fluorine in the intensity ratio 12:2:1:1 having

the chemical shifis:-

- Intensity
(CFz)5C= =12,9, ~7.2 3e3
(CP,)50%=C =11,5 6
%CF - (mean) 35,00 JA£=275 c/s 2
CF 34.17 1
CF 132.9 1

Chemical shifts are from trifluoroacetic acid as external

reference, Positive shifts are to high field.,
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The H! magnetic resonance spectrum showed two groups of
hydrogen in the intensity ratio 1:1. One of these shows

an H-F coupling constant of 49.0 c¢/s.

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

1., Using anhydrous potassium hydroxide

i) B&H,3H,6H,6H-tetradecaflucrooctane (2 gms., 0055 moles)
and powdered potassium hydroxide (3 gms., 054 moles)

were sealed under vacuum in a Carius tube and heated to
150°C. for 16 hours. At the end of this time, the contents
of the tube were dark brown. When opened, nothing could

be distilled from the tube suggesting complete decomposition

to have taken place,

ii) The same amount of materials as used in reaction i)
(above) were sealed in a Carius tube and heated for

8 hours at 100°C. Organic material (1.2 gms.) distilled
from the tube at the end of this time and was shown by
analytical G.L.C. (Si. Blast., 70°C., 1 1it./hr.) to

contain more than 80% starting material.

Using agueous potessium hydroxide

An agqueous sclution of potassium hydroxide (1.6 gms.,
in 10 mls, ) was refluxed with 3H,3H,6H,6H-=tetradecafluoro-

octane (5 gms., .0137 moles) (oil bath temp. ca. 120°C.)



for 12 hours, The organic layer after this treatment
gave chromatogram 'I' (Fig. 6) showing the reaction

to haveltaken place to only a small extent,

The concentration of the solution was increased by
adding a further 6 gms. potassium hydroxide and refluxing
was continued for a further 8 hours, Chromatogram II
(Fige 6) was obtained from the organic layer after this

treatment.

After 10 more hours refluxing chromatogram III was

obtained, and finally after a further 12 hours, chromatograms

by the same material but in one case Silicone Elastomer in
the liquid phase and in the other Tricresyl Phosphate is the

liquid phase).

An attempt tc separate the mixture into two components
failed due to the lack of resolution by the preparative
scale G.L.C, (T.C.P., 60°C., 160 mls./min.) Almost
arbitrary cuts were taken and these were found to be impure
by analytical G.L.Ce. Infra-red spectra of these cuts
1 =1

showed strong absorption at 1727 cm —, and 1678 cm.

showing the presence of unsaturation.

From the 5 gms.. starting material, 3.5 gms. organic

material were recovered,
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Using tri-n-butylamine,

i) B3H,3H,6H,6H-tetradecafluorooctane (2 gms., .0055 moles)
and tri-n-butylamine (1.7 gms., .0092 moles) were sealed
under vacuum in a Carius tube (15 mls. capacity) and
shaken in a horizontal position at 100°C. for 6 hours,
Little change appeared to have taken place by the end of
this time so the temperature was raised to 160°C. for

4 hours. After allowing to cool, the tube was opened
and the contents were washed with dilute hydrochloric
acid to remove excess amine, The organic layer was
separated from the aqueous and distilled under reduced
pressure, Decomposition had ocecurred to such an extent
that only a few drops of distillate couid be obtained,
This material was shown by analytical G.L.Ce (TeCeP.,
75°C., 1 1lit./hr.) to contain five compounds, present in

similar amounts;, other than starting material,

1

Peaks at 1730 cm."'1 and 1681 cm. — in the infra-red

spectrum showed the distillate to be unsaturated.

ii) The reaction was repeated as above except that the
reactants were heated to 110°¢C. for 20 hours. The reaction
product was worked up as described in the above reaction and
1.2 gms. of distillate were obtained. This was shown by

analytical G.L.Ce {T.C,P., 80°C., 1 1lit./hr.) to consist




=
[61]
1Y

largely of starting material (65-70%), ‘together with two
other materials with slightly shorter retention times.

Again, the infra-red spectrum of the mixture showed

1 -1

absorption at 1730 cm * and 1681 cm. -
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Infra-red spectra

Vvery few spectral assignments of fluorocarbon groups

have ©been possible because of the many interactions which

occur,

All the olefins which were prepared and which contain
the structure nCH:CFz show a strong peak in the range

1748-1764 cm.” " due to C=C stretching. This is
77

consistent with the findings of Hauptschein and Oesterling
who prepared fluoro-olefins containing this same element

of strugture and found them to absorb strongly in this

region,

All compounds prepared by the present author containing

a methylene group show absorption at or near 1429 cm."1

This too was observed by Hauptschein,77 and by Paciorek,97
Tiers35 and their co-workers in the spectra of similar
compounds which they prepared., (RfCHZCFXRf'; X=F,Cl,Br,I.

35

Rf' = F, CFz). This band has been ascribed”” to the

methylene deformation as influenced by the adjacent perfluoro

grouping and a halogen substituent or a second perfluoro group.

The infra-red spectra of several compounds (CFscH:CFz,
(CF3)20F0F=CF2, (CFs)chCFchgH) not prepared by the

author are included for comparison Purposes.
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PART IT

Chapter 4

THE CARBON-IODINE BOND STRENGTH IN POLYFLUORO-
TODOALKANES
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Introduction

The object of the work described in this chapter was
to obtain a measure of the relative C-I bond strengths in
a series of polyfluorociodoalkanes. Hitherto the only
information regarding C-I bond strengths (with the exception

I190 102 who proposed

of CFg ) has oeen due to Haszeldine
that the position of maximum absorption in the ultra-violet
spectrum of an iodide was directly related to the C-I

bond strength and also to the stability of the radical
produced by the fission of that bond (see also p. 17).

In a series of indides, the shift of >\max towards the

red parallels a decrease in C-I bond strength.

For most iodoalkanes it seems probable that the

mechanism of thermal decomposition 13188

RI ——> R- 4+ I- (1)
R* + RI ——> BRH + R! (2)
R' ———> olefin 4 I° (3)
I'+ ' — I, (4)
R+ I' —— RI (5)

Also if the extent of conversion becomes appreciable,

various secondary reactions will come into play, especially

R'+ I —> RI 4 I (6)


http://iodoalkan.es



































































