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Abstract

The synthesis of a new fluorinated «.w-diiodo telomer 1{ (TFE) « VDF), |1 (A). where TFE and VDF represent tetrafluoroethylene and
vinylidene fluoride respectively, has been carried out by telomerization of VDF with «,w-diiodoperfluoroatkanes. The thermal telomerization
of VDF with 1.2-diiodoperfluoroethane IC,F,l led to good yields of the monoadduct 1C,F,CH,CF.I and of the diadduct which was composed
of an almost equimolar ratio of ICF.CH.C,F,CH,CF.I and IC,F,( CH,CF, ).l together with a small amount of IC.F,CH,CF,CF,CH,l and a
triadduct containing I{ VDF)C,F,( VDF) .l and IC,F,( VDF) ;. This procedure has been applied successfully to a,w-diiodo-n-perfluorobutane
and a,w-diiodo-n-perfluorohexane. The reactivity of VDF relative to the fluorinated a,w-diiodo telogens has been studied from which it is

shown that the environment of the terminal group of the telogen is a major factor affecting the reactivity.

Keywords: Telomerization: Vinylidene fluonde. Thermal initiation; Ditodoperfluoroalkane: NMR spectroscopy: Mass spectrometry

1. Introduction

Despite their difficulty of synthesis and their corresponding
price, a,w-diiodoperfluoroalkanes are usetul precursors for
fluorinated telechelic oligomers such as diols [ 1.2], diepox-
ides [ 3], diamines or diisocyanates [ 1.4] . dicarboxylic acids
or dinitriles [5]. Such reactions have been reviewed previ-
ously [6,7]. The major interesting applications of these com-
pounds include fluorinated clastomers {1,8,9] or rubbers
[10], block copolymers [9], silicon-containing polymers
[5,11] or monomer precursors of membranes as produced
by Asahi Glass [12].

Several ways of synthesizing «,w-ditodoperfluoroalkanes
are described in the literature and we have commented briefly
on the same in a recent paper [ 13},

Chemical companies have employed the synthesis of novel
a,w-diiodofluoroalkanes as a means for obtaiming elastomers
for specific applications. Such products have been obtained
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mainly by direct batch cotelomerization of vinylidene fluo-
ride ( VDF) and hexaffuoropropene (HFP) with IC,F,I [ 10],
of VDF and chlorotrifiuoroethylene (CTFE) [10], of HFP
and tetrafluoroethylene (TFE) [2], of VDF/HFP/TFE
with IC,Fil [10] or IC4F,,I [5], or of TFE and per-
fluoro( propylvinyl ether) with IC,FgI [5]. However, the var-
ious authors have not specified the regiochemistry of the
attack of the IC,,F:,,CFQ(.ZF2 radicals on the fluorinated
olefins and few spectroscopic data were provided for the
characterization of these cotelomers. The same is true
for Rice and coworkers who performed an interesting
synthesis of the VDF/HFP diblock copolymer ROCORg-
[ (VDF)(os(HFP) 4151, RCO,R, produced by the radical
polymerization of VDF and HFP from fluorinated telechelic
diacids [4] or diesters [ 14] imtiators.

Thus, the object of the present work is a study of the
telomerization of VDF using commercially available
a,w-diiodoperfluoroalkanes, and the characterization by
'H and '""F NMR spectroscopy of the different telomers
produced.
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2. Results and discussion

The telomerization of VDF with the w.w-diiodoperfluo-
roalkanes is in accordance with the following equation:

1(CE,),l+CH,=CF. —
(n=2,4,6)

I{CF,),CH,CF,I + ICF,CH,(CF,),CH,CF.1
(1.n) (2.n)

+I(CF,),,(VDF),1+ 1(CF,),( VDF),l
(3.n} (4.n)

+ ICF.CH,(CF.),( VDF).I + higher telomers
(5.n)

The telomerization of VDF with perfluoroalkyliodides has
been investigated by numerous authors | 15-18]. In recent
work { 19], redox catalysis in the presence of ferric salts was
described as being very selective to give modest yields,
whereas thermal initiation above 180 °C gave the best yields
and results, with quantitative conversion of perfluoroalkyl
iodides.

However, it is well known that 1.2-diiodoperfluorocthane
undergoes a B-elimination of iodine on heating to regenerate
TFE. Such behaviour of an «,w-diiodoperfluoroalkane with
temperature seemed worthwhile investigating with a view
to determining the quantities and nature of the compounds
produced.

2.1. The thermal behaviour of 1.2-diiodoperfluoroethane

1,2-Diiodoperfluoroethane was heated at different temper-
atures for 16 h with the liquid phase of the total product
mixture being monitored by gas chromatography. For exam-
ple, the GC chromatogram of the crude product obtained after
16 h at 250 °C showed the formation of higher boiling point
telomers which were confirmed by co-injection with 1C,F,, [
standards. These products arise from the addition of IC,F. I
to the TFE formed by B-elimination or by recombination of
1C, F,,* radicals, according to the following scheme:

ICF,CF:l — 1, +CF,=CF, (B-climination)

ICF,CF.l s ICF.CF.+ Ie o
ICE,CF 4 CF,=CF, —— ICF.CF.CF.CFye }“mmnom
I(C,Fy), _ \CF.CF + CF,=CF, —>

I(C-F;),CF.CF.» (propagation)
I(CE)) o +ICFI—

I(C,F,), 1+ ICF,CF.,» (transfer)
I(CF.CF,) » +1(CF,CF,),» — H{CF.,CF,).,I

(n=0.1,2) (recombination}

Ie+le—> 1,

Table 1
Preparation of TFE oligomers at various temperatures *

Products tormed
reactant remaining (%) °

Temperature (°C)

180 205 225 250
IC.F,I remaining 98 52 40 15
IC,F] formed 2 20 25 19
ICF,.I formed 0 5 8 11
Higher boiling telomers 0 0 2 5

* Preparative conditions: 15 g of 1,2-diiodoperfluoroethane heated at dif-
ferent temperatures for 18 h.

" Relative amounts determined from gas chromatography of the liquid
phase of the total product mixture.

The areas of the peaks assigned to the remaining IC,F I
and to the higher telomeric diiodides formed at each temper-
ature in the 180-250 °C range have been determined ( Table
1). and plots of their different percentages versus temperature
are shown in Fig. 1. Obviously, the higher the temperature,
the higher the decomposition or transformation of IC,F,Iinto
higher telomers. Thus, at 180 °C, only 3% of the IC,F,l
reacted, whereas at 250 °C, 85% was converted. Hence, the
formation of IC,FyI and IC(F,.I increases with temperature,
reaching a maximum at 225 °C for IC,Fgl. After this point,
reaction with TFE becomes important. The formation of per-
fluorocyclobutane was also observed.

2.2, The telomerization of VDF with IC,F I

Because of the good thermal stability of IC,F,I at 180 °C
and the excellent reactivity of VDF at such temperatures,
thermal telomerization of this olefin with 1,2-diiodoperfluo-
roethane was performed in the 180-200 °C range for 16 h
using a 200 or a 500 ml autoclave and employing different
initial [diiodide]/[VDF] molar ratio (Ry).

In each experiment, the pressure in the autoclave after
introduction of the monomer was 20 bar. During reaction,
however, the pressure increased up to a maximum of 40 bar
and then decreased to 4 bar. After venting and opening the
autoclave, a significant quantity of solid iodine was observed
in the bottom of the vessel. The liquid phase of the total
product mixture was analyzed by gas chromatography.

The results obtained are listed in Table 2, the percentages
of diiodide remaining or of telomers produced being deter-
mined from the peak areas of the GC chromatograms, taking
the coetticient of response into account.

These reactions are satisfactory since the conversion rate
of the telogen was in the 75%—86% range. Surprisingly, under
similar experimental conditions, the volume of the autoclave
seemed to influence the yield since this was greater for a
larger volume. However, using a significant excess of VDF,
a quantitative yield was obtained in 24 h when the 200 ml
vessel was employed. The GC chromatogram showed that
the reaction was clean, that almost all of the 1,2-diiodoper-
fluoroethane had reacted and that a telomeric distribution was
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Fig. 1. Percentages of IC-F I unconverted (dotted line and open squares . 1C,F I formied (@) and IC(F,-1 formed (O) versus temperature.

produced with a high amount of monoadduct but lower pro-
portions of diadduct and triadduct.

Distillation led to three pure fractions with a 96%-98¢%
purity by GC characterized by '"F and "H NMR, and by mass
spectrometry. Formation of telomers 1,2-5.2 could be antic-
ipated in such a reaction,

2.2.1. Characterization of the first fraction

The ""F NMR spectrum of the low boiling fraction (86
°C/20 mmHg), i.e. the monoadduct 1,2 contained no peak at
6 —53.3 ppm characteristic of the CF,I end-group of 1C,F,1.
but exhibited the presence of signals centred at § — 38 (quin-
tuplet), —62 (widc triplet) and — 106 ppm (multiplet)
assigned to CH,CF.l. ICF.CF, and ICF,CF.CH, groups.
respectively.

Table 2

The coupling constants are in good agreement with those
observed in the '""F NMR spectrum of ICF,CF,CH,CH,I
[20] which exhibited a triplet at § —60.4 ppm (*Jpp=4.7
Hzy broadened by the methylene group (*Jgy=1 Hz)
assigned to the CELI end-group. The other CF, group is rep-
resented by a triplet (4. =4.9 Hz) broadened by the adja-
cent CH group (g, =15 Hz).

The "H NMR spectrum of 1,2 exhibited a quintet centred
at 6 3.4 ppm characteristic of the methylene group adjacent
to two CF. groups (typical A X system with a coupling
constant Jy: of 16 Hz). ]

These NMR chemical shifts confirm that the ICF, radical
reacts selectively on the CH, side of VDF as described in the
literature [ 15-19], being consistent with the anticipated regi-
ochemistry of attack of a highly electrophilic radical on VDF.

Experimental conditions and amounts (10 w1 ') of telomers obtained 0 the thermal telomerization of vinylidene fluoride with 1,2-ditodoperfluoroethane *

Volume of autoclave (ml) 200 200
IC,F I (mol) 43S 0 2%
[IC.F,11/| VDF] 04 1o
Temperature {°C) 200 208
Time (h) 23 16
Volatile compounds { % ) I & XY
IC,Fyl (%) 0s 142
RN %440
ICFgl (%) iy [
ICF(VDF)L (%) RIS 592
32 550
IC(F ol (%) i 03
IC,F (VDRI (%) i 26
I(VDF)C,F, (VDF} (%) 472 12
IC,F(VDF),l (%) 4] 93
{(VDF),C.E(VDFE)I (%) 223 11
IC,F,(VDF).l (%) RMIGE 1
Overall yield (%) 4y 66

200 200 500 500
035 042 0.37 045
[y 1.2 0.9 1.0
208 205 200 190
1 18 15 18
82 14.6 5.8 1.7
77 16.3 16.2 1.1
g sor 8370° 813" 98.7°
S 4.1 23 0.9
R 524 65.0 41.3
483 43¢ 63.4¢ 40.8¢
[ 0.7 0.5 0

o 6.1 5.1 1.5
192 53 4.6 43.0
1o 2t 10 5.3¢ 375¢
1 () 0 10.1
K 84°
67 48 69 86

* Amounts determined by GC methods
® Conversion of IC,F,l (%},
“ Yield relative to IC.F,I (%).
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2.2.2. Analysis of the second fraction

The other pure fraction (107 °C/20 mmHg) was also char-
acterized by ""F and 'F NMR spectroscopy.

The ""F NMR spectrum exhibited two signals centred at &
—38.0 and — 38.8 ppm, characteristic of the ICF,CH, group,
with one having twice the integrated area of the other. As
observed in the spectrum of C,FyCH,CF,CH,CF,I [19], the
CF. group located between both methylene groups is repre-
sented by a peak centred at § ~ 89 ppm.

However, as observed in the telomerization of VDF with
C,Fyl [ 19], addition of the IC2F4CH2CF3 radical to the CF,
side of VDF also occurs to ca. 5% extent as demonstrated by
the presence of the signalsat 8 — 108 and — 113 ppm assigned
to the CF, groups in the 3 or 7y positions relative to the 1odine
in the IC.F,CH,CF,CF,CH.I structure. These chemical
shifts are in good agreement with those suggested by Bovey
[21] for the PVDF structure, i.c.

A B C
-CHchchQCFQCFQCHQCHZA~

with 8, = —92 ppm. 8= — 113 ppm and 8c= — 116 ppm.

Integration of the signals showed that the three isomers.
3,2, IC,F,CH,CF,CH,CF,I and IC.F,CH,CF,CF,CH,I, are
present in amounts of 50, 45 and 5%, respectively. This was
confirmed by the '"H NMR spectrum which exhibited two
quintets centred at § 3.4 and 2.8 ppm. The former, which was
twice the size of the latter, was assigned 1o the methylene
groups of the symmetrical isomer with a partially hidden
triplet of triplets shifted lowfield. in contrast to the assignment
of the latter to the IC,F,CH, group, as detailed in Table 3. A
similar small signal has also been observed in the '"H NMR
spectrum of the diadduct containing the isomer
C,F,CH.CF,CF,CH.l as obtained previously by thermal
telomerization of VDF with C,F,I [19] and has also been
confirmed by the 'H NMR spectrum of commercially avail-
able H(CF,)sCH,I [22].

The telomer containing two VDF units may be produced
either by stepwise telomerization or from a propagation
step, as shown recently for the thermal telomerization of

Table 3

VDF with C,F,] which leads to the normal diadduct
C,F,CH,CF,CH.,CF,I and the reverse diadduct CF,
CH,CF,CF,CH,]I [19].

In order to attempt to clarify the mechanism of the reaction,
the telomerization of VDF with IC,F,CH,CF,I was carried
out under the same conditions as above and the structures of
the telomers so formed investigated. This reaction may lead
to a mixture of different telomers arising from the capping of
VDF on to the CH,CF.I or CF,CF,l end-groups of 1,2 as
follows:

IC.F,CH,CF,I + VDF —
(1.2)
IC,F,CH,CF,CH,CF,I + ICF,CH,C,F,CH,CE,]
(3.2) (2,2)

+ higher telomers

The IC,F,CH,CF,I conversion at 190 °C was 55%, lower
than that of IC,F,I for a similar reaction. This may be
explained by the incorporation of the less electron-withdraw-
ing CH, group leading to the generation of a less electrophilic
intermediate radical -CH,CF., which would be less reactive
than —~CF,CF,* towards VDF. After distillation and charac-
terization, telomers 3,2 and 2,2 were shown to be produced
in equimolar ratio.

This observation indicates that there is no selectivity in the
capping of VDF on to IC,F,CH,CF.], since this olefin has
the same tendency to react with both end-groups of such a
telogen. Hence, the reactivity of R CF,CF.l is similar to that
of RgCH,CF,I in the telomerization of VDF.

Furthermore, the percentage formation of telomers con-
taining two VDF base units is identical with that obtained
above in the telomerization of VDF with IC,F,I. This indi-
cates that successive monoaddition of monoadducts on to
VDF must occur, in contrast to a propagation mechanism
producing a higher amount of IC,F,CH,CF,CH,CF.I and a
lower quantity of ICF,CH,C,F,CH,CF,l. Hence, a stepwise

"F and 'H NMR parameters of TFE and TFE/VDF telomers and cotelomers obtained from the telomerization of VDE with 1,2-diiodoperfluoroethane

Telomer Chemical shifts, § (ppm)

a b d ¢ f @ B w
1CF, CF, I -53 - - - - - - - -
1 CF, CF, CF, CF, | - 59 —12 - - - - - - -
1 CF, CF, CH, CF, 1 61 - 106 38 - - - 34 - -
1CF, CF, i, CF, CH, CF, 1 ~61 ~106 -3 - 88 - - 3.4 238 -
1 CF, CH, CF, CF, CH, CF 1 1 - 38 - - - 34 - -
1 CF, CF, CH, CF, CF, CH, 1 ~6l ~ 106 - ~113 ~ 108 - - 28 -
I CF, CF, CHl, CF» Ch, CF, CH, CF, 1 6l ~ 106 -3 88 - - 34 28 -
1 CF, CF, CH, CF, Ch, CF, CF, CH, 1 61 ~ 106 89 T ~ 108 - - 28 36
I CF, CH, CF, CF, Ch, CF, CH, CF, | - 115 C3g —88 - - 34 238 -
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mechanism is favoured, probably due to transfer of the telo-
gen occurring faster than the propagation step.

2.2.3. Study of the third fraction

The triadduct was also isolated by distillation (124-127
°C/19 mmHg), the 'H and '"F NMR characteristics of all
such telomers being listed in Table 3. The 'F NMR spectrum
of the IC,F,CH,CF,CH,CF,CH,CF.I isomer (4.2) exhibits
similar chemical shifts to those of 1C,F,(VDF).I but with
different integrated areas. Such a triadduct also contained
the reverse isomer IC,F,CH,CF,CH,CF.CF,CH,I (4.2")
at ca. 10% extent as shown by the presence of signals at §
—113 and — 108 ppm, assigned to the CF, groups in the 3
and vy positions relative to the iodine atom. Similarly.
I{VDF)C,F,(VDF).l is composed of 90% ICF,CH--
C,F,CH,CF,CH,CF.I (52) and 10% [CF,CH,C,F,CH,-
CF,CF,CH,I (5,2"). Finally the triadduct consisted of 45%
of 4,2, 45% of 5.2, 5% of 4,2' and 5% of 5,2".

To synthesize new fluorinated «,w-diiodoalkanes with a
higher TFE base unit number, the telomerization of vinyli-
dene fluoride with longer a,w-diiodoperfluoroalkanes was
performed in a similar manner to that above (thermal initia-
tion at 190 °C).

2.3. The telomerization of vinylidene fluoride with 1,4-
diiodoperfluorobutane

As listed in Table 4, scveral attempts have been made to
effect this telomerization using different initial [VDF},/
[IC,Fgl], molar ratios for various reaction times and with
two different capacity Hastelloy autoclaves (200 ml and 500
ml). In each case, the initial pressure after introduction of the
reactants was 25 bar and after several hours at 190 °C reached
a maximum of 35-38 bar and then decreased to 3 bar. The
deposit of solid 1odine observed in the bottom of the autoclave
was less significant than that noted for the telomerization
described above.

GC chromatograms of the liquid phase of the total product
mixture showed a small peak at 3.4 min assigned to the
telogen and other peaks with higher retention times corre-
sponding to the telomers 1,4 derived from the monoadduct,
telomers 2,4 and 3,4 derived from the diadduct and telomers
4,4 and 5.4 derived from the triadduct. The GC chromatogram

Table 4
Experimental conditions employed and amounts (in wt.%) of telomers
obtained from the telomerization of VDF with 1 ,4-diiodoperfiuorobutane

Ry= [1C,Fgl)/ [VDF,],, 04 0.8 1.1
Conversion of IC,F;l (%) 99 99 95§
IC,Fg(VDF>)1 (%) ¥ 12 48
IC4Fg(VDE,).1 + I(VDF,)C,Fy(VDF) [ (%} 37 53 32
ICFg( VDF,)31 + 1(VDF,)C,Fi(VDF,) .l (%) 44 28 17
Higher homologues (%) 9 6 2
DP, 255 228 170

also showed that the reaction was clean as for the previous
case of telomerization from IC,F,I. The percentages of the
products generated were calculated from the areas of the
peaks arising in the GC chromatogram.

This reaction led to good yields with high telogen conver-
sion (greater than 90%). After distillation, three main pure
fractions were obtained and characterized by '"H and '"FNMR
spectroscopy. Table 5 lists the different chemical shifts
observed.

2.3.1. Analvsis of the first fraction

As for the characterization of the monoadduct
IC-F,CH,CF,I (1,2), the '"H NMR spectrum exhibited a
quintet centred at 8 3.4 ppm and assigned to the methylene
group that forms an A,X system.

Five signals were noted in the '°F NMR spectrum. Those
centred at § — 38 and — 59 ppm were similar to those of 1,2
assigned to the ICF,CH, and ICF,CF, groups, whereas that
centred at § — 123 ppm corresponded to the difluoromethy-
lene of a CF,CH,CF,I group with a characteristic highfield
shift compared to that of 1,2. Finally, the last two multiplets
centred atca. & — 113 ppm correspond to internal CF, groups.

As for the homologous monoadduct 1,2, the first fraction
contained 1C,FyCH,CF,I selectively.

2.3.2. Studv of the second fraction

The '"F NMR spectrum exhibited seven peaks. Three of
these were very intense with similar intensities. Those at &
—38.3 and — 112.9 ppm were assigned to the ICF,CH, and
internal CF, groups, respectively, whereas the third centred
at 8 — 123.6 ppm corresponded to the fluorine atoms adjacent
to the methylene groups of the «,w-diadduct ICF,-
CH.CF,C.F,CF,CH,CF,l (24).

The signal that exhibited the smallest intensity centred at
& —107.5 ppm corresponded to a CF,CF,CH,I group result-
ing from the ‘reverse’ addition of VDF as observed in the
previous series.

Integration of the signals indicated that three isomers,
ICE,CH,(C4Fg) CH,CF,L,  I(C,F)CH,CF,CH,CF,I and
I{C,F)CH,CF,CF,CH,I, had been produced in 90%, 8%
and 2% yield, respectively. Interestingly, the symmetrical
telomer I{ VDF)C,Fs( VDF)I was obtained in a higher pro-
portion than the non-symmetrical 3,4, in contrast to the prep-
aration of their homologues from IC,F,I which produced
equimolar amounts of both isomers. This can be explained
by the electrophilicity of the difluoromethylene end-group of
the ICF,CH,C;FCF,* radical being greater than that of the
CF; group of the *CF,CH,C,F;l radical, because of the pres-
ence of the electron-withdrawing C;F¢ group in the fluori-
nated chain.

2.3.3. Characterization of the third fraction

The triadduct was also purified by distillation and analyzed
by '°F and 'H NMR spectroscopy. It was mainly composed
of the ICF,CH,CF,CH,{C,F;)CH,CF,l isomer (96%)
whose chemical shifts were similar to those of I(VDF)-
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Table 5

YF and 'H NMR parameters of telomers obtained from the telomerization of VDF with 1,4-diiodoperfluorobutane

Telomer Chemical shifts. 8 ( ppm)
a b c d [ f g o B @
1 CF, CF, CF. CF, | 2590 1120
1 CF, CF, CF, CF, (CH, CF) 1 S592 - 1130 1129 —123  —383 34
L (CF, CH,) CF, CF, CF, CF. (CHa CF2) 1 w3 1236 - 1129 34
I CF, CF, CF» CF, (CH, CFa) (CH, CFa) 1 Z592 1129 1129 —123  —886  —39.0 34 28
[ CF, CF, CF, CF, (CH, CF,)(CF, Cily) 1 2592 1129 ~1129  —123  —1130 1080 28 36
1 (CF, Cil,) CF, CF, CF, CF, (CH, CFy(Ch, €y 1 =385 - 1230 —1130 —113  —1230 —880 -395 34 28
I CF, CF, CF» CF, (CH, CFy ) (CH, CR(CH, CFay 1 —592  — 1129 —1129  —123 88 —880 —395 34 28
1 (CF, CH,)CF, CF, CF, CF, (CH, CF)(CE, CiL) 1 =385 1230 — 1130 —113  —1230 —113  —1080 34 28 36
I CF, CF, CF, CF, (CH, CF ) (CH, CE(CE, CHL1 1 592 1129 —1129  —123  —88  —113  —1080 36 28

C4Fg(VDF)1, cxcept for the presence of the multiplet at &
— 88 ppm assigned to the difluoromethylene group of the
ICF,CH,CF,CH, segment. The isomers I{C,Fy)CH,CF,-
CH,CF,CH,CF.l, I(C,F4)CH.CF,CH,CF,CF,CH,I and
ICH,CF,CF,CH, (C,Fs) CH,CF.,I were produced in 2%, 1%
and 1% yield, respectively.

Table 5 summarizes the chemical shifts for the character-
ized telomers.

2.4. The telomerization of vinvlidene fluoride with 1,6-
diiodoperfluorohexane

Similar reactions to the above were performed using ther-
mal initiation and starting from two different [VDF],/
[IC4F;,1 ] initial molar ratios ( Table 6) to produce a crude
product mixture containing mainly the monoadduct or having
a higher amount of di- and tri-adducts.

The monoadduct contained IC(F,,CH,CF,I exclusively
whereas the diadduct was composed of 95% of ICF.-
CH,C(F,,CH,CF,I (2,6) and 5% of IC.F ,CH,CF,CH,-
CF,I (3,6) with a very small amount of isomer 3,6'. This
could suggest, as in the previous example, that the telomeri-
zation occurred by stepwise monoaddition and not by prop-
agation. The triadduct consisted of four different isomers.

Table 6
Experimental conditions employed and amounts (in wt.%) of telomers
obtained from the telomerization of VDF with 1,6-diiodoperfluorohexane

Ro=[ICF21]/[VDF,], 0.2 1.0
Conversion of IC,F,.l (%) 99 97
n=1 (%) 4

n=2 (%) 39 RA)
n=3 (%) 45

n>3(%) 11 2
DP, 2.63 1.77

IC,F,2(VDF);l (4,6 and 4,6’) and ICF,CH,C¢F;:( VDF),I
(5.6 and 5,6') which were characterized by '°F and 'H NMR
spectroscopy (Table 7 and Experimental details).

3. Experimental details
3.1. Starting materials

Vinylidene fluoride (VDF) was kindly supplied by EIf
Atochem. «,w-Diiodoperfluoroalkanes were supplied by the
Mihama Co., Japan, and were washed with sodium thiosul-
phate solution, dried over MgSO, and distilled.

Reactions were conducted using a 200 or 500 m] Hastelloy
C276 autoclave (Vinci Technologies). After introduction of
the non-volatile reactants, the vessel was closed, frozen in
an acetone/liquid nitrogen mixture and then evacuated for
several minutes. The required amounts of VDF were then
introduced.

After the reaction was completed, the products were
worked-up and analyzed by gas chromatography (GC) using
a Delsi apparatus (model 330) equipped with an SE 30 col-
umn, 1 mX1/8 in (i.d.). The nitrogen pressure at the
entrance to the column was maintained at 0.6 bar and the
detector and injector temperatures were 260 °C and 255 °C,
respectively. The temperature program commenced at 50 °C
and attained 250 °C at a heating rate of 15 °C min~". The GC
apparatus was connected to a Hewlett Packard integrator
(model 3390) which automatically calculated the area of
each peak on the chromatogram.

The products were characterized by 'H and '°F NMR spec-
troscopy, all undertaken at room temperature. The '°F and 'H
NMR spectra were recorded on Bruker AC-200, -250 or WM-
360 instruments, using deuterated chloroform as the solvent.
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Table 7
'°F and 'H parameters of telomers obtained trom the telomerization of VDF with 1.6-diiodopertluorohexane
Telomers Chemical shifts, 8 (ppm)

a b ¢ d e f g h a B o
.

1 CF, CF, CF, CF, CF. CF, | SS95 1S —1213
1 CF. CF, GoF, CF, CF, (CH, CF.) 1 SS05 1135 -1220 1135 —1235  —385 14
I (CF, CHL,) CF, CF, G, CF> CF» (CH, CF.) | SARS 1230 - 1135 —1220 34
1 CF, CF, C.F, CF. CF, (CH, CF2 1 (CH, CF. ) 1 D595 i3S 1220 1135 —1230 -886 —38.5 34 28
1 CE, CF, C.F, CF, CF, (CH, CF,}(CF. CCHL ) | S90S 113§ —1220 1130 —1230 -1130 ~108.0 28 36
I (CF, CHL) CF, CF, C.F, CF, CF, (CHL CE(CH, CFR T - 385 1230 - 1135 — 1220 — 1135 —1230 —886 —-385 34 28
1 CF, CF, GoF, CF, CF, (CHy CFy)(CH: CFa(CHy CRy I —595 - 1135 —1220 1135 ~1230 886 —886 —385 34 28
I (CF, CHL) CF, CF, CF, CF, CFy (CHl CE(CFR CHL) | 385 1230 — 1135 1220 1135 —1230 — 1130 —108.0 34 28 3.6
I CF, CF, C,F, CF, CF, (CHl, CFoy(CH, CF. ) (CF, CHL) T =595~ 1135 —1220 - 1135 —1230 —886 —1130 —1080 28 36

TMS and CFCl; were employed as respective internal refer-
ences. The letters s, d, t, g, and m designate singlet, doublet.
triplet, quintet and multiplet, respectively.

The various compounds were analyzed chemically at the
Laboratory of Microanalysis (CNRS) of ENSCM (the fig-
ures indicated below for the elemental analyses designate the
content of carbon, hydrogen or fluorine in g (100 g) ™" of
pure product).

3.2. Synthesis of higher tetrafluoroethyiene oligomers from
1,2-diiodotetrafluoroethane

1,2-Ditodotetrafluoroethane (15 g¢. 0.042 mmol) was
introduced into the autoclave (200 ml) and heated at 205 °C
for 18 h. After the reaction was completed, the volatile deriv-
atives were removed and the crude product worked-up with
alkaline sodium thiosulphate solution, dried over magnesium
sulphate, filtered and distilled. Unreacted IC.F,I (7.7 g, 0.022
mol) was recovered (conversion, 529%) as a reddish liquid.
b.p. 112 °C (lit. value [23]: 45 °C/35 mmHg). '"’F NMR
(CDCly) & —53 (s, 4F) ppm.

The oligomer IC,F,1 (3.7 g, 0.008 mol. 18%) was purified
by distillation, b.p., 85 °C/100 mmHg (lit. value [23]: 63
°C/35 mmHg). Analysis: Found: C, 10.8; F. 33.2%. C,FL,
requires: C, 10.6; F, 33.5%; M. 454 '"F NMR (CDCl,) &
—59 (t, ICF,, 4F, J=10.3 Hz); — 112 (m, ICF,CF,, 4F)
ppm.

Another TFE oligomer, ICF,.1 (1.2 g, 0.002 mol, 5% ).
was also purified by distillation. b.p. 115 °C/100 mmHg (lit.
value [23}: 107 °C/62 mmHg). Analysis: Found: C, 13.3:
F, 41.1%. C.F .1, requires: C, 13.0; F. 41.2%; M, 554. ""F
NMR (CDCl;) 8: —59.5 (, ICF,, 4F, /=43 Hz); — 1135
(m, ICF,CF,, 4F), ~ 121.4 (m, IC,F,CF., 4F) ppm.

3.3. Telomerization of VDF with 1,2-diiodoperfluoroethane

Into a 500 ml Hastelloy autoclave was introduced 1,2-
ditodoperfluoroethane (150 g, 0.423 moi) and vinylidene
fluoride (27 g, 0.421 mol). The mixture was stirred at 190
°C for 18 h and, after cooling, the vessel was degassed and
opened. It was noted that a large amount of solid iodine had
been produced. the liquid phase being worked-up as previ-
ously and distilled.

The first fraction consisted 1,4-diiodo-1,1,2,2,4,4-hexa-
fluorobutane (1,2) (132 g, 0.32 mol, 75% yield) which dis-
tilled as a reddish liquid b.p. 86 °C/20 mmHg). Analysis:
Found: C. 12.1; H, 0.2; F, 29.5%. C ,H,Fl, requires: C, 11.5;
H, 0.5; F. 27.3%, M, 418. "F NMR (CDCl,) 8 —38.0 (q.
ICF,CH,, 2F, Uy ="Jge=13.6 Hz); —62.0 (1t, ICF,CF,,
2F. *Jee=4.3 Hz, *Jg;, =1 Hz); — 106.0 (m, ICF,CF,, 2F,
Jpp=4.3 Hz, Jpy=16 Hz, *Jpr=16 Hz) ppm. 'H NMR
(CDCly) & 3.4 (q, 2H, J=16 Hz) ppm. MS m/z": 50
(CF.'); 100 (CF,CF,"); 127 (1%); 177 (CR,IY); 227
(CF,CF,17): 254 (M* —21); 291 (M™* —1); 418 (M™).

Another reddish fraction (19.3 g, 40 mmol, 9.5%) was
also distilled, b.p. 107 °C/20 mmHg. This consisted of
three isomers, ICF.CH,C,F,CH,CF,I (2,2), IC,F,CH,-
CF,CH,CF,I (3,2) and IC,F,CH,CF,CF,CH,I (3,2") which
were produced in 50%, 45% and 5% yield, respectively.
Analysis: Found: C, 15.1; H, 0.8; F, 32.6%. CiH,FI,
requires: C, 14.9; H, 0.8; F, 31.5%; M, 482. The 19F NMR
chemical shifts are listed in Table 3. 'H NMR (CDCl,)
(Table 3) &:2.8 (q, *Jyg = 15.5 Hz, CF,CH,CF, of 3,2, 2H);
3.4 (q, Y= 15.5 Hz, ICF,CH, of 2,2 and 3,2, 6H); 3.6 (1,
CF,CF,CH,I of 3,2") ppm.

The next pure fraction arising from the distillation con-
sisted of 6.5 g (12 mmol, 2.8%) of a red liquid, b.p. 124—
127 °C/19 mmHg. Analysis: Found: C, 18.2; H, 1.0; F,
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35.5%. C4HGF o1, requires: C. 17.6; H, 1.1; F, 34.8%: M,
546. This fraction consisted of four different isomers,
viz. ICF.CH,(C,F,) (CH,.CF,).I (5.2) (45%), I(C,F,)-
CH,CF.CH,CF.CH,CF,l (4,2) (45%), ICF,CH,(C,F)-
CH.CF,CF,CH.I (5.2") (5%) and I(C-F,)CH,CF,CH--
CF,CE,CH,I (4.2") (5%). respectively. The 'H and '°F
NMR chemical shifts for these isomers are listed in Table 3.
Another similar experiment was conducted using 1.2-diio-
doperfluoroethane (150 g, 0.423 mol). and vinylidene fluo-
ride (140 g, 0.58 mol). The monoadduct 1,2 was produced
in 10% yield whereas the mixture of 2,2, 3,2 and 3,2 was
obtained in 60% yield. The triadduct was formed in 8% vield
and higher VDF oligomers were produced in ca. 7% yield.

3.4. Telomerization of VDF with 1 4-diiodoperfluorobutane

As in the previous experiment. 1,4-ditodoperfluorobutanc
(150 g.0.33 mol) and VDF (30 g, 0.47 mol) were stirred at
190 °C for 18 h. After reaction, the autoclave was cooled.
degassed and opened. The solid iodine was filtered off and
the total product mixture was distilled.

The first fraction consisted of  1,6-diiodo-
1,1,2,2,3,3.4,4,6,6-decafluorohexane (1.4) (65 g, 0.13 mol.
38%) which existed as a pink liquid, b.p. 36-38 °C/0.08
mmHg. Analysis: Found: C. 14.2; H, 0.7. F, 36.1%.
C¢F oH,L; requires: C, 13.8; H, 0.3; F, 36.6%; M, 518. 'F
NMR (CDCl3) &1 —38.3 (g, Jryy =Jpr=13.6 Hz, CH,CF.L
2F); —59.2 (1t, *Jge=4.3 Hez, ICF,CF,, 2F): —113 (m.
ICF,CF.CF,, 4F); —123 (m, CF,CH,CF.l, 2F) ppm. 'H
NMR (CDCl;) & 3.4 (g, AX system, J=15.5 Hz, 2H)
ppm.

The second fraction was obtained as a pink solid (76 ¢.
0.13 mol, 40%), m.p. 37.5 °C. b.p. 56-59 °C/0.005 mmHg.
Analysis: Found: C, 17.5; H, 1.2; F. 38.3%. C.F,.H,I-
requires: C, 16.5, H, 0.7; F. 39.2%, M, 582. This frac-
tion consisted of three isomers, viz. 1.8-diiodo-
1,1,2,2,3,3.4,4,6,6,8,8-dodecafluorooctane, [{C,Fq)CH,-
CF,CH,CF.I (34) (8%), 1.8-diiodo-1,1,3,3,4,4.5.5,6.6,
8,8-dodecafluorooctane, ICF.CH,(C,F,)CH.CF,l (24)
(90%) and 1,8-diiodo-1,1,2.2,3,3.4,4,6,6,7,7-dodecafluoro-
octane, I(C,F,)CH,CF,CF,CH-I (3.4') (2%). The "F and
'H NMR chemical shifts for these isomers are listed in
Table 5.

The third fraction, b.p. 75-79 °C/0.005 mmHg, was
obtained in 8% yield and consisted of four isomers, viz. 1,10-
diiodo-1,1,2,2.3,3,4,4,6,6,8,8,10,10-tetradecafluorodecane.
I{C,F;)CH,CF,CH,CF,CH.CF,I (4.4) (2%). 1,10-diiodo-
1,1,3,3,4,4,5,5,6,6,8,8.10,10-tetradecafluorodecane, ICF.-
CH,(C,Fg)CH,CF,CH,CF,I (54) (96%), 1,10-diiodo-
1,1,2,2,3.3,4,4,6,6,8.8.9,9-tetradecatluorodecane, I1(C,Fy)-
CH,CF,CH,CF,CF,.CH,I (44') (1%) and 1,10-diiodo-
2,2,3,3,4,4,5,5,6,6,8,8.9,9-tetradecafluorodecane, ICF,CH--
(C4Fq)CH,CF.CF,CH.I (5.4") (1%). The "Fand 'H NMR
chemical shifts of these isomers are also listed in Table 5.

3.5, Telomerization of VDF with 1,6-diiodoperfluorohexane

Similar to the previous experiment, 1,6-diiodoperfluoro-
hexane (50.0 g, 0.09 mol) and VDF (8.0 g, 0.12 mol) were
stirred at 200 °C for 18 h. After the same work-up, the fol-
lowing fractions were distilled.

The first fraction (11 g, 0.018 mol, 20% yield) consisted
of 1.8-diiodo-1,1,2,2,3,3.4,4,5,5,6,6,8,8-tetradecafluorooc-
tane. I(C,F,»)CH,CF,I (1,6). b.p. 60-64 °C/0.08 mmHg.
The 'F and '"H NMR chemical shifts of this compound are
listed in Table 7.

The second fraction (22 g, 0.032 mol, 40% yield), b.p.
80-86 °C/0.005 mmHg, was composed of three isomers, viz.
1.10-diiodo-1,1,2,2,3,3,4,4,5,5,6,6,8.8,10,10-hexadecafluo-
rodecane, I(C.F,,)CH,CF,CH,CF.I (3,6) (4%), 1.10-
diiodo-1,1,3,3,4,4,5,5,6,6,7,7,8,8,10,10-hexadecafluoro-
decane, ICF,CH,(C:F,,)CH,CF,I (2,6) (95%) and 1,10-
ditodo-1.1,2,2,3,3,4,4,5,5,6,6.8,8.9,9-hexadecafluorodecan
(3.6') (1%). The ""F and 'H NMR chemical shifts of these
1somers are listed in Table 7.

The third fraction (6 g, 8 mmol, 10% yield), b.p. 100-110
°C/0.005 mmHg, consisted of four isomers, viz. 1,12-diiodo-
1.1,3,3,4.4,5,5,6,6,7,7,8,8,10,10,12,12-octadecafluorodode-
cane, ICF,CH,(CgF,;)CH,CF,CH,CF,I (5,6) (90%),
1,12-diiodo-1,1,2,2,3,3,4,4,5,5,6,6,8,8,10,10,12,12-octade-
cafluorododecane, I(C¢F,») (CH,CF,) (CH,CF,) (CH,-
CF.)I (4,6) (6%), 1,12-diiodo-1,1,3,3,4,4,5,5,6,6,7,7.8.8,
10.10,11,11-octadecafluorododecane,  ICF,CH,(C¢F,»)-
CH,CF.CF,CH,I (5,6') (2%) and 1,12-diiodo-1,1,2,2,3,3,
4.4,5,5,6,6,8,8,10,10,11,11-octadecafluorododecane,
[{C.F,,) (CH,CF,) (CH,CF,) (CF,CH,)I (4,6') (2%).
The ""F and '"H NMR chemical shifts of these isomers are
also listed in Table 7.

4. Conclusions

Telomerization of vinylidene fluoride with «,w-diiodoper-
fluoroalkanes has been successfully achieved by thermal ini-
tiation. For each reaction, the first three adducts have been
produced and carefully characterized by 'H and '"F NMR
spectroscopy. These telomers were obtained in very good
yield, with quantitative telogen conversions.

Interestingly, the monoadducts were formed by selective
addition of I(CF,) I (n=2, 4, 6) to the CH, side of the olefin
whereas the other adducts were composed of isomers arising
from the normal or reverse addition of VDF, with the former
being favoured.

In addition, the generation of I( VDF) (CF,),( VDF)I was
dependent on both the TFE base unit number and the reactiv-
ity of the o, w-diiodoperfluoroalkane telogen, the greater these
two factors the higher the proportion of telomer generated.

The mechanism of this reaction mainly involves the step-
wise addition of VDF, with the telomer produced acting as
the telogen in further steps with VDE. Such a scheme is
favoured over a propagation mechanism.
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These new fluorinated a,w-ditodoalkanes are particularly
interesting since they may be used as potential telogens for
future telomerizations of other fluorinated monomers which
are under investigation.
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