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f Preparation of a,u-Dilodoperfluorocalkanes
-
Clirford D. Bedfcrd and Kurt Baua

Fluorochem, Inc., Azusa, mlifornia $1702 /
,l" 5 o
Abstract d

/
/ /
Heaction conditions for the preparation of or,u'-diiodoperfluoro-

alkanes froam fodine and tetraflucroethylene vere studied. A laboratory
method wvas developed for the preparation of multigram quantities of aruu-
diiodoperfluoroalkanes. Similar results wvere observed using iodine and
1,2-d410doperfluorcethane. A high conversion of 1,k-diiodoperfluorobu-

tane to higher telomers was obtained. \
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Although perfluoroalkyl iodides are videly used reagents for the syn-
thesis of fluorinated compounds, o¢ x.-diiodoperfluorcalkanes have not been
readily accessidble. A direct route to these materials by the telomerization
of tetrafluoroethylene wvith iodine wvas reported by Easzeldine in 1951, dbut
experimental details and product characterizations vere not 31ven.2 Subse-
Qquently, Knunyants, et al., attempted to repeat this work but obtained only

3

very lov ylelds of a mixture of telomers.” Although catalysts for the reac-

tion vere reported in the patent 1?(enture.h this direct method has not ap-
peared to be useful for laborstory scale preparations and other routes have
been developed. A hot tude reaction of diacid chlorides with potassium
iodide has bdeen reported to give cc,w—fiuodoperfluomlknnes, but the prepa-
ration of the starting materials required several oteps.s Milligram quanti-
ties of several of the diiodides were obtained by the photolysis of bromo-
iododifluoromethane with tetnrluomthylem.e

We wish to report the development of a convenient and reproducible
laboratory scale telozerization of tetrafluoroethylene with iodine. The
results of exploratory experiments are summarized in Table I. The resctions

vere carried out in stainless steel cylinders st 200-220°C and an initial

pressure of 20-27 ata. No catalysts vere used.




Table 1. Telomerization of Tetrafluoroethylene

Product sition
Tetrafluoroethylene Yield igher
Run Reagent (moles/mole reagent) (%)8 1(02)21 I( G‘z),‘l Telomers

1 I, 2 49.0 6.2 28.5 5
el I i k7.0 €5.5 29.5 4.9
3 I(CFy) 1 | 50.3 66.6 29.1 4.1
L 1(F,),1 2 52.0 50.0 33.3 16.6
5 1(cFp),1 b 61.0 3.1 b1.b 2s.3

a
Includes pecovered IG’Z G‘.‘,I
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Either iodine or 1,2-dijodotetrafluoroethane can be used interchangeably
as the telogen as is seen by the similarity of the results of runs 1 and 3 of
Table I, vhich contained eguivalent amounts of starting materials. Free io0-
dine wvas observed in all of the runs, suggestiing an equilibrium dissociation
of 1,2-diiodotetrafluorcethane to iodine and tetrafluorocethylene. This equi-
1idbrium is consistent vith Haszeldine's proposed mechanism for telomer growth

involving homolysis of iodo end 3roupl.2
xcrzcrzx oy uraaa- + I -—"C!'Z-CFa + 21

As one would expect, the results of the exploratory experiments indi-
cate that higher ratios of tetrafluorcethylene to iodine favor conversion to
higher telomers. For preparative vork, the amount of tetrafluoroethylene
that can be used is limited by the pressure capability of the equipment.
Therefore, cylinders containing preparative reaction mixtures vere cooled
after a day of heating at 200-220°C, recharged with tetrafluoroethylene and
heated for an additional day. In this way a one liter pressure cylinder
yielded 24 g of 1,4-diiodoperfluorodbutane, 1€ g of 1,6-diiodoperfluorohexane,
10 g of 1,8-diiocdoperfluorooctane and 10 g of a mixture of higher telomers.

Another method of obtaining higher telomers is to treat the lower homo-
logs vith tetrafluoroethylene. Treatment of 1,4-dijodoperfluorobutane with
excess tetrafluoroethylene by this procedure resulted in 80% conversion to

higher homologs, based on consumed starting material.

(8




The fluorine NMR spectra of the o ,w-diiodoperfluoroalkanes are charac-
teristic of the structure. The CF,I signals all appear at Q 65, with the ex-
ception of ICF,CF,I (59.6). The CFoCFoI signals appear at 114.4-115, and the
ioternal CF, signals, at 122.4-123.2.

Experimental Section

A Varian S0 chromtograph vith a 10 ft x 3/8 inch column of 10% QF-1
on acid-vashed Chromosord W was used for both analytical and preparative gas
chromatography. NMR spectrs vere obtained vith a Varian T-60 spectrometer.
Pressure reactions vere carried out behind a safety barricade using 1800 PSI
rated stainless steel cylinders. Tetrafluoroethylene was purchased from PCR
Ine.

Reaction of Tetrafluoroethylene with lodine. Tetrafluoroethylene (50
ml, 0.54 mole) vas condensed at -100°C (ether-liquid nitrogen bath) into a
previcusly evacuated calidrated glass trap, fitted vith a monometer. The
tetraflucroethylene wvas distilled into an evacuated 1000 ml stainless steel
pressure cylinder containing 63.5 g (0.25 mole) of iodine at -100°C. The
cylinder vas heated behind a barricade vith a 200-220°C oil bath for 22 hrs.
The cylinder was cooled, was recharged with 45 ml (C.75 mole) of tetrafluoro-
ethylene by the adove procedure, and was heated for an additional 18 hrs at
200-220°C. The product was extracted with four 100 ml portions of methylene
chloride, and the solution was washed with two 100 al portions of 0.1 N sodium
thiosulfate and dried over magnesius sulfate. Distillation gave 20.1 g
(22.7%) of 1,2-diiocdotetraflucroethane, bp 42-47°C (35 ma), 19? NR (cbrnj)
¢ 59.€ ppa (8); 23.8 g (20.9%) of 1,k-ditodoperfluorobutane, bp 60-63°C




(35 =), e ne (@c1,) 9 65.0 (t, b F, J = 0.2 Hz, CFoI) and 11k.k ppm (t,
4 F, J = 0.2 Hz, &F,); 15.6 g (11.2%) of 1,6-d1iodoperfluorohexane, bp 80-83°C
(15 =), 2or nw (cpc1y) {;65.0 (¢, 4 F, J = 0.2 Bz, CFoI), 115.0 (m, 4 F,
gecr.‘.x) and 122.% ppa (m, & F, Cl-‘a); 10.5 g (6.4%) of 1,8-diiodoperfluoro-
octane, bp 95-98°C (0.& m) =p 69-71°C, 2o nw (c14) 0 65.0 (t, 4 F, J =
0.2 Bz, CF,I), 115.0 (m, & F, CF,CFoI) and 123.2 ppm (m, 8 F, CFy). The dis-
tillation residue contained higher telomers, including 1,10-diiodoperfluoro-
decane (3.9% yield by VPC) and 1,12-diiodoperfluorodecane (1.1% yield by VFC),
and apalytical samples vers isolated by VPC: LoF NR (c1y) ¢ 65.0 (=, L F,
CFo1), 115.0 (=, & F, CF.CF,I) and 123.2 ppa (=, 12 F and 16 F respectively, CFp).
Anal. Qaled for Q,Fgl,: C, 10.59; F, 33.49; I, 55.93. Found: C, 10.76;
P, 33.33; I, 55.88. (aled for CgiioIo: G, 13.01; F, L1.L46; 1, 45.83. Found:
C, 12.84; F, 41.28; I, 45.83. (aled for CgFygly: C, 14.70; F, L6.49; 1, 38.82.
Pound: C, 14.65; F, 46.67; I, 38.76. Oaled for CyoFpolp: C, 15.93; F, 50.40;
I, 33.67. Found: C, 15.9%%; F, 50.62; I, 33.47. OCaled for CpoFpIn: €, 16.88;
P, 53.40; I, 29.72. Found: C, 16.80; F, 53.65; I, 29.46.

Reaction of 1,4-Diiodoperfluorobutane with Tetratluoroethylene., A 150 ml

stainless steel cylinder charged with 45.k g (0.10 mole) of 1,L-didodoper-
fluorobutane and €.5 =l (0.10 mole) of tetrafluoroethylene, by the above pro-
cedure, was heated for 23 hrs at 200-220°C. 1Isolation of the products by the
above procedure gave 1k.2 g (31.2%) of recovered 1,L.diiodoperfluorobutane,
17.5 g (45% based on consumed starting material) of 1,4-diiodoperfluorohexane,

and 1k.2 g of a crude mixtur: of higher telomers.
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