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ABSTRACT: Hydrocarbons act as chain-transfer agents to provide telomeric products in the radical po-
lymerization of tetrafluoroethylene. At 125 °C, linear alkanes (hexane, nonane, and decane) participate by
transferring more than one hydrogen; by contrast, cyclopentane and cyclohexane do not. Methylcyclohexane
is attacked only at the tertiary hydrogen. For comparison, the chain transfer of nonane with hexafluoropropene
and chlorotrifluoroethylene as well as with tetrafluoroethylene was studied.

Although there is considerable literature on the ab-
straction of hydrogens by halogen atoms!'™* and various
other radicals,’ there is little information on the reactivity
of hydrocarbons as chain-transfer agents,® particularly for
fluorinated olefins. In earlier papers we described the
relative reactivities of halogenated olefins,” the chloro-
methanes,® and several other halocarbons® with tetra-
fluoroethylene and the use of chain-transfer constants to
correlate reactivity on radical abstraction reactions to bond
energy.

We have now examined the reactivity of a few hydro-
carbons as chain-transfer agents in telomerization with
tetrafluoroethylene and also compared the reactivity of
nonane with telomer chains of tetrafluoroethylene, hexa-
fluoropropene, and chlorotrifluoroethylene.

Experimental Section

Reaction of Hexane with Tetrafluoroethylene. A mixture
of 20 g of hexane, 1.6 g of benzoyl peroxide, and 60 g of 1,1,2-
trichloro-1,2,2-trifluoroethane was charged to a 300-cm?® auto-
clave.’? The autoclave was closed, cooled in a dry ice~acetone
bath, and evacuated to below 50 mm, and 20 g of tetrafluoro-
ethylene!! was added. More than the desired 20 g of tetra-
fluoroethylene was charged, so the excess was bled off after the
autoclave had warmed slightly. The mixture was stirred and
heated. It required 1 h to reach 125 °C, where it was held for
an additional hour. After the mixture cooled, unreacted tetra-
fluoroethylene was bled into a dry ice~acetone-cooled trap and
the remaining material was distilled to separate unreacted hexane
and fluorocarbon solvent. The residue was a waxy solid, mp 27-32
-]

C.

Elemental analyses of carbon and fluorine were used to calculate

the average molecular weight and average degree of telomerization

fi. The values agree within about 2%.
A= [% C X (mol wt of telogen) — 1201.1 X

(no. of C in telogen)] /[2402.2 — % C X (mol wt of C,F,)]
Ai=[% F X (mol wt of telogen)]/[4 X 18.998 X 100 - % F X

(mol wt of CoF,)]

t*Work done at Union Carbide Corp.

mol wt of telomer =
(mol wt of telogen) + 2 X (mol wt of C,F,)

The concentrations of reactants in the liquid phase were es-
timated by noting the total pressure and estimating partial
pressures of telogen and solvent based on the vapor pressures and
relative concentrations. The difference of pressure was assumed
to be due to tetrafluoroethylene.

P CoFy = P total — (P telogen +P solvent)

The amount of tetrafluoroethylene in the vapor phase was then
estimated by the gas equation, where the volume was that volume
above the liquid phase. From this the concentration of tetra-
fluoroethylene in the liquid phase could be calculated.

CZF4 soln = c2F4 total ~ C2F4 vapor

The chain-transfer constant was calculated by the method of
Walling.!?

(CoFd]

1
¢ i [telogen]

NMR spectra of the telomer residues were obtained with a
Varian HA-100 spectrometer to indicate the extent of branching
and, where possible, the position of attack.

Since in the linear alkanes there was more than one telomer
chain initiated per molecule of hydrocarbon, a seconda chain-
transfer constant was calculated as 72’ = 71/(no. of branches). This
is designated as C’in Table I and is used for comparisons in the
Discussion.

The results of the experiments are presented in Table I and
the NMR results are presented in the Discussion.

Discussion

Normal Alkanes. The reactivity to hydrogen ab-
straction by fluoroalkyl radicals increases with increasing
chain length of the normal alkanes as noted in Table I.
The reactivity is on a molar basis because the primary and
secondary hydrogens were not sufficiently resolved in the
NMR spectra. Thus the reactivities of these two types of
hydrogen could not be distinguished. The reactivity is
compared on the basis of the number of telomer chains
formed. The normal alkanes did not give only one fluo-
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Table I
Chain Transfer of Hydrocarbons with Tetrafluoroethylene
hain-transfer no. of
TFE ¢ a branches

telogen, TFE, recovered, telomer constant per telomer

telogen structure mol mol mol amt, g n ce c'b molecule®
hexane 0.232 0.200 0.080 10.0 1.153 0.4989 0.5488 1.1
nonane 0.156 0.200 0.100 15.0 1.907 0.3252 0.5854 1.8
decane 0.141 0.200 0.080 20.0 1.968 0.3978 0.6365 1.6
cyclopentane 0.285 0.200 0.050 17.0 1.050 0.4694 0.4694 1.0
cyclohexane 0.238 0.200 0.050 23.0 1.093 0.5010 0.5010 1.0
methylcc:iyclohexane 0.204 0.600 0.410 22.0 3.963 0.4732 0.4732 1.0
hexane 0.232 0.200 0.080 11.0 3.255 0.2859 0.6290 2.2
nonane® 0.156 0.200¢ 0.100¢ 11.0 2.297 2.3
nonane’ 0.156 0.2007 0.183f 8.0 345 0.7087 2.3387 3.3

¢ Chain-transfer constant calculated by the method of Walling.
¢ Determined by NMR spectroscopy.

n' = n/(no. of branches).

b Chain-transfer constant usmg the same equation but
d This experiment was at 185 °C using di- tert-butyl

peroxide as the catalyst. ¢ Hexafluoropropene was used in place of tetrafluoroethylene in this experiment. ! Chlorotri-
fluoroethylene was used in place of tetrafluoroethylene in this experiment.
Table II
Relative Reactivity?
abstracting radical
C.H,Cl,-
hydrocarbon -CF,CF,;* (CH,CO)N-c cql, @ CCl,80,-¢ CH,-f CH, ¢
hexane 1.0 0.96 1.00
heptane 1.0 1.0
nonane 1.06
decane 1.16 1.36 1.95
cyclopentane 0.86 1.57 1.0 1.02
cyclohexane 0.92 1.66 1.0 1.0 1.0 1.01
methyleyclohexane 0.86 3.32
% The relative reactivities are compared within each column and not between the different radicals. ? This work.

¢ Chlorination with 2,4,6-trichloro-N-chloroacetanilide catalyzed by benzoyl peroxide at 85 °C.*

CBr(l, catalyzed by benzoyl peroxide at 80 °C.!
80 °C. 2
from tert-butyl peracetate decomposition at 110 °C.*

rocarbon chain per alkane molecule but, apparently by a
“back-biting” mechanism, introduced more chains (eq 1).

R R
CHZ—CH/ CHp—CH*
R—CH \H — R—CH/ Ho(1)
CFy—CFpe \CFZ—CFZ/

This was true for the linear alkanes but not for the cyclic
alkanes; therefore it is not a random attack.!’® Further
evidence on this reaction relating to the conformation of
the telogen is that the radical reaction of chlorotrifluoro-
ethylene with ethyl ether gives “branched” telomers but
with tetrahydrofuran it does not.!*

The effect of temperature was noted in the reaction of
tetrafluoroethylene with hexane. The chain-transfer
constant is 0.629 at 185 °C and 0.569 at 125 °C. The
activation energy difference and Arrhenius factor ratio are
indicated in eq 2.

y —CFZCFZH
—CFaCFze (2)
Cefar }a ™ CF,CFaCFaCFee

chain-transfer constant = ky/k,
E*, - E¥, = 0.8 keal/mol
log (A4/A,)=0.19 (L's™* mol™)

The differences of the attacking fluorocarbon radicals
from various monomers was indicated by carrying out the
telomerization of nonane with chlorotrifluoroethylene as
well as with tetrafluoroethylene. Comparison of these

d Bromination with

¢ Chlorination with CC1,80,Cl catalyzed by benzoyl peroxide at
f Methyl radical formation from acetyl peroxide decomposition at 55 and 85 °C.»

€ Methyl radical formation

results indicated increasing chain-transfer constants in the
order CzF4 < CQCIF3
_CFZCFQCcmFZ

_CFQCFZ _CFQCFQ

~CF,CCIFCF,CCIF- ‘T‘ ~CF,CCIF- —»
®_CF,CCIFH

ThuS kﬂ/kal = 0 585 = C’ and kt2/ka2 2. 34 = Cl The
constants are functions of both the ease of chain transfer
and the ease of polymerization of the monomers. Com-
parison of hydrogen abstraction reactivity thus can only
be made with reference to relative rates of polymerization.
In copolymerization, Bruk?® found that chlorotrifluoro-
ethylene and tetrafluoroethylene were of about equal re-
activity. Thus, if k,; = ks, then for comparative ease of
hydrogen abstraction, -CFCl. = 4.0 and -CF, = 1.0.

Cyclic Alkanes. Cyclopentane is slightly less reactive
than cyclohexane on a molecular basis but more reactive
on the basis of the hydrogens available. This second order
is that noted for the reactivity to several radicals including
trichloromethyl,*® trichloromethanesulfonyl,’” and tri-
fluoromethyl.181°

The tertiary hydrogen of methylcyclohexane is much
more reactive than are the hydrogens of cyclopentane or
cyclohexane. Analysis of the NMR spectra indicated no
attack (less than the 3% sensitivity of the NMR instru-
ment) at any hydrogen except the tertiary hydrogen in
methylcyclohexane. In bromination studies of methyl-
cyclohexane, the selectivity to attack at the tertiary hy-
drogen was 64% at 23 °C and 86% at 100 °C.2° Qur value
of >97% at 125 °C is not out of line with these results,
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although the greater selectivity at higher temperatures
would not necessarily be expected.

General. The reactivities of the alkanes in telomeri-
zation with tetrafluoroethylene at 125 °C are all nearly the
same. The trend of change in the linear alkanes is the
same as that observed for photochlorination?! and for
benzoyl peroxide catalyzed chlorination with 2,4,6-tri-
chloro-N-chloroacetanilide.?? The reactivity of the cyclo-
alkanes is less than that expected on the basis of the
chlorination results with 2,4,6-trichloro-N-chloroacetanilide
but about the same as expected from the reactivity with
methyl radicals?®?* and from chlorination with trichloro-
methanesulfenyl chloride.?> The comparison of these re-
sults is given in Table II.
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ABSTRACT: The relative reactivities of the hydrogens in acetic acid and ethyl acetate to abstraction by
fluoroalkyl radicals at 125 °C have been determined as follows: H-CH,COOH, 0.029; H-CH,COOCH,CH.,
0.019; H-CH,CH,0COCHj, 0.019; H-CH(CH3)OCOCHj,, 0.10. A separate series of experiments provided less
precise reactivities for the abstraction of hydrogen and chlorine from acetonitrile and the chlorinated acetonitriles.
The nitrile group stabilizes the intermediate radicals, leading to extensive coupling.

In previous papers we have examined the relative re-
activities of halogenated olefins,! the chloromethanes,?
some halofluorocarbons,® and several alkanes* with tetra-
fluoroethylene. We now extend the study to a group of
compounds related to acetic acid.

The chain-transfer constant for acetic acid is 0.029 and
for ethyl acetate 0.039 as calculated by the method of
Walling.® The relative reactivities of the various hydrogens
are as follows: H-CH,COOH, 0.029; H-CH,COOCH,CH;,
0.019; H-CH,CH,0COCHj3, 0.019; H-CH(CH3;)OCOCHj;,
0.10.

The determination of reactivity followed a method
previously reported for chloromethanes,? using tetra-
fluoroethylene as taxogen so that the abstraction is es-
sentially all by fluoroalkyl radicals. The protons in the
products from ethyl acetate telomerization were deter-
mined by proton NMR, with assignments of peaks as

*Work done at Union Carbide Corp.
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follows {chemical shift values indicated are § relative to
(CH3)4Si).

H—(CF,CF,),—CH,—COO—CH,—CH,
5.8 3.55 405 1.2

CH,—COO—CH(CH, }—(CF,CF,),—H

195 54 14 5.8
CH,—CO0O—CH,—CH,—(CF,CF,),—H
195 48 275 5.8

The areas of the peaks in the NMR spectra provided a
measure of the amounts of each product. The relative
reactivities per proton are then estimated by the distri-
bution®

(3C, + 2C, + 3C,) /8 = C = 0.039
C, = Cy = ¥4C, (from NMR area)

where C = 0.039 = average chain-transfer constant ob-
served, C, = 0.019 = constant for H-CH,COOCH,CH,, C,
= 0.10 = constant for H-CH(CH3)OCOCH;, and C, =
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