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FREE-RADICAL INITIATED ADDITION OF CARBON TETRACHIORIDE TO
FLUORO OLEFINS*

LOOMIS S. CHEN

University of Dayton Research Institute, Dayton, OH 45469 (USA)

SUMMARY

The reaction between carbon tetrachloride and unsymmetrical
fluoro olefins, e.g. RCF=CF2, where R=n—C5F11 and CGFS’ has led
to the addition product, RCFC1CF,CCl . Addition was apparently
unidirectional under the conditions used since the isomeric
adduct RCF(CC13)CF2C1 could not be detected. The effects of
experimental conditions such as free radical initiators, tempera-

ture, and time are discussed for the different reactions studied.

A probable mechanism is suggested for these additions.

INTRODUCTION

The free-radical addition reactions of halogenated paraffins
to olefins have been reported to proceed according to the general

reaction shown in Egn.1.

- 11

c=c"+ CcX,y ——# -c-C-Y (1)
~ 3 t
CX3

The generalized process can be described as proceeding in various

steps as shown by Egns.2 through 5.
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cx,y ——AB _®»  cx.. + AY (2)
3 3
~ — P
c=C + CX,- ————®» -C-C- (3)
~ ~ 3 ] 1
CX,
1 1
-C-C. + CX;Y ——» -cI:-c-y +  CXge (4)
)
cx' cX
. . — >
CX, + CXy C, X, (5)

The free-radical A- is generally produced from the thermolysis of
compounds such as dibenzoyl peroxide, di-tert-butyl peroxide,
azobisisobutyronitrile, etc. In high concentrations of CX,Y,
possessing a weak bond between CX3 and Y the major product
produced is from the addition of the halogenated paraffins to
olefins [1,2]. As for example, the reaction between carbon
tetrachloride, n-octene-1 and a RuC12(Ph3P)3 catalyst at 80°C
produced the 1,1,1,3-tetrachlorononane in high yield (97%, 75%
conversion) {3]. One might expect that the addition reaction
between carbon tetrachloride and perfluoro olefins should be
quite different from hydrocarbon olefins due to the electronic
and/or steric effects of the fluorine atoms and perfluorocalkyl
group. For example, Paciorek and coworkers [4] reported the
attempted reactions between carbon tetrachloride and
perfluoroheptene-1l. No reaction products were detected at 295°C

for 4 h, while the addition product n-CgF CFClCFZCCl3 and two

11
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unknown products were detected after irradiation with ultraviolet
light for 16 h. From these results it can be seen that the
addition of carbon tetrachloride to perfluoro olefin is more
difficult than the hydrocarbon olefin. The addition of carbon
tetrachloride to fluorinated olefins promoted by Lewis' acids
such as AlCl, is less desirable from the preparative point-of-
view, since the desired product yields are usually lower and a
complex mixture of inseparable products is formed [5,6].

our present studies on the addition reactions of carbon
tetrachloride to perfluoro olefins with various initiators under

free-radical conditions are reported in this paper.

RESULTS AND DISCUSSION

The free-radical addition reaction between carbon
tetrachloride and n-perfluorcheptene-1 was examined in more
detail. The reactions were carried out under various experimen-
tal conditions of free-radical initiators, temperature and time.
From the experimental results (see Table 1), it can be seen that
azobisisobutyronitrile was the best initiator at 180°C and one
day reaction time. Table 2 indicates that the yield of product
increased as a function of temperature and reaction time. After
three days the rate of addition was very slow (see Table 2, exp.
3). In order to increase the yield, it was necessary to add
fresh azobisisobutyronitrile (3 mole % based on olefin) peri-
odically (see Table 2, exp. 4). Increasing the temperature,
>190°C, increased the by-products, n-C5F11CFHCF2CCl3, C2C16, etc.

The GC trace and MS data are listed in Figure 1 for the reaction
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between n-C5F11CF=CF and CC14. The maximum yield of product

2
obtained was 60 GC area % (50% isolated). The chemical structure
of n—CSFllCFC1CF2CC13 was determined by mass spectral data, 19F

NMR, and infrared analyses.

The starting material, n-C5F11CF=CF2, can be recovered and

reused for subsequent addition reaction with carbon tetra-
chloride. The impurity from the decomposition of the initiator,
e.qg. (CH3)2C(CN)C(CN)(CH3)2 and (CH3)2C(CN)C(CH3)(CN)CH2C—
(CN)(CH3)2, was easily removed by silica gel column chroma-
tography. The chemical structure of the by-products were
characterized by GC/MS only. A possible mechanism for the forma-

tion of these by-products is suggested in Scheme 1.

Under similar reaction conditions, the addition reactions
between carbon tetrachloride and other perfluoro olefins were
investigated. No reaction was observed for either the internal
olefin C3F7CF=CFC2F5 or the perfluorocyclcochexene. The reaction

between C6F5CF=CF2 and CCl4 produced the major product,

C6F5CFC1CF2CC13 (65 GC area %; 51% isolated). The numerous by-
products (total ~5 GC area %) from this reaction included

CgF5C(O)F, C F.CFCICF,Cl, C/F. 5+ CgFgCF=CFCCl,,
cel,

C6F5CFHCF2CC13, C6F5CF2CF=CFCF2C6F5, and C6F5CF(CF2CC13)—

CF=CFC6F5. The chemical structures of these by-products were

determined by GC/MS and are tentative assignments. Some un-

QF;CF c F5

reacted olefin was recovered in 23% isolated yield. The reaction
between the perfluorostyrene and CCl4 appears to be more compli-

cated than the perfluoro aliphatic olefins and cCl,.
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From these experimental results, two conclusions for the
free-radical addition of carbon tetrachloride to fluoro olefins
have been reached: (a) reaction occurs only for terminal
olefins; and (b) addition was unidirectional under the conditions
used since the isomeric adduct RfCF(CC13)CF2C1 could not be
detected. Steric considerations may be the cause for the

unidirectional addition.

EXPERIMENTAL

The n-C5F11CF=CF2 (97% pure) was synthesized from thermal

decomposition of dry sodium perfluorooctanate [7] in vacuum (10-2
mm Hg) at 280-320°C. ther perfluoro olefins were commercial
products which were shown by GC to be ~97% pure. The carbon
tetrachloride was a HPLC grade >99.9% pure and purchased from
Aldrich Chemical Company, Inc. The high pressure reactor was a
4562 mini reactor with a 4842 controller (Parr Instrument
Company, Moline, IL). The major compounds were characterized by
IR, MS, 19F NMR and combustion analysis. Infrared spectra were
obtained on a Perkin-Elmer Model 600 infrared spectrophotometer.
Gas chromatographic analyses (GC) were performed on a Perkin-
Elmer Sigma 1 chromatograph using a six-foot stainless steel
column (1/4" d) packed with 10 percent SP-2100 on chromasorb-W.
Mass spectra were carried out on a duPont Model 21-490 mass
spectrometer using an electron impact and chemical ionization

19

modes. F NMR spectra were recorded on a NT-300 spectrometer

(at 282.3 MHz) using CFCl3 for references and CDCl3 for solvent.
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General Procedure for the Reaction of Carbon Tetrachloride
with Perfluoro Olefins

A mixture of n—C5F11CF=CF2 (40.0 g, 0.114 mole), CCl4 (176
g, 1.14 mole) and azobisisobutyronitrile (0.56 g, 3.42 mmole)
were placed in a 300 ml stainless steel reactor under dry N2
atmosphere. The reactor was heated at 185°C (*5°C) and ~160 psi.
After every two days, the reactor was cooled to room temperature,
and additional azobisisobutyronitrile (0.56 g, 3.42 mmole) was
added periodically (see Table 2, exp. 4). After 10 days the
whole reaction mixture was distilled to separate the low boiling
compounds such as unreacted olefin and carbon tetrachloride. The
pot residue was passed through a silica gel column (80 g) and
eluted with petroleum ether (b.p. 35-60°C, 100 ml). The
petroleum ether was removed by a rotary evaporator. Distillation

of the crude product by a spinning band column distillation

yielded n—CSFIICFCICFZCCI3 (28.7 g, 50% isolated and >99% pure).

n—CSFllCFCICFZCCl3 (n.c.)

Colorless liquid boiling at 80-81°C/10 mm Hg. IR spectrum

(capillary film between NaCl plates) 1362 (m) 1310 (m), 1243-1124
1

(vs), 1013 (m), 965 (m), 955 (m), 887 (m), 850 (s) cm L. MS (EI)
m/e 467, 469, 471, 473 (M'-cl), 351, 353, 355 (C6F11C12)+, 335,

337 (C6F12

(c;F,en)t, 131 (c5Fg)*, 117, 119, 121, 123 (cc1,)*, 101, 103, 105

c1)t, 169 (c,F) ", 163, 165, 167 (C4F,C1,) T, 147, 149

(CFC12)+, 85, 87 (CF2C1)+, 69 (CF3)+. Anal. calc'd. for

C8F14C14: Cc, 19.07; Cl1, 28.14. Found: C, 19.05; Cl, 27.97%.

19p NMR-chemical shifts (ppm), standard - CFC13: -81.5 (triplet

of triplets, CF3), -101.6 (AB pattern, CF., next Ccl3), -114.9 (AB

2
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pattern, CF2), -118.7 (AB pattern, CF, next CFCl), -122.9 (AB

2

pattern, CFz), -126.4 (AB pattern, CF., next CF3), -128.7

2
(multiplet, CFCl).

C FSCFCICFZCCI3 {n.c.)

6

Colorless liquid boiling at 62-63°C/0.25 mm Hg. IR spectrum
(capillary film between NaCl plates) 1653 (m), 1528 (s), 1498
(vs), 1418 (m), 1321 (m), 1200 (m), 1165 (s), 1145 (s), 1094 (m),
1012 (m), 979 (m), 932 (m), 899 (m), 843 (s), 799 (m), 770 (m),
734 (m), 694 (m), 671 (m). MS (EI) m/e 400, 402, 404, 406, 408

m*y, 295, 207 (MY-3c1), 233, 235 (c.F.cFcl)t, 198 (CgF5CF) ', 179

6's
(CgF5C) T, 160 (CF )", 148 (¢ F T, 117, 119, 121, 123 (cciy) ™.

Anal. Calc'd. for C9F8Cl4: C, 26.90; Cl1l, 35.28. Found: C,

26.97; Cl, 35.05%. 2

F NMR chemical shift (ppm), standard -

CFC13: -102.6 (doublet, triplet, CFZ)' -105.8 (doublet, quartet,
CF,), -114.3 (triplet, doublet, CFCl), -133.8 (broad, ortho F's),
-148.1 (triplet, triplet, para F), -160.4 (triplet, doublet, meta

F's).
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