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Abstract
Full Text

Chemistry

Corresponding Member of the Academy of Sciences of the USSR, Ya. Kh. Frei-
dlin, E. Ts. Chukovskaya, Yu. P. Chizhov

EFFECT OF ETHYLENE OXIDE OR AMINES
ON CHAIN TRANSFER WITH PARTICIPA-
TION OF A MEDIATOR IN THE TELOMER-
IZATION OF ETHYLENE WITH CARBON
TETRACHLORIDE

It was shown by two of the authors of the present article and by B. A. Englin
(') that the partial transfer constants (C, = K,/K,) for the telomerization
of ethylene with carbon tetrachloride, initiated by Fe(CO); or FeCl, - 4H,O at
100° in the absence of any solvents, are close to the constants obtained when the
same reaction is initiated by azobisisobutyronitrile under the same conditions.
This indicates the identity of the chain-transfer mechanism in both cases, with
chain transfer being effected through carbon tetrachloride according to the usual
scheme of radical telomerization:

CCl§ + CH,=CH, — CCl;CH,CHS
KP
CCl;CH,CHS 4 CCly — CCl3CH,CH,Cl + CCl§  chain transfer

Kl"
CCl;CH,CH} + n-CH,=CH, — CCl;(CH,CH,),CH,CH$ growth of the radical chain
CCl;(CH,CH,),CH,CH} + CCl, — CCl,(CH,CH,),CH,CH,Cl + CCIs.
(1)
Carrying out the reaction in the presence of an iron compound and such a
solvent as isopropyl alcohol, at a molar ratio iso-C;H,OH : CCl; =1 : 2, leads
to almost complete suppression of telomerization; at any ratio CH,=CH, : CCl,
the main reaction product is 1,1,1,3-tetrachloropropane.

An increase in the yield of the first member of the series of telomer homologs
in the reaction of olefins with carbon tetrachloride, initiated by iron or copper
halides in the presence of alcohol, was first observed by Asher and Vofsi (?); the
authors, however, considered the alcohol as a solvent for the indicated salts.

To explain this phenomenon we assumed that, in the presence of an iron com-
pound and alcohol, a new type of chain transfer occurs in radical telomerization,
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with participation of a mediator (!). Thus, in the presence of isopropyl alco-
hol, which acts as mediator, the reaction of ethylene with carbon tetrachloride
initiated by an iron compound can be described by scheme 2:

Fe2t 4 CCl, — Fe2*Cl+ CCl3  initiation

CCL + CH,=CH, > CCl,CH,CHS

CCl,CH,CH; + (CH,),CCIOH < CCl,CH,CH,Cl + (CH,),COH  chain
(CH,),COH + Fe2*Cl 5 Fe?* + (CH,),CCIOH  transfer

d
2R* — products chain

(CH4),CCIOH 5 HCL+ (CH;),CO  termination

(2)
where R* are radicals formed in this system.

The role of the mediator (for example, iso-CsH,OH) apparently consists in
the formation of chlorocarbinol “A” (or hypochlorite), which readily gives up
a chlorine atom to the trichloropropyl radical. Chlorocarbinol “A” is initially
formed in the course of the chain reaction of carbon tetrachloride with isopropyl
alcohol (3):

CCl$ + (CH,),CHOH — CCL,H + (CH,),COH,

(CH,4),COH + CCl, — (CH,),CCIOH + CCl3,

and then also at stage “g” of Scheme 2.

It may be expected that, when compounds capable of reacting with the interme-
diate products of stages “v”or “g”of Scheme 2 with abstraction of chlorine are in-
troduced into the reaction mixture, ordinary telomerization according to Scheme
1 will occur instead of the predominant formation of 1,1,1,3-tetrachloropropane,

with formation of a mixture of telomer homologs.

To test this assumption, we studied the reaction of ethylene with carbon tetra-
chloride under the same conditions; only the initiating system was varied. As
follows from the data in Table 1 (experiment 3), this reaction in the pres-
ence of Fe(CO); + iso-C4H,OH leads to the predominant formation of 1,1,1,3-
tetrachloropropane according to Scheme 2. Carrying out the reaction in the
presence of iron pentacarbonyl alone leads to ordinary telomerization according
to Scheme 1, giving approximately the same ratio of telomers as upon initiation
with azobisisobutyronitrile (experiments 1 and 2).

Table 1
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Reaction of ethylene (1.4 mol) with CCl, (0.5 mol)*

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6**
Initiator, DINIZ***3.4 Fe(CO);3.6

mimol
1S0- no no 0.34 0.34 0.34 0.34
C3H,OH,

mmol

Additives, no no no C,H,00.06 C,H,00.12 (CyH;)5N0.034
mol

Conversion 50 20 50 66 50 2

of

CCly,

%

Relative 23 23 73 46 20 23

con-

tent of

Qo

%

Relative 77 77 27 54 80 77

con-
tent of
Qg

%

b

* The experiments were carried out in a rocking enamel-lined autoclave at 100°
for 1 hour at a pressure of 45 atm. Carrying out the experiments in stainless-steel
autoclaves leads to the same conditions and to the same ratios of reaction prod-
ucts. The reaction mixture was analyzed by gas-liquid chromatography (tem-
perature 140°, glass column 2 m, N. F. silicone elastomer 12% on brick 0.25-0.5
mm, flame ionization detector). A preliminary calibration of ternary mixtures
was carried out: CCl,, 1,1,3-tetrachloropropane (C;), 1,1,5-tetrachloropentane

(Cs)-
** Carrying out the experiment for 4 hours led to an increase in conversion to

50%. However, because triethylamine was removed from the reaction sphere in
the form of the amine hydrochloride, the ratio of yields C, : Cy was unchanged.

*¥*k DINIZ —azobisisobutyronitrile.
##4% The sum of Cy and Cj was taken as 100%.

The reaction in the presence of iron pentacarbonyl, isopropyl alcohol, and
ethylene oxide leads to the formation of substantial amounts of 1,1,1,5-
tetrachloropentane, i.e., as was assumed, shifts the process toward telomeriza-
tion (experiment 4). Comparison of experiments 4 and 5 shows that varying,
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within a small range, the amount of ethylene oxide added makes it possible to
vary widely the ratio of the telomers formed with n =1 and 2.

The role of ethylene oxide in changing the mechanism of the reaction under
consideration can be explained by abstraction of chlorine from the intermediate

products of stages “v” or of scheme “d” of 2, for example, according to one of
the following equations:

(CH;),CCIOH + C,H,0 — (CH,),CO + CICH,CH,OH

or

Fe*"Cl+ C,H,0 — Fe** (OCH,CH,CI).

Obviously, other compounds capable of binding HCI, for example amines, may
exert the same influence on the mechanism.

Asscher and Vofsi (%) described the reaction of octene-1 or ethylene with carbon
tetrachloride, initiated by copper halides in a methanol solution in the presence
of triethanolamine. In this case telomerization occurred, rather than the pref-
erential formation of 1,1,1,3-tetrachloropropane (as should have been expected
when the reaction is initiated by a metal salt in an alcohol solution). This fact
was not explained in the cited work, and this explanation is difficult to give
from the standpoint of the mechanism proposed by the authors, which includes
specific chlorine transfer through an iron (or copper) compound, without taking
into account the role of a mediator (alcohol).

It seems highly probable to us that, in the present case, triethanolamine plays
the same role as ethylene oxide.

To confirm this explanation of the role of the amine, we studied the effect of
adding an even more basic amine—triethylamine—on the mechanism of the re-
action of ethylene with carbon tetrachloride, initiated by iron pentacarbonyl in
the presence of isopropyl alcohol.

As expected, in this case too triethylamine exerted the same influence on the
reaction mechanism as ethylene oxide (experiments 4-6), i.e., the process shifted
toward telomerization. It should be noted that appreciable amounts of triethy-
lamine hydrochloride were present among the reaction products, as well as the
fact that in the presence of triethylamine the reaction proceeds very slowly (ex-
periment 6).

The above-described effect of additives of compounds capable of shifting the re-
action to the path of ordinary telomerization is further evidence for the new type
of chain transfer with the participation of a mediator in radical telomerization
that we have proposed.
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