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Unusual Rearrangement of Polychloroalkyl Radicals Involving 1,5-Hydrogen
Shift; a Possible Source of Anomalous Structures in Polyvinylidene Chloride

By Napezupa A. Kuz’'MiNa,* ELENA C. CHUKOVSKAYA, and RakHIL’ KH. FREIDLINA

(The Institute of Organo-Element Compounds of the Academy of Sciences of the U.S.S.R.,
Vavilova 28, Moscow 117813, U.S.S.R.)

Summary The addition of 1,1,1,3-tetrachloropropane to
vinylidene chloride in the presence of co-ordination
catalysts gives the adduct CICH,CH,CCl,CH,CCl; and
higher telomers along with an appreciable amount of
CHCI1,CH,CCL,CH,CHCl, formed by 1,5-hydrogen shift in
the intermediate radical.

LiQuip-PHASE rearrangement of radicals is mostly known
to proceed by conversion of less stable species into more
stable ones!2 with only very few exceptions.’®,2 During
our extensive studies on addition and telomerization
reactions of trichloromethyl derivatives and unsaturated
compounds in the presence of co-ordination catalysts,3
we have observed a novel type of rearrangement which
occurs in the addition of 1,1,1,3-tetrachloropropane to
CH,=CCl, at 135-140 °C, with [Fe(CO);]-Me,CHCH,CH,O0H
[or O=P(NMe,),] as initiating system. The reaction pro-
cedure is similar to that described in ref. 3b. The usual

T Satisfactory elemental analyses were obtained.

cat.
CICH,CH,CCl; + »CH,=CCl, — CICH,CH,CCl,
[CH,CCL,1,Cl (1)

reaction (1) leads to the adduct CH,CICH,CCL,CH,CCl; (I,
#n = 1) (b.p. 125-126 °C at 1 mmHg)t and higher telomers
(n > 1). An isomer of adduct (I), CHC},CH,CCL,CH,CHCIl,
(II)t (b.p. 125-126 °C at 1 mmHg) is also formed. The
product ratio of (I): (II) of 85:15 is independent of the co-
catalyst used. The isomers were isolated by gl.c. and
structural assignments are based on their *H n.m.r. spectra
((I):6 3-90 (s) and 2:98 (t) (CH,), and 3-90 (t, CH,Cl); (II):
8 6-32 (t, CHCl,) and 3-40 (d, CH,)]. An independent syn-
thesis of the latter isomer by the addition of CClCH,CHCl,
to vinyl chloride under conditions similar to those described
in ref. 3c gives a product identical with (II) as shown by
the glc. and 'H n.m.r. data. The overall yield of (I)
and (II) is 12—169%, (based on CH,=CCl,) and amounts to
35—409, of the total yield of telomers.
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We suggest that, as shown in the Scheme, the intermedi-
ate radical (A) (steps a,b) undergoes, alongside propagation
(c) and chain transfer (d) reactions, a 1,5-hydrogen shift (e)
to give a more reactive though less stable radical (B) which

. CH,=CCl .
CICH,CH,CCLy <2 CICH,CH,CCL _ib__z_. CICH,CH,CCl,CH,CCt,
(A)

. CICH, CH, el [en,cCl ) B s CIcH, CH,CCL, [CH,CCly),
CHZ% 2Ll M e g 22V 2n
Az e (I,n=1)

J.5-H shift
. RCl
CICHCH,CCI, CHyCHCL —— CHCI,CH,CCl,CH,CHCI,
B) il

ScHeEME. RCI denotes a chlorine-donating agent; i.e. CCI;CH,-
CH,Cl in combination with a co-ordination catalyst.

is converted into (II) (f). The reaction yielding (II) is
the first example of a radical rearrangement in telomeri-
zation reactions induced by a co-ordination catalyst that
does not occur in the presence of peroxide initiating agents.
Earlier, a similar rearrangement was suggested for the
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Cl[CHz]aCH(CCI:,)('ZCl2 radical in the addition of CCl, to
1,1,5-trichloropent-1-ene.2

The radical CICH,CH,CCL,CH,CH, (C) that occurs in the
telomerization of ethylene with 1,1,1,3-tetrachloropro-
pane?d is less stable and more reactive than (A). It shows
no marked tendency for the 1,5-hydrogen shift and is
converted into the adduct CICH,CH,CCl,CH,CH,Cl (III).
The expected rearrangement product, CHCI,CH,CCl,CH,
CH, (IV)t (b.p. 84°C at 1 mmHg), was shown by g.l.c.
to be present in negligible amounts, the ratio of (III) to
(IV) being 99:1. Compound (IV) was prepared indepen-
dently by the addition of MeCH,CCl, to vinyl chloride under
conditions similar to those described in ref. 3c; & 6-12
(t, CHCL), 3-22 (d) and 2:40 (q) (CH,), and 1-18 (t, Me).

We believe that a 1,5-hydrogen shift may play a sig-
nificant role in the processes that involve the formation of

intermediate radicals of the type RCHZ(CXZ);,CCI2 of low
reactivity. This rearrangement may be a possible source
of anomalous structures in polyvinylidene chloride.
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