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It was established by Fourier-transform IR and IH NMR spectroscopy that a portion of 
the units of poly( l , t ,2-  and 1,2,3-trichlorobuta-l,3-diene) chains rearrange with migration 
of the allylic chlorine ( l - -4%) and allytic hydrogen (3--10%) under the influence of 
chloroform. Rearrangement with the migration of hydrogen under the influence of CDCI3, 
CCI 4, and THF was also observed. 
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In s tudies  o f  the  s t ruc ture  o f  the  produc ts  of  c h e m i -  
cal t r a n s f o r m a t i o n s  of  po l y ( l ,  1 ,2 - t r i ch lo robu ta -  1,3-di-  
ene)  ( I , I , 2 - P T C B ) ,  some features  have been  found tha t  
ind ica ted  tha t  a r e a r r a n g e m e n t  in the  cha in  of  this  
po lymer  occu r red  resul t ing in the  migra t ion  of  the  al- 
lylic c h l o r i n e  ~,z However ,  t he  ques t ions  of  when  and  
how the  r e a r r a n g e m e n t  occurs  (at  the  m o m e n t  of  disso- 
lu t ion  u n d e r  the  in f luence  of  the  solvent  or  in the  course 
o f  the  reac t ion  u n d e r  the  ac t ion  of  a reagent)  as well as 
the  p rob lem of  a possible  r e a r r a n g e m e n t  with migra t ion  
of  the allylic hydrogen  have r e m a i n e d  open.  T he  an-  
swers to these  ques t ions  are of  i m p o r t a n c e  in the  studies 
of  the s t ruc tu re  and  c h e m i c a l  t r ans fo rma t ions  of  not  
only  I , I , 2 - P T C B ,  but  also of  o t h e r  ch loro  derivat ives of  
po lych lo rop rene .  

The  a im of  the  p resen t  work was to s tudy the  allylic 
r e a r r a n g e m e n t s  in I , I , 2 - P T C B  u n d e r  the  ac t ion  of sol- 
vents  of  d i f fe rent  na tu re  and  polar i ty  as well  as the  effect 
of  the  c o n d i t i o n s  of  the  synthes i s  o f  the  po lymer  on its 
abili ty to rear range .  P o l y ( l , 2 , 3 - t r i c h l o r o b u t a -  1 ,3-diene)  
( I , 2 , 3 - P T C B ) ,  whose  synthes i s  and  s t ruc tu re  have not  
been  s tudied before ,  was se lec ted  as a model  for c o m -  
parison.  

Experimental 

I ,I ,2-PTCB and 1,2,3-PTCB were obtained by radical 
polymerization of the corresponding monomers in emulsion 
( I , I ,2-PTCB e and 1,2,3-PTCBe) and in bulk ( I , I ,2 -PTCB b 
and 1,2.3-PTCBb). Polymerizations of  the monomers in aque- 
ous emulsion were conducted in the presence of an initiator 
(0.1 tool.% of K2S2Os) at +50 ~ for 10 h: those in bulk were 
conducted without initiator at - 1 0  ~ for 4 months. AII the 
polymers were completely soluble in aromatic and chlorinated 
hydrocarbons, dioxane, and THF; the yields were ~75--80%; 
the characteristics of the polymers are given in Table l. 

The fractional precipitation of I, 1,2-PTCB e with methanol 
from benzene at 25 ~ gave 13 fractions. The intrinsic viscosi- 
ties ([rid of the fractions and of non-fractionated polymers 
were measured on an Ubbelohde viscosimeter in benzene at 
25 ~ The weight-average molecular weights (Mw) were calcu- 
lated from the data of angular light scattering by double 
extrapolation to zero angle and zero concentration using the 
formula 

Mw = [KC/Rol-~o~o, 

where K = (2rt2n02/NaL04) �9 (dn/dC)2; C is concentration, 
g mL- t ;  n O is the refractive index of benzene; dn/d C = 0. l 10 is 

Table I. Characteristics of the polymers obtained in bulk and in emulsion 

Polymer CI content [ql M~," 10 -3 M~," 10 -3 .M n �9 10 .3  Mw/M~ 
(%)* /dL g-t  (light scattering) (GPC) 

I. 1,2- PTCB e 67.41 0.74 550.5 600.0 80.0 7.5 
1 ,I ,2-PTCB~ 66.62 0.90 1300.0 1500.0 180.0 8.3 
1,2,3-PTCB e 66.98 0.29 87.0 ~ 100.0 20.0 5.0 
1,2,3-PTCB b 67.51 0.16 37.0"" --  - -  - -  

�9 Calculated: 67.57. "* ?,t w was measured at the angle of 90 ~ 

Translated from I~estiya Akademii Nauk. Seriya Khimicheskaya, No. 4. pp. 763--768, April, 1997. 
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the increment of the refractive index of the polymer dissolved 
in benzene; R e is the excess angular light scattering by the 
solution of given concentration: 0 is the scattering angle; N,~ is 
the Avogadro number; ~ is the wavelength of the incident 
light. 

In addition, the molecular weight characteristics of the 
polymers were determined by gel-permeation chromatography 1 0.13 -- 32.0 12.0 
(GPC) using a Waters 150-C high-temperature liquid chro- 2 0.18 -- 52.0 15.0 
matograph (Styragel of pore size 500, 103, and 105 A as the 3 0.26 100.0 98.0 26.0 
packing; calibration against Waters polystyrene standards in 4 0.27 -- 113.0 28.0 
the range of molecular weights from 3.5 �9 103 to 2.7 �9 106). 5 0.30 --  123.9 28.3 

The I R spectra of the polymers were recorded on a Broker 6 0.34 -- 152.0 33.0 
IFS-113V spectrometer. The samples were prepared as cast 7 0.35 -- 154.0 58.0 
films on silicon plates by evaporation of solvents from 2% 8 0.45 220.0 225.0 90.0 
solL]tions of the polymers. Solvents of UV spectroscopic grade 9 0.50 - -  300.0 120.0 
(dioxane, chlorotbrm, chloroform-d, benzene, nitrobenzene, t0 0.61 344.8 - -  - -  

CCI4, THF, and 1,2-dichloroethane) were used. I1 0.88 740.0 738.4 312.5 
The {H N M R spectra of the polymers were recorded on a 12 1.00 869.0 - -  - -  

Bruker AMX-400 spectrometer (400.13 MHz). The samples 13 1.10 -- 822.0 334.0 
were prepared as 10eb sc!utmns in chtoroform-d (6(CHCt3) = 14" 0.74 550.5 600.0 80.0 
7.25). 

Results and Discussion 

U n d e r  t h e  c o n d i t i o n s  s e l e c t e d ,  1 ,1 ,2-  a n d  
1,2,3-trichlorobuta- 1,3-diene are readily polymer ized  ac- 
cord ing  to a radical  m e c h a n i s m  bo th  in bulk  and  in 
emuls ion  wi th  the  f o r m a t i o n  o f  h i g h - m o l e c u l a r - w e i g h t  
soluble  po lymers  in h igh yields.  

As c a n  be  s e e n  f r o m  t he  d a t a  of  T a b l e  I, 
1,1 ,2 -PTCB b has a h igher  M and  a h igher  polydispersi ty  
index ( M , J M  n) t han  t . I , 2 - P T C B r  

It was s h o w n  using the  G P C  and  angular  light scat-  
te r ing t e c h n i q u e s  tha t  the  d e p e n d e n c e  of  log[ql on 
IogM' w for the  f rac t ions  of  1 , 1 , 2 - P T C B  e is l inear  over a 
wide range o f  .a,/,,, (Fig. 1). 

The  coef f i c ien t s  K and  a in the  M a r k - - K u h n - -  
Houwink  e q u a t i o n  for I , I , 2 - P T C B  have been  de ter -  
m i n e d  previous ly  3 by the  m e t h o d  of  light sca t ter ing  at 

Table 2. Molecular weight characteristics of the fractions of 
I ,I ,2-PTCB e 

Fraction [ql Mw" 10 -s  M ~ "  10 -3 M," 10 -3 MwfM n 

number /dL g-I (light ( G P C )  

scattering) 

2.6 
3.5 
3.7 
4.0 
3.7 
4.7 
2.6 
2.5 
2.5 

4.0 

2.5 
7.5 

�9 Tim original (non-fractionated) polymer. 

the  angle of  90 ~ However ,  I , I , 2 - P T C B  has a h igh  M, 
whose  t rue va lue  can  on ly  be  d e t e r m i n e d  by using the  
m e t h o d  of  angu la r  l ight  sca t te r ing .  We have ob ta ined  the  
fol lowing equa t ion :  

(q] = 1.684- I0 -4 �9 M 0.64 (benzene, 25 ~C). (1) 

A n u m b e r  of  facts have been  found  tha t  might  give 
g rounds  to suggest  the  a p p e a r a n c e  of a cons iderab le  
n u m b e r  o f  b r a n c h i n g s  in t h e  m a c r o m o l e c u l e s  of  
I , I , 2 - P T C B :  the  n o n - f r a c t i o n a t e d  po lymers  as well as 
f ract ions  of  I , I , 2 - P T C B  e have  h igh  polydispers i ty  indi-  
ces (Tables  I and  2); the shape  of  the  Z i m m  diagram for 
the  n o n - f r a c t i o n a t e d  po lymers  is s o m e w h a t  convex  (for 
ins tance ,  Fig. 2, a). 

1 i I 

t"  I t  

-0.5 

- l .O  

4.5 5.0 5.5 Ig Mw 

tg in] 

Fig. 1. Dependence of  log[q] on logM,, for fractions of 
I . I .2-PTCB e (benzene, 25 ~ non-fractionated sample is 
marked by an asterisk. 
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Fig. 2. Zimm diagrams for the samples of I ,I .2-PTCBe: non-  
ffactionated polymer Ca); fraction No. 13 in Table 2 (b). 
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Table 3. Chemical shifts (a) of individual groups in the isomers of PTCB 

Group t, 1,2- PTCB unit 1,2,3- PTCB unit 

'CCI2--[CH 2 " ~ ^ _ c I C I  (1) "CHCI--[CH 2".- c C t C I  ( la)  
H / L ; -  "~-CCl2]__CH2_ CI "t  = ,-.,CHCI]__CH2~ 

--CH 2 -  3.50 3.10; 3.38 
--CH = 6.61 
- C H - -  --  5.68 

~CH2--[CH2"-.,. .ICI -CH2--[CH2. ~ ....CI 
H I  C'~--'C"--CCI~] ~ (2) c I / C  ~--'-C'..,.CHC1]~ (2a) 

--CH 2 -  2.56 2.92 
--CH = 6.75 
- -CH- -  -- 5.39 

CH=CCI 
/ \ 

_CCI2__[CH2 CC12]~ (3) -- 
- -Ct t  = 6.44 

~[CH2,-~Ct]- ~[CH2-'~H]- (4) 14a) 
Gel = CCI 2 COl =CHef " 

--CH?-- 1.90 1.90 
= C H - -  -- 2.60 
- - C H - -  3.00 

~ [C H 2--C:HCI---C CI=CCI]~ (5) ~[CH2--CCI2--CCI=CH]~ (Sa) 
- - C H , - -  3.20; 3.40 3.50 
- - C H =  --  6.61 
- - C H - -  6.10 

- [C H =C H--CHCl---C.CI2]- (6) -[CH CI--CH = CCI--CH Cl] ~ (6a) 
- -CH = 6.90; 7.10 7.10 
- - C H - -  4.64 5.53 

However ,  the  ob t a ined  value of  the  coeff icient  a in 
Eq. ( I )  (a  > 0.5),  the  l inear  d e p e n d e n c e  of  log[ql on 
logMw over  a wide range  of  M,,, ( f rom 30000 to 900000),  
and  the  classical  shape  of  the  Z i m m  diagram even for 
the h i g h e s t - m o l e c u l a r - w e i g h t  f rac t ion of  I , I , 2 - P T C B ~  
(Fig. 2, b) are ev idence  for the  l inear  s t ruc ture  of the  
po lymer  m a c r o m o l e c u l e s .  

The  convex shape  of  the  Z i m m  d iag rams  of  the  n o n -  
f f ac t iona ted  po lymers  is mos t  p r o b a b l y  associa ted  with 
t he i r  h igh polydispers i ty  r a the r  t h a n  wi th  the i r  b r a n c h -  
ing, w h i c h  is also c o n f i r m e d  by t he  p r e sence  of  a long 
h i g h - m o l e c u l a r  tail on  the  curve  o f  m o l e c u l a r  we igh t  
d i s t r ibu t ion  for I , I , 2 - P T C B ~ .  
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Fig. 3. FT - IR  spectra of the polymers: /, I.I.2-PTCB, and [,I,2-PTCBb in dioxane (both polymers have identical spectra); 
2. 1.I .2-PTCB. (solid line) and I . I .2-PTCB b (dashed fine) in chloroform; 3. 1.2.3-}YFCBb in dioxane. 
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Table 4. Absorption band frequencies in the FT-IR spectra of 
PTCB (v/cm -I ) 

Calculation s Experiment 
1,1,2- I,[,2-PTCBb; I,I,2- 1,1,2- 1,2,3- 
PTCB I, 1,2-PTCB e PTCB e PTCB b PTCB b 

(in dioxane) (in chlorotbrm) (in dioxane) 

825 cB 
781 ma~ 
765 
710 c~ 
675 tram; 
664 c~ 

3030 trans 3066 3065 
3028 cis 3057 

3002 
2%0* 2%0* 

2910 2913" 2914" 
2888" 2888" 

2858 2854* 2854" 
275O 2752 
2692 2693 
1738 1740 

1654 trans 1646 1645 
1645 ci~ 1618 

1595 1596 
1452 1452 
1445 1445 

1439 1426 1426 
1340 trans 1365 1364 
1332 e/s 1333 1324 

1304 1306 
1286 c/s 1287 1287 1288 
1270 trans 1272 1272 1267 1276 
1236 c/s 1254 1254 [ 255 1254 
1230 trans 1234 t 231 1231 1230 

1200 1200 1200 
I I52 trans 1149 1149 
1132 c/s 1123 1122 1123 1122 
112l trans 1083 1083 1082 1083 
1040 c/s 1048 1048 1060 1048 
1033 trans 1013 1047 1016 

989 987 
959 c/s 961 961 96l 
928 trans 937 937 937 937 

9t6 916 916 
90 [ 902 901 905 
888 888 888 888 
875 875 874 875 

850 851 850 
782 782 780 787 
sh sh 759 sh 
711 714 714 

3066 3098 

3017 3004 
2961" 2%1* 
2918" 2913" 
2888* 2888 ~ 
2855* 2854* 
275I 2751 
2711 2693 
1744 1742 
1646 

1596 
1452 
1443 
1426 
1365 
1332 

1620 

1452 

1426 
1364 

675 670 675 

* The resonance effect of splitting of the bands of stretching 
vibrations of the CH 2 group in the --CH2--C=C-- fragment. 7 

A comparison of I , I , 2 -PTCB and 1,2,3-PTCB shows 
that the former has a higher molecular weight and a 
larger value of  tile polydispersity index than the latter, 
when the polymerization of the corresponding mono- 
mers is carried out under identical conditions (see 
Table 1). The M,~ value for 1,2,3-PTCB determined by 
two independent procedures does :lot fit the dependence 
o f  log[q] o n  logM w tbr I , I , 2 -PTCB shown in Fig. 1, i.e., 
Eq. (I) is not valid for this polymer. 

It has been established previously a,5 by IR and N M R  
spectroscopy that I , I , 2 - P T C B  c consists mainly of  
1,4-trans-uni ts  of normal ( 'head-to-tai l"  type) addition 
(structure 1 in Table 3, the corresponding v(C=C) is at 
1654 cm-1). Also, 1,4-units of  anomalous addition (struc- 
ture 2), 1,4-cis-units  (structure 3, v(C=C) 1645 era- l ) ,  
and 3,4-units (structure 4, v (C=C)  1600 cm - l )  were 
found in the polymer structure. A theoretical analysis of  
the vibrational spectra of the c/s- and t rans- isomers  of 
I , I ,2-PTCB has also been carried ouO (these data are 
listed in Table 4). 

One could expect that the topological structures of 
the specimens of  I , I ,2 -PTCB obtained under substan- 
tially different conditions of  polymerization would also 
be different. However, the analysis of the FT-IR spectra 
of solutions of  I , I ,2-PTCBr and I , I ,2 -PTCB b in diox- 
ane (an aprotic, non-polar solvent with ~t = 0 and ~. = 
2.21) showed that they virtually coincide (spectrum 1 iv. 
Fig. 3). Hence, in this case both specimens have the 
identical topological structure, which is formed in the 
course of the radical polymerization of the monomer. 

The spectra of  solutions of  these polymers in chloro- 
form (ta = 1.06 and g = 4.72), which specifically solvates 
the chlorine atoms in the chlorine-containing poly- 
mers, s appreciably differ from one another and from the 
spectra of solutions in dioxane (spectrum 2 in Fig. 3). 

The specific solvation of a halogen by chloroform in 
a transition state is known ~ to be the driving force in the 
heterolytic cleavage of the C- -CI  bonds in alkyl halides 
(Scheme l). 

Scheme  I 

RCI  + M C l  3 ~ [R...CI...H--CCla] 

R ~ + C I - . . . H - - C C I  3 

We believe that chloroform induces an allylic rear- 
rangement with migration of  chlorine m I , I ,2 -PTCB 
(Scheme 2). 

Scheme  ":t 

_ [-...C H 2-..-C H = CCI..--CCI,2 ] - 

1 

(-----...c, 
~ [ - - C H u - C H = ~ I - - C C l ] ~  

1" 

- - - , , .  _ [_._CH2_._CHCI._..CCl = C C t ] _  

5 
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In this case, the [ - -CCI=CCI- - ]  and [ - -CHCI- - ]  
groups must appear instead of the [--CH=CC1 - ]  and 
[--CCI2--  1 groups, i.e., I , I ,2 -PTCB partly transforms 
into 1,2,3-PTCB (structure l a  in Table 3). 

Actually, the bands at 3066 and 1646 cm -I ,  which 
are characteristic of the [ - - C C I = C H - - I  group 6,9 and the 
band at 714 cm -I (corresponding to the [--CCI~--] 
group t~ in the IR spectrum of the solution of 
I , I , 2 -PTCB.  in chloroform (spectrum 2 in Fig. 3, solid 
line) are less intense than those in the spectrum of its 
solution in dioxane (spectrum 1 in Fig. 3). In addition, 
spectrum 2 contains bands at 3002 and 675 cm - I ,  which 
are characteristic of the [ - -CHCI- - ]  group incorporated 
in the [ - - C H 2 - - C H C I - - C C I =  1 fragment, 1o,H and a band 
at 1618 cm -I  corresponding to the [--CCI=CC1 - ]  
group, l0 

To confirm the assignments made, we investigated 
the IR spectrum of a solution of 1,2,3-PTCB b in diox- 
ane (spectrum 3 in Fig. 3). The frequencies of the most 
characteristic lines in this spectrum (3004, 1620, and 
675 cm - t )  nearly coincide with those in the spectrum of 
a solution of  I , I , 2 -PTCB e in chloroform (Table 4). 
Hence, rearrangement with migration of the allylic chlo- 
rine does occur in I , I , 2 -PTCB e under the action of  
chloroform. 

An analysis  of the spec t rum of a solution of  
I , I ,2 -PTCB b in chloroform allows us to draw the con- 
clusion that allylic rearrangement occurs in this polymer 
as well, but in this case, with migration of proton 
(Scheme 3). 

Scheme 3 

~ [ - - C H 2 - - - C H - - - - - C C I - - C C I 2 ]  ~ 

1 

y.f-- , ,  
- [ - - C H - . - C  H m . C C I - . C C � 8 9  ] ~ 

1 "  

�9 ,- -[--.CH=CH--CHCl--CCI 2 ]~ 

6 

The intensities of the bands characteristic of the 
[ - -CH2-- ]  group (1123, 888, and 875 cm - t )  decrease in 
the spectrum of the solution of I , I ,2-PTCBb in chloro-  
form (spectrum 2 in Fig. 3, dotted line). Simulta- 
neously, the intensities of the bands corresponding to a 
[ = C H - - I  group containing a C1 atom at the a-posi t ion 
(1267 and 759 cm - l )  increase and bands at 3017 and 
675 cm -t appear,  which correspond to the [ - -CHCI- - ]  
group incorporated in the [=CH--CHC1--CC12--  ] flag- 
meat.  

Note  tha t  a l lyl ic  r ea r rangemen t s  occur  in 
1,2,3-PTCB in chloroform as well, however, in this case 
(according to IR spectroscopy) the rearrangement with 
migration of the hydrogen atom is dominant.  

IH NMR analysis of I , I , 2 - P T C B  and 1,2,3-PTCB 
confirmed the conclusion drawn on the basis of  the 
analysis of the IR spectra that the chloroform-induced 
allylic rearrangements in PTCB involve both the chlo-  
rine and the hydrogen atoms. 

In addition to the signals corresponding to the previ- 
ously identified structures 1--4, the IH NMR spectrum 
of I , I ,2-PTCB contains unidentified weak signals at 
8 3.20 and 3.40 (see Table 3). As can be seen from 
Table 3, these signals are characteristic of  the [ - -CH2--]  
group in the spectrum of 1,2,3-PTCB ( la) ,  in which they 
correspond to the dominating 1,4-units and have a very 
high intensity. Therefore, we assigned these signals in the 
spectrum of 1,1,2-PTCB to the analogous groups formed 
in 1,4-units as a result of the allylic chlorine migration 
(structure 5). 

In turn, very weak signals at 8 3.50 and 6.61 were 
found in the tH NMR spectrum of  1,2,3-PTCB. We 
assigned them to the [--CH2--1 and [ - -CH =] groups in 
structure 5a, respectively (rearrangement of 1,4-units 
with allylic chlorine migration). These signals have high 
intensities in the spectrum of I , I , 2 - P T C B  (structure 1). 

Rearrangements with migration of  the allylic hydro- 
gen resulting in the formation o f  structures 6 and 6a in 
the polymers are detected by the appearance of  one (in 
the case of  1,2,3-PTCB) or  two (in the case of  
I , I ,2 -PTCB)  weak signals from the [ - - C H  =] group in 
the spectra in the region of  8 7. In addit ion,  weak signals 
at 8 4.64 or 5.53 corresponding to the [ - -CH CI - - ]  group 
appear in the spectra of these polymers (the latter 
assignment was made by analogy with the signals in the 
region of 8 4.61--5.03 in the spectrum of polymer 
~[CCI2- -CHCI- -CHCI] - la ) .  

The data obtained from the tH N M R  spectra al- 
lowed us to calculate the percentage of  anomalous units 
that are formed in the course of  the synthesis of the 
polymers and the percentage of  rearranged units formed 
under the action of chloroform-d for each of the poly- 
mers (Table 5). As can be seen, 1,4-trans-units (1, 2 and 
la ,  2a) are mostly formed in the polymerizat ion of the 
monomers. The percentage of  anomalous  3,4-units (4) 
in I , I ,2 -PTCB is -6% regardless of  the method of  
polymer synthesis; their content  in 1,2,3-PTCB is negli- 
gible (4a). 

Table 5, Content of units (%) with different structures in the 
isomers of PTCB (according to tH NMR in CDCI 3) 

Unit Unit l , t ,2- 1,1,2- Unit 1,2,3- 
structure PTCB e PTCBb PTCB* 

1,4-wans- 1+2 79 70 la+2a 96 
1,4-c/s- 3 12 10 -- -- 
3,4- 4 6 6 4a <0.5 
t,4- with mig- 5 3 4 5a 1 
ration of CL 
t,4-with mig- 6 -- 10 6a 3 
ration of H 

* 1,2,3-PTCB b and 1,2,3-PTCB e have identical stnlcture. 
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The percentage of anomalous 1,4-units (2 and 2a) 
("head-to-head" addition) is ~20% in I , I ,2-PTCB and 
~t0% in 1,2,3-PTCB (regardless of the procedure used 
to obtain the polymers). 

cis- l ,4-Units  (3) were found in I , I ,2-PTCB, their 
percentage ( I 0 - - I  2%) was virtually independent of the 
method of synthesis of the polymer. These units were 
not detected in 1,2,3-PTCB. 

The percentage of  1,4-units (5 and 5a) rearranged 
with migration of the allylic chlorine is I--4%. How- 
ever, judging from the IR spectra, CHCI3-induced rear- 
rangement occurs to a much greater extent than that 
under the action of  CDCI3. The rearrangement with the 
migration of chlorine is somewhat more characteristic of 
1,1,2-PTCB; likely, steric and electrostatic hindrances 
in 1,2,3-PTCB hamper  the interaction of CI-  with a 
carbocation already bearing CI a-. 

The rearrangement with migration of hydrogen (6 
and 6a) is most characteristic of 1,1,2-PTCBb; it has not 
been observed in I , I ,2-PTCB~. 

Thus, the results of this investigation show that 
I , I ,2 -PTCB is more susceptible to allylic rearrange- 
ments than 1,2,3-PTCB, i.e., carbonium ions 1' and 1" 
from I , I , 2 -PTCB are apparently more stable than the 
corresponding carbonium ions from 1,2,3-PTCB. More- 
over, the results obtained, which show that allylic rear- 
rangement with the migration of hydrogen predominates 
in both polymers,  allows one to assume that type 1" 
chloroallylic carbanions are more stable than the corre- 
sponding type 1' carbocations. This is consistent with 
theoretical concepts based on the inductive effect of the 
chlorine atoms in ehloroallylic radicals. 14 

tt was also found that allylic rearrangement with 
migration of  hydrogen occurs under the action of CCI4 
and TH F. Attempts  to detect allylic rearrangement with 
migrat ion of  ch lor ine  under  the act ion of CC14, 
1,2-dichloroethane, THF ,  benzene, and nitrobenzene 
using FT- IR  spectroscopy have failed. 

One can assume tha t  the different  abi l i ty  of  
poly(tr ichlorobutadienes) to undergo allylic rearrange- 
ments is determined by their conformation. As can be 
seen from Table  5, the chemica l  s t ructure  of  
1,1,2-PTCB (the content  of 3,4- and 1,4-cis-units) is 
hardly affected by the condit ions of the synthesis. How- 
ever, the set of conformers of 1,4-trans-units can be 
different (for instance, 7--9) .  

These conformers are spectroscopically indistinguish- 
able, but they should differ in their hydrodynamic prop- 
erties. In fact, according to the data of angular light 
scattering, the root -mean-square  radius of  gyration for 
[ , I ,2 -PTCB~ is substant ial ly smaller  than that for 
I , I , 2 -PTCB e (184 and 277 A. respectively). In addition, 
the experimental  value of [q] for 1,1,2-PTCB b (see 
Table I) is much lower than that calculated using lbr- 
muta (1) (t .25 dL g - i ) ,  even with allowance for polydis- 
persity, w h e r e ~  the [q] value obtained for I . I ,2 -PTCB e 
is in reasonably good agreement with that calculated 
using formula (1) Isee Fig. 1). 

CI CI CI 

CI CI Cl CI 

el / ~ '  CI 

CI CI 

8 

CI CI CI CI 

CI Cl Cl c1 

It seems likely that the proportion of the energeti- 
cally most favorable conformation 7 (trans-zigzag), 15 in 
which allylic chlorine and hydrogen can migrate, in- 
creases in the slow spontaneous polymerization of the 
monomer  at low temperatures  (synthesis of I , I ,2 -  
PTCB 0. Fast polymerization of the monomer at el- 
evated temperatures (synthesis of 1,1,2-PTCB~) most 
likely results in an array of  random conformations of the 
types $ or 9 with intramolecular  dipole-dipole interac- 
tions and steric hindrances hampering the allylic rear- 
rangements, most of all migration of hydrogen. 
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