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The influence of sa l t s  and complexes  of the t rans i t ion  meta l s  on the s t e r eod i r ec t ednes s  of homolyt ic  
p r o c e s s e s  has  been l i t t le  invest igated,  and then chiefly for  r eac t ions  of po lymer iza t ion .  It has  been e s t ab -  
l ished, in pa r t i cu l a r ,  that the init iat ion of rad ica l  po lymer iza t ion  by Ni, Fe, Co, Cr,  Mn, W, and Mo c a r -  
bonyls somewhat  i n c r e a s e s  (evidently on account of complexat ion  of the m o n o m e r  with the metal) the p r o b -  
abil i ty of fo rmat ion  of i sotact ic  sequences  for  polymethyl  me thac ry la t e  [1 ] and syndiotactic sequences for  
polyvinyl  chloride [2] and does not change the syndio-d i rec t ion  of growth of the po lyacry lon i t r i l e  rad ica l  
[3]. An apprec iab le  i nc r ea s e  in the i so tac t ic i ty  was observed  in the po lymer i za t ion  of s ty rene  with nickel 
peroxide  NiH60 n [4], a t t r ibuted by the authors  to the fo rmat ion  of a meta l  - monomer  I t -complex .  The ad-  
dition of sa l t s  of the t rans i t ion  me ta l s  [FeC13, Co(NO3)2, NI(NO3)2, etc .  ] h a s  no significant influence on the 
m i c r o s t r u c t u r e  of the products  of r ad ica l  po lymer iza t ion  of vinyl m o n o m e r s  [5]. In [6] a negligible change 
in the s t e r e o r e g u l a r i t y  of polyvinyl  chloride is indicated for  the s y s t e m s  of sa l t  of t rans i t ion  m e t a l - o r -  
ganoaluminum compound. The poss ib i l i ty  of a quanti tat ive evaluation [7] of the yield of r a c e m i e  iso-(i) ,  
syndio-(s) ,  and hetero-(h)  modif icat ions  of 1 , 1 ' , l " , 7 - t e t r a c h l o r o - 3 , 5 - d i m e t h y l o c t a n e  (T3) and init iation of 
the rad ica l  t e lomer iza t ion  of propylene  with CC14 by compounds of the t rans i t ion  me ta l s  [8, 9] pe rmi t t ed  a 
cons idera t ion  of the influence of the l a t t e r  on the s t e r eod i r ec t ednes s  of te lomer iza t ion ,  like that studied 
e a r l i e r  with peroxide  in i t ia tors  [10]. 

In this work  we de t e rmined  the re la t ive  content of d i a s t e r e o m e r i c  f o r m s  T 3 in the p r e s e n c e  of the 
following compounds:  Fe(CO)5, i ron  t r iace ty lace tona te  Fe(AA)3, v -a l ly l i ron t r i ca rbony l  chlor ide lr-C3HsFe 
�9 (CO)3C1 , FeC13, C02(CO)8, and the cata lyt ic  s y s t e m  ~-TiC13 -Ai(C2Hs) 3 at t e m p e r a t u r e s  f rom 90 to 200 ~ 

E X P E R I M E N T A L  

The expe r imen t s  were  conducted in g lass  ampoules  or  s ta in less  s tee l  autoclaves  with thorough p r e -  
l iminary  drYing of the telogen and m o n o m e r  over  CaA molecu la r  s i eves .  Anhydrous FeC13, Fe(AA)3, AI 
�9 (C2H5)3, C02(CO)8, n-C3HsFe(CO)3CI and TiCI 3 (a-modif icat ion) ,  were  used without additional t rea tment ;  Fe 
�9 (CO)5 was red i s t i l l ed  before  the exper iment  in a s t r e a m  of ni t rogen under  vacuum. In the exper iments  the 
following o rde r  of loading of the r eagen t s  was observed:  ini t iator ,  telogen, m o n o m e r .  FeC13 was introduced 
into the ampoule in a s t r e a m  of d ry  pur i f ied  ni trogen;  the r emain ing  in i t ia tors  were  loaded into the solution 
of the telogen immedia t e ly  a f te r  the p r e p a r a t i o n  of the l a t t e r .  When the catalyt ic  s y s t e m  ~-TiC13 - AI(C2H~)3 
(Ti - A1) was used, TiC13 powder  was introduced into an ampoule cooled to - 7 8  ~ (in an a tmosphe re  of d ry  
nitrogen),  then AI(C2Hs) 3 and the r e q u i r e d  volume of CCI 4 and C3H 6 were  added (de termined according  to a 
ca l ib ra ted  gauge). The ampoules  were  sea led  and heated to the t e m p e r a t u r e  of the exper iment .  The m e t h -  
od of gas - liquid ch romatograph ic  ana lys i s  and calculat ion of the pa r t i cu l a r  t r a n s f e r  constants  C n did not 
differ  f r o m  those desc r ibed  e a r l i e r  [7, 10]. The data obtained a re  cited in Tables  1 and 2. 

It should be noted that we ve r i f i ed  the poss ib i l i ty  of init iat ing t e lomer iza t ion  with a s y s t e m  Ti - A1 
(or each of the components  individually) in a b road  range  of t e m p e r a t u r e s .  However ,  for  t e m p e r a t u r e s  
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TABLE I. Telomerization of Propylene with CCI 4 in the Presence of Compounds of the Transition Metals* 

Experi- [MJi, 
merit No. M 

IS]i, ![Init]i, 
M }M �9 t0 z 

l % 
r, mm .KM, K~, "//" ~"o ~m * T, ~ 

] Telomer homologs, Modification of T 3, 
I m ~  . . . . .  relL~O . . . .  i 

c, t t i c ,  t l  

i 
1 I 9,43 1,[1 I 8,94 
2 i 9,18 0,962 32,3 
3 9,46 0,538 48,5 

4 I ,3i0 % I 5 10,3 0,603 12,4 
6 10,4 01534 13,9 

7 
8 
9 

I0 
I1 

12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 

9,45 1,!7 7,61 
9,44 1,21 18,3 
9,56 1,14 4,72 
9,77 0,977 6,94 
9,53 1,14 8,02 

10,5 [ 0.566 0,451 
10,5 I 01484 3,35 
10,4 I 0,53I 7138 
10.1 10,758 15,5 
9126 I 1,35 4,80 
8,96 ~ 1,57 5,64 
9,31 / 1,32 10,1 

I 10.4 0,535 6,51 
10,2 [ 0,683 15,4 
10,2 0,657 31,0 
10,3 0,588 6,48 
9,82 0,863 2011 

10,3 0,587 27,9 

145 
145 
145 

145 
145 
1,15 

145 
145 
200 
200 
200 

105 
105 
I{15 
105 
105 
105 
105 

145 
145 
145 
200 
200 
250 

45 
45 
45 

30 
30 
30 

;o 
lO 
i0 

60 
60 
60 
70 
60 
60 
60 

60 
60 
45 
30 
30 
30 

14,7 68,0 
6,7 33,7 
3,2 25,0 

0,9 t 9,3 115 14,3 
,;6 !8,8 

4,3 23,2 
0,3 1,3 
5,3 26,6 
3,7 22,8 
0,7 3,6 

0,1 1,3 
4,4 
6,8 

2,0 14,3 
i, 1 5.8 
1,1 419 
1,7 8,2 

0,5 6,6 
1,1 10,2 
0,8 I0,0 
2,1 22,8 
3,3 28,5 
3,2 30,0 

Fe(CO)~ 

i6,8 [ 9.48 ] 13,9 
7,21 35(2 11,5 
2,99 51,3 20el 

Fe (AA) a 

1,86 i .76 18,0 
2,87 1210 18,3 
3,35 : t3,4 2,1,4 

Co~ (CO) 

8,06 I 9,1 
19,4 7,8 
4,93 I 9,7 7,[0 10,7 
8,42 8,5 

a-C..HsFe (CO) aC1 

0.09 0,43 19,0 
0136 3,20 22,1 
0,60 7,10 20,3 
1.55 15,4 14,6 
L30 5119 7,0 
1.28 6,30 5,8 
1180 I0,8 7,3 

FeCia 

0,59 6,27 20,0 
1,16 15,1 15,7 
1,46 30,3 16,4 
4,47 6,28 19,8 
8,21 20,5 13, 6 
5,87 27,1 21,0 

6,03 
1,05 

30,3 
22,3 
4,I 

27,8 
27,6 
1,t,0 

43,8 
34,9 
51,3 

53,4 
3[,6 
42,6 
33,2 
43,4 

35,8 
59,3 
26,1 
33,0 
71,4 
73,7 
61,7 

64,5 
55.7 
753,  = 

�9 50,9 
72,5 
39,0 

59,1 ] i3,1 
56,6 15,8 
50,4 35,6 

41,8 14,4 
51,0 14,1 
37,8 10,9 

42.6 49 
6013 8,1 
,i8,0 9,4 
51,1 10,7 
47,8 8,8 

43,4 t 20,8 32,2 8,5 
54,5 19,4 
51,8 15.2 
26,0 2;6 
24,4 1,9 
34,6 . 3,7 

25,2 10,3 
32,7 11,6 
18,0 7,0 
33,9 15,2 
21,8 5,7 
35,6 25,4 

3%0 
45,3 
37,0 

35,3 
35,9 
34,8 

46,9 
.t0,3 
41,8 
37,9 
36,0 

37,9 
42,3 
49,4 
43,5 
42,2 
43,3 
51,2 

35,6 
36,3 
37,7 
35,3 
36,1 
33,8 

51,0 ] 10,0 5,35 
47,0 1 7,7 4,38 
,t9,5 i[3,5 3,28 

51,3 13,4 I t4.0 
52,0 ]2,1 [ 9182 
52,0 Kt,2 '2'2,5 

40,8 12,3 t0,4 
.18,7 1,,0 3,6I 
15,l i2,1 7,20 
50,4 11,7 6,62 
31,3 12,7 6,52 

53,a 8,5 I 10,6 
5(/,5 7,2 ~I 32,2 
.t3,6 7,0 7,17 
45,8 10,7 7,18 
43,8 !5,0 I ~7,5 
34,0 2 2 , 7  i6,4 
28,8 20,0 11,7 

62,8 
41,2 
28,4 

52,2 
66,4 
74,1 

97,0 
58,2 
49,5 
51,1 
46,2 

39,6 
83,7 
57,0 
49,8 
70,2 
75,0 
68,2 

52,2 I2,2 36,3 I 49,0 
54,6 9,1 19,7 ~ 44,2 
50,4 11,9 49,2 I 42,2 
52,3 12,4 20,5 ~ 44,2 
53,0 i0,9 35,8 152,0 
54,1 12,1 13,4 i 29,5 

25t  
2.6 :J: 
27 
28 
29 
30 

9,29 1,33 
9,29 1,33 

10,1 I 0,723 
I0,0 [ 0.772 
10.3 ] 0.642 
10,3 [ 0,632 

I,t7 
5,83 
3,18 
3,39 

370 

50 300 1<0,I <0,1 
50 300 I 
90 1080 0,I 2,0 

900 
9OO 

a-TiCla - -  AI(CeHsb* * 

- -  7,0 
7,0 

071 14,2 
0,01 13,2 
0,~2 16,0 16,7 

45 
61,3 35,8 

2 ,8 55 

5,6 37"70 
2,9 38,0 

54,0 9~ 
54,0 8,0 

53,6 $,6 

10,8 130 
20,9 163 

7,5 

* [M] i, [8] i, and [Init]i are the initial concentrations of the monomer, telogen, and transition metal compound; they were calculated 
considering Vf, assuming that the content of the reagents in the gas phase can be neglected; Vf is the volume of the liquid phase at the 
temperature of the experiment (from 70 to 95% of the free volume of the ampoule or autoclave); Fe(AA)a represents iron tr iacetylace- 
tonate; 7r-CaHsFe(CO)3C1 represents rr-allytiroqtricarbonyl chloride; K M and K S are the conversions of CsH 6 and CC14, calculated accord- 
ing to the chromatographic data; Rt is the initial rate of telomerization (determined according to the degree of conversion of the more 
rapidly consumed telogen); TI-T a are the telomer homologs CCla[CHzCH(CH)3]nC1 with n = 1-3; experiments 1-24 were conducted in 
stainless steel autoclaves (volume~10 ml); the remainder in glass ampoules (2-15 ml) at a degree of filling no less than 60%. 
"{'According to the data of gas- l iquid  chromatographic analysis, T 1 and T z are formed in small quantities. 
:1: Added 1.25 M toluene; only polymerization is observed, and no telomers are detected in the reaction mixture. 
* * tn experiments 25-29, ~0.006 M c~ -TiCla was introduced; the content of[Al(C~Hs)a] i is cited in the column [Init]i for these experiments. 
I"1" The average vatues of the particular transfer constants C 1 and C~ in the telomerization of Call 6 with CC14, initiated by azobisiso- 
butyrodinitrile [7] or benzoyl peroxide [10], are 2.28 and 43 at 105 ~ [7], 3.65 and 33 at 145 ~ [7], and 5.64 and 40.3 at 200 ~ [10], respec- 
tively. 

b e l o w  0, +20 ,  a n d  50 ~ r e g a r d l e s s  of  t h e  T i  : A1 r a t i o  ( f r o m  1 : 1 to  1 : 7),  t h e  f o r m a t i o n  o f  h i g h - m o l e c u l a r  

c o m p o u n d s  i s  o b s e r v e d  ( o n l y  a t  50 ~ w e r e  T i a n d  T 2 d e t e c t e d  in  t h e  r e a c t i o n  w i t h  a y i e l d  o f  ~ 0 . 1 % ,  e x p e r i -  
m e n t  25,  s e e  T a b l e  1) .  T h e  i n t r o d u c t i o n  o f  t o l u e n e  l e d  to  i n t e n s i v e  p o l y m e r i z a t i o n  a n d  c o m p l e t e  s u p p r e s -  
s i o n  o f  t e l o m e r i z a t i o n  ( e x p e r i m e n t  26) .  A p p r e c i a b l e  a m o u n t s  o f  t h e  t e l o m e r  h o m o l o g s  ( e x p e r i m e n t s  27 

a n d  28) w e r e  o b t a i n e d  o n l y  w h e n  t h e  t e m p e r a t u r e  i s  i n c r e a s e d  to  90 ~ i n  t h e  p r e s e n c e  o f  a s u b s t a n t i a l  e x c e s s  

o f  t r i e t h y l a l u m i n u m  ( T i  : A1 = 1 : 7 - 8 )  a n d  a v e r y  l o n g  d u r a t i o n  o f  t h e  e x p e r i m e n t s .  T h e  d i s t r i b u t i o n  o f  t h e  
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