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The influence of salts and complexes of the transition metals on the stereodirectedness of homolytic
processes has been little investigated, and then chiefly for reactions of polymerization. It has been estab-
lished, in particular, that the initiation of radical polymerization by Ni, Fe, Co, Cr, Mn, W, and Mo car-
bonyls somewhat increases (evidently on account of complexation of the monomer with the metal) the prob-
ability of formation of isotactic sequences for polymethyl methacrylate [1] and syndiotactic sequences for
polyvinyl chloride [2] and does not change the syndio-direction of growth of the polyacrylonitrile radical
{3]. An appreciable increase in the isotacticity was observed in the polymerization of styrene with nickel
peroxide NiH Oy [4], attributed by the authors to the formation ofa metal—monomer 7-complex. The ad-
dition of salts of the transition metals [FeCl;, Co(NOj),, Ni(NOj),, etc. 1has no significant influence on the
miecrostructure of the products of radical polymerization of vinyl monomers [5]. In [6] a negligible change
in the stereoregularity of polyvinyl chloride is indicated for the systems of salt of transition metal —or-
ganoaluminum compound. The possibility of a quantitative evaluation (7] of the yield of racemic iso-(i),
syndio-(s), and hetero-(h) modifications of 1,1',1",7-tetrachloro-3,5-dimethyloctane (T;) and initiation of
the radical telomerization of propylene with CCl, by compounds of the transition metals [8, 9] permitted a
consideration of the influence of the latter on the stereodirectedness of telomerization, like that studied
earlier with peroxide initiators [10].

In this work we determined the relative content of diastereomeric forms Tj in the presence of the
following compounds: Fe(CO)s, iron triacetylacetonate Fe(AA);, w-allylirontricarbonyl chloride m-C;H;Fe
.(C0)5C1, FeCls, Co,(CO), andthe catalytic system a-TiCl; — Al(CyH;); at temperatures from 90 to 200°.

EXPERIMENTAL

The experiments were conducted in glass ampoules or stainless steel autoclaves with thorough pre-
liminary drying of the telogen and monomer over CaA molecular sieves. Anhydrous FeCl;, Fe(AA);, Al
« (CyHs)3, C0y(CO)g, T-C;3H;Fe(CO)3Cl and TiCl; (@-modification), were used without additional treatment; Fe
-(CO); was redistilled before the experiment in a stream of nitrogen under vacuum. In the experiments the
following order of loading of the reagents was observed: initiator, telogen, monomer. FeCl; was introduced
into the ampoule in a stream of dry purified nitrogen; the remaining initiators were loaded into the solution
of the telogen immediately after the preparation of the latter. When the catalytic system o-TiCl; - Al(C,H;)s
(Ti — Al) was used, TiCl; powder was introduced into an ampoule cooled to —78° (in an atmosphere of dry
nitrogen), then Al(C,H;); and the required volume of CCl, and C3H were added (determined according to a
calibrated gauge). The ampoules were sealed and heated to the temperature of the experiment. The meth-
od of gas — liquid chromatographic analysis and calculation of the particular transfer constants Cp did not
differ from those described earlier [7, 10]. The data obtained are cited in Tables 1 and 2.

1t should be noted that we verified the possibility of initiating telomerization with a system Ti — Al
(or each of the components individually) in a broad range of temperatures. However, for temperatures
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TABLE 1. Telomerization of Propylene with CCl, in the Presence of Compounds of the Transition Metalg*

l t Telomer homologs,Modification of T,
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i i g8 7] 8k
Fe(CO)s . »
1 943 | 1,11 804 | 145 45 | 14,7 | 680 | 168 9,48 13,9 27,8 | 59,1 | 18,1 | 390 | 51,0 | 1001 535 628
2 9,18 | 0,962 | 323 i 145 | 45 | 67 | 33,7 7,21 35,2 1,5 27,6 | 56,6 | 158 | 453 | 470 | 7.7 | 4381412
3 9,46 {0538 485 | 145 { 45 | 32 | 250 2,99 51,3 20,1 14,0 | 50,4 | 356 | 37,0 | 495 | 135 3,28 1 284
Fe(AA),
4 10,3 0,598 1,81 145 361 091 93 1,86 1,76 180 | 438 | 41,8 144 | 353 | 51,3 ] 134 ] 140 | 522
5 103 | 0,603 124 145 | 30 | 15 | 143 t 2,87 ’ 12,0 ’ 183 | 349 { 51,0 | 14,01 1 359 ’ 520 | 121 9.82| 66,4
6 104 10,534| 139 145 | 30 | 1,6 | 1881 335 134 1 944 (51,3378 1091348520 132 295 |74,
COz(CO‘)g
7 9465 | 1,17 | 761 145 45 | 43 | 232 6,03 8,06 J 9,1 534 | 4261 401 469 ] 4081 123 [ 10,4 1970
8 9,44 | 1,21 18,3 145 151 03 ’ 1,3 1,05 19,4 78 31,6 16031 811 403 487 | 110 3,611 582
9 9,56 | 1,14 4,7 200 10 ] 53 12,6 303 4,93 9,7 425 | 480 1 04 | 418 | 451 | 121 7,20 | 495
10 977 | 0977 694 | 200 ] 37 | 28] 23 f 7,10 10,7 382 | 5L1 | 10,7 \57,9} B4 | (17 6,621 51,1
11 9,53 | Li4 862 | 200 ' 0] 07 3,6 4,1 8,42 85 434 1478 1 88| 360 B3 | 127 652 1462
7i-CoH;Fe (CO) 5,C1
12 10,5 | 0,566 | 0,451 1051 80 | 01 L3, 0,09 0,43 190 358 | 434 1 208|379 | 536 | 85| 106 1396
i3 106 | 0484 | 335 1051 60 | 03 | 44 0,36 3,20 22,1 593 | 822 | 851423 | 505 | 72. 322 | 837
14 10,4 | 0531 7.38 165 60 | 07 | 68| 060 7,10 20,3 26,1 | 545 | 194 | 494 | 136 | 7.0 707 (57,0
15 10,1 | 0,758 | 15,5 105 70 | 20 | 143 1,55 15.4 146 | 330 | 51,8 | 152 | 435 | 458 | 107 7,18 1498
16 9.26| 1,35 | 4,80 05| 60 | 11 58 1,30 5,19 7O 1714260 | 28 | 422 ) 438 | 150 | 175 70,2
17 896| 1,57 | 5,64 1061 60 | 1,1 49 1,28 6,30 58 737 | 24,4 0 19| 433|340 | 227 | 164 759
18 9,311 1,32 ¢ 10,1 1051 60 | 1,7 ' 82 1,80 s 1+ 73 | 6L7 1 346 ! 371512 ' 2881 200 ' {17 |682
FeCis
19 104 [0535] 651 145 | 80 | 05 | 66 ] 059 6,27 20,0 64,5 | 252 ] 10,3 | 356 | 52,2 | 12,2 | 363 [ 49,0
20 10,2 | 0683 | 154 145 | 60 | 1,1 | 102 1,16 15,1 157 | 587 (327 ) 11,6 363 546 | 9,1 19,7 | 44,2
21 102 0,657 31,0 145 1 45 | 08 | 10,0 1,46 30,3 164 | 754 180 | 70 377 | 504 | 119 492 1422
22 103 | 0,588 | 6,48 200 30 | 21 | 228 447 6,28 19,8 | 50,9 1339 | 1521353523 {124 | 205 !442
23 9,820,863 | 20,1 2001 30 | 33 | 285 8,21 20,5 13,6 | 725 ’ 21,8 | 57| 361 | 33,0 ’ 10,9 | 358 52,0
24 103 [ 0587 27,9 2001 30 | 32 | 300 | 587 27,1 210 390 356 254 | 33,8 541 | 12,0 | 134 1995
{

& TiCl — AL{GoHs)5* * ;
25T 1 9291133 1,17 | 50 | 300]<0,1 |<0,1 - — 7,0 -] - =] -] =1 = - § -
26% | 9,2911,33 5,83 50 | 300 — | — - - 7.0 — — - = — - N
27 10,1 [0723| 3,18 9 | 1080 ol ] 18| o0t — 142 | 431 | 51,31 561 37,6 | 540 | 9,0 10,8 §130
28 100 0772 ] 339 9 | 1080 01 | 20 001 — 132 613|358 29/ 380 540 | 80 209 |163
29 10.3 | 0.642 — 9 | 900 — — _ — 16,0 -~ —_ AN B 2 i i —
30 103 10,632 3,30 | o0 | 900 041 301 002 — 167 | 248 | 540 | 21,2 | 39,8 | 53,6 | 66 55 126

*[M1;, [S]i, and [Init]; are the initial concentrations of the monomer, telogen, and transition metal compound; they were calculated
considering V¢, assuming that the content of the reagents in the gas phase can be neglected; Vi 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); represents iron triacetylace-
tonate; w-CHFe(CO)4Cl represents m-allylirontricarbonyl chloride; Ky and Kg are the conversions of C3Hg and CCly, calculated accord-
ing to the chromatographic data; Ry is the initial rate of telomerization (determined according to the degree of conversion of the more
rapidly consumed telogen); T;-T; are the telomer homologs CC1,[CH,CH(CH)3};Cl 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%,
FAccording to the data of gas—liquid chromatographic analysis, T; and T, are formed in small quantities.

T Added 1.25 M toluene; only polymerization is observed, and no telomers are detected in the reaction mixture,

* *In experiments 25-29,~0,006 M & -TiCl; wasintroduced; the content of [AI{C,Hs),li is cited in the column {Init]; for these experiments.
17 The average values of the parricular transfer constants C, and C, in the telomerization of C4H; with CCl,, 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.

below 0, +20, and 50°, regardless of the Ti: Al ratio (from 1:1 to 1:7), the formation of high-molecular
compounds is observed (only at 50° were T, and T, detected in the reaction with a yield of ~0.1%, experi-
ment 25, see Table 1). The introduction of toluene led to intensive polymerization and complete sSuppres-
sion of telomerization (experiment 26). Appreciable amounts of the telomer homologs (experiments 27
and 28) were obtained only when the temperature is increased to 90° in the presence of a substantial excess
of triethylaluminum (Ti: Al = 1:7-8) and a very long duration of the experiments. The distribution of the
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