RELATIVE KINETICS FOR THE TELOMERIZATION OF
PROPYLENE BY THE METHYL ESTERS OF CHLOROACETIC
AND TRICHLOROACETIC ACIDS AND CCl, INDUCED BY

Mn,(CO);, SYSTEMS
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A study of the reactions of unsaturated compounds with CCl, in the presence of complex initiators con-
taining Fe(CO); [1} and Cr(CO); [2] showed marked differences in the telomer distribution related to the nature
of the monomer and induction system. These effects may apparently be attributed both to change in the polarity
of the growing radicals which react in the chain transfer step either with the electrophilic telogen or nucleo-
philic complex and the capacity of the individual monomers to enter the ligand sphere of the complex, thereby
altering its chemical activity.

A study of the telomerization of ethylene by methyl chloroacetate and methyl trichloroacetate in the pres-
ence of coordination initiators (CI) Mny(CO)y and Mny(CO)o + DMF showed a significant difference in the nature
of the effect of the CI on the course of the reactions which proceed due to breakage of either the C—Cl or C—H
bonds [3]. Thus, in the case of CCl, and CCl3CO,CH;, the use of a system containing DMF leads to a change in
the distribution in the telomer homologs with enhancement of T;. When CH,CICO,CHj is used as the telogen,
the individual chain transfer constants are similar in magnitude to those obtained in the presence of peroxide
initiators. In this case, use of the Mny(CO);; + DMF system does not alter the telomer distribution and the rel-

ative extent of radical isomerization.

All the reactions with propylene, as in the case of ethylene [3], were carried out in a stainless-steel
autoclave under comparable conditions. We do not exclude the possibility, in principle, of a reaction of the
reaction mixture with the autoclave walls.

TABLE 1. Telomerization of Propylene (M) with CH,C1CO,CHj (S)
Induced by Mny(CO)q, at 140°C for 1 h with 0.3-0.4 mole % Mny(CO)y,
Relative to the Telogen

Yield of telomers, mole % divided by the sum of

Amount, (Conver- identified products

g mmoles |[sion,% M/ ) ' 2

«
% mean) | g | wy | om | |
Xlw| s ™ ] s
1 16,9 52,435,511,7} 0,11 60,8 | 10,8 | 7,1 4,4 10,8 | 1,7 2,6 1,8
2 12,1]53,6{33,1(3,7] 0,19 43,9 (13,2 (10,3] 7,0 16,0 | 2,6 4,21 2,9
3 117,453,0[17,0(2,5| 0,30 37,7 (12,7 9,91 9,5|17,2 | 3,7 5,0 4,3
4 124,0/52,5|20,5(3,7] 0,36 35,3 111,91 12,8 | 9,2 18,1 | 3,4 53| 4,0
5 126,0i52,0/117,213,3| 0,46 25,6 | 11,1 { 10,7 | 9,3 | 18,5 | 4,7 8,4 | 11,6
6 [34,3]53,0] 5,211,21 0,63 19,2 110,91 9,1 9,8 48,5 | 4,6 [ 10,5 17,4
7 l45.0/53.7}47.415.9| 0,76 |20.2] 8.5|12.2]10,1 [16.9| 6.6 | 8,0 | 17,3
8 [26.2/26,3[10.1 (3.2 0,95 |18,5] 8.4 9.3 9.3 |14.2| 5.2 | 9.6 25,4
9 130.0|27,7[ 6,6(2,4] 1,05 [18,5|10,2|11.1{10,2|180] 5.8 | 9,7 17,0
10 |34,5)23,3] 4,7(2,3 1,45 ] 19,9 8,3 (11,6 | 9,0 | 14,71 5,5 8,8 | 22,2

* The unsaturated reaction products were identified in our previous
work [4].

T Individual chain transfer constants for the total telomer series. The
mean values are: C; = 0.20£0.006, Cy = 0.26 £0,012, and C3 = 0.66 £
0.019.
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TABLE 2. Telomerization of Propylene (M) with CCl13CO,CHj3 (S) Ini-
tiated by Mn,(CO)q at 140°C for 1 h, 0.3-0.4 mole % Mny(CO); Rela-
tive to the Telogen

t i [vield of telomers, mole % di~ N
e | omgom vided by the spm of identified et
Expt, 0 M/S products
(mean)
No. M ) M s T T, T nga o | o C:
Initiator  Mny(CO) 10
1 42,9 | 379 | 394 (328 1,07 655 | 336 | 09 - 2,03 | 370
2 [ 450 [ 203 |305 | 439 248 5,0 | 452 | 29 1,0 2,58 | 289
3 65,7 | 242 | 18,5 | 264 3,07 39,0 | 542 | 52 1.6 1,96 | 244
4 54,8 | 154 6,9 | 16,0 4,30 384 | 556 | 54 0.6 2,70 | 42,0
5 738 | 153 8,0 | 212 5,22 300 | 582 | 96 2,2 2,24 | 25,7
Mny(CO)yp + DMF initiator system (3-4 mole % relative to the telogen)
6 44,0 | 385 | 512 | 552 1,49 94,2 55| 03 - - -
7 845 | 247 | 232 | 5286 3,42 874 1142 | 17 - - -
8 895 | 158 1| 12,9 | 65,7 10,0 89,7 93 | 14 - - -

* Mean values of constants: C; = 2.30 and C, = 31.6. In the case of
peroxide initiation, C; = 2.1 and Cy = 29,1 [5].

TABLE 3. Telomerization of Propylene (M) with CCly (8) Initidated by
Mny(CO)yq at 120°C for 20 min with 0.3-0.4 mole % Mn,(CO),,Relative
to the Telogen

Amount, Conversion, | - Yield of telomers, mole %o R
divided by the f iden~ o)
Expt. mmoles P M/S 1vide ifiZd Del‘os L{gto reen I
No. (mean) .-
M 5 M s T T, Ts | n>s ™ G Cy
Initiator Mn2(C0) 4

1 1268 1152 | 34 3,6 1.8 558 {339 | 39 0.4 22 | 184

2 1327 1149 | 7.4 | 105 2,2 509 | 446 | 41 0.4 23 1218
3 360 | 156 | 84 | 119 2.4 477 | 480 | 39 0.4 22 | 262
4 | 446 | 157 | 34 58 2.9 39,7 { 535 | 60 08 19.1 23,0

5 [ 536 |149 | 43 8,5 3,7 32,0 | 586 | 84 1.3 1,7 | 22,9

6 1625 [150 | 61 [ 162 44 284 1600 | 97 1.9 18 | 230

Mny(CO)y, + DMF initiator system (3-4 mole % relative to the telogen)

7 1268 153 1202 | 319 | 49 89,7 96 | 04 0,3 16,6 | 28,6
8 |205 94 | 16,0 | 30,7 24 870 | 1214 | 08 0.4 163 | 364
9 | 370 {160 | 146 | 300 2.5 88,0 § 11,0 | 08 0.2 185 | 32.2
10 | 36,0 | 145 | 184 | 407 29 882 | 10,7 1.0 0,4 220 | 280
1 | 446 | 160 | 96 | 236 3.0 882 | 105 | 1.2 0,4 22,6 | 23,3
12 1536 | 162 | 103 | 284 38 858 | 123 | 1.6 0.3 22,8 | 249
13 1625 1167 | 87 1 281 4,2 863 L1151 18 0.4 26,7 1226

* Mean values of constants from Expts. 1-6: C; = 2.040.04 and Cy =
22.5+0.044 and from Expts. 7-12: C; = 20.8 and C, = 28.0. In the case
of peroxide initiation, C; = 2.2 [6].

In order to clarify the effect of the nature of the monomer and the groWing radicals on the telomerization
proceeding at C—H and C—Cl bonds, we studied the relative kinetics of the telomerization of propylene by the
same telogens in the presence of Mny(CO);g and Mny(CO);o + DMF. The reaction of methyl chloroacetate with

propylene yields the same series of telomers as in the case of peroxide initiation [4]:
R,
) CH,CICO,CH,HD ) —— CHCICO CHy
CHCICO,CH; -+ nCH,CH=CH, — *(CHCH,),,CHCICO,CH,
| A
CH, "
A, 4+ HD — H(CHCH,),CHCICO,CH;
{
CH, T,

T H(([:H(:Hg)n('Jcmochs
1,5-H, n =2

CH, (Bx}
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HD )
— H(CHCH,);, CC1CO,CH,

CHy  (CoHo)pH

min

B, + mCH,CH=CH,

On the other hand, the telomer distribution and yield of rearranged products T' 1y re sensitive to the
composition and nature of the CI, When using Mny(CO)y, as the initiator in the M/S range from 0.11 to 1.45
(Table 1), the individual chain transfer constants CntOt are similar in value to those obtained when running the
reaction with TBP [4]. In this case, the relative amount of rearranged telomer Ty' hardly changes with in-
creasing M/S (see Table 1). While going from Mny(CO)4 to Mny(CO)yy + DMF in the initiation of this reaction
with ethylene does not affect the course of the reaction and the values for Cy, a shift in the telomer homolog
yields in favor of T, is found in the case of propylene. The increase in the yield of Ty may be related to chain
transfer directly at the allyl C—H bond of propylene. However, such a change was not observed at similar
M/S values in experiments initiated by Mny(CO)y, without additives. Thus, under our conditions, the presence
of DMF creates a system with Mny(CO), and propylene which is capable of increasing the efficiency of chain
transfer at the C—H bond of a propylene molecule which may be located in the ligand sphere of the complex.
Support for this hypothesis is the finding of 1, 5-hexadiene in the reaction mixture.

The telomerization of propylene with methyl trichloroacetate yields a series oftelomers Cl(CH(CHg CHy),,-
CCl1,CO,CH; (Tp) as in the case of peroxide initiation. In the presence of Mny(CO)4g, the individual chain trans-
fer constants C, have the same values as under conditions of peroxide initiation [5] (Table 2). Use of the Mn,-
(CO)yo + DMF system for similar M/S values gives an increase in the yield of yield of Ty from 39.0 to 87.1%

(see Table 2, Expts. 3 and 7).

Similar behavior is found in the telomerization of propylene with CCl,. This reaction is sensitive to
change in the DMF/Mny(CO), and M/S ratios. In the range of M/S from 1.8 to 4.4 in the presence of Mn,(CO)q,
the telomer distribution is similar to that obtained upon peroxide initiation. The addition of DMF leads to an
increase in the yield of Ty. Thus, the value for C, increases from 2.0 to 20.8 (Table 3). All the experiments
in the presence of DMF were carried out with DMF/Mny(CO)q, ratio equal to 20. In this case, the ratio cannot
affect the telomer distribution. This was also taken into account in working with other telogens.

EXPERIMENTAL

The gas —liquid chromatographic (GLC) analysis was carried out on an LKhM-8MD chromatograph on
columns: 1) 1000 X 3 mm, packed with 20% SKTFT-50 on Chromosorb W (0.16-0,20 mm) with temperature pro-
gramming, 2) 2000 X 3 and 3000 X 3mm packed with 20% SKTFT-50 on Chromosorb W, and 3) 2000 X 3 and
3000 X 3 mm packed with 15% Carbowax on Chromatone N-AW-HMD (0.16-0.20 mm) at constant 150 or 170°C
in a helium stream., The chromatograms were analyzed by internal normalization without correction, All the
experiments were carried out in 10-cm?® stainless-steel autoclaves.

Telomerization of Propylene with CH,CICO,CH; (see Table 1). The experiments were carried out accord-
ing to our previous procedure [4]. The monomer conversion was determined by the volume of released gas.
GLC analysis using authentic samples showed that the reaction proceeds with the formation of the same pro-
ducts as in the case of peroxide initiation [4]. In control experiments carriedout with CHyCl CO,CHg+ Mny(CO) ¢ +
DMF and DMF + Mny(CO),, + propylene systems, there were no significant amounts of any products which
hinder the quantitative analysis of the telomers,

The results obtained are given in Table 1. GLC analysis on columns 2 and 3 using an authentic sample
showed the presence of 1, 5-hexadiene. '

Telomerization of Propylene with CCl13CO,CH;s (see Table 2). This reaction was carried out similarly to
that with methyl chloroacetate. The products were identified relative to authentic samples [5] on the indicated
columns. In control experiments with the CCI3CO,CH; + Mny(COyyy + DMF system, there were no products which
hinder the quantitative analysis of the reaction mixture. The results obtained are shown in Table 2.

‘Telomerization of Propylene with CCly (see Table 3). The experiments were carried out according to our
previous method [7]. The conversion ofthe telogen and the monomer was found by calculation. The Cyp con-
stants were calculated using the Mayo equation [8]. In light of the relatively narrow range of M/S values, the
method of individual chain transfer constants was used for a clear evaluation of the change in telomer distribu-
tion relative to the reaction conditions. The experimental results are given in Table 3. The nature of the
effect of the reactor material may be analogous to that described by Karapet'yan et al. [9].
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CONCLUSIONS

Individual chain transfer constants found for the telomerization of propylene with methyl chloroacetate,
methyl trichioroacetate, and CCl, initiated by Mny(CO), are similar to the values obtained in the case of per-
oxide initiation.
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NEW METHOD FOR THE STABILIZATION OF INTERMEDIATE
RADICALS IN THE REACTION OF THICUREA AND ITS
N-SUBSTITUTED DERIVATIVES WITH PHENYL RADICALS

R. Kh. Freidlina, B. V. Kopylova, UDC 541.515:542.91:547.496.3:547,556.7
I.I. Kandrovr, and L, V, Yashkina

Aryl radicals react with thiourea and its N-substituted derivatives to form the corresponding isothio-
uronium bases which are isolated as picrates [1, 2]:

NHR NHR NR
/ Ar 7
Ar 4+ s:c/ — ArS—€ »FT;—» Ar§—C -Picr 4 ArH
NHR' \NHR' NHR’
(4)

The radical-adducts (A) are stabilized by their "cross-disproportionation" with aryl radicals which abstract a
B-hydrogen atom from the NH group in the (A) radicals,

In light of the ready addition of radicals to the thiocarbonyl group, we studied the poszibility of growing
radical-adducts such as (A) by their addition to the S=C group of a second molecule of a thione compound to
form "telomeric" radical (B):

(A) + S=C(NHR), — ArSC(l;IH) 1:SC(NHR),
B

Such reactions are unknown for organosulfur compounds.

The phenylation of thicurea by phenyldiazonium tetrafiuoroboride in agueous medium in the presence of a

copper salt gives S-phenylisothiouronium (I) and bis (form amidine) sulfide (IT) which are isoclated as their picrates
(see Table 1):
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