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A s tudy  of  the  r e a c t i o n s  of  u n s a t u r a t e d  compounds  with  CC14 in the  p r e s e n c e  of  c o m p l e x  i n i t i a t o r s  c o n -  

t a i n i n g  Fe(CO) 5 [1] and  Cr(CO) 6 [2] showed  m a r k e d  d i f f e r e n c e s  in  the  t e l o m e r  d i s t r i b u t i o n  r e l a t e d  to the  n a t u r e  

of  the  m o n o m e r  and induc t ion  s y s t e m .  T h e s e  e f f e c t s  m a y  a p p a r e n t l y  be a t t r i b u t e d  both  to  change  in the  p o l a r i t y  
of  the  g r o w i n g  r a d i c a l s  wh ich  r e a c t  in  the  cha in  t r a n s f e r  s t ep  e i t h e r  wi th  the  e l e c t r o p h i l i c  t e l o g e n  o r  n u c l e o -  
p h i l i c  c o m p l e x  and the  c a p a c i t y  of the  i nd iv idua l  m o n o m e r s  to  e n t e r  the  l i g a n d  s p h e r e  of  the  c o m p l e x ,  t h e r e b y  

a l t e r i n g  i t s  c h e m i c a l  a c t i v i t y .  

A s tudy  of  the  t e l o m e r i z a t i o n  of  e thy l ene  by  m e t h y l  c h l o r o a c e t a t e  and  m e t h y l  t r i c h l o r o a c e t a t e  in the  p r e s -  

ence  of  c o o r d i n a t i o n  i n i t i a t o r s  (CI) Mn2(CO)~o and Mn2(COho + D M F  showed  a s i g n i f i c a n t  d i f f e r e n c e  in  the  n a t u r e  
o f  the  e f fec t  of  the  CI on the  c o u r s e  of  the  r e a c t i o n s  which  p r o c e e d  due to  b r e a k a g e  o f  e i t h e r  the  C - C 1  o r  C -  H 
bonds  [3]. T h u s ,  in the  c a s e  of  CC14 and CC13CO2CH3, the  u s e  of  a s y s t e m  c on t a in ing  D M F  l e a d s  to  a change  in 
t he  d i s t r i b u t i o n  in  the  t e l o m e r  h o m o l o g s  wi th  e n h a n c e m e n t  of  T1. When CH2C1CO2CH 3 i s  u s e d  a s  the  t e l o g e n ,  

the  i nd iv idua l  cha in  t r a n s f e r  c o n s t a n t s  a r e  s i m i l a r  in  magn i tude  to  t h o s e  ob ta ined  in the  p r e s e n c e  of  p e r o x i d e  
i n i t i a t o r s .  In t h i s  c a s e ,  u se  of  the  Mn2(COho + D M F  s y s t e m  does  not  a l t e r  the  t e l o m e r  d i s t r i b u t i o n  and the r e l -  

a t i ve  ex t en t  of  r a d i c a l  i s o m e r i z a t i o n .  

Al l  the  r e a c t i o n s  wi th  p r o p y l e n e ,  a s  in the  c a s e  of  e thy l ene  [3], w e r e  c a r r i e d  out in a s t a i n l e s s - s t e e l  
a u t o c l a v e  u n d e r  c o m p a r a b l e  c o n d i t i o n s .  We do not  e xc lude  the  p o s s i b i l i t y ,  in p r i n c i p l e ,  of  a r e a c t i o n  of  the  

r e a c t i o n  m i x t u r e  wi th  the  a u t o c l a v e  w a l l s .  

T A B L E  1. T e l o m e r i z a t i o n  of  P r o p y l e n e  (M) with CH2C1CO2CH3 (S) 
I nduced  by  Mn2(COho at  140~ fo r  1 h wi th  0 .3-0 .4  m o l e  %Mn2(COho 
R e l a t i v e  to  the  T e l o g e n  

Amount, Conver- 

d mmoles sioni% M/s 
Z (m e an) 

5 
6 
7 
8 
9 

10 

t 6,9 52,435,5 1,7 
2 i2,1 53,6]33~1 3,7 
3 i7,4153,01t7,C 2,5 
4 2t,0152,5120,5 3,7 

.)6,0[ 52,01t7,2 3,3 
34,31 53,0] 5,2 t,2 
15,0[ 53,7117,4 5,9 
26,2[ 26,3[10,t 3,2 
30,0 27,7 6,6 2,4 
34,5 23,3 4,7 2,3 

0, t l  
0,19 
0,30 
0,36 
0,46 
0,63 
0,76 
0,95 
1,05 
1,45 

Yield of telomers, mole ~o divided the sum of 
I identified products by 

60,8 10,8 7,t 4,4 t0,8 t,7 
43,9 t3,2 10,3 7,0 t6,0 2,6 
37,7 t2,7 9,9 9,5 17,2 3,7 
35,3 t l ,9 t2,8 9,2 t8,t 3,4 
25,6 1t,t t0,7 9,3 t8,5 4,7 
t9,2 t0,9 9,t 9,8 t8,5 4,6 
20,2 8,5 t2,2 t0,t t6,9 6,6 
t8,5 8,4 9,3 9,3 14,2 5,2 
18,5 t0,2 1t,t 10,2 18,0 5,3 
t9,9 8,3 1t,6 9,0 t4,7 5,5 

2,6 1,8 
4,2 2,fi 
5,0 4,3 
5,3 4 0 
8,4 it,6, 

t0,5 17,4 
8,0 17,3 
9,6 25,4 
9,7 i7,0 
8,8 22,2 

* The  u n s a t u r a t e d  r e a c t i o n  p r o d u c t s  w e r e  i den t i f i ed  in o u r  p r e v i o u s  

w o r k  [4]. 
$ Ind iv idua l  cha in  t r a n s f e r  c o n s t a n t s  fo r  the  t o t a l  t e l o m e r  s e r m s .  The 
m e a n  v a l u e s  a r e :  C 1 = 0.20 ~0 .006 ,  C 2 = 0.26 ~0.012,  and C 3 = 0 .66•  
0.019.  

A.  N. N e s m e y a n o v  In s t i t u t e  of H e t e r o o r g a n i e  Compounds ,  A c a d e m y  of  S c i e n c e s  of the  USSR, Moscow.  
T r a n s l a t e d  f r o m  I z v e s t i y a  A k a d e m i i  Nauk SSSR, S e r i y a  K h i m i c h e s k a y a ,  No. 4, pp .  877-880,  A p r i l ,  1983. O r i -  
g ina l  a r t i c l e  s u b m i t t e d  M a r c h  23, 1982. 
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TABLE 2. Telomerization of Propylene (M) with CCIaCO2CHa (S) Ini- 
tiated by Mn2(CO)I 0 at 140~ for i h, 0.3-0.4 mole ~o Mn2(CO)I 0 Rela- 
tive to the Telogen 

Expt. 
No. 

Amount, Conversion, 
mmoles % 

M S M S 

M/s 
(mean) I 

ieldoftelomers, mole% di- 
ided by the sl~m of identified 

products 

~ T n 
Tl 12 T~ n ~ 3  

Initiator 

42,9 37,9 39,4 32,8 t,07 
45,0 20,3 30,5 43,9 2,48 
65,7 24,2 16,5 26,4 3,07 
59,8 t5,4 6,9 t610 4,30 
73,8 i5,3 8,0 21,2 5,22 
Mn2(CO)i 0 + DMF initiator system 

]o0138  64,5 24,7 23,2 52,6 3,42 
89,5 15,8 t2,9 65,7 t0,O 

Cn 

CI C2 

Mn2 (CO) io 

65,5 I 33,6 0,9 U~ 
5t.0 I 45,2 2,9 1,u 
39,0 54,2 5,2 t.6 
38,4 55,6 5,4 0~6 
30,0 582 9,6 2,2 

3-4 mole% relative to the telogen) 

87,t tl,2 1,7 
89,7 9,3 t,1 

2,03 37,() 
2,58 28,9 
1,96 24,4 
2,70 42,0 
2,24 25,7 

* Mean va lues  of c o n s t a n t s :  C1 = 2.30 and C 2 = 31.6. In the case  

perox ide  i n i t i a t i on ,  C1 = 2.1 and C 2 = 29.1 [5]. 

_ 

of 

TABLE 3. T e l o m e r i z a t i o n  of P ropy lene  (M) with CC14 (S) In i t i a t ed  by 

Mn2(CO)10 at 120~ for  20 m i n  with 0 .3-0 .4  mole  % Mn2(CO)~0Helative 

to the Te logen  

Expt. 
No. 

Amount, Conversion, 
mmoles % 

M S M S 

MIS Yield of tetomers, mole% 
divid etd fb~dt %eoS~um to f iden- 

](mean) T, .~ T~ In~>, T~ 

Initiator Mn~ (CO) ,8 

26,8 15,2 3,i 3,6 t,8 55,8 39.9 3,9 0,4 
32,7 t4,9 7,4 t0.5 2.2 50~9 44,6 4,t 0,4 
36,0 t5,6 8,t tl,9 2.4 47.7 48,0 3,9 0.4 
44,6 i5,7 3.4 5,8 2.9 39.7 53,5 6,0 0.8 
53,6 t4,9 4,3 8,5 3,7 32,0 58.6 8,t t.3 
62,5 15,0 6,t 16,2 4,4 28,4 602 9,7 t,9 

Mn2(CO)i 0 + DMF initiator system (3-4 mole% relative to the telogen) 

7 
8 
9 

t0 
t t  
12 
t3 

26,8 t5,3 
20,5 9,4 
37.0 16,0 
36,0 t4,5 
44,6 t6,0 
53,6 i6,2 
62,5 16,7 

20,2 31,9 
t6,0 30,7 
t4,6 30,0 
t8,4 40,7 
9,6 23,6 

i0.3 29.4 
8,7 28,1 

i,9 
2,4 
2.5 
2.9 
3.0 
3.8 
4,2 

89,7 9.6 
87.0 t2.t 
88.0 112 
88,2 t0.7 
88,2 t0,5 
85,8 12.3 
86,3 tt,5 

0,4 
0,8 
0,8 
t,0 
t,2 
t,6 
t,8 

Cn 

Cl Cu 

2,2 t8,t 
2,3 2t,8 
2,2 26,2 
t,9. 23,0 
t,7 22.9 
1,8 23,0 

28,6 
36,4 
32,2 
28.0 
23,3 
24,9 
22,6 

0,3 ] t6,6 
0,i 163 
92 i8,5 
0.t 22,0 
0.t 22,6 
0.3 22,8 
o14 26,7 

* Mean va lues  of cons t an t s  f rom Expts .  1-6:  CI = 2.0~0.04 and C 2 = 

22.5=-0.044 and f rom Exp t s .  7"12:C1 = 20.8 and C 2 = 28.0. In the ca se  

of pe rox ide  i n i t i a t i o n ,  C 1 = 2.2 [6]. 

In o r d e r  to  c l a r i f y  t he  e f f e c t  of  the  n a t u r e  o f  the  m o n o m e r  a n d  the  g r o w i n g  r a d i c a l s  on  the  t e l o m e r i z a t i o n  
p r o c e e d i n g  at  C - H  and  C - C 1  b o n d s ,  we s t u d i e d  t h e  r e l a t i v e  k i n e t i c s  of  t he  t e l o m e r i z a t i o n  o f  p r o p y l e n e  by  the  

s a m e  t e l o g e n s  in  t he  p r e s e n c e  o f  Mn2(CO)lo a n d  Mn2(CO)lo + D M F .  The  r e a c t i o n  of  m e t h y l  c h l o r o a c e t a t e  w i th  
p r o p y l e n e  y i e l d s  t he  s a m e  s e r i e s  of  t e l o m e r s  a s  in  t he  c a s e  o f  p e r o x i d e  i n i t i a t i o n  [4]: 

R" 
CHzCICO~CHs(HD) - - -*  ~HC1CO CH3 

CHC1CQCHs + nCH3CH=CH ~--* "(CHCH2)nCHCIC0zCH3 
! (An) 

CH3 
A n @ HD -~ H(CHCH,~)nCHC1COsCH s 

f 
CH~ T n 

An 1,~-~. n = i" H(CHCH2)n~CICO~CH~ 
1,5-H, n ~ 2 [ 

CHa (Bn) 
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B n -]- mCH3CH--CH e 
HD 

H(CHCH2)~CCICO~CH 8 
I 1 

CHa (C~H6)nH 
Tm+n 

On the other  hand, the t e lomer  distribution and yield of r ea r ranged  products T 'm+ n are  sensitive to the 
composit ion and nature of the CI. When using Mn2(CO)10 as the init iator in the M/S range f rom 0.11 to 1.45 
(Table 1), the individual chain t r ans fe r  constants Cnt~ are  s imi lar  in value to those obtained when running the 
reaction with TBP [4]. In this case ,  the relative amount of r ea r ranged  t e lomer  T 2' hardly changes with in- 
c reas ing  M/S (see Table 1). While going from Mn2(CO) 10 to Mn2(CO)I 0 + DMF in the initiation of this reaction 
with ethylene does not affect the course  of the react ion and the values for Cn, a shift in the t e lomer  homolog 
yields in favor of T1 is found in the case of propylene.  The increase  in the yield of T 1 may be related to chain 
t r ans fe r  direct ly  at the allyl C - H  bond of propylene.  However, such a change was not observed at s imi lar  
M/S values in experiments  initiated by Mn2(CO)10 without additives.  Thus, under our conditions, the presence  
of DMF crea tes  a sys tem with Mn2(CO)10 and propylene which is capable of increas ing the efficiency of chain 
t r ans fe r  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 react ion mixture .  

The te lomeriza t ion of propytene with methyl t r ich loroace ta te  yields a ser ies  o f t e lomers  CI(CH(CH 9 CH2) n- 
CC12CO2CH3 (Tn) as in the case of peroxide initiation. In the presence  of Mn2(COh0, the individual chain t r a n s -  
fer  constants C n have the same values as under conditions of peroxide initiation [5] (Table 2). Use of the Mn 2- 
(CO)I 0 + DMF system for similar M/S values gives an increase in the yield of yield of TI from 39.0 to 87.1~ 

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

Similar behavior is found in the telomerization of propylene with CCI4. This reaction is sensitive to 

change in the DMF/Mn2(CO)I 0 and M/S ratios. In the range of M/S from 1.8 to 4.4 in the presence of Mn2(COh0 

the telomer distribution is similar to that obtained upon peroxide initiation. The addition of DMF leads to an 

increase in the yield of TI. Thus, the value for C i increases from 2.0 to 20.8 (Table 3). All the experiments 
in the presence of DMF were carried out with DMF/Mn2(CO)I 0 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. 

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

The g a s - l i q u i d  chromatographic  (GLC) analysis  was ca r r i ed  out on an LKhM-8MD chromatograph on 
columns:  1) 1000 • 3 ram, packed with 20% SKTFT-50 on Chromosorb  W (0.16-0.20 ram) with tempera ture  p r o -  
gramming,  2) 2000 x 3 and 3000 x 3 mm 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 ram} at constant 150 or  170~ 
in a helium s t ream.  The ehromatograms  were analyzed by internal normalizat ion without correc t ion .  All the 
experiments  were ca r r i ed  out in 10-cm 3 s ta in less - s tee l  autoclaves.  

Telomer iza t ion  of Propylene with CH2C1CO2CH 3 (see Table 1). The experiments  were ca r r i ed  out a c c o r d -  
ing to our previous procedure  [4]. The monomer  convers ion was determined by the volume of re leased  gas.  
GLC analysis  using authentic samples showed that the react ion proceeds  with the formation of the same p r o -  
ducts as in the case of peroxide initiation [4]. In control experiments  ca r r i ed  outwith CH2C[CO2CH3+ Mn2(CO)10 + 
DMF and DMF + Mn2(CO ) 1~ + propylene sys tems,  there  were no significant amounts of any products which 
hinder the quantitative analysis of the t e lomers .  

The resul ts  obtained are  given in Table 1. GLC analysis  on columns 2 and 3 using an authentic sample 

showed the presence  of 1 ,5-hexadiene.  

Telomer iza t ion  of Propylene with Cc!3c02cH3 (see Table 2). This react ion was ca r r i ed  out s imi lar ly  to 
that with methyl chloroaceta te .  The products  were identified relat ive to authentic samples [5] on the indicated 
columns.  In control  experiments  with the CC13CO2CH3 + Mn2(COh0 + DMF sys tem,  there were no products  which 
hinder  the quantitative analysis  of the react ion mixture .  The resul ts  obtained are  shown in Table 2. 

Te lomer iza t ion  of Propylene with CC14 (see Table 3). The experiments  were ca r r i ed  out according to our 
previous method [7]. The conversion of the telogen and the monomer  was found by calculation. The C n con- 
stants were calcula tedusing the Mayo equation [8]. In light of the relat ively nar row range of M/S values,  the 
method of individual chain t r ans fe r  constants was used for a c lear  evaluation of the change in t e lomer  dis t r ibu-  
tion relat ive to the react ion conditions. The experimental  resul ts  are  given in Table 3. The nature of the 
effect of the r eac to r  mater ia l  may  be analogous to that descr ibed by Karapet 'yan  et al.  [9]. 
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C O N C L U S I O N S  

Individual chain t r a n s f e r  constants  found for  the t e lomer i za t i on  of propylene  with methyl  ch lo roace ta te ,  
methyl  t r i ch lo roace t a t e ,  and CC14 init iated by Mn2(CO}10 a re  s i m i l a r  to the values obtained in the case  of p e r -  
oxide ini t iat ion.  

1. 

2~ 

3. 

~t 
5. 
6. 
7. 
8. 
9. 
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NEW METHOD FOR THE STABILIZATfON OF INTERMEDIATE 

R,4DIC.4LS IN THE RE,4CTION OF THIOUREA 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. Kandror, and L. V. Yashkina 

A~yl rad ica l s  r eac t  with th iourea  and its N-subs t i tu ted  der iva t ives  to fo rm the cor responding  iso th io-  
uronium bases  which a re  isola ted as p i c r a t e s  [1, 2]: 

NHR NHR NR 
/ . /  

At* n a S:C ~ ArS--~ At"  ArS_C// .gicr -}- ArH 
Pie r  

"~NHR' ~NHR' ~NHR' 
(A) 

The rad iea l -adduc t s  (`4) a re  s tabi l ized by the i r  " c ro s s -d i sp ropo r t i ona t i on"  with ary l  r ad ica l s  which abs t r ac t  a 
f l-hydrogen a tom f rom the NH group in the (A) r ad ica l s .  

In light of the ready  addition of rad ica l s  to the th iocarbonyl  group,  we studied the poss ib i l i ty  of  growing 
rad ica l -adduc t s  such as (A) by the i r  addition to the S-- C group of a second molecule  of a thione compound to 
fo rm " t e lomer i c"  radica l  (B) : 

(A) ~ S=C(NHR)~-,' ArSC(NHR)2SC(NHR)z 
(B) 

Such reac t ions  a r e  unknown for organosul fur  compounds .  

The phenylation of th iourea  by phenyldiazonium te t ra f luorobor ide  in aaueous medium in the p r e sen ce  of  a 
copper  sal t  gives S-phenyl isothiouronium (I) and bis ( forrnamidine)sulf ide  (II)which are  isola ted as the i r  p ie ra tes  
(see Table 1): 

~ .  N. Nesmeyanov  Inst i tute of Heteroorganic  Compounds,  Academy o f  Sciences of the USSR, Moscow. 
Trans la t ed  f rom Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimieheskaya ,  No. 4, pp. 881-885, ,april ,  1983. O r i -  
ginal a r t i c le  submit ted ,4pril 26, 1982. 
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