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RELATIVE TELOMERIZATION RATE O F  ETHYLENE W I T H  CC14, 

INITIATED BY Cr(CO)G AND Cr(CO)~PPh 3 

N. A. Grigor'ev, A. L. Tumanskaya, UDC 541.127: 66.095.2: 547. 
and R. Kh. Freidlina 313.2:54'7.412.133 

In the t e l o m e r i z a t i o n  of  e thylene with CC14 the pa r t i a l  c h a i n - t r a n s f e r  cons tan t s  [1] and the d i s t r ibu t ion  of  
the t e l o m e r  homologs  [2] co inc ide  when ini t ia t ion is with pe rox ides  and Fe(CO)5, w h e r e a s  when this  r eac t i on  
is ini t ia ted with Mn2(COh0 [3] the c h a i n - t r a n s f e r  cons t an t s  a r e  2-3 t i m e s  g r e a t e r .  This is appa ren t ly  r e l a t ed  
to the fac t  tha t  Mn2(CO)10, in c o n t r a s t  to Fe(CO)5 , f ac i l i t a tes  an i n c r e a s e  in the t r a n s f e r  r a t e  o f  ch lor ine  a tom 
to the g rowing  t e l o m e r i c  r a d i c a l s .  

In the p r e s e n t  pape r  we s tudied the ef fec t  of  Cr(CO)6 and Cr (CO)sPPh  3 on the c o u r s e  of  the t e l o m e r i z a -  
t ion of  e thylene  with CC14 and its r e l a t ive  ra te .  

TABLE 1. T e l o m e r i z a t i o n  of  47.7 �9 2.3 m m o l e s  o f  C2H4with 47.9 �9 0.8 
m m o l e s  o f  CC14 in P r e s e n c e  of  Benzoyl  P e r o x i d e  (BP),  Cr(CO)~, and 
Cr (CO)sPPh  2 (120 ~ C2Ht/CC1 ~ = 1.0~ 0.1) 

Expt. No. * mmoleInitiat~ 
IO ~ 

t 
2 
3 
4 
5 
6 
7 
8 
9 

t0 
55 
t2 
53 
14 

2,4 
4,5 
4,5 
4,5 
4,5 
2,2 
0,5 
0,3 
0,5 
0,3 
t,t 
5,t 
5,5 : 
t,5 

Time, 
rain 

25 
58 
20 
40 
60 
60 
60 
60 
60 
60 

60 
25 
t5 
10 

Conversion, % 

C~tt, CC14 

48,8 2t,6 
14,8 6,6 
25,6 tl,8 
57,0 28,5 
92,9 40,5 
64,6 30,9 
t0,0 4,7 
tl,7 5,2 
24,7 5t,8 
32,3 15,6 
53,7 26,~ 
34,8 t5,9 
t8,2 8,9 
8,8 4,5 

Amount of C CIa(C H2CH2) n. 
C I(T n) telomers with n =-I, 2, 
3, 4, and 5, mole % 

T, 

18,9 
15,6 
t5,5 
t7,6 
14,0 
15,0 
t3,6 
t5,0 
t5,3 
t5,3 
20,8 
i9,5 
t7,4 
i3,4 

T2 I 

59,t I 
57,6 I 
60,41 
59,7 
56,8 
63,1 
62,2 
60,9 
63,0 
62,7 
59,3 
57,2 
60,0 
59,6 

Ts T~ T5 

i8,7 2,9 0,4 
20,2 5,6 i,0 
18,1 5,i 0,9 
17,5 4,5 0,7 
23,3 5,2 0,7 
i6,8 4,3 0,8 
t9,8 3,7 0,7 
20,0 3,5 0,6 
i7,7 3,3 0,7 
t8,1 3,3 0,6 
i6,7 2,7 0,5 
19,3 3,6 0,4 
i8,9 8,2 0,5 
21,5 4,7 0,8 

* Expt .  1 was run  in the p r e s e n c e  of  PB,  expts .  2-8 in the p r e s e n c e  
o f  Cr (CO)o  and expts .  9 -14  in the p r e s e n c e  of  Cr(CO)~PPh 3. 
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Or ig ina l  a r t i c l e  submi t ted  June 18, 1981. 
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E X P E R I M E N T A L  

The GLC analysis  was run on an LKhM-SMD inst rument  in a helium s t ream (6 l i ters /h)  and using a 
ka tharometer ,  a 2000 ~ 3 mm steel column packed with 15% SKTPT deposited on Chromaton N-AW, and p ro -  
g ramming  of the tempera ture  f rom 40 to 150 ~ and from 170 to 210~ (8 deg/min).  The react ions  were run 
in 10-ml  s ta in less - s tee l  tes t  tube autoclaves.  The experimental  procedure  was the same as descr ibed in [3]. 
The amount of s tar t ing reac tants ,  the experimental  conditions, and the GLC analysis  resul ts  of the react ion 
mixture are  given in Tables 1-3. 

D I S C U S S I O N  O F  R E S U L T S  

The te lomeriza t ion of ethylene with CC14 in the presence  of Cr(CO)~ and Cr(CO)sPPh 3 goes at 120~ with 
high convers ions  (see Table 1, Expts. 2-14) and without the formation of by-products .  In cont ras t  to the te l -  
omer iza t ion  initiated by Mn2(COh0 [3], the distribution of the t e lomer  homologs in this react ion was indepen- 
dent of both the react ion t ime and the initiator concentrat ion,  and coincided with the distribution when init ia- 
tion was with benzoyl peroxide (BP) (see Table 1, Expts. 1 and 2-14). The mechanism of the initiation and the 
t r ans fe r  of C1 in the te lomerizat ion,  initiated by metal  carbonyls ,  postulates the formation of complexes in 
which the carbonyl  groups a re  replaced by the monomer  molecules  and halogen atoms.  The absence of dif-  
ferences  in the distribution of the t e l omer  homologs when the te lomerizat ion is initiated by BP, Cr(CO)G or  
Cr(CO)~PPh~ indicates that s imi lar  complexes are  formed from Cr(CO)G and Cr(CO)sPPh~, which do not take 
par t  in t r ans fe r  of the chlorine atom. 

Replacing the carbonyl  groups by such ligands as PPh  3 leads to an increase  in the activity of the metal  
earbonyl-CC14 initiating sys tems [4]. And actually,  the overa l l  te lomeriza t ion rate proved to be higher when 
initiation was with Cr(CO)sPPh 3 as compared  to Cr(COS~. Thus, with the same react ion t ime and the same 
Cr(CO)6 and Cr(CO)sPPh 3 concentrat ions the convers ion of the reactants  was three t imes g rea te r  in the case 
of Cr(CO)~PPh 3 (see Table 1, Expts. 8 and 10). In Expt. 8 the Cr(CO)6 concentrat ion is three t imes that of 
Cr(CO)EPPh3; in Expt. 9 for Cr(COS~ the ethylene and CC14 c o n v e r s i o n s p r o v e d t o b e  twice lower. In addition, 
an induction period of ~ 15 min [no react ion for 15 rain in the presence  of 4.5" 1 0  -2  mmole of Cr(COS~ ] is ob-  
served when the te lomeriza t ion is initiated with Cr(CO)~, whereas when initiation is with 1.1 �9 1 0  - 2  mmole of 
Cr(COS~PPh 3 the ethylene and CC14 convers ions  in l 0 m i n  were respect ively  8.8 and 4.1~ (see Table 1, Expt. 145. 

Since the distribution of the te lomer  homologs was independent of the react ion t ime and the Cr(CO)G and 
Cr(CO)~PPh 3 concentrat ion we ran a se r i e s  of experiments  to determine the part ia l  cha in - t rans fe r  constants  
C t (see Tables 2 and 3). The part ia l  cha in - t r ans fe r  constants for the te lomerizat ion of ethylene with CC14, 
initiated by Cr(CO56 , and also by Cr(CO)sPPh3, proved to be close to the C t when using peroxide initiation 
(CI-C 5 = 0.157; 3.0; 5.5; 8.2; 11.3 at 100 ~ and 0.282; 3.0; 4.7; 6.5; 8.2at  140 ~ [5]5. This coinciding in the C t 
values is convincing proof that when the te lomerizat ion of ethylene with CC14 is initiated by Cr(CO)6 or  
Cr(CO)~PPh 3 both chain growth and t r ans fe r  proceed by the free radical  chain mechanism.  

The authors express  their  grati tude to V. D. Makhaev for supplying the Cr(CO)~PPh a. 

C O N C L U S I O N S  

1. We determined the constants for the chain t r ans fe r  of the CC13(CH2CH2) n- radicals  in = 1-55 to CCI 4 
in the te lomer iza t ion  of ethylene with CC14, initiated by Cr(CO)6 or  Cr(COS~PPh 3 at 120 ~ 

2. A coinciding of the part ial  cha in - t r ans fe r  constants  when the te lomerizat ion is initiated by peroxide 
as compared  to initiation by Cr(CO)6 or Cr(CO)~PPh 3 indicates that the react ion proceeds by the free radica l  
mechanism in the presence  of the last  two init iators.  

3. Cr(CO)sPPh 3 is a more  active init iator of radica l  te lomerizat ion than Cr(CO)6. 
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