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In [I] it was shown that  r e a r r a n g e m e n t  of the rad ica l s  by  the s cheme  

Rearrangement 
{3H~CH~CH~CH~CHCN ' CH:CH~CH~CH2(3CN 

I I 
R R = CHa R 

Occurs in the t e lomer iza t ion  of ethylene with propioni t r i le .  A m e a s u r e m e n t  of the par t ia l  chain t r a n s f e r  
constants  (C n) and re la t ive  i somer iza t ion  constant  (C i) made it poss ib le  to conclude [2] that  the eff ic iency 
of p rop ion i t r i l e  as a chain t r a n s f e r  agent  in the reac t ion  with ethylene is c lose  to that of methyl propionate .  
At the s a m e  t ime ,  the r e a r r a n g e m e n t  of the rad ica l s  in the case  of p rop ion i t r i l e  is substant ia l ly  l e s s  than 
in the reac t ion  of ethylene with methyl  propionate  or  propienic  acid.  A compar i son  of the behavior  of the 
e s t e r s  of earboxyl ic  acids and the i r  n i t r i l e s  in t e lomer iza t ion  was continued on the example  of the reac t ion  
of ethylene with ace ton i t r i l e  and capron i t r i l e .  

In the t e lomer iza t ion  of ethylene with ace toni t r i le  two s e r i e s  of t e l o m e r  homologs [3],H(CH2CH2) n -  
CH2CN (T n) and H(CH2CH2)n_2~HCN (T~), were  identified in the fract ion of t e l o m e r s  that  contain up to four 

/ 
C4H 9 

m o n o m e r i c  units in the molecule .  The fo rmat ion  of the T n s e r i e s  can be explained by the r e a r r a n g e m e n t  of 
the in te rmed ia te ly  fo rmed  rad ica l s  CH2CH2CH2CH2CH2CN, with a 1 ,5 -migra t ion  of the hydrogen a tom 
analogous to Scheme (1) (R = H), and subsequent  growth of the r e a r r a n g e d  rad ica l  at the a -pos i t i on  to the 
n i t r i l e  group.  The t e l o m e r s  of the Tn and T~a s e r i e s  were  identified by the GLC method, employing authen-  
t ic  spec imens  [3], and by the obse rvance  of a l inear  re la t ionship  between the logar i thm of the retention 
t imes  and the n u m b e r  of  m o n o m e r i c  units in the molecule .  The authentic t e l omer s  of the T~a s e r i e s  (n 
= 3, 4) we re  a lso  obtained by the t e lomer i za t ion  of ethylene with capron i t r f l e .  The par t ia l  chain t r a n s f e r  
constants  (Cn) and the r e l a t i ve  i somer iza t ion  constant  (C i) were  ca lcula ted  as desc r ibed  in [1]. The ex-  

�9 pe r imen ta l  conditions and the obtained values  of C n and C i a r e  given in Table  1. 

F r o m  the data on the Cn for  the s t ra igh t -cha in  s e r i e s  of t e l o m e r s  (Tn) it can be seen that  the con-  
s tants  monotonical ly  i nc rea se  f r o m  C 1 to Ca, while at  the s a m e  t ime ,  if C2/C 1 ~ 2 ,  then Ca/C 3 ~ 1.2, 
i .e. ,  the usual level ing  out of the higher C n is observed .  The  s a m e  as in the ease of methyl  ace ta te ,  all 
of the Cn values a r e  v e r y  smal l  (<0.1), which re f l ec t s  the low eff ic iency of ace toni t r i le  as a chain t r a n s f e r  
agent  in the reac t ion  with ethylene.  The re la t ive  i somer iza t ion  constant  in the reac t ion  of ace toni t r i le  with 
ethylene (Ci ~ 0.9 m o l e / l i t e r )  is s m a l l e r  than for p rop ion i t r i l e  (C i ~ 2.9 m o l e / l i t e r ) ,  i .e. ,  the r e a r r a n g e -  
ment  of the r ad ica l s  in the case  of ace ton i t r i l e  is subs tant ia l ly  l e s s  than in the t e lomer iza t ion  of ethylene 
with p rop ion i t r i l e .  In the given case  this re la t ion  is analogous to that  obse rved  in the corresponding 
carboxyl ic  acid e s t e r s ,  and is appa ren t ly  assoc ia ted  with the fact  that  the s tab i l i ty  of the r e a r r a n g e d  
rad ica l s  CH3CH2CH2CH2CRCN when R = CH~ is higher than when R = H. 

P rev ious ly  we had shown that  the r e a r r a n g e m e n t  of the rad ica l s  in the t e lomer iza t ion  of ethylene 
with prop ion i t r i l e  goes  to l e s s  deg ree  than for  propionic acid and methyl propionate  [2]. A s i m i l a r  t en -  
dency is a l so  seen  when the data on the C i values  a r e  compared  for  aee toni t r i le  (0.9) and methyl  ace ta te  
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TABLE 1. Telomerizat ion of Ethylene with Acetonitr i le  (150 ~ to r t -  
butyl peroxide) * 

/r I - ] ~I'M/Si 'Amountoftelomerhomologswith' 

/ 1 - -  

28,3 lift I 343 0,030 

32,0 i4161 3~4 10,03~ 
1 

t5,0 t5,0~ 340 10,042 
I 

t3,5 t5,7 338 {0,045 

24,0 

25,4 

23,0 

29,0 

tt,O 

18,6 344 10,050 

2t,8 344 I 0,058 

36,81344/0,t00 

50,0/ 342 ]0,130 

44,3 I 302 t0,140 

Cn.10~ $ 

Ca C~ 

117,88' 2,98 t0,60 
2s,9~ ~,~2 ib2~t-g~,~ ~ 6 - ~  

22'02/t6'521i4'281~1 w167 9,83 

i9,19/t5,03] i3,17 / 3,41111,70 

4,34~ 2,{7 { t3,i.7 

CI C~ 

i ,2 2,2 

t,2 1,7 

1,2 2,f 

t,I 2,0 

1,2 2,t 

i,l 2,0 

t,0 3,2 

t,2 3,3 

t,3 3,7 

C i ~ O,9:mole/liter t, 2=}= 12,5~ 
4-0, 031 +0, 2 

2,7 

3,1 

3,t 

2,8 

3,0 

2,8 

4,t 

4,t 

4,3 

2,5 

4,5 

3,0 

2,9 

4,2 

5,0 

5,t 

5,9 

3,3+ I 4,1~ 
:k0~  / :k0,3 
3,4 I 3,2 

*The experiments were run in ll)-ml stainless steel autoclaves. 
I"K M is the monomer conversion; M i and Si are the initial charges of monomer and telogen, 
gSee [1] for the calculation equations and experimental procedure. 
* *Data for the "total" series, obtained by adding the yields of the telomers with the same 
number of monomeric units in the molecule, 

(1.5) [4]. It is quite probable that the difference in the polar  charac te r i s t i c s  of the functional groups and 
the corresponding radicals  plays a definite role  here .  

A low degree  of r ea r rangement  has a substant ial ly  sma l l e r  effect  on the charac ter  of the change in 
Ctn ~ with increase  in n for the total s e r i e s  of t e lomers*  (cf. [11) (see Table 1). In this case  a minimum 
is not observed  when n = 2, but only a re tardat ion in the growth of Ctn ~ from C t~ to C t~ 

The telomerization of ethylene with capronitrile goes in a complex manner and gives a series of 
secondary products; this reaction was studied only qualitatively. From the mixture of telomers by frac- 
tional distillation we isolated and characterized the telomers H(CH~CH2)nC(C4H~)HCN with n -- i, 2 (Table 
2). Their structure was confirmed by the data of the 13C NMR spectra (Table 3). The t3C NMR spectra 
of the fraction, containing mainly the telomers with n = 3, revealed that it contains two types of telomers, 
H(CH2CH2)nC(C4Hg)HCN (T~, n = 3) and H(CHzCH2)mC(C4Hg)2CN (T~, m = I). The appropriate assignments 
of the signals were made employing the i~C NMR spectra that were taken without suppressing the coupling 
with the protons, and also by analogy with the assignment of the signals in the spectra of the carboxylic 
acids and their esters [5], whose structure is close to that of the studied nitriles (see Table 3). The pres- 
ence of a CH3CH 2 group in series with a quaternary carbon atom (&3CH.~ CH~ = 8.4 ppm) is characteristic 
for the T m compounds (m -- i) (see Table 3, compound 6a), whereas the-signal of the carbon of the 13CH3 
-CH 2 group, adjacent to a tertiary carbon atom (see Table 3, compound 4), has bt3CH3_CH 2 = 11.3 ppm; 
the signal of the carbon of the t3CH3(CH2)3 group is found further  downfield ((5~3CH~(CH~ ~ = 13_7-13.9 ppm), 
and its chemical  shift is independent of the charac te r  of the carbon atom to which~he ~I~(CH~)~-group 
is attached. 

The presence  of compounds of the T~n type in the mixture of t e lomers  (in the case  of capronitr i le)  
shows that r ea r rangement  of the rad ica l s ,  with a 1,5 migration of the hydrogen atom [analogous to Scheme 
(1), R = C4H9], a lso occurs  here .  

*This s e r i e s  was obtained by  adding the yields of t e lomers  with the same molecular  weight. 
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TABLE 2. Telomerizat ion of Ethylene with Capronitr i le  

. [Yield when [ Found, ~ Calculated,~o 

~f Hg) [ o f  TI-T,,%'* tt C tt 

I I I 

T1 80(9) 41,7 0,8245 t,4204 [77,t5111,93176,80 t2,00 

Ta' -~ Ta ~ 102 (2)-- 20,5 -- [ [ [ -- __ 
i08 (2) 

*The unidentified products constitute 14.87o of the sum of the T n products, n = 1-3. 

TABLE 3. Data of 13C NMR Spectra 

No. Nitriles 

t 

2 
3 

4 

CHaCH~CN 
CH3(CH~hCH2CN 
CH~(CH,hCH2CN 

C H . ( C I - I , ) . C H C N  
I 
CH~CH3 

CH.(CH2)sCH--CN 
I (CH~)~CH3 
(CHDsCH~ 

I a) CH.(CHz).C--CN 
I 
CH~--CH3 

b) CH~(CH~),CHCN 
I 
(CH,),CHs 

(fraction) 

1 
--C--CN 

} - 

122,6 

$i3CN 

>CH--CN 

t2t,i 

t20,5 
(120,9) 

t20,9 

-C~I.-_cN 

t20,7 
ti9,2 
t19,2 

613C_CN 

--CH< --CH~-- 

- -  t0,5 
-- 2i,7 
- -  2t,8 

33,0 

31,3 

33,9 

5i3CHa--(CH~)n --~-- 

[CHa--CHa CH,(CH~)n- 
-(n=t) - (n~>3) 

t0,3 
- -  t3,0 
- -  t3,5 

it,3 i3,7 

- -  t3,7 

8,4 

13,8 

13,9 

513CH~ 

-CHa--CHa I 

t6,4 
16,6 

25,6 (Et) 
22,2 (Bu) 

22,1 

26,3 (Et) 

22,7 (A lk) 

--CH~- 

27,3 
25,t 
30,6 
29,2 
3t,6 

29,{ 
3t,9 

27,0 
28,7 
29,t 

31,9 
35,3 
35,8 

A relation between the shielding of the ~C nuclei of the ni tr i le  group and the s t ruc ture  of the hy-  
drocarbon radical  at tached to it was observed when the chemical  shifts of the signals of the nuclei  of the 
13C atoms of the investigated compounds were examined.* The total range of change in the 13CN chemical 
shifts is ~6 ppm. Here the 13CN signal is success ive ly  shifted downfield with increase  in the branching 
of the s - c a r b o n  atom (see Table 3, Nos. 3-6). In general ,  a s imi la r  phenomenon is charac te r i s t i c  for 

�9 compounds of the R - X  type (X = 13CN, 13COO [5], 13CH3 [8]) and, as a resul t ,  can be used to identify these 
derivat ives  in mixtures.  The deshielding of the ~ -ca rbon  atom of the discussed compounds proceeds in 
a s imi la r  manner with increase in the number  of added radicals  (see Table 3, compounds 1-3 and 4-6). 

E X P E R I M E N T A L  M E T H O D  

The 13C NMR spec t ra  were  taken on a Bruke r -Phys ik  HX-90 instrument,  on the 6-sca le  f rom TMS. 

Telomer iza t ion  of Ethylene with Acetonitr i le .  The te lomer ic  mixtures were analyzed and identified 
by the GLC method, employing authentic specimens ,  and by the observance of a l inear  relationship be-  
tween the logar i thms of the retention t imes and the molecular  weight; the resul ts  are  given in Table 1. 
The ch romatograms  were calculated by the internal normal izat ion method without making any correc t ions ;  
we used a 2 -m column, 20% of the liquid phase SKTPT-50 deposited on Chr0mosorb  W (80-100 mesh), 
helium as the c a r r i e r  gas ,  and both heat-conduct ivi ty  and f lame-ionizat ion detection. 

Telomeriza t ion of Ethylene with Capronitr i le .  Into a rotated 0.5-l i ter  steel autoclave were charged 
200 g of capronitr i le  and 8 g of ter t -butyl  peroxide. The ethylene p r e s s u r e  was 40-50 atm. The autoclave 
was heated at 145-150 ~ for 2 h. The ethylene was pumped in as it was absorbed.  Two experiments  were 
run in a s imi la r  manner.  The caproni t r i le  was distilled off (up to 56 deg /10  mm), and the residues were 
combined (68.8 g) and fract ional ly distilled through a column; the resul ts  are  given in Table 2. 

*The obtained resul ts  are  in agreement  with the measurements  given in [6]. However, the data given in 
[7] a re  found to contradic t  both our data and those given in [6]. The signals of these groups were also i n i -  
t ial ly identified by the J13 C _ H  value, which is 130-135 Hz and, as a resul t ,  is noticeably different f rom 
the value that is charac te r i s t i c  for the o rd inary  alkyl chain (125-126 Hz). 
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C O N C L U S I O N S  

1. The telomerization of ethylene with acetonitrile and capronitrile goes with a rearrangement of the 
radicals and a 1,5 migration of the hydrogen atom. 

2. A measurement of the partial chain t ransfer  constants and the relative isomerization constant in 
the telomerization of ethylene with acetonitrile revealed that the rearrangement goes to less degree in the 
given reaction than in the reactions of ethylene with methyl acetate, propionitrile, and methyl propionate. 
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