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In our previous communication [1] we discussed the s tereochemistry of the radical telomerization of 
propylene with CC14 within a broad range of temperatures  (55-200~ The use of statistical methods of eval- 
uating the distribution of diastereomeric  racemic forms of 1,1,1,7-tetrachloro-3,5-dimethyloctane [telomer 
homolog CCI3[CH2CH(CHs)]aCI(Ts) ] permit ted us to establish that both reactions determining the probability 
of the formation of isomers  of T s (see Scheme A; asymmetrical  carbon atoms are  marked by asterisks):  

CC13CH~H (CH3) CH~CHCHa + C3H6 -~ CCla [CH~H (CH3)]~CH~CH (CHs) (1) 

CC18[CH~H (CH3)]~ CH~CHCH3 + CCI~ -+ CC18 ]CH2~H (CHa)]~ CH~C~HC1CH3 + CCI 3 (2) 

Scheme A 

obey the same (or close) statistical laws. Consequently, the directions of approach of the monomer and 
telogen to the radicals CCI~[CH2CH(CH~)]n" (n = 2 and 3) coincide, ensuring minimum nonbonded interac- 
tions of the substitutents in the reagents. 

An investigation of the diastereomeric  composition of the products of telomerization of propylene 
with CHCI~ permitted a verification of the coincidence of the stereochemical peculiari t ies of substitution 
and addition with the participation of the radicals CClS[CH2CH(CHs)]n. As is evident from Scheme B, asym- 
metrical  centers ar ise in telomerization with CHC13 only at the step of chain propagation 

CC13 [CH~H(CHs)],_I CH~CHCHs A- C3He -+CC13 [CH~C~I-I(CHs)I~CH~CH (,CH3) (1) 

CC18 [CH~H (CH3)], 1CH2CHCH 3 + HCC13 --,- cC13 [CH~CH (CHs)I~_ICH2CH2CH~ + CC18 (2) 

Scheme B 

and the ratio of the dias tereomeric  racemic modifications of the telomer homologs CC13[CH2CH(CH3)]nH 
(n >- 3), in contrast to the products of telomerization with CC14, should characterize the s tereochemist ry  
of only one react ion of addition to propylene. Therefore,  by comparing the distribution of diastereomeric  
forms of CC13[CH2CH(CH3)]nH and the te lomer  homologs CC13[CH2CH(CH3)] n_  1C1 corresponding in number 
of asymmetr ical  centers, it is easy to establish the stereochemical differences of the processes  of sub- 
stitution and addition of aliphatic radicals CC13[CH2CH(CHs)]n'. Such a comparison is one of the purposes 
of this work. 

A determination of the structure of the products of telomerization of propylene with CIIC13 was also 
of interest  for another reason. Since CHC13 is capable of entering into a reaction of homolytic substitution 
with cleavage of the C - H and C - C1 bonds [2], the kinetic chain in telomerization with a telogen can be 
carr ied by two radicals: ~C13 and ~HC12. Consequently, four types of te lomer homologs are  probable (for 
propylene: CC13[CH2CH(CH3)]nH , CC13[CH2CH(CH3)]nC1, HCC12[CH2CH(CHs)]n H, and CHCI2[CH2CH(CH3)]nC1 ), 

Institute of Heteroorganic Compounds, Academy of Sciences of the USSR. Translated from Izvestiya 
Akademii Nauk SSSR, Seriya Khimicheskaya, No. 12, pp. 2700-2710, December, 1970. Original art icle 
submitted April 28, 1969. 

O 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher [or $15.00. 

2542 



BP 

. ~  
o o  

v ~  

I 
b 

(9 
~9 

A 

L a "t 

Fig. 1. C h r o m a t o g r a m  of the products  of t e lomer i za t ion  of 
propylene  with CHC13, init iated by benzoyl peroxide  at 140 ~ 
T1 H, T2 H, and T3 H) t e l o m e r  homologs CC13[CH2CH(CH3)]nH 
with n = 1-3; TIC1, T2C1 ) t e l o m e r  homologs CC13[CH2CH : 
�9 (CH3)]nCI with n = 1, 2; A and B) t e l o m e r  homoIogs CHC[ 2 
�9 [CH2CH(CH3)]nC1 with n = 1, 2; C and D) t e i o m e r  homologs 
CHC12[CH2CH(CH3)]nH with n = 1, 2; BP) products  of decom-  
posi t ion of benzoyl  peroxide ,  a) Glass  column 3.5 • 2000 
ram; 6% si l icone e l a s t o m e r  on Chromosorb -W,  f rac t ion  0.25- 
0.50 mm;  50-60 m l / m i n  He; ka tha rome te r ;  t e m p e r a t u r e  of 
analys is  30 ~ b) Glass  column 3.5 • 950 ram; 8.5% poly-  
ethylene glycol-4000 on Chromoso rb -W,  f rac t ion  0.15-0.20 
mm;  c a r r i e r  gas  He; ka tha rome te r ;  t e m p e r a t u r e  75 ~ c) 
The s a m e  conditions (see b) but at 120 ~ 

and the poss ib i l i ty  of a kinetic invest igat ion of the sensi t iv i ty  of rad ica l  substi tut ion at  the C - H and C - CI 
bonds to po la r  effects  under  s t r i c t ly  identical  conditions e m e r g e s  [3]. 

Gas - liquid ch romatograph ic  ana lys i s  of the products  of pe rox ide  ini t iated t e lomer i za t ion  of propylene  
with CHC13 (Fig. 1) indicated that the reac t ion  ac tual ly  is m o r e  complex than with CC14 [4] and leads  to a l a r g e  
number  of c lose-boi l ing  subs tances ,  the synthes is ,  isolation, and identif ication of which a r e  desc r ibed  be-  
low. 

EXPERIMENTAL 

The compounds TI H toT3 H and T2 Cl, corresponding to the basic peaks in Fig. I, were isolated from 
the products of telomerization by distillation on a fractional distillation column (~20 theoretical plates), 
followed by purification by preparative gas - liquid chromatography (70-120~ stainless steel column 28 
• I000 ram; 20% PEG-4000 on Chromosorb-P;carrier gas N2; pressure at the entrance ,~1.5 kg/cm2). The 
synthesis was conducted in a stainless steel autoclave with a capacity of~l liter in the presence of benzoyl 
peroxide (or tert-butyl peroxide), 2% of the total of reagents, at 140-150 ~ and a mole ratio [C3H6]/[CHCI3] 

0.4-0.8 (70-150 g C3H 6 and 450-550 g CHCl3 were loaded; the conversion of the monomer in 4 h reached 
20%). 

Some properties of TIHtoT3 H, cited in Table i, as well as an investigation of their PIVfR, IR, NQR, 
and mass spectra (Tables 2-4), permitted these compounds to be classed as telomers CCI3[CH2CH(CH3)]nH 
with n = 1-3. The compound T2CI , according to the data of elemental analysis and the PMR spectra, cor- 
responded to the telomer homolog CCI 3[CH2CH(CH3)]2CI - the product of telomerization of propylene with 
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TABLE 1. P r o p e r t i e s  of Cer ta in  Products  of Te lomer i za t i on  of 
P ropy lene  with CHC13 

Bp, ~ (p, 
Compound mm Hg) 

T1H 23 (4) 
T~ n 76 (t5) 
Ta H 94 (4) 

A 64 (25) 
B 56 (2) 

d20 

t,2t82 
t,126t 
1,0492 
112572 
t,t593 

1,45t0 
t,4606 
t,4649 
t,4600 
1,471t 

Found, ~o 

G H G1 

29,9 4,3 65,8 
4t,6 6,6 51,8 
49,2 7,8 43,0 
29,8 4,3 65,9 
4t,7 6,5 5i,8 

Calculated, ~/a 

c H Cl 

29,8 
4t ,4 
48,8 
29,8 
41,4 

4,4 65,8 
6,4 52,2 
7,8 43,4 
4,4 65,8 
6,4 52,2 

CC14 (for the c h a r a c t e r i s t i c s  of T2C1 , see  [4]). The compound T1C1 (CC13CH2CHC1CH~) was identified a c -  
cording to the re tent ion t i m e  on two phases  of opposi te  po la r i ty  (PE G-4000 and s i l icone e l a s tomer ) .  

The fo rmat ion  of the t e l o m e r s  TiHtoT3 H and T1CI, T2C1 on account  of chain t r a n s f e r  by the rad ica l s  
CC13[CH2CH(CHa)]n" at the C -  H and C -  C1 bonds in CHC13presupposes thep re sence  of the homologs HCC12 
�9 [CH2CH(CH3)]nC1 in the reac t ion  mix tu re  (A, B with n = 1, 2 in Fig. 1) and CHC12[CH2CH(CH3)]nH (C, D 
with n = 1, 2, see  Fig. 1). Since the isola t ion of these  subs tances  f r o m  the p roduc t s  of the t e lomer i za t ion  
of p ropylene  with CHC13 p r e s e n t e d  cons iderable  difficult ies,  we synthes ized  the compounds A to D by other  
methods and identified them in the t e l o m e r  mix tu re  accord ing  to the re tent ion t ime  (on PE G-4000 and s i l i -  
cone e l a s tomer ) .  

The adduct A was p roduced  by t e lomer i za t ion  of p ropy lene  with ch lo ro fo rm at  150 ~ with the cata lyt ic  
s y s t e m s :  FeC12"4H20 or  Fe(CO)5 + CH3OH, which, as  is well known [5], p romo te  act ivat ion of the C -  CI 
bond in CHC13 and p redominan t  fo rmat ion  of adducts  with a t e rmina l  d ichloromethyl  group. In a s ta in less  
s t ee l  autoclave  (volume N1 l i ter)  we loaded 10 g FeCI2-4H20 in 100 m[ CH~OH (80 g), 740 g CHCI~, and 200 
g p ropylene  ([C3H6]/[CHCI3] ~0.8) or  500 g CHCI 3 and 350 g C3H6([C3H6]/[CHC13] ~2.0); a f t e r  12-15 h, the 
convers ion  with r e spec t  to the m onom er  reached  70%, yield of A ~60%. At h i g h r a t i o s  of the reagen t s  we 
noted the fo rmat ion  of up to 15% (of the content of A) of t e l o m e r  B. 

The homologs  C and D were  synthes ized  by se lec t ive  reduct ion [6] with the sys t em:  Fe(CO) 5 + (C2H5) a 
�9 s i n  of the t r i eh lo romethy l  group in T i n  and T2H to CHC12. 

Since accord ing  to the data of [6] the reduct ion with s i l icon hydride,  ca ta lyzed by Fe(CO) 5 p rac t i ca l l y  
does not affect  the C]-I2C1- and - C H C 1 -  groups,  we used  this  method to obtain the t e l o m e r  B f r o m  the co r -  
responding product  of the t e lomer i za t i on  of p ropy lene  with CC14(T2 C1 = CC13CH2CH(CH3)CH2CHC1CH3, for  
conditions of synthes is  see  [4]). The reac t ion  was c a r r i e d  out in an autoclave (0.5 l i ter)  at  150 ~ in the p r e s -  
ence of 1.0% Fe(CO)5 and t r ie thyls i lane ,  50% of the weight of T2C1 (in 5 h the convers ion  of T2CI was ~50%). 
CHC12CH2CH(CH3)CH2CHC1CH 3 was i so la ted  by p r e p a r a t i v e  g a s -  liquid ch romatography  (the p r o p e r t i e s  a r e  
a r e  cited in Table  1) and used  subsequent ly  for  s t ruc tu ra l  ana lys i s  (see Tables  2.4) and a gas  - liquid chro-  
ma tograph ic  evaluation of the dis t r ibut ion of d i a s t e r e o m e r i c  r a c e m i c  modif icat ions of the d / -  dd-type.  It 
should be ment ioned that even with a l ess  se l ec t ive  [61 s y s t e m  H2PtC16"6H20 + HCI2Si(CH~), the reduction of 
T2C1 at  150 ~ p roceeded  chiefly to compound B, which p r ac t i c a l l y  did not enter  into fu r the r  convers ions  (the 
yield of CH2C1CH2CH(CH3)Ctt2CHC1CH 3, see  the PMR spec t rum in Table  4, didnot  exceed s e v e r a l  pe rcen t  
of the init ial  T2C1 ). 

We studied the s t ruc tu re  of the t e l o m e r  homologs T1Hto T3H and A, B, of spec ia l  in te res t  for  eva lua t -  
ing the s t e r e o c h e m i c a l  pecu l i a r i t i e s  of the t e lomer i za t ion  of p ropylene  with CHC13 and CC14, by the methods 
of NQR, PMR, IR, and m a s s  s p e c t r o m e t r y .  

In the m a s s  s pec t r a  of TIH to Tan (MKh-1303 s p e c t r o m e t e r ;  t e m p e r a t u r e  of the feed s y s t e m  100 ~ ion- 
izat ion chamber  120~ emis s ion  cur ren t  2 mA, energy  of ionizing e lec t rons  50 eV), just  as  for  the s t r u c -  
tu ra l ly  c lose  CCI~[CH2CH(CH3)]nC1 [4] and CCIa(CH2CH2)nCI [7], no m o l e c u l a r  ions were  detected (evidently 
as  a resu l t  of the low s tabi l i ty  of po lychloroa lkanes  to e lec t ron  impact  [7]). However,  the p r e s e n c e  of i so -  
topic peaks  of the ions [ M -  CI] + with m a s s  number s  125 /127 /129  (T1H), 167 /169 /171  (T2H), 2 0 9 / 2 1 1 / 2 1 3  
(T~ H) and re la t ive  in tens i t ies  close to those expected  [8] for  ions with two chlorine a toms  (see Table  2), 
p e r m i t s  us to p r opos e  the following e m p i r i c a l  f o rmu la s  for  T i n  to T3H: C4H7C1 ~, CTH13C13, C10HigC1 a. The 
m a s s  spec t r a  of all  th ree  homologs  contain isotopic  l ines with m / e  117 /119 /121  and a dis tr ibut ion of in-  
t ens i t i e s  c h a r a c t e r i s t i c  of ions with th ree  chlor ine  a toms  [8], which is  evidence of a t e rmina l  t r i c h l o r o -  
methyl  group (for the compound T3H, the isotopic  p ic tu re  is somewhat  d i s turbed  by the ions C6H8C137 with 
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m / e  117). The p r e s e n c e  of this group in TIH to T3H is conf i rmed 
[7] by the peaks  109/111 (the ions [CC12 = C H -  CH2]+ ), espec ia l ly  
intense for  Ti l l  and T2H. 

A compar i son  with the data for  l inear  po lychloroa lkanes  
CCI3(CH2CH2)nCI [7] indicates  the poss ib i l i ty  of branching of the 
carbon skeleton of the t e l o m e r s  CC13[CH2CH(CH3)]nH. The in- 
c r e a s e d  content of hydrocarbon  ions [C3H7] + with m a s s  43 (in 
CC13CH2Ctt2CH 3 the m a x i m u m  line of the s p e c t r u m  cor re sponds  
to this mass ,  see  Table  2) and the inc rease  in the intensi ty  of the 
peaks  131-133 (ions [CC13CH2] +) for  T2H and T3H a r e  p robab ly  
explained by subst i tuents  at C-3 in T2H or  at C-3 and C-5 in T3H 
(in acco rd  with the empi r i ca l  rule  of p redominant  decomposi t ion  
at the m o r e  subst i tu ted carbon a tom [8]). The ease  of s t r ipping 
of the s ide methyl  groups  evidently de t e rmines  the appea rance  of 
l ines with ion m a s s e s  [ M -  HCI - CH3]+ and [ M -  2HC1 - CH3] + in 
the s p e c t r a  of T2H andT3H (compare  with the t e l o m e r s  CCI3[CH 2 
�9 CH(CH3)]nCt in [4]). 

In the m a s s  spec t r a  of compounds A and B, the f ragment  
ions [h~- C1] + (125/127/129 and 167/169/171, i .e. ,  the mo lecu l a r  
fo rmu la s  of Til l  and A, as well  as  T2H and B, coincide) a r e  ob- 
se rved ;  the in tensi t ies  of all  the l ines cha rac t e r i z ing  the CCI 3 and 
CH3CH2CH 2 groups a r e  apprec iab ly  lowered (m/e  43, 109, 111, 117, 
119, 121), and the content of peaks  with m a s s e s  63/65 (CH3CHC1 
group [4]) i n c r e a s e s  sharply .  Branching at the C-3 a tom is pos -  
s ible  for  compound B (see the ions with m / e  131 and 133 for  Til l  
to T3H,  A, and B). 

In the NQR spec t ra  of the compounds Til l  to T3H , A, and B 
(IS-2 pu lsed  s p e c t r o m e t e r  of the Centra l  Design Office of the In-  
st i tute of Radioengineer ing and E lec t ron ics  of the Academy of 
Sciences of the USSR), s ignals  were  noted in the region of ~32, 
36, and 38 Mttz (seeTable  3), cor responding  [4, 9] to the r e s o -  
nance of C135 in the CH3CHC1CH2, CHC12, and CC13 groups.  The 
e levat ion of al l  t h e  f requencies  for  A, close to that calculated 
[9], is apparen t ly  due to the mutual  influence of e l e c t r o n - a c c e p t o r  
subst i tuents  in the f l -posi t ion to one another  (for m o r e  detai ls ,  
see  [4]). 

Analogous r e su l t s  on the identif icat ion of the functional 
groups were  obtained in an invest igat ion of the IR spec t r a  of the 
compounds under  considerat ion.  As can be seen  f r o m  Fig. 2, TI H 
to T3H a re  c h a r a c t e r i z e d  by intense absorp t ion  bands around 582- 
592, 696-700, and 760-776 cm -1, which, in the opinion of the 
authors  of [10], a r e  de te rmined  by the C -  C1 v ibra t ions  in the CCI 3 
and CCI3CH 2 groups.  In the s p e c t r a  of A and B, the f i r s t  two f r e -  
quencies  a r e  en t i re ly  absent ;  however,  absorpt ion  is obse rved  at 
625 and 664-669 cm -1, due [10] to the C -  C1 v ibra t ions  in the 
CHC12 (660-670 and 745-754 cm - i  [10]) and CHC1 groups (617- 
640 cm - i  [10]). 

The hydrocarbon  port ion of TIH to T3H , A, B, and a number  of 
s t ruc tu ra l l y  close model  compounds was studied by the PMR meth -  
od (35-45% in CCI4, Hitachi-60 and P e r k i n - E l m e r  R-12 sp ec t ro -  
m e t e r s  with working f requency  60 MHz, ~34 ~ internal  s tandard  
hexamethyldis i loxane) .  The complex s t ruc tu re  of the spec t r a  of 
T1H to T3H (even for  TIH , ro ta t ional  i s o m e r i s m  and the low values of 
of 5 / I  lead to a s p e c t r u m  that does not obey the s imple  mult ipl ic i ty  

2545 



r 
' ' 77~0)  

.~8z(1o) 

5go 7Og 8#0 

fes) ] ~ 1  

r i r 
600 7gO 800 

17) I I ( I  

p i i 

800 700 8gO 

d A ~G(8 

eeg~ 

i i i 

6gO 7go 8go 

e 

}!! 
8gg ~JT~, em "~ 

Fig. 2. IR spec t ra  of polycMoroalkanes in the region of 500-800 
cm -1, +25~ UR-10; the frequencies were verif ied according to 
the spec t rum of indene (the e r r o r  in the determination does not 
exceed • cm-1); the percent  t r ansmiss ion  (for T1Hto T3 H) or 
width of the band Avl/2 in cm -1 (A and B) a re  indicated in paren-  
theses;  KBr p r i sm;  b, c) l 0.03 ram. a, d, e) In cyclohexane so-  
lu t ion:a)  10.067 cm, C 0.48 M; d) 10.012 cm, C 0.22 M;e)  l 
0.012 cm, C 0.30 M. 

TABLE 3. NQR Frequencies  of Certain Polychloroa l -  
kanes* (MHz, C135, 77~ 

Group 
Tt H 

38,0 (0,5) 

Compound 

T~ H T s  H 

Calculated 
data [9] 

COla 38,0 (0,45) 38,0 (0,t~5) 38,0 

I A B 

35,8 0,o) 
32,7(0,7) 

35,5 (0,6) 
32,5 (0,8) 

CHCIz- 
CHsCHCICH2- 

A B 

35,9 35,5 
32,7 32,2 

* The frequencies are cited for substances in the "vitrified" state 
(for the possibility of comparing these frequencies with the data for 
crystals, see [4]; the width of the signals At,,/z at half the height of 
the peak is indicated in parentheses). 

rules,  Fig. 3) permi t ted  us to make ass ignments  only according to the chemical  shifts and relat ive integral  
intensities of cer tain signals.  Three  multiplets with centers  at 2.68, 1.83, and 1.08 ppm (Table 4) and in- 
tensi ty  rat io 1:1:1.5 confirm the s t ruc tura l  formula  of T1H (considering the coincidence of 5CC13CH 2 = 2.68 

ppm with the l i te ra ture  data [4]). The signals around 2.6 ppm are  also p r e s e r v e d  for TzH, and the expected 
[4] s t rong field shift of the signals of the protons of the terminal  CH3CH 2 group is observed (as a resul t  of 
a decrease  in the deshielding influence of the CCI~ group). In addition, a doublet appears  in the spec t rum 
of T2 H with the chemical  shift cha rac te r i s t i c  of the methyl groups in the f ragment  CC13CH2CH(CH3) and a 
signal in the region of ~2.0 ppm (hydrogen at a t e r t i a ry  carbon atom). F r o m  this it follows that the s t ruc -  
ture  cited in Table 4 (addition "head to tail") is most  probable for the i somer  T2 H, and we might expect 
an analogous s t ruc ture  for the t e lomer  T3tt (in par t icular ,  for  the lat ter  the corresponding values of 5 are  
close to the chemical  shifts of T2 H, which indicates the same f i rs t  unit CC13CH2CH(CH3) for these com- 
pounds). 

The PMR spect ra  of A and B differ significantly f rom those considered above, but a re  easi ly in ter-  
pre ted  by a comparison with the chemical shifts of the CHC12 and CHC12CH 2 groups in the model compounds 
6-8 and with the l i t e ra ture  data [4, 11] on 5 for  the CH3CC1, (CH3)CH, and CHCI groups (see Table 4, as 
well as the distribution of integral  intensit ies in Fig. 3). 

Thus, an investigation of the mass ,  IR, NQR, and PMR spectra  of T1HtoT3H, A, and B indicated that 
the s t ruc ture  of these compounds corresponds  to the te lomer  homologs CC13[CH2CH(CH3)]nH with n = 1-3 
and CHC12[CH2CH(CHa)]nC1 with n = 1, 2. Consequently, in the radical  te lomer iza t ion  of propylene with 
CHC13, chain t r ans fe r  is accompl ished at the C -  H and C - C1 bonds, with the formation of at least two dif- 
ferent  radica ls  car ry ing  the kinetic chain, CC13- and CHC12-. 
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Fig. 3. PNt t  spec t ra  of cer ta in  products  of radical  te lo-  
mer iza t ion  with CI-IC13 (60 Nttz,  s tandard hexamethyIdi-  
siloxane, 34 ~ 34-45% in CCl4; the re la t ive  integral  inten- 
si t ies of the multiplets a re  indicated in parentheses) .  

D I S C U S S I O N  OF E X P E R I M E N T A L  R E S U L T S  

The es tabl ishment  of the s t ruc tu re  of the products  of radical  t e lomer iza t ion  of propylene with CHC13 
pe rmi t t ed  an investigation of the kinetics of this p r o c e s s  (the corresponding data a re  cited in [3]) and a 
considerat ion of the s t e r eochemis t ry  of the react ion of addition and substitution of aliphatic radicals  CC13 
�9 [CH2CH (CH3)]n �9 

To evaluate the stereodirection of the addition to propy[ene, we attempted to determine the ratio of 
diastereomeric racemic modifications of the telomer homolog T3H (for T3H with two asymmetrical centers, 
only two racemic forms of the dl- and dd-types are probable), using the method of capillary gas- liquid 
chromatography, just as in [4]. The analysis was conducted on columns with an efficiency of ,-'26,000 theo- 
retical plates (stainless steel, 0.25 mm• 15 m, SCOTC; meta-bis-polyphenyl ether; 130~ pressure at the 
entrance ~1.2 kg/cm 2) or 200,000 theoretical plates (stainless steel, 0.25 mm • 90 m; propylene glycol- 
1500; linear programing of the temperature from 140 to 200 ~ at a rate of 2 deg/min; pressure at the en- 
trance ,~1.5 kg/cm2). In both cases splitting of the peak of T3 H into two components with relative contents 
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of 65 and 35% was obse rved  on the c h r o m a t o g r a m s .  This  resu l t  p e r m i t s  us to a s s e r t  that the addition of 
the rad ica l  CC13[CH2CH(CH3)]2" to p ropylene  (step 1, Schemes A and B) p roceeds  with some  s t e r e o d i r e c -  
t iveness ;  m o r e o v e r ,  as  was shown in [1], chiefly the d / -modif ica t ion  of T3H is f o r m e d  (the au thors  of [1] 
es tab l i shed  a syndio-d i rec t ion  of s teps  1 and 2 of Scheme A and step 1 of Scheme B). F r o m  this,  in a cco rd  
with the scheme  

K s 

CCI3CH,CH(CH3)CH~CHCH~ q- C31I 6 "---~P~ CCIdCH~CI-I(CH3)]d q- CHCI3 --> dl-T~ q- CC13 
K i 

CC13CH~CH(CH~)CH2CHCH3 § C~H6 " ~  CCldCH2CH(CHs)Id q- CHC13--~dd-T H q- CC13 
Scheme C 

we can find the ra t io  of the ra te  constants  of addition to propylene  accord ing  to i so-  and synd io -mech an i sms  
at  an equi l ibr ium s ta te  of the p r o c e s s  

d(d/-W~) _ K~[T~] [C3H~] _ K~ = t.86 (I) 
d (dd-W~) /~p [W~] [CaH6] K~ 

To compare  the s t e r e o c h e m i c a l  pecu l i a r i t i e s  of reac t ions  (1) and (2) of Scheme A, we inves t igated the 
d i a s t e r e o m e r i c  composi t ion of the t e l o m e r  homolog T2CI. The ra t io  of the d l -  and dd - fo rms  of this com-  
pound was de termined,  in cont ras t  to T~ H, by the step of chain t r a n s f e r  with CC14 (Scheme D): 

K s 

CCI3CH2CH(CH3)CH~CHCH3 + CC14 --~t~ d~-T c~ 4-, CC13 

K ~ 
CCIsCH~CH(CHs)CH~CHCHs + CC14 ~_dL dd_T~ ~ + r 

Scheme D 

According to the data of gas  - liquid chromatograph ic  ana lys i s  (for the conditions, see  above),  the content 
of the d l -  and dd-modif ica t ions  in T2CI is 58 and 42%.* Calculation accord ing  to the equation 

d (d/-T2 c~) K~ [T~] [CC14] K s - -  t r  
- - -  = ~ ; 3 8  ( i i )  

d (dd-T2 c') K~r [T~] [CC14] K~r 

leads to a rat io  of the r a t e  constants  of i so -  and syndio-chain  t r a n s f e r  K~r / K~r a lmos t  coinciding with K~ 
/ K ~  the reby  conf i rming the identical  (or close) s t e r eochemica l  p r inc ip les  of the reac t ions  of addition to 
p ropylene  and subst i tut ion with CC14 for  the rad ica l s  CC13[CH2CH(CH3)]n with n -> 2 (see Schemes A and B). 

The data on the dis t r ibut ion of d i a s t e r e o m e r i c  f o r m s  in T2C1 and T3H also p e r m i t  us to evaluate  the 
poss ib le  influence of the c u m b e r s o m e  t e rmina l  CCls group on the s t e r e o d i r e c t i v e n e s s  of the addition or 
subst i tut ion reac t ions  of the rad ica l  CC13CH2CH(CH3)CH2~HCH 3. 

As was es tab l i shed  in [1], the total  p robabi l i ty  Pi of i so ta t ic  development  of the chain in the t e lo -  
mer i za t i on  of p ropylene  with CC14 fo r  the t e m p e r a t u r e s  100-145 ~ (compare  with the conditions of synthes is  
of T2CI and T3 H) is equal to 0.26-0.28. In the calculat ion of Pi,  the authors  of [1] p roceeded  on the bas i s  
of a dis t r ibut ion of the i - ,  h-,  and s - r a c e m i e  d i a s t e r e o m e r i c  f o r m s  of the t e l o m e r  homolog CC13[CH2CH 
�9 (CHa)]3C1, the re la t ive  configurat ions of which a r e  de te rmined  (see Scheme A) by the s t e r e o c h e m i s t r y  of 
the addition of the rad ica l  CC13CH2CH(CH3)CH2CItCH 3 and chain t r a n s f e r  with the rad ica l  CC13CH2CH(CH3) 
�9 CH2CH(CH3)CH2CHCH 3 (in the l a t t e r  the CC13 group is f a r t he r  f r o m  the reac t ion  center) .  

The value Pi ~ 0.27 co r re sponds  to a yield of the dd - fo rm  of T2C1 in the t e lomer i za t ion  of p ropylene  
with CCI 4 l e s s  than 30% at 100-145 ~ and a rat io  K ~ r / K i r  ~ 2.7, which is twice as  g rea t  as  that obse rved  
emperimental ly,  for  example ,  for  T2C1 [see Eq. (II)]. Consequently, the s t e r eod i r ec t i vnes s  of the step of 
t r a n s f e r  with the par t i c ipa t ion  of the rad ica l  CC13CH2CH (CH3)CH 2"CHCH 3 (Scheme D, Eq.(II)), approx imate ly  
coinciding with the s t e r eose l ec t i v i t y  of the addition of this rad ica l  to p ropylene  (see Eq. (I) and Scheme C) 
di f fers  subs tant ia l ly  f r o m  the s t e r e o d i r e c t i v e n e s s  of subst i tut ion with the longer  chain rad ica l  (step 2, 
Scheme A). Pos s ib ly  such d i f fe rences  in the s t e r e o r e g u l a r i t y  a r e  due chiefly to a change in the s t e r e o -  
chemica l  influence of the t e rm i na l  CC13 group in the t e l o m e r  rad ica l s  considered.  

�9 Under  the s a m e  conditions of ana lys i s ,  a d i a s t e r e o m e r i c  composi t ion en t i re ly  identical  with T2C1 was 
obtained for  compound B (58% d l -  and 42% dd-form) .  
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CONCLUSIONS 

I. Four types of telomer homologs, corresponding to cleavage of the C- H and C- Cl bonds in the 
telogen during chain t ransfer  and the formation of the radicals CC13- and CHCI2-, carrying the kinetic 
chain, were identified in the products of radical telomerization of propylene with CHCI 3 by the methods of 
ga s - l i qu id  chromatography, mass, IR, NQR, and PlVIR spectroscopy. 

2. The addition of the radicals CC13[CH2CH(CH3)]n with n -> 2 to propylene proceeds with some s tereo-  
regulari ty and obeys close stereochemical principles with chain t ransfer  by these radicals to CC14. 
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