
C O N C L U S I O N S  

3,3-Dicyclopropylcyclopropene was synthes ized and its high tendency to undergo quantitative thermal  
cyc lod imer iza t ion  into 3,326,6-tetracyclopropyltr icyclo[3,1,0,02 ,4] hexane was shown, 
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T E L O M E R I Z A T I O N  O F  I S O B U T Y L E N E  W I T H  M E T H Y L  

E S T E R S  O F  P R O P I O N I C  A N D  I S O B U T Y R I C  A C I D S  

A.  B.  T e r e n t ' e v  UDC 66.095.2:547.313.4 

Te lomer iza t ion  of isobutylene with methyl chloroaceta te  is accompanied by the r ea r r angemen t  of r ad i -  
cals with a 1 ,5 -H-migra t ion  and c ro s s - r ecombina t i on  of the t e lomer ic  radicals  with isobutenyl radicals .  More-  
over ,  the d imer  of the r e a r r a n g e d  radical  is fo rmed  in a high yie ld  [ 1]. The presen t  study is on the influence 
of the nature of the telogen on the course  of the te lomer iza t ion  of isobutylene with carboxyl ic  acid e s t e r s  in the 
p resence  of t e r t -bu ty l  peroxide.  

For  radical  reac t ions  with isobutylene,  t he  allyl cleavage of the chain with the format ion  of isobutenyl 
radicals  and the i r  c ro s s - r ecombina t i on  with growing radicals  is charac te r i s t i c .  This path of the chain cleavage 
can play a very  impor tant  ro le  [1]. It is c l ea r  that t e lomer iza t ion  of isobutylene with methyl isobutyrate  pro-  
ceeds without r e a r r angemen t  and leads to the format ion  of two se r i e s  of compounds, t e lomers  (T n) and prod-  
ucts of c r o s s - r e c ombina t i on  of the growing radicals  with the isobutenyl radicals  (Pm) 

RO" 
(CHs)~CHCO~Ct] 3 - - ~  (CH3),.CCO~CH2 

(CH2)2CCO2CH3 § n(CH2)2C=CH2-~ "[(CH2)~CcH~]nC(CH2)~CO2CH2 
(A) 

(A! q- DH* ~-~ H[(CH~)~CCH~]~C(CH2)~CO~CH2(Tn) + D" (1) 

(A) q- CH 2C(CH 2) = CH,--~ CH~ = C(CH 2)CH 2[(CH 2)2CCH2lmC(CH 2)~" C02CH2(Pm) 

The yie ld  of unsa tura ted  compounds Pm is commensurab le  with the number of t e lomers  Tn, and with the in- 
c r ea se  in the length of the radica l  chain, the re la t ive  yie ld  of the unsaturated products increases  by a factor  of 

*Both the telogen and the monomer  can play the role  of a hydrogen donor (DH). 
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TABLE I. Te lomer i za t i on  of Isobutylene with Methyl I sobutyra te  

Compound, 

(I) (T,) 
(II) (Po) 

(III) (%) 

(IV) (P,) 

(V) (T,) 

(w) (P2) 

Formula 

(C H,) ,CHCH,C(CHs),CO,CH~ 

CHf=C(CH,)CH,C(CH,),COzCH, 

CH,. 

(CHf),CHCHgC --CH,C(CH,),CO,CH, 
) 
CH, 

& 3 2 i 
CH,-----C(CHz)CH,C (CH ,),CH2C(CI~),CO,CH~ 

2 i 
(CH~),CHCH,[(CH,),CCHf],C(CH,),CO,CH, 

& 3 2 t 
CH2=C(CH~)CH,[(CH,),CC H,]zC(CH,)fC0,CH~ 

ield, ~' 
thesum 
TFPZ 

t8 
8 

24 

2t 

13 

16 

CHaO S 

3,59 (3H) 
3,72 (3H) 

3,61 (3H) 

3,59 (3H) 

3,48 (3H) 

3,68 (3H) 

PMR spectrum, ~. ppm (referred to TMS) 

(CH3)~C $ 

i,t6 (6H) 
t,t6 (6H) 

L16 (I) 
0,87 (2) 

1,20 (i) 
0,92 (3) 

1,18 (1) 
9,9s (2) 

1,i5 (l) 
0,98 (3) 

CH~--C~ 
CH3) 2CH 

0,85d 
t,67s 
(3H) 

0,92d 

i,765 
(3H) 

0,92 d 

t,78 $ (3H) 

CH2 $ 

t,50 (2H) 
2,34 (2H) 

1,60 (4H) 

1,94 
(2H) (2) 
1,65 
(2H) (4) 

1,65 (2H) 

2,00 (2H) 
(4) 
1,7i (2H) (2) 
t,29 

CH~= d 

4,83 (2H) 

4,70 (2H) 

4,85 (2H) 

2.5. Thus,  the conclusion that they a r e  f o rm ed  by d ispropor t ionat ion  of the growing rad ica l s  is not very  p rob-  
able. The compounds T 1 and P m  (m = 0-2) w e r e  i so la ted  in the f o r m  of nar row fract ions  (90-95%), while T 2 
and T 3 w e r e  i so la ted  as individual compounds (see exper imenta l  part) .  The s t ruc tu re  of all  the i so la ted  c o m -  
pounds was  conf i rmed  by PIVIR s p e c t r a  (Table 1), with well  identifiable s ignals  (singlets and a doublet). C o m -  
pounds P1 and 1) 2 a r e  readi ly  hydrogenated with convers ion  into T 2 and T3, respec t ive ly .  This a l so  conf i rms  
their  s t ruc tu re  as unsa tura ted  analogs of the main  s e r i e s  of the t e lomers .  In the reac t ion ,  up to 20% (based on 
the sum of T1-P 2) of hydrocarbons  a r e  a lso  fo rmed ,  which w e r e  identified by e l emen ta ry  analys is  (C 83.72%, 
H 14.12%) and by PMR s p e c t r a l  data. 

In the t e lomer iza t ion  of isobutylene with methyl  propionate ,  the t e lomer i c  r ad ica l s  (Bp) can, in pr inciple ,  
be r e a r r a n g e d  with 1,3- (p = 1)- o r  1,5- (p = 2 ) -migra t ion  of the hydrogen a tom 

"[(CHa)2CCHz]pCH(CH3)CO~CH' 3 --+ H[(CH3)2CCH~]T,C(CH3)CO2CH 3 (2) 
(B~) (F,) 

In the study of the composi t ion  of the t e lomer s  f rac t ion  containing up to three  monomer i c  units pe r  molecule ,  
p re sence  of the following compounds was observed:  

~H[(CH-3)~CCH~]vCH.(CH~)CO~CHa, (TV)II (p i, 2) 

and 

"" H[(CII3hCCH~]~,C(CHs)CO~CHs, (P~')(k=2) 

= . . . .  cHzC(CHsi=CH r 

The absence of appreciable amounts of product P] (p = 1) or its saturated analog shows that radical B I (scheme 
2) does not isomerize with 1,3-H-migration, while the 1,5-H-migration in radical B 2 proceeds to a high ex- 

T tent, as evident from the ratio of yields of telomers T 2 and P2 (Table 2). Thus, under our conditions, the re- 
arranged radical F 2 (see scheme 2) is mainly captured in the form of product P'2 due to cr0ss-recombination 
with the isobutenyl radicals. The telomers fraction studied also contains four hydrocarbon compounds (total 
yield ~25% of the sum of identified products), and two nonidentified compounds (total yield ~3-5%) with group 
signals in the PMR spectrum (TMS) at 3.65 ppm (CH30), and, possibly, 4.78 ppm (CH 2 =). The structure of 
telomers TI, T2, and P~ was confirmed by the values of chemical shifts and multiplicity of signals in the 13C 
NM_R spectra (see Table 2) run with and without suppression of the interaction with protons, and by their com- 
parison with previously studied reference compounds [2]. For compound P~, the most charicteristic are three 
signals, singlets from the quaternary C atoms [atoms 2,4, compound (HI), Table 2], and the trigonal atom 
(atom 9, in the same compound), present under very different conditions of screening. 

Comparison of the results shows that the chain transfer to the telogen by sterieally hindered growing 
radicals (CH3)2CCH2[ (CH3)2CCH2] nCR(CH 3)CO2CH 3 (En) is very dependent on the structure of the telogen. In the 
case of methyl propionate, for the non_rearranged radicals E n (n = 0, i; R = H), the chain transfer proceeds 
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TABLE 2. Telomer iza t ion  of Isobutylene with Methyl 19ropionate 

Compound 

(I) (TO 

(II) (%) 

(lid (Pz') 

Formula 

(CH~)zCHCH~CH(CHs)fi0~CHffi 

(CH~),CHCH2C(CH3)2CH~CH(CHa)CO~CHs 

7 6 5 t~5, 3 2 3' I 1.1 
(CHa)~CHCH~C(CHs)~CH2C(C H~ ) C OzCHs 

CH~C(CH~)=CH2 
8 9 t0' iO 

Yield, ~ IFound/caleu lated, ~ 
of the sum I ~  "-7 

I 

of T ~'P2 c a 

23 * 

34t 

43 

71,53 t2,18 

75,17 tt,5t 

SC NMR spectrum a, ppm (referred to TMS) 

coo I 

33,7 

i3i,3 (9) 
45,1 (2) 
35,0(4) 

CH 

43,0 (2) 
25,8 (4) 

35,2 (2) 
23,9(6) 

23,4 

t75,4 

t76,4 

176,5 

CH3 CH2 

22,4(5) 
~7A(3') 3v,~ 
50,7(tA) 

273 
27,2(5:) 51,3(5) 
25,4(7) 46,4(3) 
20,2(3') 
5o,6(t.1) 

27,0 , 
28,7(5 ) li5,o(io) 
25,7 (7) 54,0 (8) 
23,9 (iO') 53,0 (3) 
21,3(y) 51,6(5) 
50,6(1.1) 

*Isolated in the form of a 05% fraction with an admixture of hydrocarbons. Found: C 67.891 H 11.82. Calculated. C 66.66: H 11.11%. 
"~nD z0 1.42771 d420 0.8693. 
$ nD z~ 1.4527| d4 z~ 0.9016. 

mainly with the format ion of te lomers  of the (Tp) se r i es ,  while in the react ion with methyl isobutyrate,  where 
the C - H  bond is sc reened  by two CH 3 groups,  the chain t rans fe r  is hindered, and the c ross - r ecombina t ion  
reac t ion  with isobutenyl radica ls ,  competing with it proceeds to a considerable  extent. 

An important  role in the direct ion of the course  of the p rocesses  studied is also played by the polar prop- 
er t ies  of the growing radicals  and the telogens. The nucleophilic nonrear ranged  radicals  E n t ransfer  the chain 
to the electrophil ic  telogen, and this t r ans fe r  apparently proceeds to methyl propionate ra ther  more  readily 
than to the less electrophil ic  methyl isobutyrate.  At the same t ime, the electrophil ic  r ea r r anged  radical  F 2 
(see scheme 2) not only does not part icipate in the chain t rans fe r  with the electrophilie telogen, as observed 
in other  cases  also [3], but also does not grow. We explain this last  fact by unfavorable combination of s ter ic  
factors :  at the growth stage,  the branched radical  would have to reac t  with a branched monomer.  

EXPERIMENTAL 

The GLC analysis  was ca r r i ed  ou ton the"Tswe t t  4-67" apparatus; a 2000 x 3 mm column; ch romosorb  W 
SKTFT-50 (15%); helium, ka tharometer ;  110-115~ preparat ive  GLC; PAKhV-02; a 2600-10 mm column; N-AW 
SKTFT-50 chromatone (20%); helium, katharometer ;  110-190~ 

The PMR spec t ra  were  run on the " P e r k i n - E l m e r  R-20" spec t romete r s ,  internal s t a n d a r d -  TMS; 13C 
NMR s p e c t r a -  on "Bruker  Physik  HX-90," internal s t a n d a r d -  CC14. 

Telomer iza t ion  of Isobutylene with Methyl Isobutyrate.  The experiments  were  ca r r i ed  out in a 0.5-1iter 
s ta inless  steel  autoclave. Into a pre l iminar i ly  cooled and N2-purged autoclave, 200 g of methyl isobutyrate,  
9 g of tor t -butyl  peroxide and 100 ml of isobutylene were  charged,  and the mixture was heated for 4 h at 135~ 
After  distil lation of the initial e s te r  f rom the products of five batches,  a mixture of te lomers  (67 g) was ob- 
tained (6.7% based on es te r  used). The yield of the light fract ion,  including te lomers  T1-T3, was 43 g (65% of 
mixture of products).  By disti l lation on a column, the light f ract ion was divided into narrow fractions of telo-  
mers  (control by GLC and PM_R), which were  additionally purified by preparat ive GLC (see Table 1). T 1 [com- 
pound (I)]. Found: C 69.38; H 11.87%. C9H1802. Calculated: C 68.35; H 11.39%. T 2 [compound (III)]: n~ 1.4359; 
d~ ~ 0.8834. Found: C 72.58; H 11.92%. C13H2602. Calculated: C 72.90; H 12.15%. T 3 [compound (V)]: n~ 1.4508; 
d 2~ 0.8995. Found: C 75.62; H 12.40%. C27H3402. Calculated: C 75.60; H 12.56%. The yields of the individual 
reac t ion  products are  given f rom the data of GLC-analysis  of a typical experiment  on separat ion into fractions.  

Hydrogenation of unsaturated compounds P2 and 192 (see Fig. 1) was ca r r i ed  out in a long-necked hydro-  
genation flask over  a P d / B a S O  4 catalyst  (5%) in CH3OH at 20~ until no more  H 2 was adsorbed. By hydrogen- 
ating 4.5 g of the 192 and T 2 mixture containing, according to GLC analysis ,  60% of 191 (2.7 g), followed by f r ac -  
tional distillation, 3.6 g of T 2 were  obtained (purity control  by GLC and PMR). Similarly,  f rom a mixture of 
1.4 g of P2 and T3, containing, according to GLC, 65% of 192 (0.9 g), 1 g of T 3 was obtained. 
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Telomer iza t ion  of Isobutylene with Methyl Propionate.  The exper iments  were  c a r r i e d  out and mater ia ls  
were  p roc e s se d  as desc r ibed  above. In the exper iments ,  200 g of methyl propionate,  9 g of te r t -buty l  peroxide 
and 100 g of isobutylene were  used. F r o m  four batches,  69 g (8.7% based on e s t e r  used) of the t e lomers  mix-  
tu re  were  obtained. The yie ld  of the f rac t ion  containing T~-P~ was 45 g (56% of the sum of products).  The yields 
and proper t ies  of compounds obtained a re  given in Table 2. Hydrocarbon fract ions w e r e  also isolated f rom the 
reac t ion  mixture.  Found: 84.45; H 15.84%. 

C O N C L U S I O N S  

1. Te lomer iza t ion  of isobutylene with methyl isobutyrate  leads to the format ion  of t e lomers  H[ (CH3) 2- 
CCH2]nC (CH3)2CO2CH 3 and the products  of the c ro s s - r ecombina t i on  of the growing radica ls  with isobutenyl 
radicals  CH 2 = C (CH3)CH2[ (CH3)2CCH2] m C (CH3)2CO2CH 3. 

2. The te lomer iza t ion  of isobutylene with methyl propionate is accompanied by r e a r r a n g e m e n t  of the 
radica ls  with 1 ,5-migra t ion of the hydrogen atom. The nonrear ranged  radicals  a re  captured mainly by chain 
t r ans fe r ,  while the r e a r r a n g e d  radical ,  by c r o s s - r e c o m b i n a t i o n w i t h  isobutenyl radicals .  

L I T E R A T U R E  C I T E D  

1. A . B .  Te ren t ' ev ,  N. S. Ikonnikov, and R. Kh. Freidl ina ,  Dokl. Akad. Nauk SSSR, 238, 870 (1978). 
2. A . B .  Te ren t ' ev ,  V. I. Dostovalova, and R. Kh. Freidl ina ,  Org. Magn. Resort.,  9,  301 (1977). 
3. R. K h .  Fre id l ina  and A. B. Teren t ' ev ,  Acc. Chem. Res . ,  10, 9 (1977). 

T H E  F e ( C O )  5 I N I T I A T E D  R E D U C T I O N  O F  

P O L Y C H L O R O A L K A N E S  O F  T H E  C C 1 3 C H 2 C H X Y  T Y P E  

T .  T .  V a s i l ' e v a ,  N. V. K r u g l o v a ,  
a n d  T.  V. T a r a s o v a  

UDC 542.941.7:547.412 

Reactions a re  known of radical  addition [1], t e lomer iza t ion  [2], and reduct ion of compounds containing 
the CCI 3 group [3-5], which a re  accompanied by r ea r r angemen t  of the polychloroalkyl radicals  in the liquid 
phase with 1,4- [3], 1,5- [1-5], and 1 ,6-migra t ion  of the hydrogen atom according to the scheme 

CC12--(C)n--CH~R --~ HCC12--(C)n--CHR 

An interes t ing feature  of these unusual r ea r r angemen t s  is the i somer iza t ion  of the more  stable radicals  into 
less  s table,  but more  reac t ive  radicals .  Rear rangements  of this type a re  r a r e ,  and have been lit t le studied. 

As a continuation of these investigations in the present  work we studied the behavior  of the CCI2CH2CH2CI 
(A), CC12CH2CHC1CH a (B), and CC12CH2CH2CH 3 (C) radicals .  These  radicals  were  se lec ted  as models for  study- 
ing a possible unusual r e a r r angemen t  with 1 ,3-migrat ion of the hydrogen atom. Radicals (A), (B), and (C) were  
genera ted  by reducing CC13CH2CH2C1 (I), CCI3CH2CHC1CH 3 (II), and CCI3CH2CH2CH 3 (III), respec t ive ly ,  by the 
action of the Fe(CO)s-i-C3HTOH sys t em and re la t ive  reducing sys tems .  The reduct ion of (I) by the Fe(CO) 5-  
i-C3HTOH and other  reducing sys tems  has been descr ibed  in [6]. The format ion  of radica ls  (A)during the r eac -  
tion of (I) with the Fe(CO)5-DMFA sys tem was conf i rmed by EPR using spin t raps  [7]. The reduct ion of ffl) 
and (HI) is of pa r t i cu la r  in te res t  as a route  for  synthesis  of compounds of the HCC12CH2CHXY type.  

The reduct ion of (I)-(III) was c a r r i e d  out in s tainless  s teel  autoclaves and glass ampules (Table 1); in all 
cases  the main products of the reduct ion a re  compounds with a dichloromethyl  group of the HCC12CH2CHXY 
type, where  X=H,  Y=CI  (IV); X=CH3, Y=CI  (VIII), and X=CH3, Y=H (XI). Compounds w e re  also formed 
which usually accompany the reduct ion of polychloroalkanes by the Fe(CO) 5 + i-C3HTOH sys t em [6], and a re  
adducts of the initial polychloroalkanes with propylene (dehydration of isopropanol) - XYCHCH2CC12CH2CHC1- 
CH 3 (V), (IX), (XII) and recombinat ion products of radicals  XYCHCH2~C12 with d e c h l o r i n a t i o n -  compounds (VI), 
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