
2. In the t e lomer i za t ion  of vinyl ace ta te  with methyl  propionate ,  together  with the CH$O2CCH(CH3)[CH 2- 
CH(O2CCH.~)]nH t e l o m e r s ,  a r e  a lso  fo rmed compounds of type CH.~O2CCR(CH3)[CH2CH(O2CCH3)]2 H due to r e -  
a r r a n g e m e n t  of the r ad ica l s  with I~5-H migra t ion .  

3. Cha rac t e r i s t i c  s ignals  were  isolated in the PMR and 13C NMR spec t r a  that permi t ted  re l i ab ly  e s t ab -  
l ishing the s t ruc tu re  of this type of compounds.  
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T E L O M E R I Z A T I O N  A N D  C O T E L O M E R I Z A T I O N  O F  V I N Y L I D E N E  

C H L O R I D E  A N D  P R O P Y L ] ~ N E  W I T H  1 , 1 , 1 - T R I C H L O R O E T H A N E  

IN P R E S E N C E  OF C O O R D I N A T I O N  I N I T I A T O R S  B A S E D  ON F e ( C O ) 5  
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E .  T s .  C h u k o v s k a y a ,  A .  L .  T u m a n s k a y a ,  
a n d  R .  K h .  F r e i d l i n a  
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Vinylidene chlor ide  (VDC) en ters  into t e lomer i za t ion  with CC14 [1] and CC13CH2CH2C1 [2] in the p re sence  
of coordinat ion ini t ia tors  based on iron compounds.  Without isolat ing the pure  products ,  the eo te lomer iza t ion  
of CC14 with VDC and a number  of other m o n o m e r s ,  initiated by an analogous cata lyt ic  sy s t em,  has been 
desc r ibed  [31. It s eemed  of i n t e r e s t  to study the t e lomer iza t ion  of VDC with 1 ,1 ,1- t r iehtoroethane  (TCE), and 
a l so  the co te lomer iza t ion  of VDC and propylene with TCE, since these r eac t ions  can lead to compounds that 
contain s e v e r a l  gem-poly(chloroalkyl )  groupings.  

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

T h e  GLC ana lys i s  was run  on an LKhM-SMD ins t rumen t  under the following conditions: 1) 1000 • 3 m m  
s tee l  column packed with 5% Silicone SE-30~ at  130~ and using 1 ,1 , l ,5 - t e t r aeh lo ropen tane  as the internal  
s tandard;  2) 2000 • 3 m m  s tee l  column packed with 15% SKTPT-50 ,  a t  110 and 160 ~ The p repa ra t ive  GLC was 
run  on a Tswet t -2  in s t rumen t  using the following s tee l  columns : 1000 x 10 ram, packed with 15% Carbowax 
20 M, a t  130~ 4) 1000 x 10 ram, packed with 15% Silicone E-301,  at  170 ~ Chromaton N-AW was the solid sup- 
por t  for  al l  of the columns,  He was the c a r r i e r  gas,  and a k a t h a r o m e t e r  was the detector .  The PlVIR spec t ra  
were  taken on a H i t a c h i - - P e r k i n - - E l m e r  R-20 s p e c t r o m e t e r  (60 MHz), us ing 50% CC14 solutions and HMDS as 
the in ternal  s tandard .  

Te lomer i za t ion  of Vinylidene Chloride with l t l t l - T r i c h l o r o e t h a n e  in P r e s e n c e  of Fe(CO),~ and i -P rOH.  
Into an 0 .5- l i te r  enameled  autoclave was loaded 3.9 g of Fe(CO)5 D 78.1 g of i-PrOHD 10.7 g of TCE, and 19.4 g 
of VDC (VDC/TCE = 0.25). The mix ture  was heated for 30 min at  130-140 ~ and then t rea ted  with 10% HC1 solu-  
tion, washed with wate r ,  dried over  MgSO4~ and the t a r s  we re  precipi ta ted  with n-pentane.  After  dist i l l ing off 
the n-pentane and unreac ted  TCE the res idue  (10.8 g} was analyzed by GLC (column 1). The pure compounds 
were  isolated f r o m  the res idue  by vacuum dist i l la t ion and subsequent  p repa ra t ive  GLC (columns 3 and 4). 

Co te lomer iza t ion  of Vinylidene Chloride and Propylene  with 1 ,1 ,1-Tr ieh loroe thane  in P re sence  of F e -  
(CO)~ and DMF. The reac t ion  was run in rota ted 7 -ml  sea led  glass  ampuls .  The amount of the r eac t an t s ,  the 
expe r imen ta l  condit ions,  and the r e su l t s  of analyzing the reac t ion  mixture  by GLC (column 2) a r e  given in 
Table 1. To isolate  the co te lomer i za t ion  products  we ran  a s e r i e s  of exper imen t s  in 25-ml  sea led  g lass  
ampuls  at  130 ~ (4 h). Into the ampul  was charged 0.22 g of Fe(CO)5, 0.22 g of DMF, 6 g of TCE, and 1 g of VDC~ 

Insti tute of He te roorgan ic  Compounds,  Academy of Sciences of the USSR, Moscow. Trans la ted  f r o m  
Izves t iya  Akademi i  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 6, pp. 1333-1336, June, 1980. Original  a r t i c le  sub-  
mit ted May 18, 1979. 
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and the whole was recondensed with 1 . 7 g  of C~H 6. The react ion mixture  was worked up as descr ibed  above to 
give 1.5 g of products ,  f rom which the pure compounds were  isolated by prepara t ive  GLC (column 4). The 
co te lomer iza t ion  of VDC and propylene with TCE gives ~35% of tar  (based on the sum of identified products) .  
Based on the e lementa l  analys is  data t the t a r  contains 56.54% of C1 and cor responds  to the empir ica l  formula 
C12H19C1Y. The convers ion  of the reac tan ts  was based on the composi t ion of the reac t ion  products ,  including the 
t a r .  

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

The following were  isolated f rom the te lomer iza t io~  product  of VDC with TCE: CH3CC12CH2CC1 s (T1V), 
CH.~CC12CI-I2CC12CH2CC1 s (TzV), CIt~CC12CH2CHC1CH 3 (T 1 ), CH3CC12CH2CHC12 (I), CH3CC12CH2CC12CH2CH- 
CICH 3 (T2VP), and 1,1,3,3,5,5-hexachlorocyclohexane (I1) with mp 165-166 ~ cf. [4] (the PMR spec t rum has a 
singlet  f rom the CH 2 groups at  3.45 ppm). Based on the samples ,  obtained by an independent path, TiP , cf. [5], 
and T1V , cf. [6], were identified by GLC. The PM:R spec t ra  of the isolated compounds a re  given in Table 2 .  
The ra t io  of the integral  intensit ies of the separa te  groups of protons cor responds  to the proposed s t ruc tures  
for all of the compounds. The composi t ion of T2 V and T2VP is a lso  conf i rmed by the e lementa l  analysis  data 
(Table 3). 

The te lomer iza t ion  of VDC with TCE proceeds  with a low overal l  yield of the reac t ion  products ,  which, 
based on the GLC analysis  data, is ~ 15%, when based on VDC. The T1V and T2V t e lomers  are  formed by the 
usual scheme:  

CH3CCI~-b nCH~=CC12 Fe(CO)~ CHsCCI~(CH~CCI2)~C1 (n = 1, 2) 
i-PrOtt 

The yield of T1V is 8.2, and that of T2V is 2,7%. Chlorocyelohexane (II} is formed in the same way as that 
descr ibed  previously  for the t r ans format ions  of VDC in the presence  of A1C13 [4]. Tetraehlorobutane (]) is 
apparent ly  obtained by the reduct ion of T1V in i -P rOH as the medium [8]. The secondary  format ion of p ro-  
pylene by the dehydrat ion of i -P rOH during reac t ion  [8] leads to the appearance of Tt P and Tz VP in the 
reac t ion  mixture .  The yields of the secondary  products  were :  T2 V P -  1.3%, (1) -- 1%, (I1) - 1.7%. The yield of 
T1P (when based on TCE) was 1%. When the reac t ion  is run  under the same conditions, but replacing the i -  
PrOH by HMPA, TIP and TzVP a re  absent  in the products .  The T2VP eote lomer  can be formed ei ther  by the 
addition of propylene to the growing CH3CClzCHzCC12 radica l  or by secondary  reac t ion  at the CC13 group in 
TIV. 

It may be assumed that in the co te lomer iza t ion  of propylene and VDC with TCE the yield of the cote lo-  
me r s  will be higher  than in the t e lomer iza t ion  of VDC with TCE in the p resence  of i -PrOH.  A study of this co-  
t e lomer iza t ion  in a broad range of r eac tan t  ra t ios  and reac t ion  t imes makes it possible to asce r ta in  the mech-  
a n i s m  for the format ion  of T2vP.  It a lso  seemed of in te res t  to initiate for the f i r s t  t ime the cote lomer iza t ion  
by coordinat ion ini t ia tors  based on Fe(CO) 5 and isolate the pure products .  We used DMF instead of i -P rOH to 
exclude the secondary  format ion of propylene f rom i -PrOH.  

The propylene (TI P, T2 P) and VDC (TIV , T2V ) homote lomers  were  identified in the cote lomer iza t ion  pro-  
duct of VDC and propylene with TCE. Of the two possible co te lomers  with two monomer ic  units, CH3CCI2CH 2- 
CCI2CH2CHCICH 3 (T2VP) and CHsCCI2CHzCH(CH~)CH2CCI ~ (T2PV), only the f i r s t  was detected.  It should be 
mentioned that the format ion  of both of the possible eo te lomers ,  with two monomeric  units in the chain, was 
always observed in the co te lomer iza t ion  of various monomers  with CCI 4 and CIICI 3 when initiated by peroxides  
[9]. The presence  of only one T2 VP co te lomer  in the reac t ion  mixture  can be due to the fact that it is formed 

TABLE 3. Elementa l  Analysis Data for  
Is olated C ompounds 

Compound 

Found 

c n I Cl 

CH~CCI~CHzCC12CHzCHC1CHs 

CH~CCI~CH2CCI~CH2CCh 

31,38 I 4,09 [ 6~66 

22,40 I 2,23 174,93 
I ~ 17:5,s3 
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by the secondary reaction of TIV with propylene. Such reaction of TIV was described in [6] on the example of 
its reaction with 2-chloropropene. 

Varying the ratios of the reactants disclosed that the amount of Ti V that can enter into secondary reaction 
increases with decrease in the C3HJCH2-~ CCI 2 ratio (see Table I, expts. 4-7), while the amount of T2VP 
increases at first, and then it decreases. The probability of secondary reaction at the CCI 3 group increases 
with Increase in the yield of TIV , but a simultaneous decrease in the initial propylene concentration, which is 
needed to form T2 VP, leads in sum total to a decrease in its yield. The yields of the reaction products as a 
function of the time, with the initial concentrations of the reactants kept constant (see Table 1, expts. 1-3), 
reveals that T1V is consumed to form T2 VP. The amount of T1V decreases with increase in the reaction time, 
while the amount of T2VP increases.  

These facts, and also the rules observed when varying the ratios of the reactants and the reaction time, 
tend to indicate that T2VP can be formed via the stepwise addition of propylene to the CC13 group in T1V. 

CONCLUSIONS 

i. The telomerization of CH2~---CCI 2 with CC13CH3, initiated by Fe(CO)5 in combination with i-PrOH or 
HMPA, leads to the formation of the telomers CH3CCI2(CH2CCI2)nCI (n -- i, 2). 

2. In the cotelomerization of propylene and CH2~---CCI 2 with CCI3CH3, initiated by the Fe(CO)5--DMF sys- 
tem, both of the homotelomers are formed and only one cotelomer with two monomeric units : CH3CCI2CH2CCI 2- 
CH2CHCICH 3. 
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