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The te lomer iza t ion  of ethylene with es te r s  of polyhaloacetic acids presents  interest  as a means of 
synthesiz:mg higher d ichloro-  or t r ich loroearboxyl ic  acids of the even se r ies .  This react ion has not been 
studied for alkyl dichloroacetates .  According to patent data [1], the reac t ion  of dichloroacet ic  acid and 
ethylene trader a p r e s su re  of about 1000 arm in the presence  of benzoyl peroxide leads to the formation of 
a product whose average composit ion cor responds  to a C2H4: HCC12CO2H ra t io  of 17.2: 1. According to the 
data of KYarasch [2], the homolytic addition of ethyl dichloroacetate to 1-octene takes place via cleavage 
of a C--H bond in the alkyl group.  

The te lomer iza t ion  of ethylene with es te r s  of t r ich loroace t ic  acid under the influence of t-butyl  
peroxide has been descr ibed ea r l i e r  in r e fe rences  [3-5]. Freidl ina and Belyavskii  [6] have briefly r e -  
fe r red  to Lhe possibil i ty of using i ron pentacarbonyl  to initiate such reac t ions .  The react ion takes place 
according to scheme (i). 

CC13C021:{ -~ nC2Ha I n i ~  C1 (CH2CH2) nCC12C02 R 
n = 1, 2, 3 R ----- CH3, C2H5 (1) 

In the present  work we have studied react ion (1) initiated by iron pentacarbonyl  or chromium hexa- 
carbonyl in more  detail, and have also effected the te lomerizat ion of ethylene with methyl dichloroacetate 
in the pre;3ence of t -butyl  peroxide.  The study of these react ions  was car r ied  out by gas chromatography,  
and new p:.~oducts were isolated and charac ter ized .  

We have established that chromium hexaearbonyl  initiates the te lomer iza t ion  of ethylene with alkyl 
t r i ch loroace ta tes  s imi la r ly  to i ron pentacarbonyl.  In both cases ,  lactones are  also formed at a t empera -  
ture  of 140 ~ and a p r e s su re  of 100-150 atm, together with e s t e r s  of ~ ,~ ,w- t r i ch lo rocarboxyl ic  acids. Thus, 
f rom the methyl  and ethyl e s t e r s  of t r i ch loroace t ic  acid, along with products corresponding to scheme (1), 
there  was obtained one and the same lactone, of composition C4H4C120 z, according to scheme (2). 

O 
re(co),, f f  

CICH~C[-I~CCIeCO..R ~ RCI .-}- C[t.:CH2CCI,2C 
r O I ( 2 )  

M = F e ,  Cr n-~-5 ,6  

The lactone and the es te r  f rom which it is formed are  not separated on chromatography on coklmns 
where silicone e las tomer  is used as liquid phase, but are  easi ly separated when polyethylene glycol  is 
used as the immobile phase. Besides the fact that one and the same product is formed under conditions 
where ethylene is te lomer ized  with methyl  or ethyl t r ichloroaceta te  , the s t ruc ture  of the lactone is con- 
f i rmed al~o by its formation according to scheme (2) f rom known es te r s  of v~,~,c0-trichlorobutyric acid 
by heating the latter with iron pentaearbonyl  at 140 ~ for 4-5 h. According to the l i terature [7], e s t e r s  of 
c~,a-disubstituted c0-chlorovaleric acids easi ly  form lactones on heating with iron sal ts .  

Besides ~ ,~-d ich lorobutyro lac tone ,  the formation of a second, higher-boil ing lactone (L-2) took place 
in both ca~,~es, which corresponded in composition to a lactone f rom the es ter  of ~ ,~ ,c0- t r ichlorocaproic  
acid (the te lomer  with n = 2). However, it appeared unlikely that an es ter  of t r i ch lorocapro ic  acid would 
undergo cycl izat ion according to a scheme analogous to (2) under the conditions of the experiment.  Act-  
ually, a known sample of an ~ ,cqw- t r i ch lo roeapro ie  es ter  was not t r ans formed  into a lactone under the 
conditions for cyclizat ion of a ,o~,w-tr ichlorobutyric  es te r s .  
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T A B L E  1 

l~I(CO) n 

Cr (C0)6 
Fe (C0)5 
Cr (C0)6 

Starting ester 

CCIaCO,~CHa 
CCI~CooCoH5 
The sal~ 

MaximHm 
pressure, 
atm. 

90 
108 
148 

Yield of reaction products, 
mole, % 

n = l  

43.0 
28.0 
25,6 

L-I 

11.0 
19.3 
30.6 

n=2 L-2 

I 5,6 2 
14.0 19,0 
7,6 22.6 

Residue, 
Wt. ~o 

6.8 
12.0 
13.7 

TABLE 2 

Compound 

CCI2C0.oCH3 

C_~H~CI 

CCI:CO~C2Hs 

C:H4CI 

CCIo.CO.oCH8 
I 

(C~H~h C1 
CCI~CO~C.H5 
I 

(C~_H4h C1 

bp, ~ 
(p, mm Hg) 

85.5 (5) 

98 (i0) 

86.5(0,6) 

113(0.8) 

1.4725 

1.4665 

1.4760 

1.4680 

a~4 o 

1.3905 

1.3256 

1.3100 

1,2413 

found 

41.54 

45.90 

50.28 

5s.4s 

MR 

calculated 

41.42 

46, 16 

50.77 

55.39 

Lit. 
ref.  

[4.81 

[4.81 

In connection with this ,  we have proposed that in the p re sence  of m e t a l  carbonyls  one can effect  a 
secondary  t e lomer i za t ion  of the e s t e r  of a , ~ , w - t r i c h l o r o b u t y r i c  acid (or its lactone), for  example ,  ac -  
cording to scheme  (3) 

3I (GO)m 
CICH~CH~CC12C0~R + nC~I-[.~ ~ C1CH~CH~CC1CO._,I~ 

I (3) 
( l i d  (C*_H~)~CI 

For  compound (III) (n = 1), in the case  of i ts  c losure  to a lactone, the s a m e  f i v e - m e m b e r e d  r ing is 
fo rmed  as in scheme  (2). 

O 
_ ~.. CICH2CH2CCIC\o CICH~CH~CCICfo ~ /~(CO)n~ ~.0 

{CH,CH2 ~ CH~CH~I / (L-2) 

A conf i rmat ion  of the s t ruc tu re  of lactone L-2 is the fact of fo rmat ion  of the v e r y  s ame  product  in 
t e lomer i za t ion  of ethylene with the methyl  or ethyl e s t e r  of t r i ch lo roace t i e  acid and the absence  of r ing 
c losure  of known e s t e r s  of ~ ,~ ,o0- t r i ch lo rocapro ic  acid when they a re  heated with carbonyls .  Bes ides  
th is ,  we have  p r e p a r e d  the s a m e  lactone,  L-2 ,  by  the r eac t ion  of methyl  a , a , w - t r i c h I o r o h u t y r a t e  with 
ethylene in the p r e s ence  of Fe(CO)~. 

I t  mus t  be noted that the cycl izat ion of ~. ,~,r  e s t e r s ,  and a lso  their  r eac t ion  with 
ethylene to fo rm compounds containing a side chain (lactone L-2),  a r e  caused by the catalyt ic  action of 
i ron  or ch romium carbonyl  and not by the t e m p e r a t u r e  r e g i m e  of the reac t ion .  Thus,  when r eac t ion  (1) 
is  initiated by t -bu ty l  peroxide  at 140 ~ (that i s ,  at  the same  t e m p e r a t u r e  as in the p r e sence  of the me ta l  
carbonyls) ,  fo rmat ion  of lactones does not take place.  Thus,  the t e lomer iza t ion  of e s t e r s  of t r i ch lo ro -  
acet ic  acid init iated by me ta l  carbonyls  leads to a complex mix tu re  of products ,  s ince,  together  with 
e s t e r s  of ~ , ~ , w - t r i c h l o r o c a r b o x y l i c  acids according to scheme (1), ~ ,~ -d ich lo robu ty ro lac tone  and ~ - c h l o -  
ro -~- ( f l - ch lo roe thy l )bu ty ro lac tone  a re  fo rmed .  

The t e lomer i za t ion  of ethylene with methyl  d ichloroaceta te  was ca r r i ed  out in the p resence  of t -buty l  
peroxide  at 140 ~ and 35 atm; he re  the fo rmat ion  of methyl  e s t e r s  of ~ . , a -d ich lo rocarboxyl ic  acids took 
place for the mos t  par t ,  and only t r a c e s  ~ ,w-d ich lo roca rboxy l i c  e s t e r s  were  fo rmed .  This  shows that  
the r e a c t i o n p r o c e e d s  essen t ia l ly  with c leavage of a C--H bond in the a w l  group; such a r eac t ion  course  
is p robably  connected with a l a rge r  s tabi l i ty  of 0C12CO2CH 3 r ad i ca l s  compared  with HCCICO2CH 3 r ad ica l s .  
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TABLE 3 

bp, ~ 
(p, mm Hg) 

1 93-94 (30) 

2 92-94 (16) 

3 110--113 (16) 

n>3 120 (16) 

f 
. �9 

~E 
~o 

/ 

MR ] Found, % 

# t i -  f 7 ~calcu 

25 

40 

10 

20 

1A415 1.2447 

[ 1.4465/1-1648 

' 1.452011.! 122 

t 
36.32 36.58 35.2014:59 

4.65 
42,03 I 6.07 45.6145.8235"341 
42~0416.13 

55.06_ 55.06_ 47.__6147"7616 I 6,966"89_ 

35.10 4.68 

42.20 6.03 

47.50 7.05 

The s t ruc ture  of the methyl  e s t e r s  of o4a-d ich lorobutyr ic  and ~ ,~ -d ieh lo rocapro ic  acids was 
demonstra ted by their  hydrogenation [5] with hydrogen over Pd/BaSO 4 (5%) in the presence  of the calcu-  
lated amount of ammonia  in methanol to the e s t e r s  of butyric  and caproic  acid. The latter were shown to 
be identical with known samples  by gas chromatography [5]. By special  experiments  it was shown that 
chlorine "in the oJ-position is not reduced under the conditions selected.  

The presence  of smal l  amounts of methyl  e s t e r s  of o4w-dichloro acids in the react ion mixture was 
demonst ra ted  by gas chromatography by compar ison with known samples ,  prepared  by part ia l  hydrogena-  
tion of meLhyl e s te r s  of ~ ,~ ,w- t r i ch lo ro  acids.  

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

C h r o m a t o g r a p h y .  For analysis  of the reac t ion  products obtained by te lomerizat ion of ethylene 
with es te r s  of t r i ch loroace t ic  acid we used a glass  column 40 cm long, 3 mm in diameter ,  packed with 
Chromosorb W 0.15-0.2 mm in diameter ;  the immobile phase was 6% polyethylene glycol 15,000; t empera -  
ture,  135~ car r ied  gas,  helium; detection was by the rmal  conductivity. By pre l iminary  experiments  it 
was shown that the es te r s  of ~,o~,w-trichloro acids and their  lactones were separated under the selected 
chromatographic  conditions. The composition of fract ions obtained in experiments  1-3 (Table 1) was 
calculated approximately  f rom the ch romatograms .  Then a known mixture of closely s imi lar  composition 
was preps:~ed and the calibration coefficients obtained were used for exact  calculation of the composition 
of the reac t ion  mixture .  

Analysis of the products of te lomer iza t ion  of ethylene with methyl  dichloroacetate  was car r ied  out 
in a glass  column 2 rn long, of 4 mm diameter ,  with Chromosorb W of 0.25-0.5 mm diameter;  immobile 
phase, 6% polyethylene glycol  4000; c a r r i e r  gas ,  nitrogen; t empera ture ,  100~ and with a flame ionization 
detector .  As a second phase usable f o r  identification of the compounds obtained,we used silicone e las tomer .  

T e l o m e r i z a t i o n  o f  T r i c h l o r o a c e t i c  E s t e r s  in  t h e  P r e s e n c e  o f  M e t a l  C a r -  
b o n y I s .  Exper iments  were car r ied  out in a ~ s tainless  s teel  rocking autoclave of 0.5 liter capacity.  In 
the autoclave was placed 70 ml  of the es te r ,  and 0.2-0.4 g of i ron or chromium carbonyl,  and after d is -  
placement of the air with nitrogen,  ethylene was introduced to a p r e s su re  of 65-70 arm. The autoclave 
was heated to 135-140 ~ and kept at this t empera tu re  for 4 h. After the s tar t ing mater ia l s  had been stripped, 
the reac t ion  products were  distilled in a column. Three  fract ions were  isolated: I),bp 85-105 ~ at 10 ram; 
ii) bp 70-80 ~ at 0.6 ram; III) bp 80-100 ~ at 0.6 ram; and, finally, res idue.  

By gas chromatography it was established that fract ion I was a mixture of Cl(CH2CHz)nCC12CO2R 
(n = 1) and its lactone, L-1 .  Frac t ion  I]I was a mixture of CI(CH2CH2)nCClaCO2R (n = 2) and the lactone 

L-2 ;and  intermediate  fraction II contained all the compounds l isted. The residue was not C1CHaCH 2 ~C1C ~. O 

r / 
CH 2 CH 2 

studied m e r e  closely.  

In Table 1, we give the yields of products,  calculated f rom the chromatograms  obtained f rom f r ac -  
tions I-III. 

By distil lation in a column, f rom fract ion I c~,~-dichlorobutyrolactone, bp 80 ~ at 1 ram, nD 2~ 1o4790, 
d42~ 1.4717, was isolated. Found %: C 30.97, 31.06; H 2.49, 2.49; C1 44.94, 44.92; MR 29.71. C4H4C12Ozo 
Calculated ~c: C 30.99; H 2.60; C1 45.75; MR 29.29. 
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From f rac t ion  III by dist i l lat ion in a column, ~ -ch lo ro -~- ( f i - ch lo roe thy l )by ty ro lac tone  was isolated,  
bp 114 ~ at 0.8 ram,  nD 2~ 1.4905, d42~ 1.3625. Found %: C 39.33; H 4.45; C138.92; MR 38.87. C6H8C120 ~. 
Calculated %: C 39.37; H 4.40; C138.74; MR 38.53. 

R e a c t i o n  o f  M e t h y l  ~ , ~ , r  w i t h  E t h y l e n e .  Into an autoclave 
of 10 m l  capaci ty  was placed 2 m l  of C1CH~CH2CC12CO2CH 3 plus 0.02 m l  of Fe(CO)5; and ethylene was in- 
t roduced to a p r e s s u r e  of 55 atm; the mix tu re  was heated at 135 ~ for 5 h. The product  was ch roma to -  
graphed and calculat ions were  ca r r i ed  out as in the preceding exper iment .  According to the ch roma to -  
graphic  data,  the composi t ion of the reac t ion  mix tu re  was: CH2C1--CH2CC12CO2CH3, 30%; 

o o 
o J i o - - ~ j  

CH.CH~.CC1.C 4 7 % ,  CH:CH2CC1C 23%. 

CH+.CHoC1 

T e l o m e r i z a t i o n  o f  T r i c h l o r o a c e t i c  A c i d  E s t e r s  w i t h  E t h y l e n e  in  t h e  P r e s -  
e n c e  o f  t - B u t y l  P e r o x i d e .  Compounds of s t ruc tu re  CI(C2H4)nCCIzCO~R with n = 1 or 2 and R = CH a 
or C2H s we re  p r epa red  by the method of Rieche [4]. Constants of the subs tances  obtained are  given in 
Table  2. The ana lyses  of aU the enumera ted  compounds cor responded to the calculated va lues .  The ~ , ~ , w -  
t r i ch lo roca rboxy l i c  e s t e r s  p r epa red  were  used as s tandards  for gas  ch romatography  in sett ing up ca l i b r a -  
tion mix tu res .  By gas  ch romatography  it was es tabl i shed that ~ ,~ -d ich lo robu ty ro lac tone  and ~ -ch lo ro - (~ -  
(p-chloroethyl)butyrolactone were  not among the reac t ion  products .  

P r e p a r a t i o n  o f  ~ , ( ~ - D i c h l o r o b u t y r o l a c t o n e .  In a f lask  provided with a ref lux  con- 
denser ,  2.5 g of methyl  (or ethyl) ~ , (~ ,w- t r ich lorobutyra te  and 0.02 ml  of Fe(CO) 5 were  heated to 140 ~ for 
4 h. The end of r eac t i on  was de te rmined  by the d i sappearance  of the peak for  the s tar t ing  e s t e r  on chro-  
ma tog raphy  under the conditions descr ibed  above.  The reac t ion  product  was dist i l led and was identified 
as ~ , (~-dichlorobutyrolactone by gas chromatography .  

T e l o m e r i z a t i o n  o f  E t h y l e n e  w i t h  M e t h y l  D i c h l o r o a c e t a t e .  Into a s t e e l r o c k i n g  
autoclave with an a t tachment  for  pumping in ethylene during the r eac t ion  p roce s s  were  charged 286 g of 
methy l  d ich loroace ta te  and 12 g of t -buty l  peroxide .  Air was displaced f r o m  the autoclave with ethylene 
and then ethylene was introduced to a p r e s s u r e  of 10 arm. The autoclave was heated at 140 ~ for 4 h. The 
ethylene p r e s s u r e  was mainta ined at 25-35 a tm.  The s ta r t ing  e s t e r  was s t r ipped off f r o m  the r eac t ion  
mix ture ,  and then a t e l o m e r  f rac t ion  was isolated with a boiling range  of 85 ~ at 75 m m  to 110 ~ at 6 ram; 
wt. 56 g. 

The convers ion  with r e s p e c t  to s tar t ing  e s t e r  was 12,15%; s imi l a r  f rac t ions  f r o m  four exper imen t s  
were  united and f rae t ionated  in a packed column (Table 3). 

C O N C L U S I O N S  

1. The t e lomer i za t ion  of ethylene with methyl  and ethyl t r i ch lo roace ta t e s ,  catalyzed by iron penta-  
earbonyl ,  ch romium hexacavbonyl ,or  t -bu ty l  peroxide,  has been studied. 

2. Toge ther  with t e l o m e r s  of s t ruc tu re  CI(CH2CH2)nCC12CO2R, the fo rmat ion  of (~ ,~-d ieh lorobutyro-  
lactone and ~ -eh lo ro -~ - ( f i - ch lo roe thy l )bu ty ro lac tone  was observed;  these  r e su l t  f r o m  cata lyt ic  cyc l i za -  
t ion under the influence of the me ta l  carbonyls .  

3. E s t e r s  of ~ ,~ , r  acid r e a c t  with ethylene under the influence of me ta l  c a r -  
bonyls to f o r m  ~ -ch l o ro - a - (~ -eh l o roe t hy l )bu ty ro l ae tone .  

4. Te lomer i za t i on  of ethylene with methyl  d ich loroaee ta te  in the p resence  of t -buty l  peroxide p r o -  
ceeds via  c leavage of the acyl  group C--H bond and leads to the fo rmat ion  of methyl  e s t e r s  of ~ , ~ - d i c h l o -  
roca rboxy l i c  acids .  

if 
2. 
3. 
4. 
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