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React ions  of addition of anodically genera ted  chlorine to olefins have a t t r ac ted  the attention of in- 
ves t iga to r s  fo r  a long t ime .  P r o c e s s e s  of the e l ec t rochemica l  chlorinat ion [1] and chlorohydroxyla t ion [2, 3] 
of ethylene in an aqueous mediLtm and also chloroalkoxylat ion in anhydrous methanol  [4] have been studied in 
g r ea t e s t  detai l .  

The purpose  of the p r e s en t  pape r  is elucidat ion of the bas i s  poss ibi l i ty  of e l e c t rochemica l  t e lomer i za t i on  
of ethylene by anodical ly  genera ted  chlorine rad ica l s  because  higher  d ichloroalkanes  a re  of cons iderable  p r a c t i -  
cal  in te res t  as in t e rmed ia tes  for  industr ia l  synthes is  of h igh-molecu la r -we igh t  compounds.  

We de te rmined  that 1 ,2-dichlore thane ,  1,4~dichlorbutane (in yie lds  up to 10%), and bis (2-chloroethyl)  
e the r  were  fo rmed  during e l ec t ro lys i s  of hydrogen chloride in methanol  Or aqueous ace toni t r i le  (H20 :MeCN--- 
1 : 8)* at a p la t inum anode (current  densi ty of 50 A / m  2) in the p r e sence  of ethylene under  p r e s s u r e  up to 6.5 
MPa,  and we a lso  de te rmined  that  1 -me thoxy-2 -ch lo roe thane  was a lso  fo rmed  in methanol .  

The fo rma t ion  of these  products  can be r e p r e s e n t e d  as follows : 
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The a tomic  chlorine that  is fo rmed  in e l ec t rochemica l  oxidation of the chlor ide anion at the anode can 
e i ther  undergo d imer iza t ion  with the fo rmat ion  of m o l e c u l a r  chlorine or  undergo addition at the double bond 
with the fo rmat ion  of C1CH2CH 2" rad ica l s  (I) in the p r e sence  of an adsorbed accep tor  [5]. These in te rmedia te  
spec ies  a re  s i m i l a r  in nature  to those that  appea r  during e l ec t rochemica l  oxidation of 3~chloropropionic  acid 
and, as is known, can recombine ,  giving 1 ,4-dicblorobutane [6]. The fo rma t ion  of this  product  is a lso  poss ib le  
because  of r eac t ions  (97 and (127 (see the scheme) .  However ,  as we showed prev ious ly  [7], 1 ,4-diehlorobutane 
appea r s  main ly  because  of recombina t ion  of rad ica l s  (I7. 

The key s teps  in the invest igated p ' rocess  a re  probably  the s teps  of genera t ion  of rad ica l s  (I) and the i r  
oxidation to ca rbonium ions C1CH2Ct~ 2, which r eac t  eas i ly  with nucleophilic reagen ts  p resen t  in solution [8]. 
The poss ib i l i ty  of the fo rma t ion  of carbonium ions f r o m  rad ica l s  (1), whose ionization potential  exceeds  8 eV, 
has not been refuted in the l i t e r a t u r e  [9]. 

Tile fo rma t ion  of 1 -me thoxy-2 -ch lo roe thane  (47%7 and bis (2-chloroethyl)  e ther  (17%) during e l ec t ro lys i s  
of a methanol  solution and bis (2-chloroethyl)  e ther  (11%) during e l ec t ro lys i s  of a w a t e r - a c e t o n i t r i l e  solution 
due to recombina t ion  of genera ted  methoxy  (CHS)) and chloropropionyl  (CICH2CH2CO) rad ica l s  with rad ica l s  (I 7 
s e e m s  unlikely because  alkoxy rad ica l s  a re  genera ted  [10] only in highly alkaline med ia  during e l ec t rochemica l  
oxidation of alkanols .  In cons ider ing  the contr ibution of reac t ions  of chemica l  chlor inat ion of ethylene in solu-  

�9 Significant resinification was observed in anhydrous acetonitrile because of polymerization of the acetonitrile. 
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tion (reaction (11) to the overa l l  p rocess ,  it is important  to note that the ra te  of chemical  chlorination should 
not depend on the e lec t rode  potential .  

The kinetics of p roce s se s  of format ion  of 1 ,2-dichloroethane and 1,4-dichlorobutane according to a r ad i -  
cal mechanism can be descr ibed  by equations taking into account the adsorption of the acceptor  on the uniformly 
inhomogeneous surface  of platinum [11] 

v~ = k~iO, exp (~/0:) 

v3 = k~iv2 = k3~01 exp (~/01) 
v4 -~- k4'v2 : k,ti201 ~ exp (~/0~) 

where  k2, k3, and k 4' are ra te  constants of the format ion  of radicals  (I), 1 ,2-dichloroethane,  and 1 ,4-dichloro-  
butane, respect ive ly ;  01 is the filling of the surface  with ethylene; i is the cur ren t  densi ty,  A/m2; fl is the m i g r a -  
t ion coefficient;  and f is the sur face- inhomogenei ty  fac tor .  The rate  of the competing reac t ion  of format ion of 
molecu la r  chlorine is 

~ 1 0  : k l 0  I t ' l l  2 ~ kloi  ~ 

It should be expected that with decreas ing  cur ren t  density the ra te  of the competing react ion of format ion  of 
molecu la r  chlorine would dec rease  because  this reac t ion  has a second o rde r  with respec t  to radica ls ,  and it 
should be expected that the ra t io  of the ra tes  of format ion  of 1,4-dichlorobutane and 1,2-dichloroethane would 
increase  because this quantity is proport ional  to the filling of the surface  with ethylene.  

v J v 3  ~ kO~ 

Change of the cur ren t  density and, t he re fo re ,  the potential  of the platinum anode ina  wide range had p r a c -  
t ica l ly  no effect on the change of the ra t io  of the yields of ] ,4-dichlorobutane and 1,2-dichloroethane,  apparently 
because of the weak dependence of the ethylene filling of the e lec t rode  sur face  on the potential  and strong com-  
peti t ion of the chloride anions and ethylene during the i r  adsorption.  

The re fo re ,  the format ion  of 1 ,2-dichloroethane was probably de termined  by chemical  chlorination (Eq. 
(11)) in solution and by chlorinat ion proceeding via the carbonium ion (6), and the yield of 1,41-dichlorobutane 
depended on the reac t iv i ty  of in termedia te ly  appearing radica ls  (I) and the ethylene concentra t ion on the su r -  
face of the platinum anode. 

Thus, in para l le l  with the t e lomer iza t ion  of ethylene by anodically genera ted  chlorine radicals ,  competing 
p roces se s  of chemical  chlorination and oxidation of secondary  radicals  to carbonium ions occur red ,  leading to 
the format ion  of products  of nucleophilic addition. 

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

Prepa ra t ive  e lec t rochemica l  synthesis  was ca r r i ed  out in a h igh -p res su re  diaphragmless  s t a in less - s tee l  
e l ec t ro lyze r  with platinum e lec t rodes .  Methanol or a w a t e r - a c e t o n i t r i l e  solution saturated with hydrogen chlo-  
r ide was poured into a 100-ml Teflon beaker ,  and ethylene was fed into the e l ec t ro lyze r  under  p r e s s u r e .  The 
e lec t ro ly te  was s t i r r ed  with a magnetic  s t i r r ing  device.  The e l ec t ro lyze r  was placed in a vessel  with a mixture  
of dry  ice and acetone,  keeping the t e m p e r a t u r e  at 5-10~ After complet ion of e lec t ro lys i s ,  the reac t ion  mix-  " 
tu re  was diluted with water  sa tura ted  with CaC12, and it was ex t rac ted  with e the r .  The e ther  extract  was washed 
with a 5% solution of NaHCO 3 and with water ,  was dr ied over  anhydrous MgSo4, and e ther  was disti l led off. The 
res idue  was disti l led in vacuo and analyzed on a LKhM-8MD chromatograph (FS-1265 s ta t ionary phase,  145~ 
and Varian CH-8 c h r o m a t o g r a p h - m a s s  spec t ro m e te r  {FS-1265 s ta t ionary phase),  with an initial t em p e ra tu r e  of 
50~ and p rog r a mmed  heating f rom the 10th minute at a ra te  of 6 deg /min  to 180~ 

Elec t ro lys i s  of Hydrogen Chloride in the P re sence  of Ethylene in MeOH. Into an e l ec t ro lyze r  was placed 
50 ml of MeOH satura ted  with hydrogen chloride (3.5 g), with an ethylene p r e s s u r e  of 6.0 MPa and cur rent  den- 
sity of 200 A / m  ~, and 5 A-h of cur ren t  was applied. Isolated: 2.1 g of a liquid containing (according to GLC 
data) 31% C1CH2CH2C1 mass  spec t rum:  98 (M+); 47% CH~OCH2CH2C1 according to GLC agrees  with the definitely 
pure  compound synthesized according to [4]; 6% C1CH2CH2CH2CH2C1 mass  spec t rum:  90 (M-  HC1); 17% C1CH 2 �9 

" " O CH2OCH2CH2C1 mass  spec t rum 142 0VI ). The mass  spec t r a  of the 1,2-dlehloroethane,  bls (2-chl roethyl) e ther ,  
and 1,4-dichlorobutane obtained in this exper iment  run and also in the exper iment  run  descr ibed  below agreed 
with the spec t r a  of these  compounds given in [12]. 

E lec t ro lys is  of Hydrogen Chloride in the P re sence  of Ethylene in MeCN :H~O=8:1 .  Into an e l ec t ro lyze r  
was placed 50 ml of a mix ture  of MeCN and H20 (8:1) saturated with HC1 (3.5 g), ethylene was added ~oressure 
of 6.0 MPa), with a cur ren t  density of 200 A /m 2, and 12 A-h of cur ren t  was applied. Isolated 2 g of a liquid con- 
raining (according to GLC data) 82% C1CH2CH2C1, 6% C1CH2CH2CH2CH2C1, and 11% C1CH2CH2OCH2CH2C1. 
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C O N C L U S I O N S  

1,2-Dichloroethane,  1,4-dicMorobutane,  and bis (2-chloroethyl) e ther  were  obtained by the react ion of 
ethylene and anodically genera ted  chlorine radica ls  in methanol and in aqueous acetoni t r i le ,  and 1-methoxy-  
2-chloroethane was also obtained in methanol .  
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The activation of H20 molecules  in the i r  react ion with butadiene by means  of low-valent  phosphine com- 
plexes of palladium has provided the basis  for  a promising method for  the prepara t ion  of 1,7- and 2 ,7-oc ta -  
dienols (I) and (ID [1-7]. It has been shown to be possible  to p repa re  nonadienols by the concurrent  t e l o m e r i z a -  
t ion of butadiene and isoprene with H20 [8]. A n e c e s s a r y  condition for  the successful  accomplishment  of these 
react ions  is the inclusion of CO 2 in the composi t ion of the catalyst .  The re la t ive ly  high consumption of catalyst  
and the low select iv i ty  of these  reac t ions  [1-8] r ende r s  them of l i t t le use for  the prepara t ion  of unsaturated 
alcohols.  

In o r de r  to develop a se lec t ive  me.thod for  the synthesis  of octadienols,  and for  the prepara t ion  of other  
unsatura ted alcohols,  the reac t ion  of 1,3-dienes with complexed H20 , catalyzed by palladium compounds, was 
f i r s t  examined.  I~ would be expected that H20 presen t  in crys ta l l ine  hydrates  of the type IV~n(H20)I~I would be 
activated by complexation with the cent ra l  metal  atom, and would reac t  with 1,3-dienes more  readi ly  than f ree  
H20 to give alcohols (D and (ID. P r e l im ina ry  exper iments  showed that butadiene reac ted  with complexed H20 
over  the catalyst  Pd(acac )2 -PPh3-A1Et  3 in the absence of CO 2. 

Thus, t e lomer iza t ion  of butadiene with the complex CuSO 4 �9 5H20 in the p resence  of this catalyst  (Pd : 
PPh s :Al = 1 : 3 : 4 ,  90~ 6 h) in acetone gave a mixture  of unsaturated alcohols consist ing of (D, (II), and the 
e ther  (IID in an overal l  yield of ~ 50%, calculated on H20. The yields and composit ions of the te lomer iza t ion  
products  var ied considerably  depending on the reac t ion  conditions and the diene :H20 rat io  
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