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It has been established that the α-C-alkylations

of primary and secondary alcohols result from their 

peroxide-,1) light-,2) and gamma-rays-induced3) 
reactions with olefins. However, no detailed study 

of the reaction of alcohol with olefin under a silent 

discharge has been reported. 

 A previous study4) of the decomposition of 2-

propanol under a silent discharge showed that
an a-hydrogen atom in 2-propanol is replaced by

alkyl groups. The present study was undertaken 
to ascertain whether or not a chain telomerization 
occurs in the reaction of 2-propanol and ethylene 
by a silent discharge, and to establish the difference 
in the chemical behavior of 2-propanol between 
that in the presence of ethylene and that in its 
absence. The author wishes to report some observa-
tions on the ethylene effects on the reaction of 2-

propanol, and to report that no 2-methyl-2-
hexanol (1:2 telomer) or higher telomers, derived 
from a 2-propanol-ethylene mixture excited by
light, peroxide or γ-rays, were formed by the silent

discharge.

                Experimental 

 Materials. The 2-propanol was purified and the 

packing material was prepared by the methods described 
in a previous paper.4) Commercial ethylene was used 
without purification. No impurity was found in either 

reagent by gas chromatography using columns of PEG-
6000 and of activated charcoal respectively. 

  Apparatus and Procedure. The apparatus and 

the procedure were similar to those previously reported,4) 
except that the reaction was carried out in the presence 
of ethylene. All the experiments were performed using 

a flow system. Ethylene coming from a reservoir was 

passed through a solid sodium hydroxide tube in order 
to remove any water, and was then introduced into a 
discharge tube with gaseous 2-propanol. The ethylene 
flow rate was measured by a calibrated flowmeter. 

 The reaction products coming through the tube were 
separated into a condensable part and non-conden-
sable gases by three traps cooled at 0℃. The voltage

was stepped up by a transformer (capacity: 15 kV) to 

give the required value. 
  Analyses. The non-condensable gases were iden-
tified by comparing their retention times on a gas 
chromatogram with those of authentic samples (Columns 
of activated charcoal, hcxamethylphosphoramide, and 
molecular sieve-13X were used). The condensable 
products were identified by gas chromatography 
(column, tricresyl phosphate, PEG-6000 and silicone
DC-550 at 120℃;carrier gas, He)as well as by derivati-

zation.5)

  *1 The major part of these research results were 

presented at the 20th Annual Meeting of the Chemical 
Society of Japan, Tokyo, April, 1967. 
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TABLE 1. INFLUENCE OF ETHYLENE ADDITION ON THE DISCHARGE REACTION OF 2-PROPANOL

  * Siemens ozonizer was used . 
** A 5g of Cu(OH)

2 was filled in a glass filter. 
*** The conversion efficiency was given by (grams of reaction product per grams of 2-propanol

used)×100.

**** The yields of each compound produced were given by (grams of each compound per grams
of total reaction product)×100.

          Results and Discussion 

 Influence of Ethylene Addition on the Dis-
charge Reaction of 2-Propanol. a) With 
a Siemens Tube. The main liquid products of the 
reaction in the Siemens ozonizer were acetone, 
acetaldehyde, 2-methyl-2-butanol, dl-2-butanol, dl-
2-pentanol, and hydrocarbons (Run No. 1). The 
percentage compositions of these products shown in 
the tables are the averages of three experiments; 
the fluctuations in the yields of these compounds 
were less than 1%. The gaseous products were 
C1-C4-hydrocarbons, carbon monoxide, and hydro-
gen; they were not determined quantitatively. 
An unidentified brown solid was deposited on the 
glass wall. 
  All the compounds, except the deposit, had also 
been formed in the silent discharge-induced reac-
tion of 2-propanol without ethylene.4) However, 
the distribution of the products was different from 
that in the reaction without ethylene : (1) The 
acetone yield decreased greatly in the presence of 
ethylene, while the yields of 2-methyl-2-butanol, 
dl-2-pentanol, and hydrocarbons increased. These

findings suggest that there is a close relationship 
between the formations of acetone and of these 
alcohols. 
 The radicals from 2-propanol in the silent dis-

charge are mainly (CH3)2COH, CH3CHOHCH2 

and CH3, as has been described in the previous pa-

per.4) Acetone can be formed by the elimination of a 
hydrogen atom from the (CH3)2COH and CH,-

CHOHCH2 radicals, while 2-methyl-2-butanol 
and dl-2-pentanol can be formed by adding these 
radicals to ethylene. Thus, the decrease in 
acetone in the presence of ethylene seems to be 
due to the latter addition reaction. A similar 
mechanism has also been observed in the light-2)
and Y-ray-induced3) reactions.
 The possible combination reaction of the (CH3)2-

COH radical with the C2HS radical which might 
explain 2-methyl-2-butanol has been discarded, 
since little or no n-butane, which would indicate 

the presence of C2H5 radicals, was observed. 
  (2) The yield of dl-2-butanol was scarcely 

affected by the presence of ethylene. Possible 
ways of this production are thought to be as follows:
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TABLE 2. TEMPERATURE DEPENDENCE OF THE YIELD

(A)

(B)

Thus, reaction B may be thought to be retarded in 
the presence of ethylene and reaction A, to be facil-
itated, because ethylene may act as a free radical 
scavenger; the reverse is the production of dl-2-
butanol in the reaction without ethylene. 
  b) With a Special Tube. When the reaction of 

2-propanol with ethylene was carried out in a 
special discharge tube filled with Cu(OH)2 (Run 
No. 12), as compared with the reaction without 
ethylene (Run No. 13), the following differences 
were noticed in the liquid products: (1) the acetone 
yield increased remarkably, and (2) the yields of 
2-methyl-2-propanol, methyl vinyl ketone, and 
hydrocarbons decreased. A similar tendency was 
observed when a reduced copper tube4) was used. 

  Thomas et al.6) showed that, in the decomposition 
of ethylene under a silent discharge, the products 
most frequently identified were hydrogen, acetylene, 
and a liquid. 
  In the present work the hydrogen thus produced 

may turn Cu(OH)2 into some effective catalyst for 
the dehydrogenation of 2-propanol.7) For this 
reason, the acetone yield might increase in the 
presence of ethylene. 
  Thomas et al.6) have also shown that acetylene 
and hydrogen are formed through the vinyl radical, 
and that the radical could give 1-butene and 1,3-

butadiene. These C4-hydrocarbons were observed 
little in the reaction of 2-propanol with ethylene 
(Run No. 12), though some were obtained in the 
reaction without ethylene (Run No. 13). Thus, 
it is thought that most of the vinyl radicals produced 
decompose immediately to form CH, and H2 
when there is a high flow rate of ethylene in the 
presence of Cu(OH)2. For this reason, the methyl 
vinyl ketone yield might decrease in the reaction 
with ethylene. 
 Temperature Dependence of the Yield. 

As may be seen from Run No. 10 in Table 2,
the reaction of 2-propanol with ethylene at 150℃

without an electrical field afforded a great quantity 

of acetone. Similar results were also observed

in the silent-discharge-induced reaction at 150℃

(Run No. 11). Thus, at such a high temperature, 
it may be said that the dehydrogenation to give 
acetone occurred preferably to an interaction of 
2-propanol and ethylene induced by the discharge. 

  The author wishes to express his thanks to Pro-
fessor Tamon Matsuura, Hiroshima University, 
and to Professor Kazuaki Kawamoto, Kagawa 
University, for their kind advice.
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