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Abstract

Full Text

G. I. NIKISHIN, V. D. VOROB’ EV, and Corresponding Member A. D.
PETROV

FREE-RADICAL ADDITION OF ALKYLBEN-
ZENES TO o-OLEFINS

Hydrocarbon radicals of the aliphatic series readily add to olefins (}). The free
radicals allyl and benzyl possess extremely low activity in addition and substitu-
tion reactions. The low reactivity of these radicals is explained by an inductive
displacement of the free electron toward the C=C bond or the aromatic nucleus,
i.e., by “delocalization” of the free electron into the general electronic system
of the radical as a result of conjugation (?). The most characteristic reaction
for radicals of this kind is recombination. At the same time, the benzyl radical
formed in the decomposition of tert-butyl peroxide in toluene readily adds to
anthracene; the cumyl radical under the same conditions does not add to an-
thracene, but recombines to give 2,3-dimethyl-2,3-diphenylbutane (*). There is
an indication that ethylene can enter into a telomerization reaction with toluene
at a temperature of 260°, pressure of 140 atm, when the process is initiated with
cumene hydroperoxide (*). However, the composition of the resulting mixture
of alkylbenzenes and their structure were not investigated. In the present work
we set ourselves the task of studying the possibility of applying the reaction of
free-radical addition and telomerization for the synthesis of alkylaromatic hy-
drocarbons suitable for obtaining surface-active substances of the alkylbenzene-
sulfonate type. It was established that toluene, ethylbenzene, cumene, n-xylene,
and a-methylnaphthalene are capable of adding to a-olefins at a temperature
of 150-160° under the action of tert-butyl peroxide. The reaction products are
obtained in yields of 10-15%, calculated on the olefin taken. Table 1 gives the
quantities of the components and peroxide taken into the reaction, as well as the
yields and properties of the addition products. Along with the addition reaction,
a substitution reaction of the a-hydrogen atom in the olefins by free radicals evi-
dently takes place. The competing substitution reaction may be judged from the
bromine numbers determined for some of the products obtained. On the basis
of the bromine numbers, the content of unsaturated compounds in the products
of addition to olefins is: for toluene, 16-19%; ethylbenzene, 28%; n-xylene, 4-
6%; a-methylnaphthalene, 50%. In all experiments, moreover, crystalline prod-
ucts of dimerization of free radicals were isolated—dibenzyl; 3,4-diphenylbutane;
3,4-dimethyl-3,4-diphenylbutane; di-n-xylyl.

Studying the interaction of ethylene with toluene, initiated by tert-butyl per-
oxide at 200-220° and 140 atm, we established that under these conditions a
telomerization reaction takes place, as a result of which monoalkylbenzenes are
formed. The first members of the telohomologs formed (propylbenzene, amyl-
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benzene, etc.) may, in turn, serve as telogens, which leads to the formation of
secondary and, obviously, tertiary alkylbenzenes. From the reaction mass, five
individual hydrocarbons were isolated by distillation (Table 2). The isolation of
more highly molecular alkylbenzenes is difficult, since with increasing molecular
weight the number of closely boiling isomers and homologs increases. Table 3
gives the fractional composition of the reaction mass after separation from it

Table 1

Ratios
A
B
per- Content
Reaction Numbékr
comide, Heatgd Aiowhipt, of ter- Calctlatelllonddyund,
Expepimaat timeprode- °C MRMR, CHytiary%e % % %

no. nentmol h uctsmol (mmy3°® n?® foundalc.e’ groupp C H C H

1 A 0.7540 C4zHZQ!Q:33450.857047%R.1382.1940 11.4 15.982.7212.2R7.40873612.30
TolueneB. —
Und6cthe- 135(2)
1 .

0.05
2 A 12 36 CyzH4QQH32 0.856748653.6163.63160 7.1 88.1611.8488.38884201.51
TolueneB. — —
Heptefe- 138(18)
1
0.05
3 A 1.2 38 C H40HINH) SBAZ48668.1863.3800 5.5 88.3511.6:8.71833811.42
Ethyl- —
ben-0.2 112(15)
zeneB.
Hexéntd
1
4 A 12 54 C,HSGHIRD 0.85864858.2168.3880 6.4 28.188.1611.8438.38884201.51
Ethyl- - —
ben-0.2 C,H,;CH23(15)
zeneB.
Heptrié-
1
5 A. 04832 CH;CHIZ 0.862848177.1177.58380 6.4 87.8612.147.33871412.27
CumeneB. — — —
Octdnd2 CgyH,,CHZ7(6)
1
0.06
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Ratios

A
B
per- Content
Reaazon Numbékr
comide, Heatgd Aiomtnmpt, of ter- Calc@latedlatiddyund,
Expepiment timeprode- °C MRMR, CHytiarys % % %

no. nentmol h uctsmol (mmy2° n% foundalc.e’ groufp C H C H

6 A. 1.1 59 CH,U)H)EYHR57BASKTL063.63410 6.6 6.096813511.658.33885001.70

p-
Xyleth@B. 132(7)
Hexene-
1 0.13
7 A 1.2 39 CH;C5HE), (EBh8BA8TR.0577.58680 9.1 5.0487.8612.1438.20880001.96
P —
Xyleth@B. 143(7)
Nonene-
1 0.08
8 A. 09 27 C;,HBM,0.943055478.980.7470 7.3 50.18999810.069.21892410.23
- -
MetRy2naphthaleneB. 146(0.5)
Heptene-
1 0.06
Table 2
Yield
NumbeNumber of
of of alkyl-
b.p., MRy, MR, groupsgroups,ben-
No. AlkylbeiZenedi® n% found calc. e’ ¢” CH, CHjz zene*
51,6
1 CyxH,—GH,dEBE1H{,4906 40,38 40,40 95 100 2 1 4’7
154
23
2 CgH,—IGH(CH86IH ) 4873 49,55 49,69 95 200 2 2 51
190
44
3  CyH;—OH,(EBYHJCIESCHY 79 46,69 240 100 4 1 vy
199
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Yield
NumbeNumber of
of of alkyl-

b.p., MRy, MRp, groupsgroups,ben-
No. AlkylbelfZenedi® n% found cale. & ¢’ CH, CH; zene*
36
4 CoH,— X8 ((H3%H ) 4%IHH8M6CHR,99 240 200 4 2 33
220
108
5 CgH;—242H,)),885H1,4851 59,06 58,99 390 100 6 1 0.8
244
Table 3
NumberNumber
b.p., of of
FractioC/mm Mol. groups, groups, Fraction
No. Hg wt.  d3° nay e e CH, CHjy yield*
2
1 100— 2094 0,8628 1,481 300 218 5 2 275
112/0,5 ’
2 112— 2247 0,8604 1,4845 400 237 6 2 5572
126/0,5 ’
4
3 126— 2488 10,8612 1,4848 480 250 7 2,6 568
152/0,5 ’
44
4 152/0,5 259 0,8606 1,4839 590 238 8,5 2,4 vy
160/1
5 160— 2958 0,8633 1,4833 690 304 10 3 2—5
170/1
26
6 170/1 321,2 0,8597 14820 815 325 11,5 3 W
180/2
7 180— 326,3 0,8595 1,4820 785 308 11 3 ;52
185/2 )
8 185— 336,3 0,8588 1,4812 855 314 12 3 3352
190/2 )
1
9 190/2 351 0,8589 1,4812 885 320 12,6 3 197
200/1
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NumberNumber

b.p., of of
Fractio’C/mm Mol. groups, groups, Fraction
No.  Hg wt.  d3® a3 g ¢” CH, CH; yield*

20
10 200— 392,2 1,4810 1000 307 14 3 s
210/1 )
11 210— 434,7 1215 413 17 4 %
240/1
. 328
Residue 876 2830 690 38,5 7,3 50 8

* In Tables 2 and 3, the yield above the line is in grams, below the line in
percent.

heptylbenzene and lower-boiling products (Table 2). After isolation from the
reaction mixture of the individual alkylbenzenes (Table 2) and the higher-boiling
fractions listed in Table 3, a solid product (residue) resembling paraffin, with
m.p. 45—46° and average molecular weight 876, was obtained. IR spectra were
obtained for the products of free-radical addition and for the telomerization
products. From the intensity of the bands at 2930 + 5 cm™! (¢’) and 2960 +
5cm™! (¢”), corresponding to the valence asymmetric vibrations in the CH, and
CH; groups, the number of these groups in the samples studied was determined.
A directly proportional relationship is observed between £” and the number of
CH, groups; between ¢’ and the number of CH, groups a directly proportional
relationship is observed at n > 3. Tables 1, 2, and 3 give the values of &’ and
¢” and the corresponding numbers of

CH, and CHj groups for each sample studied. The average error of the mea-
surements was ~3%. The determinations were carried out by E. D. Lubuzh.

Experimental Part

Addition of alkylbenzenes to a-olefins. All addition reactions were carried
out in a steel autoclave of 200 ml capacity at 150-160°. The peroxide was added
in portions of 2-2.5 g at approximately equal time intervals to the cooled auto-
clave. We give a description of one of the experiments (experiment No. 6, Table
1). A mixture consisting of 115 g (1.1 g-mol) of p-xylene, 18 g (0.2 g-mol) of
1-hexene, and 3 g of peroxide was heated in an autoclave for 6 h. The remaining
16 g of peroxide was added in 2-g portions after 5-8 h intervals. Distillation of
the reaction mixture gave 10 g (0.05 g-mol) of p-methylheptylbenzene and 14 g
(0.07 g-mol) of di-p-xylene with m.p. (after recrystallization from alcohol) 82-
82.5°. The content of unsaturated compounds in p-methylheptylbenzene, calcu-

lated from bromine numbers, was 6.09; 5.05%; calculated from iodine numbers,
4; 4.5%.
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Telomerization of ethylene with toluene. The reactions were carried out in
a steel two-liter autoclave equipped with a stirrer, at 200-220° and an ethylene
pressure of 130-140 atm. Into the ice-cooled autoclave were charged 640 g (6.25
g-mol) of toluene, and ethylene was introduced under a pressure of 40 atm. The
autoclave was heated to 220°, the pressure rising to 140 atm. After this, with
stirring, a solution of 9 g (0.06 g-mol) of tert-butyl peroxide in 40 ml of toluene
was introduced into the reaction mass. Heating of the autoclave was continued
for another 10 h, after which toluene was distilled off from the reaction mass.
An 89 g amount of higher-boiling residue was obtained. Increasing the amount
of peroxide introduced increases the amount of telomerization products formed.
Thus, when 10, 20, and 30 g of peroxide were used (introduced in 5-g portions),
110, 163, and 200 g, respectively, of high-boiling products were obtained. The
high-boiling substances obtained in nine experiments (1100 g) were first sepa-
rated by simple distillation into three broad fractions: A—with b.p. up to 260°—
286 g (26%), B—with b.p. 260° (760 mm)—290° (2 mm), 542 g (49.3%), and C—
residue (solid), 268 g (24.4%). Fraction A was distilled over metallic sodium, giv-
ing 273 g of a colorless transparent liquid, which was fractionated on a column.
Distillation on the column gave five individual alkylbenzenes, whose purifica-
tion from impurities was carried out by chromatography on a column packed
with silica gel. Table 2 gives the structures and properties of these hydrocar-
bons. Their amounts are given without allowance for intermediate fractions,
the weight of which was 82.7 g. The amount of heptylbenzene is the sum from
fraction A (27 g) and from fraction B (81 g). Fraction B was separated by dis-
tillation over sodium into narrower fractions, the properties, molecular weight,
and amounts of which are given in Table 3. The high-molecular telomerization
products (fraction C and 60 g of residue obtained in the distillation of fraction
B) had m.p. 44-45° molecular weight 876. According to elemental analysis, the
carbon content in them is 86-43%, hydrogen 13.58%. The ultraviolet spectrum
indicates the presence of aromatic rings in these products.
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