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Abstract

Full Text

Corresponding Member of the Academy of Sciences of the USSR A. D. PETROV,
G. I. NIKISHIN, and Yu. N. OGIBIN

FREE-RADICAL ADDITION OF MONOBA-
SIC ACIDS AND THEIR METHYL ESTERS
TO oa-OLEFINS

It was shown earlier that at a temperature of 250° and a pressure of 850-950
atm ethylene enters into a telomerization reaction with isobutyric acid, as a
result of which a mixture of telomer homologs of «, a-dimethylcarboxylic acids
is formed (!). Other acids having a C—H bond at the a-carbon atom may also
be used in this reaction (?).

In the present communication we give a description of the synthesis of dialkyl-
succinic acids by the method of free-radical addition of acids of normal structure
to a-olefins. The reactions studied by us of propionic, butyric, enanthic, and
capric acids (or their methyl esters) with hexene-1, octene-1, decene-1, and
tridecene-1 proceed according to the scheme

R — CH, — COOH + CH, = CH — R’ — R’ — CH, — CH, — CH(R) — COOH.

Using the addition of isobutyric acid to decene as an example, it was shown
that this method can also be applied to the synthesis of trialkylsuccinic acids.
The reactions were carried out under atmospheric pressure, in the temperature
range 135-180°; tert-butyl peroxide served as the initiator. Table 1 gives the
experimental conditions, the amounts and molar ratios of the reaction compo-
nents and peroxide, the structures and yields of the addition products (1 : 1
adducts). The properties of the products obtained—acids and esters—are given
in Table 2. Experiments I-VII and IX were carried out under standard con-
ditions: to the initial acid (or its methyl ester), placed in a flask, the olefin
and peroxide were added dropwise over the course of 5-7.5 hr. The acids were
taken in a 5-8-fold excess relative to the olefin. In experiment VIII the peroxide
was added in portions. As can be seen from the data presented, in almost all
cases 1 : 1 adducts are formed in fairly high yields (36-69%). The low yield
of dimethylhexylsuccinic acid (experiment I1I) is explained by the insufficiently
high reaction temperature. The methyl esters of acids (experiments VI and IX)
form 1 : 1 adducts in yields somewhat lower than the acids (experiments IV and
V). The amount of peroxide has a substantial effect on the yield of the addition
products. In two experiments (VI and VII), carried out under the same condi-
tions, with molar ratios methyl enanthate : octene-1 : peroxide of 7.7 : 1: 0.26
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and 7.7 : 1: 0.13, the yield of methyl amyloctylsuccinate was 56.5% in the first
case and 40% in the second. Replacement of continuous feeding of peroxide into
the reaction zone by portionwise feeding also leads to a decrease in the yield of
the 1 : 1 adduct from 56.5% (experiment VI) to 42.4% (experiment VIII). In
all experiments, in addition to 1 : 1 adducts, more highly molecular products
are formed.

When tert-butyl peroxide is used as the initiator, free-radical reactions are usu-
ally carried out at temperatures not below 120°. In the experiments described
above such temperatures were achieved by virtue of the sufficiently high boiling
temperature of the starting acids or esters. The addition reactions of methyl
esters of propionic, butyric, and isobutyric acids (which have insufficiently high
boiling temperatures) to a-olefins could be carried out only in an autoclave. Ta-
ble 1 gives the conditions of the autoclave experiments (Nos. X-XIV); Table 2
gives the properties of the 1 : 1 adducts obtained, whose yields were 17-31%. In
these experiments the peroxide was introduced in three portions into a solution
of olefin in the acid ester. The attempts we made to carry out the addition
reaction

Table 1

Reaction
com-
po- Yield
nent: Reaction Yield based
acid com- based on
or po- on olefin,

Reactdon nent: olefin, %:

Experprediter olefin A, A, B, B, PeroxiReroxillesnp€interéZ: con-
No. uct A B g mol g mol g mol °C h  chargesimed

Experiments
at
at-
mo-
spheric
pres-
sure
I n  C,H,Cled® 1,25 455 0,25 6,0 0,041 136 6,5 38,3 46,5
C,3H,,CH(CH,)COOH -
140
II n (CH;D&HEOOR,4 44,5 0,317 12,0 0,082 142 5,0 36,2 44,0
C,oH,,C(CH;),COOH —
144
I n (CH;H&H20OO0R,4 26,5 0,315 12,0 0,082 120 5,0 12,1 24
C¢H,3C(CH;),COOH -
130
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Reaction

com-

po-

nent: Reaction

acid com-

or po-
Reactien nent:

Experpnediter olefin A, A, B,

Yield
Yield based

based on
on olefin,

olefin, %:

B, PeroxiBeroxilempEiateireZ: con-

No. uct A B g mol g mol g mol °C h chargeslimed
IV. n- n- Hexe2dl 24 26,5 0,31512,0 0,082 136 5,5 69,5 —
CeH,CGH{CORICOOH —
150
V n n Octeid2 24 35,0 0,312 12,0 0,082 167 5,7 65 —
CsH, (GH(GBQICOOH -
180
VI n- n- Octedd4d 1,2 17,5 0,156 6,0 0,041 150 5,0 56,5 —
CsH, (G H((GBQMROCH, -
VII. n- n- Octedd4 1,2 17,5 0,156 3,0 0,02 156 5,0 40 —
CsH, (GH{CGOQUH)OCH, e
VIII n- mn- Octedd4 1,2 17,5 0,156 7,0 0,048 140 7,5 424 —
CsH, (G H((GBQMROCH, -
IX (n- m Octedel7 24 35 0,312 12,0 0,082 143 6 53,7 —
CgH,0,HCOOCH, -
149
Experiments
in
an
au-
to-
clave
X n  GCHH&eddd, 1,48 184 0,218 7,5 0,052 160 9,5 314 —
CgH,3CH(CH;)COOCH;, —
165
XI n- GC,HD&@ets8, 148 20,7 0,148 7,2 0,049 160 22 30,8 37,2
C,oHy; CH(CH;)COOCH;, —
170
XII n- (CH;RD&HEEOOARS 18 0,128 6,3 0,043 160 24 26,2 36
C,9H5;C(CH;),COOCH;, —
170
XIII n- mn- Hexedd3d 1,5 13 0,15 7,5 0,052 155 23 34

CoH,$GHCORIEROCH,

160
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Experpnediter olefin A, A, B

Reaction

com-

po- Yield

nent: Reaction Yield based

acid com- based on

or po- on olefin,
Reactdon nent: olefin, %:

, B, PeroxiBeroxillemnpEinteiréZ: con-

No. uct A B g mol g mol g mol °C h chargeslimed
XIV n- mn- Hexed60 1,57 13 0,15 7,5 0,052118 9 17,7
CeH, (GH{COQIEQOCH, -
150
Table 2
M.p.
of
Addithénl. Mol. FoundFoundCalcul@tddy katiet]
prod-wt. wt. B.p., MR,MRy, % % % % amide,
No. ucts found®ile. °C/mdf’° n% foundcalee C H C H °C
1* n- 2585 256,42173 74,92 12,61 74,94 12,58
C,3H,,CH(CH;)EO0OH
174/3%**
2% n- 229,5 228,37142 94
C1oH,, C(CH;),GOOH -
144/ 3#HH% 95
3* n- 171,9 172,26102 0,90221,435049,82 50,17 102
CyH,5C(CH;),CEO0H -
103/3,5 103
4 n- 1749 172,26107 0,84811,434449,99 50,17
C¢H,3CH(C,H;)EO0H
108/4
5% m-  244,8 2424 170 0,88451,445773,03 73,41 73,93 12,21 74,32 12,48
CgyH,,CH(C;H;; )¢OOH
171/4
6 n- 258,2 256,4294,5 0,86421,437077,73 78,18 74,93 12,20 74,94 12,58
CqH,,CH(C;H,; }¢OOCH4
95/1
7 (n- 294,6 298,5 150 0,86191,442291,67 92,12 76,95 12,71 76,45 12,83 123
CgH,,),CHCOOGH, -
151/4 123.5
8 mn- 174,0 1722660 0,87031,421060,19 50,29
CgH;3CH(CH4)COOCH,
62/5
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M.p.

of
Addithéal. Mol. FoundFoundCalcul@tddy katiet,
prod-wt. wt. B.p., MRp,MRy, % % % % amide,
No. ucts found®ile. °C/mdf’® n% foundcalee C H C H °C
9% p- 2291 228.3%6,5 0,86611,433268,56 68,88 75,5
C,oH,; CH(CH4)6OOCH, -
90/1 76
10 n- 243,2 243,4197 0,87081,437873,40 73,40
C,oH,; C(CH;),GOOCH;4
98/3
1% n-  186,4 186,3 68 0,86601,424854.98 54,94 100
C¢H,3CH(C,H;)6O0CH;, -
72/6 101

* Literature data: 1) b.p. 172—173° (2.5 mm), m.p. 24° (3); 2) b.p. 184° (12
mm), m.p. 27°, amide m.p. 95—96° (*); 3) amide m.p. 103° (°); 5) b.p. 161—
164 (2—3 mm) (®); 7) amide m.p. 122.5—-123.5 (7); 9) amide m.p. 77° (8); 11)
amide m.p. is given in the present article.

** Molecular weights were calculated from saponification and neutralization
numbers.

K M.p. 37—38°.

ok V] .p. 26—27°.

the addition of methyl acetate to decene-1 ended without result. The experi-
ments were carried out at different ratios of decene-1 : methyl acetate : peroxide,
in the temperature range 160-240°. Consequently, only those acids (and their
esters) that have CH, and CH groups can add to olefins. However, when several
methylene groups are present in the acid molecule, it might have been expected
that its addition to the olefin would occur not only at the expense of the a-C
—H bonds. To clarify this, the product of the addition of methyl butyrate to
hexene-1 was saponified to an acid with b.p. 93-95° (2 mm), n?) 1.4336, and
the acid was converted into an amide with m.p. 100.5-101° C. By independent
synthesis

H,O HBr
CgH,3CHO + C,H MgBr —— C4H,,CH(OH)C,H, —»

1. M
—>CGHingBrCQHS—E—Eéi»(%PQ3C}KC§}Q)CCX)H

ethylhexylacetic acid was obtained, with b.p. 126-128° (5 mm), d2° 0.8957;
n? 1.4332. Its amide had m.p. 100-101°, and a mixed melting-point test
with the amide of the adduct showed no depression. If methyl butyrate had
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added to hexene through the 5-carbon atom, 3-methylnonanoic acid would have
been formed. The amide of 3-methylnonanoic acid, obtained by us from 2-
bromooctane by malonic ester synthesis, had m.p. 79°, which corresponds to the
melting point of the amide reported in the literature (®). Thus, the free radicals
arising upon decomposition of the peroxide abstract a hydrogen atom only from
the a-carbon atom of the acid, which leads to the formation of the radical
R — CH — COOH, which then adds to the olefin. The reaction proceeds by a
chain mechanism. Experiments I-VII and IX were carried out under identical
conditions. We shall confine ourselves to describing one of them.

Experiment V. To 240 g of enanthic acid, heated to 180° with vigorous stirring
for 5 hr 40 min, a mixture of 72 g of enanthic acid, 35 g of octene-1, and 12 g of
peroxide was added dropwise, after which the reaction mixture was heated for
another hour. Owing to the formation of low-boiling decomposition products of
the peroxide, the temperature of the mixture by the end of the experiment had
fallen to 167°. On distillation, 7.6 g of low-boiling products, 280 g of enanthic
acid, 49 g of amyloctylacetic acid (yield 65%), and 19.5 g of high-boiling residue
were obtained. In experiment I, methyltridecylacetic acid was obtained from
propionic acid and tridecene-1, and on distillation of the high-boiling residue an
acid with m.p. 51-53° was isolated, apparently having the structure:

C,3H,,CH(C,, Hyy) CH,CH(CH,)COOH  (adduct 2 : 1)

Found % : C 79.60; 79.64; H 13.04; 13.32
CooH550,. Calculated % :  C 79.38; H 13.32

In experiment VIII, 174 g of the acid ester, 13.5 g of octene-1, and 2 g of peroxide
were heated in a flask at 150° for 1 hr; then the remaining peroxide and olefin
were added to it in five equal portions at equal time intervals.

Experiments X-XIV were carried out in a stationary steel autoclave of 200 ml
capacity, into which the acid ester and olefin were charged; tert-butyl peroxide
was added in three equal portions: !/; at the beginning of the experiment
and 2/; at approximately equal intervals of time (~8 hr in XI-XIII, ~3 hr in
experiments X and XIV). In experiments XI-XIII the peroxide was introduced
three times into the cold autoclave; in X and XIV, !/, of the peroxide was
introduced into the cold autoclave, and 2/ in a solution of the ester was injected
into the autoclave at the reaction temperature.

N. D. Zelinsky Institute of Organic Chemistry
Academy of Sciences of the USSR
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