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We have shown previously [1, 2] that C 3 -  C10 aliphatic carboxylic acids add to a -o le f ins  in presence  
of t-butyl  peroxide as initiator with format ion of 1 : 1 adducts in 60-70% yield. Branched a -o le f ins  in which 
the branching is not at the double bond scarce ly  differ f rom normal  a -o le f ins  in the react ivi ty in this ad- 
dition react ion [2]. The react ion goes by a radical  mechanism through a number of intermediate stages; 
the over -a l l  equation is as follows: 

I/--CH=CH~. ~ R'CH2COOH--> I1CH~CH2CH COOH 
\ 

R' 

The present  work fo rms  a par t  of our investigation on the synthesis [1-4] and flotation proper t ies  
[5-6] of carboxylic acids. The data presented here  are  related mainly to the effect of s t ruc tura l  pecul iar i-  
ties of unsaturated hydrocarbons on their  ability to give 1 : 1 addition products with carboxylic acids. The 
react ions were  conducted at a tmospheric  p r e s su re  in presence  of t-butyl peroxide. The experimental con- 
ditions, the re la t ive  amounts of the reactants  and the peroxide, and the yields of 1:1 adducts and higher-  
boiling substances ("residues") are  given in Table 1, and the proper t ies  of the 1 : 1 adducts are  given in 
Table 2. All the experiments were conducted for about five hours at 135-155~ with molar  proport ions 
of the acid (or its ester) ,  the unsaturated compound, and the peroxide of 10-20 : 1 : 0.25. The 1 : 1 adducts 
of C 7 -  C 9 aliphatic acids with cyclohexylethylene [vinylcyclohexane], 3-cyclohexylpropene [allyleyclohexane], 
and 3-cyclopentylpropene [allylcyclopentane] were  obtained in 52-56% yield (Experiments 1-3, Table 1), 
i .e . ,  lower by about 10% than the yields given by branched ~-olef ins  under s imi lar  conditions. It is prob- 
able that radicals  present  in the react ion zone readily reac t  with the C t e r t -  H bond, and, moreover ,  the 
hydrogen on the t e r t i a ry  carbon atom in the ring is removed more  readily,  which hinders the formation 
of addition products.  

The ability of w-phenyl - l -a lkenes  to form adducts is appreciably lower than that of the other 1- 
alkenes and, although there  are  no direct  data which can provide its quantitative expression,  this con- 
clusion follows so obviously f rom the resul ts  of Experiments 4, 5, and 6 that its cor rec tness  cannot be 
doubted. The reduction in the yields of the 1 : 1  adduets of 3-phenylpropene [allylbenzene], 4-phenyl-1-  
butene, and 6-phenyl - l -hexene  with carboxylic acids is actually fair ly considerable and cannot be at- 
tributed to experimental  e r ro r .  We suppose that this peculiari ty of r  is the resul t  of 
the "benzyl termination" of the kinetic chain, proceeding in paral le l  with the f r ee - rad ica l  addition re -  
actio~ (see scheme on following page). 

The result ing radicals  (D, (II), and (III) (like any other benzyl radicals) have a high stabilization 
energy; their charac te r i s t ic  tendency is to recombine with formation of the c~,~'-dialkenylbibenzyl. The 
analogous react ion of "allyl termination" is often observed in the react ions of f ree  radicals  with un- 
saturated compounds with a hydrogen atom in the allyl position [7]. The o~-vinylbenzyl radical  (I) is more  
stabilized than the ~-al ly lbenzyl  radical  (II) as a resul t  of the influence of two conjugated groups - phenyl 
and vinyl. Hence, 3-phenylpropene is more  prone to the "benzyl termination" react ion than 4-phenyl-1-  

662 



/ /2~ ,% 
(CH~)~ (Gtlz)nGll=ClI~ 

R 

where n=0,t,2; X=(GH~)3GO.; RGHCOOH"~-~--(Ctt,)n_~t(3IIGIL}/IIGOOH �9 

(I) (II) 

CH2--GH~ 

G If, 
~  

/ 
GH2=GII 

(IIU 

butene. This difference shows up in the yields of the 1 : 1  adduets formed by these unsaturated compounds 
with acids, which are  23 and 45~ respeet ively.  A s imi lar  resul t  was obtained in the react ion of dimethyl 
malonate with 4 -pheny l - l -deeene  (Expt. 7). It would seem that 6 -phenyl - l -hexene  should not differ f rom 
4-phenyl - l -bu tene ,  but it was aetuaIly found that in its react ion with propionte acid the yield of the 1 : 1 

adduet was only 8.5~ (i. e., redueed by a factor  of 5). The explanation of this fact can be given if it is 
assumed that the radical  (III) exists in a folded conformation, in whieh the unpaired eleetron interacts 
with the rr-eleetrons of the benzene nucleus and the double bond so that it is more  stabilized than (II). We 
obtained fur ther  proof of the inhibition of the addition react ion by benzyl hydrogen atoms when we ca r -  
r ied out the following react ion (Expt. 8): 

CHsCH,C00 Itq-~--CO(CH~)sC [I=CII2--~@--CO(C[ 12)10 ? IlCOOH 

CHs 

Here, the unsaturated e o m p o n e n t -  10-undecenophenone - contains a phenyl group, but no benzyl hydro-  
gen atoms, and so it eannot, of course ,  take par t  in a "benzyl termination" reaction. The lowering of the 
yield (54%, as against about 65% for l -a lkenes)  is probably due to chain terminat ion as a resul t  of the 
formation of the stable carbonyl-eontaining radical  CsHsCOCH(CH2)TCH=CH 2. In its abtiity to form an ad- 
duet with propionic acid 2 ,5 -d ime thy l -5 -p - to ly l - l -hexene  (Expt. 9) searee ly  differs f rom 2 -e thy l - l - hexene  
(the react ion with which - Expt. 10 - we ca r r i ed  out for purposes  of comparison).  These data indicate 
that the p r ima ry  benzyl radieal  [in Expt. 9 a radical  of s t ruc ture  CI-I2CGH4C(CHs)2CH3CH2(CH3)C=CH2] in 
the "benzyl termination" of the chain plays a smal le r  par t  than the secondary c~-alkenylbenzyl radicals  (I), 
(II), and (III). The low yield of 1:1 adduets in Experiments  9 and 10 is only part ly determined by the lower-  
ing of the react iv i ty  of the multiple bond at the addition stage. The main cause probably lies in the fo rma-  
tion of the intermediate  radicals  C4HgC(C2Hs)CH2CH(CH3)COOH and CH3CGHaC(CH3)2CH2CH2C(CHa)CH2CH. 
(CH3)COOH, which are  t e r t i a ry  and therefore  more  prone to undergo dimerizat ion and less prone to par t i -  
cipation in the propagation of the chain than s imi lar  secondary  radicals .  

With the most  reac t ive  acid (propionic) under standard eonditions cyelopentene and cyelohexene 
fo rm 1 : 1 adducts in 10-17~ yield, and about one-half  of the original  amount of the olefin does not reac t  
(Experiments 11 and 12). The much lower reaet ivi t ies  of eycloalkenes,  as compared with l -a lkenes ,  in- 
dicate that in the radical-addi t ion react ion s ter ie  hindrance plays a very  important  part .  This eonclu- 
sion is confirmed by experiment 13, in which by the condensation of 4-nonene with propionie acid an ad- 
duet was obtained in 13.3% yield. 

Like the s t ruc ture  of the unsaturated compound, the s t ruc ture  of the earboxylie aeid has a determin-  
ing significance on the eourse  of the radical-addi t ion reaction: to a considerable extent it determines  the 
ra tes  of the separa te  s tages and the total amount and proport ions  of the products.  We have pointed out 
previously that in its react ions with a -o le f ins  isobutyrie acid gives 1 : 1 adducts in yields which are  25~ 
lower than in the ease of normal  aliphatie acids [2]. The synthesis of methyl 2-eyclohexylundeeanoate 
f rom methyl eyelohexylaeetate and l -deeene  (Expt. 14) also did not go sat isfactor i ly ,  for the cyelohexyl 
group has an inhibiting effect (due to its t e r t i a ry  carbon atom) and also probably a s ter ie  effect, which 
render  the addition of the eyelo-CGHIICHCOOCH8 at the double bond diffieult. As would be expected, 
methyl phenylacetate has a low tendency to add to olefins as a resul t  of the stabilizing effect of the phenyl 
group in the radical  CGHsCHCOOCH 3 (Expt. 15). Despite the high concentrat ion of l -deeene  in the re -  
aetton zone ( three-quar te rs  of it did not react) ,  the es te r  radicals  mainly d imer ize  with formation of di- 
methyl 2,3-diphenylsueeinate (IV). 

663 



TA
BL

E 
1 

Jl E
x

p
t.

 

1 2 3 4 5 6 7 8 9 

i0
 

ii
 

12
 

13
 

14
 

Re
ac

ti
o 

n 
co

mp
on

en
ts

 

15
 

ac
id

 o
r 

e
st

e
r 

(A
) 

C
T

H
is

C
O

O
H

 
C

aH
iT

C
O

O
H

 
C

g
H

~
C

O
O

H
 

C
3H

TC
O

O
H

 
C

T
H

Is
C

O
O

H
 

C
H

3C
H

2C
O

O
H

 
C

H
 2
 (C

O
O

C
 H

3)
 2
 

C
H

3C
H

2C
O

O
H

 
C

H
3C

H
2C

O
O

H
 

C
H

3C
H

2C
O

O
H

 
C

H
3C

H
2C

O
O

H
 

CH
3C

H2
CO

OH
 

CH
3C

H2
CO

OH
 

Cy
cl

o-
CG

HI
IC

H 
2 

CO
OC

H3
 

C~
Hs

CH
2C

OO
CH

 
3 

u
n

sa
tu

ra
te

d
 c

o
m

p
o

u
n

d
 (

B
 

C
y

c
lo

h
e

x
y

le
th

y
le

n
e

 
3

- 
C

y
c

lo
h

e
x

y
lp

ro
p

e
n

e
 

3
- 

C
y

c
lo

p
e

n
ty

lp
ro

p
e

n
e

 
3

- 
P

h
e

n
y

lp
ro

p
e

n
e

 
4

- 
P

h
e

n
y

l-
 1

-b
u

te
n

e
 

6
- 

P
h

e
n

y
l-

 1
- h

e
x

e
n

e
 

4
- 

l~
h

en
y

l -
 1

- 
d

ec
 e

n
e 

1
0

- 
U

n
d

ec
 e

n
o

p
h

en
o

n
e 

2
,5

- 
D

im
e

th
y

l-
 5

-p
- 

to
ly

l-
 

1
- 

h
e

x
e

n
e

 
2

- 
E

th
y

l-
 1

-h
e

x
e

n
e

 
C

y
e

lo
p

e
n

te
n

e
 

C
y

c
lo

h
e

x
e

n
e

 
4

- 
N

o
n

en
e 

1
-D

e
e

e
n

e
 

Am
ou

nt
s 

of
 c

om
po

ne
nt

s 
ta

ke
n,

 
mo

le
s 

A
 

1
.4

 
5 3.

2 
2

.6
 

5 4 4 2
.9

 

4 1.
5 

* 
t-

B
u

ty
l 

p
e

ro
x

id
e

 i
n

 a
ll

 e
x

p
e

ri
m

e
n

ts
. 

t 
N

u
m

e
ra

to
r:

 
y

ie
ld

 o
n

 t
h

e 
a

m
o

u
n

t 
of

 u
n

sa
tu

ra
te

d
 c

o
m

p
o

u
n

d
 

co
m

p
o

u
n

d
 t

h
at

 r
e

a
c

te
d

. 

$ 
B

a
se

d
 o

n
 t

h
e 

to
ta

l 
w

ei
g

h
t 

of
 1

 :
 1

 a
d

d
u

ct
 +

 r
e

si
d

u
e

. 

B
 

p
er

o
x

id
e*

 

0
.0

7
 

0
.0

1
7

5
 

0
.5

 
0

.1
 

0
.3

2
 

0
.0

6
4

 
0

.2
6

 
O

.0
65

 
0

.5
 

0
.1

2
5

 
0.

2 
0

.0
5

 
0

.3
8

4
 

0
.1

 
0

.1
 

0
.0

2
5

 
0

.1
4

5
 

0
.0

3
6

 

0
.4

 
0

.1
 

O
.3

 
0

.0
7

5
 

0
.3

 
0

.0
7

5
 

0
.3

 
0

.0
7

5
 

0
.1

5
 

0
.0

3
7

5
 

0.
2 

0
.0

5
 

ta
k

e
n

 f
o

r 
re

a
c

ti
o

n
; 

T
e

m
p

e
ra

- 
Ti

me
, 

tu
re

,~
 

h 

1
4

8
-1

5
0

 
5 

1
4

5
-1

5
0

 
5 

1
4

5
-1

5
5

 
4 

1
4

5
-1

5
0

 
5 

1
4

8
-1

5
3

 
5 

1
3

5
-1

3
8

 
5 

1
5

0
-1

5
5

 
5 

1
3

8
-1

4
0

 
5 

1
3

5
-1

3
9

 
5 

1
3

0
-1

4
0

 
5 

1
1

8
-1

4
0

 
5.

5 
1

3
0

-1
4

0
 

5
.5

 
1

3
5

-1
4

0
 

5 
1

4
9

-1
5

3
 

5 

1
4

8
-1

5
3

 
5 

d
e

n
o

m
in

a
to

r:
 

B
 r

e
- 

co
v

er
ed

, 
g 7 

17
 

1
9

.5
 

13
 

m 9.
2 

14
 

2
0

 9 

19
.5

 

Y
ie

ld
 o

f 
1 

: 
1 

A
B

 a
d

d
u

ct
 

g 
%

~ 

10
 

56
 

75
 

53
 

4
7

 
52

 
1

2
.5

 
2

3
 

63
 

45
 

4 
8

.5
/1

8
 

45
 

3
3

/4
3

 
17

.2
 

54
 

14
.3

 
36

/6
3.

5 

~8
 

38
 

7.
3 

17
.2

/3
1 

5 
10

.6
/2

3 
8 

13
.3

/2
8 

13
.8

 
3

1
/5

4
 

9
.8

 
1

7
/5

5
 

R
e

si
d

u
e

 

g 
%

~:
 

9 
4

7
 

33
 

31
 

26
 

3
5

.5
 

1
9

.5
 

61
 

40
 

39
 

16
 

80
 

3
7

.5
 

4
5

.5
 

7 
2

9
 

8.
5 

3
7

.5
 

12
 

2
7

.5
 

7
.8

 
53

 
4

.5
 

4
7

 
10

 
55

 
12

 
4

6
.5

 

2 
17

 

y
ie

ld
 o

n
 t

h
e 

a
m

o
u

n
t 

of
 t

h
e 

u
n

sa
tu

ra
te

d
 



O,H,CHCO0 CH., CHsOOCCII--CHC00CIt~ (IV) 

C6[15dHCOOCH3__ I / xx C6 Ha C~I I~ 
C,H,,CH=Crt._, ~ C8/I17CH2C112(]1IC00C113~ CsII~Lil[COOCI[3 

C6HsCIIzCOOCI[3 [ 
Cdt5 (V) 

(IV) was  ob ta ined  in two f o r m s ,  m e s o  and r a c e m i c ;  (V) con t a ined  s o m e  (IV) as  i m p u r i t y ,  and it was  iden-  
t i f i ed  a f t e r  c o n v e r s i o n  into 2 - p h e n y l u n d e c a n o i c  ac id .  Of the  t o t a l  amoun t  of the  p h e n y l a c e t i c  e s t e r  which  
r e a c t e d  about  60~ wen t  in the  f o r m a t i o n  of (IV), about  30% in the  f o r m a t i o n  of (V), and about  10~c in the  
f o r m a t i o n  of s u b s t a n c e s  of h i g h e r  m o l e c u l a r  we igh t .  

EXPERIMENTAL* 

Unsaturated Hydrocarbons. 3-Cyclopentylpropene, 3-cyclohexylpropene, 3-phenylpropene, 
6-phenyl- i- hexene, 4-phenyl- l-butene, and 4-phenyl- i- decene were prepared by the Grignard- Wurtz 
reaction from allyl bromide, on the one hand, and bromocyclopentane, bromocyclohexane, bromobenzene, 
(3-bromopropyl)benzene, benzyl chloride, and l-bromo-l-phenylheptane, on the other. Cyclohexylethylene 
was prepared by the pyrolysis of 2-cyclohexylethanol acetic ester [13]. The synthesis of 2,5-dimethyl-5- 
p-tolyl-l-hexene is described in [14]. 10-Undecenophenone was prepared by the condensation of diphenyl- 
cadmium with 10-undecenoyl chloride by the procedure used in the preparation of methyl 7-methyl-4- 
oxoctanoate [15]. The yield of the ketone, b.p. 157-159 ~ (3 ram) and m.p. 25 ~ was 69%. Found ~: C 83.31, 
83.34; HI0.01, 1020. C17H240. Calculated~: C 83.55; H9.90. 

Addition of Acids to Unsaturated Hydrocarbons. All the experiments (1-14, Table 1) 
were conducted by the procedure described in [2]. Four-fifths of the calculated amount of the acid (di- 
methyl malonate and methyl cyclohexylacetate in Experiments 7 and 14) was placed in a flask, and the re- 
maining one-fifth of the acid was used for the preparation of a solution of the unsaturated compound and 
t-butyl peroxide. The experiments with propionic acid were conducted at the boiling point of the reaction 
mixture, and in the other experiments the reaction temperature was kept in the range 145-155 ~ . In the 
distillation of the reaction product, in Experiments 4, 6, 7, and 9-14 we isolated unchanged unsaturated 
compound, but in the other experiments the latter reacted completely. The yields of i: 1 adducts were 
determined after redistillation. The smount of substance boiling higher than the 1 : 1 adduct is given in 
Table 1 in the column headed "Residue." The acids obtained in Experiments 1, i0, 11, and 13 were puri- 
fied via their acid chlorides. Dimethyl (4-phenyldecyl)malonate was boiled with 30% KOH solution, and 
the product was treated with hydrochloric acid; this gave (4-phenyldecyl)malonic acid. The latter was 
heated in a vacuum, when decarboxylation occurred with formation of 6-phenyldodecanoic acid; b.p. 
191-193 ~ (1.5 ram); d42~ 0.9680; nD 2~ 1.4972. Found ~: C 78.15, 78.13; H 10.27, 10.29. MR 83.59; 
neutralization equiv. 275. CtsHisO 2. Calculated %: C 78.21; H 10.21; MR 83.86; neutralization equiv. 
276.4. 

Addition of Methyl Phenylacetate to l-Decene. Thiswas conducted by the pro- 
cedure of Experiments 1-14 (see Table I). At the end of the reaction the reaction mixture was cooled to 
about 20 ~ and the crystalline precipitate formed (4.2 g) was filtered off and identified by its melting 
point [220 ~ (from alcohol)], hydrolysis equivalent (150.9), and elemental analysis (found %: C 72.15; 
72.29; H 6.09; 6.16) as the meso form of dimethyl 2,3-diphenylsuccin~te.~ Acetone, t-butyl alcohol, 
unchanged l-decene (19.5 g), and excess of methyl phenylacetate were driven from the filtrate. The re- 
sidue (38 g) was kept for one day at about 3-4 ~ and from this by filtration we isolated 5.8 g of the racemic 
form of dimethyl 2,3-diphenylsuccinate, m.p. 173.5 ~ (from methanol).$ By the distillation of the filtrate 
we obtained 9.8 g of methyl 2-phenylundecanoate [b.p. 140-144 ~ (3 ram), d42~ 0.9521; nD2~ 1.4851; hydroly- 
sis equiv. 263.6] contaminated with dimethyl 2,3-diphenylsuccinate. By boiling it with 30% KOH, methyl 
2-phenylundecanoate was hydrolyzed to 2-phenylundecanoic acid (see Table 2). 

CONCLUSIONS 

1. The r a d i c a l  add i t i on  of c a r b o x y l i c  a c i d s  to ~ o - p h e n y l - l - a l k e n e s  is  a c c o m p a n i e d  by the  p a r a l l e l  
r e a c t i o n  of the  " b e n z y l  t e r m i n a t i o n "  of the  k ine t i c  cha in ,  a s  a r e s u l t  of which  1 :1  adduc t s  a r e  ob ta ined  in 
l o w e r  y i e l d s  than  when u n s u b s t i t u t e d  1 - a l k e n e s  a r e  u sed .  

* L a b o r a t o r y  w o r k e r  G. E. K o n d r a s h i n a  took p a r t  in the  e x p e r i m e n t a l  w o r k .  
t A c c o r d i n g  to the  l i t e r a t u r e  [16] the  m e s o  f o r m  has  m.p .  219-220 ~ and the r a c e m i c  f o r m  has  m.p .  173.5 
to 174 ~ . 
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2. Cycloalkenes and alkenes with the double bond not in the t e rmina l  posit ion a r e  not so r eac t ive  as 
1-a lkenes  in addition reac t ions  with carboxyl ic  acids,  which is de te rmined  mainly  by the operat ion of 
s t e r i c  f ac to r s .  
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