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Many investigations have been devoted to the react ions for the carboxylation of a romat ic  hydroxy and 
amino compounds with carbon dioxide [1]. Very  little data exists on the carboxylation of benzene and its 
neares t  homologs. Thus, in [2] it was established that small  amounts of benzoic acid a re  formed from ben- 
zene and CO 2 in the presence  of A1C13; the formation of tolutc acid from toluene and CO 2 in the presence  of 
zh~c-  c o p p e r -  chromium catalyst  is mentioned in [3]; in [4] it is indicated that benzoic acid is obtained in 
low yieId (6%) from benzene and CO 2 at a p r e s s u r e  of 40 atm in the presence  of A1C13, along with the s im-  
ultaneous formatio~ of ketones in a yield of up to 3.5%. In the absence of a catalyst  the reaction of benzene 
with CO 2 failed to go even at ultrahigh p re s su re s .  In [5] only tolutc acid was isolated from the reaction 
products  of CO 2 with toluene in the presence  of A1Br 3. 

Since many react ions ,  catalyzed by aluminum halides, a re  activated by a hydrogen halide, a study was 
made of the effect of HBr on the carboxylation of tr tethylbenzene with CO 2 [6]. It was established that the 
react ion failed to go when the complex A12Br 6 �9 C 6 H 3 ( C 2 H s )  3 �9 HBr was allowed to stand with CO 2 for 50 h at 
50~ The complex A12B2[C6H3(C2Hs)2] gave a ve ry  low yield of the carboxylic aeid and the ketone, while only 
t r a c e s  of the ketone were obtained f rom the complex AI2Br 6 �9 3[C6H3(CH3)3] �9 HBr, and the acid was not i so-  
lated. Apparently, the complex A1Br 3 �9 hydrocarbon .  CO 2 was formed during the react ion process ,  in which 
connection the p resence  of the hydrogen halide prevented the carboxylat ion reaction. A1CI~ gave complexes 
with aromat ic  hydrocarbons more  eas i ly  than did A1Br 3 [5]. 

In the presen t  paper  we studied the react ion of CO s with toluene in the presence  of A1C13 at 50-125 ~ 
and a CO 2 p r e s s u r e  of 20-50 atm under static conditions. The obtained resul ts  are  summar ized  in Table 1. 
The pr ine ipa l reac t ionprodue ts  were  p- toluic  acid,di tolyl  ketones, benzene, and high-molecular  compounds, 
which were not investigated more  closely. The yields of p- toluic  acid, formed according to the reaction: 

C6HsCH 3 C-~O2 p-CH3C~H4COOH , reached 23%. The ditolyt ketones,  the formation of which goes according 
CO2 

to the react ion:  2C~HsCH 3 CH3C6H4COC3H4CH 3 + H~O, were  obtained in up to 30% yield. The benzene 
was formed as a resul t  of the disproportionation: 2C6HsCH 3 ~ C6H 6 + C6H4(CH3)2. 

A s imi lar  react ion was also observed ear l ier  at a tmospher ic  p r e s su re  in the absence of CO 2 [7]. The 
yields of benzene in our experiments  reached 16%. Traces  of xylenes were  detected in the react ion p rod-  
uets. Since the react ion ra te  with CO s dec reases  in the order  [6]" xylenes > toluene > benzene, the xylene 
was converted to h igh-molecular  products ,  the yield of which reached 12.5%, while the formed benzene 

prae t ica l ly  failed to reac t  with CO 2. 

The react ion course  and the composition of the products  a re  both markedly  affected by the react ion 
tempera ture ,  CO 2 p r e s s u r e ,  react ion t ime, and the amount of taken A1C13 cataIyst  (see Table 1). A study 
of the effect of the amount of catalysts  (Expts. 1-4) disclosed that the yields of p-toluic acid and benzene are  
maximum when 15 g of AIC13 is used, while the yields of the ditolyi ketones and high-molecular  com- 
pounds a re  maximum when 37 g of A1C13 is used. In the subsequent experiments we used 15 g of 

A1C13. 
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TABLE 1. Reac t ion  of Carbon  Dioxide with Toluene  in the P r e s e n c e  of 

A1C13 

Reaction ~ %  when based on sta~til~gtoluene 
Reaction i ~ u  2 p r e s ~ - -  ~ -  - -  Expt. Amount of . Itel-npera-! atmfP_tOluic, axtolyl ben- high-molec- 

No. catalyst, g time, n o rsare u �9 . . I tare, C I ~cia l~etones [zene cular compounds 

t 
2 
3 
4 
5 
6 
7 
8 
0 

10" 
tt  
t2 
t3" 

4 6 
t5 6 
26 6 
37 6 
t5 1 
15 3 
15 6 
15 12 
t5 1 
t5 t 
t5 t 
15 t 
15 t 

t00 
100 
t00 
t00 
100 
t00 
t00 
t00 
50 
75 

t25 
100 
100 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
20 
35 

3,t 
15,2 
10,1 
6,4 

22,6 
t8,1 
t5,2 
15,3 

8,0 
3,6 
7,3 
8,7 

tl ,5 
14,0 
24,7 
25,4 
ii,O 
t7,5 
14,0 
22,0 

t0,0 
34,5 
18,1 
20,5 

3,6 
t6,4 
14,6 
t4,6 
lOft 
13,t 
t6,4 
9,9 

2,6 
tt,0 
5,4 
9,2 

0,9 
5,2 
7,2 

12,4 
3,6 
2,8 
5,2 

t2,4 
0 
0,7 
3,3 
2,7 
3,i 

*Also see Expt. 5. 

When the r e a c t i o n  t i m e  is i n c r e a s e d  f rom 1 to 12 h (Expts. 5-8) the y ie ld  of p - t o l u i e  ac id  drops  f r o m  
22.6% (max imum yie ld  in our  expe r imen t s )  to 15.3%, whi le  the y ie ld  of the di to lyl  ke tones ,  in c o n t r a s t ,  i n -  
c r e a s e d  by 9%, and the y ie ld  of the h i g h - m o l e c u l a r  compounds  i n c r e a s e d  by the s a m e  amount ,  w h e r e a s  the 
y ie ld  of benzene  was  m a x i m u m  at a r e a c t i o n  t ime  of 6 h. 

The effect  of the r e a c t i o n  t e m p e r a t u r e  was s tudied in the r a nge  50-125 ~ , and the effect  of p r e s s u r e  was 
s tudied  in the r ange  20-50 arm,  with a r e a c t i o n  t ime  of 1 h (Expts.  5 and 9-11,  and c o r r e s p o n d i n g l y  5 and 
12-13).  The  m a x i m u m  yie ld  of p - t o lu i c  acid was  obta ined  at  100 ~ and 50 a tm of CO2, while the m a x i m u m  
yie ld  of the d i to ly l  ke tones  was obta ined  at  125 ~ and 50 a t m .  Benzene  was a l so  fo rmed  in the h ighes t  y ie ld  
u n d e r  t hese  condi t ions .  A d e c r e a s e  in the t e m p e r a t u r e  below 100 ~ s h a r p l y  lowers  the y ie ld  of h i g h - m o l e c -  
u l a r  compounds ,  whi le  at 100-125 ~ the y ie ld  is p r a c t i c a l l y  independent  of the CO 2 p r e s s u r e  in the i n v e s t i -  
gated r a n g e .  

The  obta ined  data  show that  in the p r e s e n c e  of at  l e a s t  15 g of ca ta lys t ,  a t e m p e r a t u r e  of at  l e a s t  
100 ~ and a p r e s s u r e  of at  l e a s t  50 a tm ,  the sum of the y ie lds  o f p - t o l u i c  acid and di tolyl  ke tones  is a n e a r l y  
cons t an t  va lue ,  and is 30-35% when based  on the s t a r t i n g  to luene .  An an t iba t i c  change in the y ie lds  of these  
compounds  is o b s e r v e d  with i n c r e a s e  in the r eac t i on  t ime :  a d e c r e a s e  in the y ie ld  of p - t o l u i c  ac id  and an in -  
c r e a s e  in the y ie ld  of d i to lyl  ke tones .  These  r e s u l t s  make  it p o s s i b l e  to a s s u m e  that  the di to lyl  ketone is 
p r o b a b l y  f o r m e d  f rom the to lu ic  acid ,  and consequen t ly  this  expla ins  the p r e d o m i n a n t  amoun t  of p -d i t o ly l  
ke tone  in the ke tones  f rac t ion .  The d i s p r o p o r t i o n a t i o n  of to luene  with the f o r ma t i on  of be nz e ne  goes to a 
s l igh t  deg ree  at  t e m p e r a t u r e s  below 100 ~ and p r e s s u r e s  below 35 a tm.  A s m a l l  amoun t  of h i g h - m o l e c u l a r  
compounds  is f o r m e d  unde r  these  condi t ions ,  which is appa ren t l y  expla ined  by the i r  f o r ma t i on  f rom the xy l -  
enes  that  a r e  ob ta ined  s i m u l t a n e o u s l y  with the benzene  by the d i s p r o p o r t i o n a t i o n  of to luene .  

EXPERIMENTAL 

The experiments were run in a rotated 0.25-1iter autoclave. For reaction we took 0.28 mole of toluene. 
At the end of experiment the reaction products were dumped on cracked ice and extracted with ether. The 

ether extract was treated with 200 ml of 10% KOH solution, washed with water until neutral, and dried over 

CaCl 2. The alkaline solution was combined with the wash waters and acidified with 10% HCI solution to pH 

2-3. The liberated p-toluic acid was filtered, dried in the air, and then sublimed, mp 176.5-177.5~ from 

[8]: mp 176-178 ~ Found: C 70.55; H 6.21%. C8H902. Calculated: C 70.59; H 5.88%. The UV spectrum of the 
toluic acid corroborated the p-substitution: kma x 238 nm, e 14274, log e 4.15544, k s 276 nm, ~ 793, ks 285 
nm, e 550. From [9]: p-toluic acid has krnax 236 nm and loge4.14. 

The ether extract was subjected to fractional distillation. A fraction with bp 140-160 ~ (2 ram) was iso- 

lated. Found: C 85.91; H 7.03%. Ct5HI40. Calculated: C 85.71; H 6.67%. The UV spectra of the fraction 
coincide with the spectrum of the ditolyl ketones given in [I0]. 
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C O N C L U S I O N S  

1. When toluene is r eac ted  with CO 2 in the p r e s e n c e  of A1Ct 3 at a p r e s s u r e  of 20-50 a tm and t e m p e r a -  
tu res  of 77-125 ~ the toluene is carboxyla ted  to p- to lu ic  acid in up to 23% yield. At the s ame  t ime a r e  formed 
ditolyl ketones in up to 35% yield and benzene in up to 16% yield. 

2. Dispropor t ionat ion of the toluene to benzene and xylenes  occurs  during the indicated reac t ion ,  and 
also the format ion  of ditolyt ketones via toluic acid.  
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