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The catalytic hydrogenation of an a romat ic  aldehyde may include a s e r i e s  of steps: reduction of the 
aldehyde group, hydrogenolysis  of the C-OH bond of the carbinol  formed,  hydrogenation of the aromat ic  
r ing.  F r o m  the l i t e ra tu re  data it follows that the dependence of the direct ion of the react ion and the rat io  
of the ra tes  of the individual steps on the nature of the cata lys t  and the conditions of the p rocess  has been 
investigated for the example of benzaldehyde [1, 2]. 

In this work we studied the convers ion of p-carboxybenzaldehyde under conditions of catalytic hydro-  
genation. This reac t ion  can also be used as a method of purif icat ion of terephthal ic  acid f rom p - e a r b o x y -  
benzaldehyde.  

E X P E R I M E N T A L  M E T H O D  

p-Carboxybenzaldehyde (purity 99.0%) was synthesized through w-dichloromethylbenzoyl  chloride.  
The catalysts  were  p repa red  by applying the salt  (PdC12, ruthenium hydroxochlor ide,  or RhC13) on activated 
charcoal  or y-AlzO3, followed by reduct ion with H2: palladium at 20 ~ ruthenium at 300 ~ rhodium at 250 ~ 
The exper iments  were  conducted in a thermos ta t ica l ly  control led glass r eac to r  at 50 ~ a tmospher ic  p r e s -  
sure ,  and intensive mixing. The t empera tu re  was maintained with an accuracy  of -~0.05 ~ F o r  each exper i -  
ment we took 0.1-1.0 g of the aldehyde, 25 ml of the solvent,  and 0.5 g of the catalyst ,  containing 0.5% Pd or 
5% Rh, Ru, applied on act ivated charcoal  or  y-A120 ~. 
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Fig. 1 Fig. 2 
Fig.  1. Dependence of the initial ra te  of hydrogenation of p - ca rboxy-  
benzaldehyde bn the p r e s s u r e  of H 2. Aldehyde 0.3 g; Pd/C;  solvent 
ethanol.  

F i g . 2 .  Kinetic data on the hydrogenation of p-carboxybenzaldehyde in 
the p resence  of 0.5% Pd/C (1) or Pd/y-A120 3 (1') and benzaldehyde on 
Pd/C (2) or Pd/y-A120 3 (2'). The conditions a re  given in the caption to 
Fig. i .  
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TABLE 1. Relative Activity of 
Catalysis in the Hydrogenolysis  
of p-Carboxybenzyl  Alcohol 

~o [ Hydro- 
r - [ genolysis 
~.~ 

~o I ~ ~.~ 

Pd/C H20 500 i00 8 
(0,5%) 
Rh/C 0,7 68 80 
(5%) 
Bu/C 0,3 28 80 
(5%) 
Pd/C C2H~OH 430 t00 t2 

(0,59/0) 
Rh/C 2 ,t t00 80 
(5%) 
Ru/C 0,0 0,0 80 
(5%) 
Pd/C ~H3CO0] 340 100 t0 

(0,5%) 
Rh/C 0,3 30 80 
(5%) 
Ru/C 0,0 0,0 80 
(5%) 

�9 The activity was estimated according 
to the initial rate of conversion of the 
alcohol. 

TABLE 2. Influence of Solvent on 
the Rate of Hydrogenation of p-  
Carboxybenzaldehyde 

~ate of ab- I mrption of 
Solvent Hz, ml/min ~ ~ 

Benzene 0,0 0,0 2,28 
Ethanol 18,0 i5,0 24,30 
Dioxane 0,0 0,0 2,2 
Methanol .)7,5 t4,0 32,63 
Ethyl acetate 7,0 2,5 6,02 
Acetone L5,0 i ,5 I 20,70 
Acetic acid .)6,0 t3,0 I 6,t5 
Water ~0,0 20,0 80,0 
Dimethylformamidel 3,0 0,0 37,60 
*At the moment of absorption of 0.4 mole. 
1"At the moment of absorption of 1.4 moles. 

During the process  of hydrogenation we measured  the rate  of 
absorption of H 2 and collected samples of the catalyzate for ch ro -  
matographic and polarographic  [3] determinations of the unreacted 

p-carboxybenzaldehyde.  

D I S C U S S I O N  OF R E S U L T S  

Hydrogenation of Pd/C (0.5%). The Pd catalyst  proved most  
active, which agrees  with the l i t e ra tu re  data for other aromat ic  a lde-  
hydes.  The initial rate of absorption of H 2 did not depend on the con- 
centration of carboxybenzaldehyde within the range 0.2-0.5 g. 
Lowering the part ial  p r e s su re  of H 2 (in dilution with Ar) leads to a 
l inear  decrease  in the initial react ion rate (Fig. l) .  Thus, the r e a c -  
tion is charac te r ized  by zero order  with respec t  to the substrate  
and f i rs t  o rder  with respec t  to H 2. 

During the hydrogenation of the aldehyde, a decrease  in the 
react ion rate  is observed as a resul t  of part ial  poisoning of the 
catalyst ,  and not on account of the deviation f rom zero order .  This 
is evident f rom the independence of the initial react ion rate f rom 
the concentrat ion of p-earboxybenzaldehyde and confirmed by the fact  
that in the success ive  hydrogenation of several  samples of aldehyde 
on the same portion of the catalyst ,  the initial rate also dec reases .  

It is known that in the hydrogenation of cer tain aromat ic  alde-  
hydes and ketones on a Pd-ca ta lys t ,  the hydrocarbon formed may 
inhibit the react ion.  Actually, an individual experiment established 
that the introduction of p-toluic acid into the react ion mixture in- 
hibits the p rocess .  The cause of the poisoning of the catalyst  may 
also be the formation of condensation products,  capable of blocking 
the active surface of the catalyst ,  as was observed in the hydrogena-  
tion of other a romat ic  aldehydes on a Pd-ca ta lys t  [4]. 

Polarographic  and chromatographic  analyses have shown that 
after  the absorption of 1 mole of H2, no more  than 1% of the initial 
aldehyde remains  in the catalyzate.  The react ion does not stop at 
this stage. The total amount of absorbed H 2 approaches 2 mole /mole  
of the aldehyde. Consequently, the hydrogenation of p -carboxybenza l -  
dehyde on this cata lyst  under mild conditions proceeds s~rictly suc -  
cess ively  in two steps: reduction of the aldehyde group to an alcohol 
group and hydrogenolysis  of the alcohol formed.  

A compar ison of the kinetic curves of the hydrogenation of p-  
earboxybenzaldehyde and unsubstituted benzaldehyde (Fig.2) shows 
that the introduction of a carboxyl group has an appreciable influence 

on the process :  the react ion ra te  approximately doubles. The change in the nature of the c a r r i e r  @-AI20 3 
instead of activated charcoal)  leads not only to a decrease  in the value of the specific surface),  but also to 
an increase  in its select ivi ty.  We should note that in the hydrogenation of benzaldehyde on Pd/C,  no decrease  
in the react ion ra te  at the f i r s t  step is observed.  

Influence of the Nature of the Catalyst .  Ru and Rh differ substantially f rom Pd in activity. The kinetic 
curves (Fig. 3) show that this difference is maintained for different solvents.  The catalysts  studied differ 
especial ly sharply with respec t  to the second step of the react ion (hydrogenolysis of the p-carboxybenzyl  
alcohol formed).  F r o m  Table 1 it is evident that in the presence  of Ru, hydrogenolysis  of the C-OH bond 
occurs  very  slowly and only in aqueous solution. On a Rh-ca ta lys t ,  hydrogenolysis  proceeds to completion 
only in ethanol. In this case the amount of absorbed H 2 exceeds 2 moles,  i.e., the a romat ic  ring is also 
part ial ly hydrogenated.  

The resul ts  obtained show that the rat io of the ra tes  of the success ive  reactions of reduction of the 
aldehyde group and hydrogenolysis  of the C-OH bond depends on the nature of the catalyst  and the nature 
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F ig .  3. Compara t ive  act ivi ty  of ca ta lys t s  in the hydrogenat ion of p -  
carboxybenzaldehyde:  1) Pd/C (0.5%); 2) Ru/C (5%); 3) Rh/C (5%). 
a) Ethanol; b) water ;  c) acet ic  acid.  

F i g .4 .  Kinetic curves  of the hydrogenat ion of p -ca rboxybenza lde -  
hyde in va r ious  solvents  (aldehyde 0.3 g; Pd/C):  1) water ;  2) ethanol; 
3) methanol;  4) acet ic  acid; 5) buffer  solution (1.2 M CH~COONa 
+ 0.2 M CH3COOH); 6) acetone; 7) ethyl acetate;  8) d ime thy l fo rm-  
amide;  9) 80% ethanol with an addition of 0.5 g NaOH. 

of the solvent .  Evidently these  p r o c e s s e s  occur  accord ing  to different  mechan i sms ;  the re fo re  the se lec t iv i ty  
of the p r o c e s s  can be va r i ed  within broad  l imi ts  by vary ing  the conditions of the reac t ion .  The use  of Pd, 
the act ivi ty of which is two o rde r s  of magnitude higher than that of the other ca ta lys t s ,  pe rmi t s  reduct ion 
of the aldehyde group to the methyl  group. In the p r e s e n c e  of Ru, p -ca rboxybenzy l  alcohol can be obtained 
in a high yield under  mild condit ions.  Compar i son  with the l i t e r a tu r e  data for  benzyl  alcohol gives a bas i s  
for  bel ieving that under r igorous  conditions the a roma t i c  r ing can a lso  be reduced on this ca ta lys t ,  with 
conserva t ion  of the hydroxyl  group.  

Influence of the Nature  of the Solvent. F igure  4 and Table  2 p resen t  data on the hydrogenat ion of p -  
carboxybenzaldehyde in var ious  solvents  on Pd/C (0.5%). tt was found that the ra te  of reduction of the a lde -  
hyde group d e c r e a s e s  in the s e r i e s :  wa te r  > ethanol > methanol  > acet ic  acid > acetone > ethyl aceta te  > d i -  
me thy l fo rmamide ,  while in benzene,  acid, and dioxane the reac t ion  does not take p lace .  The addition of 
these solvents  to ethanol leads to an apprec iab le  lowering of the r a t e .  In hydrogenat ion in buffer  solution 
(CH3COONa - 1.2 M + CH3COOH - 0.2 M), hydrogenolys is  of the alcohol fo rmed  prac t i ca l ly  does not occur  
(see F ig .4 ,  curve  5). When the pH is fu r the r  inc reased  (alcoholic alkali) ,  the total ra te  of the p roce s s  is 
sharp ly  reduced .  Evidently a definite ro le  is played the a c i d - b a s e  p rope r t i e s  of the medium,  as well  as 
the abil i ty of the solvent  to be adsorbed  on the ca ta lys t .  F o r  example ,  a roma t i c  hydrocarbons  may compete  
with an a roma t i c  aldehyde in adsorpt ion,  displacing the l a t t e r .  

A compar i son  of the kinet ic  data with the values  of the d ie lec t r ic  constant  of the solvents  shows the 
p r e sence  of some  cor re la t ion ;  in mos t  cases  with dec reas ing  d ie lec t r ic  pe rmeab i l i ty  the reac t ion  ra te  de-  
c r e a s e s .  However ,  in d ime thy l fo rmamide  the reac t ion  p roceeds  at a min imum ra te ,  and in acet ic  acid at 
a high r a t e .  

It is in te res t ing  to note that in the hydrogenolys is  of C6HsCH2OH on Pd/C (0.5%), a dec r ea se  in the 
r a t e  was obse rved  in the se r i e s :  ace t ic  acid > wa te r  > methanol  > ethyl aceta te  > hexane [6]. 

CONCLUSIONS 

i. The hydrogenation of p-carboxybenzaldehyde proceeds according to zero order with respect to the 
substrate and according to firz~t order with respect to H 2. 

2. On Pd-catalysts, hydrogenation is accompanied by subsequent hydrogenolysis of the C-OH bond 

of the carbinol formed. 

3. On a Rh-catalyst hydrogenolysis proceeds extremely slowly, while on a Ru-catalyst p-carboxy- 
benzyl alcohol is selectively formed. 
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