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CATALYTIC HYDROGENATION OF SOLID 
DIHYDROXYBENZENES 

Fouad Sabra, Jacques Bassus and Roger Lamartine 
UniversitC Claude Bernard, Lyon I 
Laboratoire de Chimie Industrielle, UA 805 du CNRS 
43,Boulevard du 11 Novembre 1918 
69622 Villeurbanne ckdex, France. 

Abstract Solid dihydroxybenzenes are hydrogenated under mild conditions. 
Reactivity and selectivity depend on catalyst. Pt02 Adams is the best 
catalyst. Cis and trans-cyclohexanediols are the main products of the solid 
state reaction. 

I" 

Previous works in this laboratory on the catalytic hydrogenation of monophenols1 
proved that it is possible to hydrogenate organic solids t o  a high conversion ratio 
under mild conditions2-3. Dihydroxybenzenes (diphenols) and their hydrogenated 
derivatives have interesting properties. Catalytic hydrogenations of these diphenols 
are usually carried out in liquid or vapor phase under drastic conditions4 (145' C 
and 100 bars hydrogen pressure). In this work we study the hydrogenation of 1,2- 
dihydroxybenzene (catechol &in the solid state under mild conditions and compare 
it with r e a c t i o n  i n  s o l u t i o n .  - 

cis + &OH 

H 4 OH Solid catalyst 
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trans 
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erimatal conditions 
500 mg of 1,2-dihydroxybenzene powder (m.p 106' C) are mixed with 50 mg of 
catalyst. The reaction temperature is 25' C and hydrogen pressure is kept at 1 bar 
during r eac t ion .  

matography: c a p i l l a r y  column OV-17, n i t r o g e n  gas  carrier, flame 

ion iza t ion  de tec to r .  Resu l t s  are eva lua ted  us ing  an ENICA-10 i n t e g r a t o r .  

Analysis of t h e  products  is p e r f o r m d  wi th  gas  chro- 

RESULTS 
ctlvlty 

Different catalysts are used for the solid state catalytic hydrogenation of 1,2 
dihydroxybenzene. The reactivity depends essentialy on the nature of the metal 
catalyst as shown in table 1. 

. .  

Table 1 - Conversion ratio versus catalyst 

Catalyst (metal %) Conversion ratio 
% 

PdAl203 (5%) 0 
PdCaCo3 (5%) 0 
Pd/BaS04 (5%) 0 
P d C  (5%) 28 
WA1203 (5%) 15 
RWC (10%) 
W C  (5%) 
l'to2 Adams 

38 
41 
80 

As expected cis and trans 1,2-c~clohexanediolQ~) are t h e  hydrogenation products  

formed. Besides t h e  hydrogenolyeis,  t h e  product cyclohexanol (4) i s  
obta ined .  
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Table 2 - Selectivity versus catalyst 

C a t a l y s t  (2+ L) 2/3 4 4/2+2 
% % 

Pd/C (5%)  25 1.6 3 0.12 
WAl203 (5%) 14 1.6 1.2 0.08 
W C  (5%) 35 3.1 3.5 0.10 
Pt/C(5%) 28 2.7 13 0.46 
Pto2 68 2.4 12 0.17 

The r eac t ion  is  c a r r i e d  out  i n  so lu t ion  under t h e  same condi t ions as 

i n  t h e  s o l i d  s t a t e  and with Pt02 a s  c a t a l y s t .  As shown i n  t a b l e  3,  

r e a c t i v i t y  and s e l e c t i v i t y  are modified and add i t iona l  products be- 

s i d e s  those i n  the  solid state are formed. 

Table 3 - Reaction in solution 

Solvent Solubility 2 9 4 other compounds 
% % %  % 

Methanol Soluble 0 0 0  0 

1,2-dichloroethane Soluble 0 0 4  10 

C yclohexane Slightly 21 8 17 26 
soluble 

DISCUSSION 

In the solid state dihydroxybenzenes can be hydrogenated with high conversion 
m t  ios.Products are mainly cis and trans cyclohexanediol. Pt02 Adams seems to be 

the best catalyst for conversion of 1,2- dihydroxybenzene in the solid state. The 
cishrans ratio depends on catalyst. Whatever catalyst,cis isomer is t h e  main 
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hydrogenated product. 

Dunkel's 536 obtained by hydrogenation of xylenes and s u b s t i t u t e d  

cyclohexenes over PtO2 Adams i n  acetic a c i d .  

The aromatic r i n g  reduct ion is  accompained by a hydrogenolysis 

react ion y i e ld ing  cyclohexanediol 3. 
a l s o  with c a t a l y s t .  

Hydrogemlysis react ions,  considered as secondary react ions,  are 

usual ly  observed i n  t h e  reduct ion of hydroxyl aromatic substrates ' .  

I n  s o l u t i o n ,  depending on so lven t ,  r e a c t i v i t y  and s e l e c t i v i t y  are 

modified. 

solvent l i k e  methanol, is  weak i n  a non-protic p o l a r  solvent  like 
1,2-dichloroethane. 

conversion r a t i o  is  similar t o  t h e  s o l i d  state,  bu t  a d d i t i o n a l  prod- 

u c t s  are formed. 

soluble .  

p a r t i c l e s  suspended i n  t h e  cyclohexane and exp la ins  the same con- 
ver s ion  r a t i o  as f o r  a s o l i d  state r eac t ion .  

This r e s u l t  could be compared t o  S iege l  and 

Hydrogenolysis r a t i o  v a r i e s  

P t / C  g ives  t h e  h ighes t  hydrogenolysis r a t i o .  

We noticed hydrogenation does no t  occur i n  a p r o t i c  p o l a r  

Only i n  a non-polar so lven t ,  cyclohexane, t h e  

I n  t h i s  case, t h e  o rgan ic  s o l i d  is  no t  completely 

Probably, t h e  react ion occurs  between hydrogen and s o l i d  

CONCLUSION 

It is  shown t h a t  s o l i d  state c a t a l y t i c  hydrogenation of 1,Z-di- 

hydroxybenzene occurs  under mild condi t ions.  

high conversion r a t i o s  and good s e l e c t i v i t y  are observed. 

t r a n s  1,2-cyclohexanediols are more e a s i l y  obtained i n  t h e  s o l i d  

state than i n  l i q u i d  o r  vapor phases. 

an easy and clean way t o  hydrogenate o rgan ic  substances.  

hydrogenation method can be used j u s t  as w e l l  at a l abora to ry  scale 

as a t  an i n d u s t r i a l  scale. 

In  these  cond i t ions  

C i s  and 

Sol id  state r e a c t i o n s  a f f o r d  

This  
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