This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:25

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Catalytic Hydrogenation of Solid
Dihydroxybenzenes

Fouad Sabra ® , Jacques Bassus ® & Roger Lamartine ?

# Université Claude Bernard, Lyon |, Laboratoire de Chimie
) i e Ihdustrielle, UA 805 du CNRS 43, Boulevard du 11 Novembre
1918, 69622, Villeurbanne cédex, France

Version of record first published: 22 Sep 2006.

To cite this article: Fouad Sabra , Jacques Bassus & Roger Lamartine (1990): Catalytic
Hydrogenation of Solid Dihydroxybenzenes, Molecular Crystals and Liquid Crystals Incorporating
Nonlinear Optics, 186:1, 69-72

To link to this article: http://dx.doi.org/10.1080/00268949008037193

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008037193
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:25 19 February 2013

Mol. Cryst. Lig. Cryst., 1990, vol. 186, pp. 69-72
Reprints available directly from the publisher
Photocopying permitted by license only

© 1990 Gordon and Breach Science Publishers S.A.
Printed in the United States of America
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DIHYDROXYBENZENES

Fouad Sabra, Jacques Bassus and Roger Lamartine
Université Claude Bernard, Lyon [

Laboratoire de Chimie Industrielle, UA 805 du CNRS
43, Boulevard du 11 Novembre 1918

69622 Villeurbanne cédex, France.

Abstract Solid dihydroxybenzenes are hydrogenated under mild conditions.
Reactivity and selectivity depend on catalyst. PtO2 Adams is the best
catalyst. Cis and trans-cyclohexanediols are the main products of the solid
state reaction.

INTRODUCTION

Previous works in this laboratory on the catalytic hydrogenation of monophenols!
proved that it is possible to hydrogenate organic solids to 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 conditions# (145° C
and 100 bars hydrogen pressure). In this work we study the hydrogenation of 1,2-

dihydroxybenzene (catechol Din the solid state under mild conditions and compare
it with reaction in solution.
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Experimental 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 reaction. Analysis of the products is performed with gas chro-
matography: capillary column OV-17, nitrogen gas carrier, flame

ionization detector. Results are evaluated using an ENICA-10 integrator.

RESULTS

Reactivit

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

%
Pd/A1203 (5%) 0
Pd/CaCo3  (5%) 0
Pd/BaSO4  (5%) 0
Pd/C (5%) 28
RWAIR03  (5%) 15
Rh/C (10%) 38
PyC (5%) 41
PtO2 Adams 80

Selectivity

As expected cis and trans 1,2-cyclohexanediol@,3) are the hydrogenation products

formed. Besides the hydrogenolysis, the product cyclohexanol (4) is
obtained.
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Table 2 - Selectivity versus catalyst

Catalyst 2+3) 2/3 4 4/2+3
% %

Pd/C (5%) 25 1.6 3 0.12

Rh/AIL203 (5%) 14 1.6 12 0.08

Rh/C (5%) 35 3.1 3.5 0.10

Pt/C(5%) 28 2.7 13 0.46

P02 68 2.4 12 0.17

Soluti .

The reaction is carried out in solution under the same conditions as
in the solid state and with PtOp as catalyst. As shown in table 3,
reactivity and selectivity are modified and additional products be-

sides those in the so0lid state are formed.

Table 3 - Reaction in solution

Solvent Soltubility 2 3 4 other compounds
% % % %
Methanol Soluble 0 0 0 0
1,2-dichloroethane  Soluble 0 0 4 10
Cyclohexane Slightly 21 8 17 26
soluble
RISCUSSION

In the solid state dihydroxybenzenes can be hydrogenated with high conversion
ratios.Products are mainly cis and trans cyclohexanediol. PtO2 Adams seems to be

the best catalyst for conversion of 1,2- dihydroxybenzene in the solid state. The

cis/trans ratio depends on catalyst. Whatever catalyst,cis isomer is the main
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hydrogenated product. This result could be compared to Siegel and
Dunkel's 5,6 obtained by hydrogenation of xylenes and substituted

cyclohexenes over PtOy; Adams in acetic acid.

The aromatic ring reduction is accompained by a hydrogenolysis
reaction yielding cyclohexanediol 4. Hydrogenolysis ratio variles
also with catalyst. Pt/C gives the highest hydrogenolysis ratio.
Hydrogenolysis reactions, considered as secondary reactions, are

usually observed in the reduction of hydroxyl aromatic substrates’.

In solution, depending on solvent, reactivity and selectivity are
modified. We noticed hydrogenation does not occur in a protic polar
solvent like methanol, is weak in a non-protic polar solvent like
1,2-dichloroethane. Only in a non-polar solvent, cyclohexane, the
conversion ratio is similar to the solid state, but’additional prod-
ucts are formed. In this case, the organic solid is not completely
soluble. Probably, the reaction occurs between hydrogen and solid
particles suspended in the cyclohexane and explains the same con-

version ratio as for a solid state reaction.

CONCLUSION

It is shown that solid state catalytic hydrogenation of 1,2-di-
hydroxybenzene occurs under mild conditions. In these conditions
high conversion ratios and good selectivity are observed. Cis and
trans 1,2-cyclohexanediols are more easily obtained in the solid
state than in liquid or vapor phases. Solid state reactions afford
an easy and clean way to hydrogenate organic substances. This
hydrogenation method can be used just as well at a laboratory scale

as at an industrial scale.
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