
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:22
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

Deuterium as Gas in Organic Solid
Reactions
Fouad Sabra a & Roger Lamartine a
a Université Claude Bernard, Lyon 1 Laboratoire de Chimie
Industrielle, UA 805 du CNRS 43, bd du 11 novembre 1918, 69622,
Villeurbanne, Cédex, France
Version of record first published: 22 Sep 2006.

To cite this article: Fouad Sabra & Roger Lamartine (1990): Deuterium as Gas in Organic Solid
Reactions, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 187:1, 93-99

To link to this article:  http://dx.doi.org/10.1080/00268949008036031

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/10.1080/00268949008036031
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst.. 1990, vol. 187, pp. 93-99 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1990 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

DEUTERIUM AS GAS IN ORGANIC SOLID REACTIONS 

Fouad Sabra and Roger Lamartine 
UniversitC Claude Bernard, Lyon 1 
Laboratoire de Chimie Indusmelle, UA 805 du CNRS 
43, bd du 11 novembre 1918 
69622 Villeurbanne Cedex, France 

Abstract Deuterium reacts with solid phenols, similar to hydrogen under 
mild conditions. We show that there is an addition of six deuterium atoms to 
the phenolic ring. The hydrogen bond of the hydroxyl group is not really 
affected by deuteration, no transfer or exchange with deuterium is observed. 
A higher rate of deuteration compared to hydrogenation is obtained. 
Deuterium diffuses from the metal catalyst to its support and then reacts with 
the organic solid. 

I" 

In previous w0rks1.~*3. we reported that hydrogen reacts with organic solids in 
the presence of various catalysts under mild conditions. Double spillover effects 
were suggested for such reactions4. Activated hydrogen diffuses from metal to 
catalyst support (first spillover effect). By means of contacts between catalyst 
and organic solid, activated hydrogen moves across the organic solid reagent and 
reacts (second spillover effect). Deuterium was used in gas phase reactions to 
observe the fxst spillover effects$. It has been shown that deuterium spilt over 
from a metal catalyst can be exchanged with surface hydroxyl groups of various 
oxides. The use of deuterium as gas in solid state catalytic reactions can provide 
information on the second spillover effect and make clear the mechanism of the 
solid state reactions. In this study we compare deuteration and hydrogenation 
reactions. Deuterium reacts with solid phenols by an addition mechanism. 
Activated or spillover deuterium is the reactive entity. 

EXPERIMENTAL 

The reaction is carried out with 4-tert-butylphenol powder. Rh/Al2O3 is used as 
catalyst and mixed with the 4-tert-butylphenol powder in the proportion of 10% by 
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weight. The reaction temperature is 2OoC and the deuterium pressure is kept at 1 bar 

during the whole reaction time. The purity of deuterium is greater than 99,4 %. 

Products are isolated on silica gel column chromatography with ethylacetate - 
hexane (66-33) as eluent. Deuterated products are analysed by I.R. spectrography 
and vapor phase chromatography and are characterised by lH NMR, l3C NMR and 
Mass spectrography. 

Reaction 

O H  

I 

Q+ t 
solid 

D2 

Rh/AI2 O3 

D 

HH D D D 

trans (e,e) 
solid 

O H  

Deuteration of 4-tert-butylphenol with rhodium on alumina as catalyst gives a solid 
mixture of cis and trans deuterocyclohexanol. The products are solid at the reaction 
temperature. Compared to hydrogenation, cis/trans ratio is not notably modified 
and is around 1.5. The exchange of hydrogen by deuterium does not modify the 
selectivity of this gas-solid reaction. 
Deuterium reacts with solid 4-tert-butylphenol at appreciable rates. With rhodium 
on alumina as catalyst the conversion ratio reached 96% for a reaction time of 24 
hours. As shown in figure 1, adsorption rate of deuterium is faster than adsorption 
rate of hydrogen. The two curves are similar, a short induction time is observed. 
The kinetic laws for hydrogenation and deuteration are apparently the same. 
Contrary to what we would expect, deuterium reacts more rapidly than hydrogen. 
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FIGURE 1 Adsorption rate of deuterium and hydrogen on solid 
4-tert-butylphenol 

Compared to hydrogen, higher rates of deuteration in the solid state could be 
explained by a reverse isotopic effect or a secondary isotopic effect. Several studies 
in solution dealing with isotopic effects have been published 7,8,9,10. It would 
appear that the substitution of an hydrogen by a deuterium in an organic molecule 
has no effect on the qualitative reactivity but often has a measurable effect on the rate 
of reaction. 
As Allinger and coworkers11 point out,the primary isotopic effect KHKD is always 

greater than 1. The secondary isotopic effects of deuterium can be classified as: 

hybridization effect, steric effect, inductive effect and hyperconjugation effect. It is 
possible to observe a normal secondary isotopic effect KH/KD > 1 and also a 
reverse secondary isotopic effect K H K D  < 1. It is difficult to distinguish these 

effects which often take place simultaneously. 
In this solid state reaction the replacement of hydrogen by deuterium does not bring 
modification of cis/trans selectivity but alters the reactivity. Deuterium reacts on the 
aromatic ring and the formed bonds C-D are shorter than the C-H bonds. 
To have more information on the reactivity of deuterium gas with organic solids and 
to better understand mechanisms of catalytic hydrogenation reactions in the solid 
State we mdysed the reaction mixture and isolated the trans deuterated product. 
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The I R spectroscopy study of the solid reaction mixture has been achieved in 
anhydrous CCl4. The I R spectrum (figure 2) shows clearly that cis and trans 
deuterated t-butylcyclohexanol are formed. The C-D band is observed at 2200 cm-1, 
the 0-H band at 3100-340O~m-~, the C-H aliphatic is observed at 2950cm-l. The 
large 0-D band does not appear at 2500 cm-l. In these conditions,there is no 
isotopic exchange with H bonds of the hydroxyl goups but an addition reaction 
occurs on the phenolic ring with formation of C-D bonds. 

2.5 3 3.5 4 4.5 5 

FIGURE 2 IR spectrum of solid reactionnal mixture 

The number of deuterium atoms is evaluated by lH NMR spectroscopy (80 MHz) of 
both hydrogenated and deuterated products. Figures 3 and 4 show four hydrogen 
atoms are on the deuterated ring and one on the hydroxyl group. These data agree 
well with the mass spectroscopy results (Molecular weight = 162). We deduce that 
during the reaction, 6 deuterium atoms are fixed on the phenolic ring. The 
distribution of the deuterium atoms is studied by l 3 C  NMR and DEPT 
technique12. For the deuterated product, as figures 5 and 6 show, we observe an 
attenuation of the intensity of each peak for the carbon atoms bearing deuterium. 
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This result and the chemical shifts are analogous to those given in the literaturel3. 
It confms there is an addition of a deuterium atom on each carbon atom of the 
phenolic ring. The DEPT techniquewell confirms that there is addition of 
deuterium. The peaks of carbons (C2, Cg, C3, Cs) bearing two hydrogens 
(figure 7) disappear completely for the deuterated product (figure 8) with 
modification of the chemical shifts. The tert-butyl group and the hydroxyl group 
are not affected during the solid state reation, whereas in solution or in vapor phase 
the exchange between hydrogen and deuterium often happens. In the solid phase, 
deuterium must be adsorbed on the catalyst to be reactive. After diffusion from 
catalyst to the organic substrate the addition reaction occurs only on the aromatic 
carbons. 

C, =* 
C1 1 

c4 I 
I I I 1 
!- 

=. 

FIGURE 7 DEPT of 
hydrogenated product 

FIGURE 8 DEPT of 
deuterated product 
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CONCLUSIONS 

Deuterium reacts similar to hydrogen in solid state catalytic reactions under mild 

conditions. Deuterium reacts more rapidly than hydrogen, the high rate of 
deuteration is explained by a reverse isotopic effect or a secondary isotopic effect. 
With deuterium there is no isotopic exchange neither with C-H bonds of the aromatic 
ring, neither with the 0-H bond of the hydroxyl groups. There is an addition 
reaction on the phenolic ring. These results are in agreement with hydrogen spillover 
mechanism that mean deuterium must diffuse from metal catalyst through its 
support, and then to the organic substrate. The diffusion model proposed by Filikov 

and Myasoedovl4 seems to be most likely to describe our results. 
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