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Heterocyclic compounds from alyl alcohol over molecular sieves
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Abstract

The conversion of alyl alcohol on SAPO molecular sieves (37, 34, 11 and 5) and H ZSM-5 zeolite at 523-623 K and
WHSV =5.1 h™! results in the formation of dialyl ether, propanal, 2-methyl-2-pentenal and also tetrahydropyran-2-
carbaldehyde and 2-oxepanone probably obtained from intermediate acrolein. The catalytic action of the molecular sieves
used corresponds to the presence of Bransted acid sites and basic sites activating the dehydration, dehydrogenation, adol
condensation, Diels—Alder reaction and ring expansion. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The synthesis of auminophosphate based
molecular sieves is a considerable progress in
the preparation of non-corrosive acid catalysts.
Their initial use in petroleum refining and petro-
chemical processes [1] was followed by applica-
tion as catalysts in Friedel—Crafts alkylation [2]
and dehydration reactions [3,4]. The catalytic
activity of SAPO molecular sieves was at-
tributed to their acid properties related to the
existence of hydroxyl groups on the crysta
surface acting as Brensted acid sites. The proof
that the strength of these acid sites is compara-
ble with that of sulfuric acid [3] directed our
attention to the conversion of alyl acohol. In
the presence of H ZSM-5 zeolite, allyl alcohol
showed a variety of products formed on the
acidic and basic active sites of the catalyst [5,6].
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Some of the reactions, namely the formation of
dialyl ether and of hydrocarbons [6] are un-
doubtedly related to the action of the Bransted
acid sites, while the formation of propana and
its aldol condensation to 2-methyl-2-pentenal [7]
might proceed also with the participation of
basic sites. In our earlier investigations on the
conversion of alyl alcohol on H ZSM-5 zeolite
[5] the formation of acrolein was suggested and
it was confirmed by other authors [6] for zeo-
lites, containing alkali metal cations.

The aim of the present investigation is to
compare the catalytic activity of SAPO molecu-
lar sieves towards allyl alcohol with that of
H-ZSM-5 zedlite.

2. Experimental

The characteristics of the molecular sieves
SAPO-37, SAPO-34, SAPO-11 and SAPO-5
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used in the present investigation are given in
Ref. [3]. Before the experiments the pressed,
crushed and sieved to 1.25-2.50 mm particle
molecular sieves were heated under an air flow
to 723 K for 4 h, then 3 h at 823 K for the
template decomposition. The used catalysts were
regenerated under an air flow at 823 K before
each experiment and then cooled to the reaction
temperature; 623, 573 or 523 K. A flow reactor
containing 0.5 g of the catalyst was used.
Reagent grade allyl acohol was introduced via
injector with WHSV =5.1 h™* in N, atmo-
sphere. The reaction products were analyzed
each 15 min by GC with FID on a2 m column
of silanized chromosorb W 60—-80 mesh with
15% DC 550 at 313 K. Hewlett Packard GC
MS was used for the identification of the reac-
tion products.

3. Results and discussion

The conversion of the allyl alcohol on SAPO
molecular sieves at 573 K (Fig. 1) depends on
the pore dimensions of the molecular sieves and
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Fig. 1. Allyl acohol conversion (%) at 573 K in the presence of
SAPO-37 (<), SAPO-34 (O), SAPO-11 (a) and SAPO-5 ().
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Fig. 2. Propanal (%) at 573 K in the presence of SAPO molecular
sieves (see Fig. 1 for the legend).

those with larger openings are more active. The
most active is SAPO-37 with 1.3 nm diameter
of the faujasite supercages, followed by SAPO-5
with AFI topology and 0.73 nm free diameter of
the pores. Less active is SAPO-34 with 0.4 nm
opening diameter of the cavities and SAPO-11
with AEL structure having an elliptical pore
opening of 0.39 X 0.63 nm. The highest quan-
tity of the propanal is formed on SAPO-5 (Fig.
2). Didlyl ether and 2-methyl-2-pentenal are
present among the reaction products, too.
Acrolein was not detected although it might
precede the propanal appearance. The GC and
GC-MS anaysis revealed the presence of hete-
rocyclic compounds (Fig. 3), tetrahydropyran-
2-carbaldehyde and 2-oxepanone. Similar reac-
tion products are obtained also in the presence
of H ZSM-5 zeolite (Si /Al = 50) (Fig. 4). The
formation of these heterocyclic compounds by
the contact of allyl alcohol with zeolite molecu-
lar sieves is not yet described in the literature.
The presence of heterocyclic compounds is
easily explained by the Diels—Alder reaction of
acrolein formed after dehydrogenation of the
starting alyl alcohol. The released hydrogen is
added not only to form propanal, but to the
4H-2,3-dihydropyran-2-carbaldehyde. The tetra-
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Fig. 3. Heterocyclic compounds (%) at 573 K in the presence of

SAPO, molecular sieves (see Fig. 1 for the legend).

hydropyran-2-carbaldehyde is further isomer-
ized to 2-oxepanone:
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The zeolites were found to be active and
regioselective catalysts in the Diels—-Alder reac-
tion [8,9]. Theoretical calculations [9] showed,
that the complexation of adsorbed acrolein with
a Lewis acid or its protonation stabilizes the
transition state of the reaction. The enlargement
of rings was aso observed using zeolites as
catalysts in the Beckmann rearrangement of ke-
toximes [10]. In the case of tetrahydropyran-2-

carbaldehyde the ring expansion may involve
participation of Brensted acid sites in protona-
tion of the oxygen in the heterocycle and subse-
guent ring opening:
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The carbenium ion formed may isomerize via
hydrogen migration and then the positively
charged carbon atom of the carbonyl group is
neutralized by the free electrons of the oxygen
from the HO-group, followed by proton abstrac-
tion and ring reclosure. All the positively
charged species must be adsorbed on the nega-
tively charged lattice.
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Fig. 4. Conversion of alyl alcohol in the presence of H-ZSM-5
(Si/Al =50) (O), propanal (+) and heterocyclic compounds
(m) formed at 523 K.
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4. Conclusions

The acid—base properties of SAPO molecular
seves and of H-ZSM-5 zeolites enable their
activity in different reactions with an unsatu-
rated alcohol: dehydration, dehydrogenation,
hydrogenation, aldol condensation of the car-
bonyl compounds, the Diels—Alder reaction and
ring expansion.

The present results indicate that allyl acohol
convertsto acrolein also in the absence of alkali
cations in the catalyst. The dehydrogenation
probably proceeds with the participation of
acid—base pairs of active sites. The acid sites
activate a fast Diels—Alder reaction of acrolein.
The reaction product is saturated by the hydro-
gen available and afterwards partially converted
into 2-oxepanone with the participation of the
Bronsted acid site. The basic sites are important
for the stabilization of all the positively charged
Species.

Acknowledgements
Financial support from the fund Scientific

Investigations of the University of Sofia ‘St
Kliment Ochridski’ is gratefully acknowledged.

The authors are also grateful to Fadhil A. Jabur
for invaluable advice during the course of this
research.

References

[1] JA. Rabo, R. Pellet, P. Coughlin, E. Shamshoum, in: H.
Karge, J. Weitkamp (Eds.), Zeolites as Catalysts, Sorbents
and Detergent Builders, vol. 46, Elsevier, Amsterdam, Stud.
Surf. Sci. Catdl., 1989, p. 1.

[2] V. Durgakumari, S. Narayanan, L. Guczi, Catal. Lett. 5
(1990) 377.

[3] F.A. Jabur, V.J. Penchev, C.P. Bezouhanova, J. Chem. Soc.
Chem. Commun. (1994) 1591.

[4] F. Jabur, C. Bezouhanova, in: Heterogeneous Catalysis, Part
1, Proc. 8th Int. Symp., Varna, Bulgaria, 1996, p. 231.

[5] C.P. Bezoukhanova, Y.A. Kavachev, Catal. Rev. Sci. Eng.
36 (1994) 125.

[6] G.J. Hutchings, D.F. Lee, J. Chem. Soc. Chem. Commun.
(1994) 2503.

[7] A.l. Biaglow, J. Sepa, R.J. Gorte, D. White, J. Catal. 154
(1995) 208.

[8] K. Bornholdt, H. Lechert, in: H. Beyer et a. (Eds.), Catalysis
by Microporous Materials, vol. 94, Elsevier, Amsterdam,
Stud. Surf. Sci. Catal., 1995, p. 619.

[9] R. Durand, P. Geneste, J. Joffre, C. Moreau, in: M. Guisnet
et a. (Eds.), Heterogeneous Catalysis and Fine Chemicals
Il, vol. 78, Elsevier, Amsterdam, Stud. Surf. Sci. Catal.,
1993, p. 647.

[10] T. Curtin, B.K. Hodnett, in: M. Guisnet et a. (Eds), Hetero-
geneous Catalysis and Fine Chemicals I11, vol. 78, Elsevier,
Amsterdam, Stud. Surf. Sci. Catal., 1993, p. 535.



