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Abstract

Pentamethylene and hexamethylene glycols over a catalyst consisting of iron, silicon, chromium and potassium oxides
undergo intramolecular condensation at about 640 K, but considerably different products are obtained: 2,3-dihydropyran and
cyclopentanone, respectively. Above 650 K, both glycols undergo intermolecular condensation forming corresponding
5-nonanone and 6-undecanone. Reactions were carried out in a standard flow system under atmospheric pressure in the gas

phase. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Primary alcohols over base catalysts undergo
bimolecular condensation with simultaneous de-
hydrogenation and elimination of CO. As a
result, there appear ketones according to the
general reaction:

2RCH,OH — RCOR + CO + 3H,. (1)

Reactions of monohydroxyl alcohols are quite
well described [1-3], but far less work has been
devoted to catalytic dehydrogenation of polyal-
cohols in a gas phase over heterogeneous cata-
lysts. From glycerol, over a copper catalyst,
there appears acetaldehyde [4]. Ethylene glycol
by oxydehydrogenation over silver or copper
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catalysts gives glyoxal [5,6]. According to Mon-
tasier et a. [7], Ru, Ni, Rh and Ir catalysts
hydrogenolyze, under hydrogen, both C—C and
C—O0 bonds of polyols to hydrocarbons, while
copper-based catalysts convert selectively sor-
bitol to glycerol. There are aso papers present-
ing the results of dehydration of cyclic alcohols
with ring transformation [8—10] and dehydration
of pentamethylene and hexamethylene glycols
[11,12]. Recently, Leite at al. [13] have investi-
gated the transformations in cyclodehydration
reactions of 4-hydroxybutanal and tetramethyl-
ene glycol to 2,3-dihydrofuran and tetrahydrofu-
ran in the presence of pretreated porcelain.
Studying the ketonization of normal acohols
over an iron catalyst, it was indicated that this
contact exhibited high activity and selectivity
[14]. It was of interest to study the reactivity of
glycols containing hydroxyl groups at the ends
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of carbon chain, especially pentamethylene and
hexamethylene glycols.

2. Experimental

Reactions were carried out in the gas phase
under atmospheric pressure in a typical flow
system with a fixed bed (V,, = 3.0 cm®) within
the temperature range of 563—663 K and with
load of 1.0 h™!. The raw material was fed in a
continuous manner from the reactor’s top using
a micropump. The catalyst was prereduced with
methanol at 473 K for 1 h, then the substrate
was fed. The experiments were performed in the
function of increasing temperature, collecting
the reaction products at chosen temperatures
after the stationary equilibrium set in, after ap-
proximately 1 h. After a series of experiments,
the catalyst was regenerated with air at 743 K.
The condensed products were analysed using
gas chromatography and identified by mass
spectroscopy (HP MSD 59). The gas chromato-
graph HP 6890 was equipped with a FID detec-
tor and a capillary column HP-5 (30 m x 0.32
mm) filled with phenyl methyl silicone.

The catalyst consisted of a mixture of iron,
silicon, chromium and potassium oxides in mo-
lar ratio of 100:2:1:0.1. Silicon and chromium
oxides prevent sintering while potassium acts as
an activator. The catalyst was obtained by co-
precipitation at room temperature from an ague-
ous solution of iron and chromium nitrates and
sodium silicate with ammonia solution (1:1)
until pH 7 was reached. The obtained suspen-
sion was filtered off and washed out with dis-
tilled water to remove nitrate ions, then impreg-
nated with the agueous solution of potassium
carbonate. The precipitate was dried, ground
and palletized with a 3% addition of graphite.
The pellets were calcinated in air at 743 K and
crushed into 0.6-1.2 mm grain size. X-ray
diffraction showed that the fresh catalyst was
a-Fe,0;. Its specific surface area (nitrogen BET
method) was 60 m?/g. After the usage, the
structure of the catalyst changed to Fe;O, of

Sger Of around 40 m? /g. More specific infor-
mation on the physico-chemical properties of
this catalyst had been described in greater de-
tails earlier [15].

3. Results and discussion

Table 1 presents the results of glycol trans-
formation.

Pentamethylene glycol undergoes intramolec-
ular condensation to dihydropyran:

HO(CH;)sOH — @ + H; + H,0
0’

)
At higher temperatures, as a result of dehydra-
tion, simultaneous dehydrogenation and hydro-
genation [16] there appears n-pentanal which is
condensed to n-pentyl n-valerate and next de-
hydrogenated to 5-nonanone:

2HO(CH,)sOH — CH 4(CH,),CO(CH,),CH,
+CO+H,+2H,0. (3)

Hexamethylene glycol undergoes intramolec-
ular condensation to cyclopentanone at tempera-
tures about 640 K:

HO(CH2)sOH — ;; + CO + 3H

o

(4)
At higher temperatures, like from pentamethy-
lene glycol, there appear n-heksanal, n-hexyl
n-caproate and, as a fina product, 6-unde-
canone.

At lower temperatures, both glycols undergo
entropically positive changes of intramolecular
condensation similarly as it is observed in reac-
tions carried out in a homogenous phase with
this type of substrates [17]. However, consider-
ably different products are obtained: unsaturated
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Table 1

Results of pentamethylene and hexamethylene glycols and 2-hydroxytetrahydropyran conversion over an iron catalyst

Substrate Cyclic ketone Cyclic ether Normal ketone
HO(CH;)sOH - 5-nonanone
@ max. yield =45.2%
o
at 663 K

max. yield = 25.5%
at 643 K

HO(CH,)sOH ?

o)
max. yield = 18%
at 643 K

- 6-undecanone
max. yield = 52.0%
at 663 K

~

(0] OH

S _

(o}

max. yield = 81.0%
at 563 K

ether from pentamethylene glycol and cyclic
ketone from hexamethylene glycol. At higher
temperatures, the products disappear because
reactions of forming aldehydes and products of
intermolecular condensation become dominant.

Table 2 presents the post-reaction mixtures
composition obtained as a result of pentamethyl-
ene glycol conversion.

Table 2
Results of pentamethylene glycol transformation
Reaction temperature (K) 643 653 663

Conversion of pentamethylene glycol (%) 925 96.0 975
Product components (%):

Dihydropyran 255 220 80
5-nonanone 10 250 452
n-pentanol 475 225 144
n-pentanal 83 69 30
n-pentyl n-vaerate 48 21 1.0
Pentene 44 85 126
Others 10 90 133

In the case of hexamethylene glycol, an anal-
ogous composition of products was observed
excluding cyclopentanone.

To test if the primary reaction in glycals,
which initiates the whole process, is the dehy-
drogenation reaction of one of hydroxyl group
with the hydroxyaldehyde as a product, a sub-
strate of 2-hydroxytetrahydropyran, being a
cyclic tautomer of 5-hydroxypentanal, was used.

As aresult of the reaction, one product was
obtained — 2,3-dihydropyran — which re-
sulted from the dehydration of 2-hydroxytetra-
hydropyran. In the reaction conditions, it was a
sustainable product and did not undergo further
transformations. In the products of the reaction
of pentamethylene glycol aso appeared 2,3-di-
hydropyran. It was an evidence that the glycol,
at least partially, underwent dehydrogenation to
hydroxyaldehyde. The reaction that was as
sumed as likely to appear, i.e., dehydrogenation
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of 2-hydroxytetrahydropyran to 8-valerolactone,
did not occur.

4. Conclusions

Pentamethylene and hexamethylene glycols
over an iron catalyst, to some extent, undergo
intramolecular reactions and, to far higher ex-
tent, intermolecular condensation, typical for
monohydroxy! alcohols. Intramolecular conden-
sation of pentamethylene glycol consists only in
dehydration and dehydrogenation without break-
ing C—C bond, while intramolecular condensa-
tion of hexamethylene glycol is an analogous
reaction to intermolecular ketonization of nor-
mal alcohols.
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