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New Stereoselective Isomerization and Hydrogenolysis of
1,3-Dioxanes on Platinum: Study of Molecular
Conformation and Reactivity

The studies of the stereochemistry of het-
erogeneous catalytic processes provide
data that are essential for the elucidation of
the mechanisms of the reactions taking
place on the catalysts, and hence for an
even better understanding of the phenome-
non of catalysis. The stereochemical inves-
tigations to date have helped clarify numer-
ous experimental observations in the fields
of both homogeneous and heterogeneous
catalyses. Most studies have been carried
out concerning hydrogenation, H-D ex-
change, dehydration, polymerization, cer-
tain isomerizations, and the synthesis and
transformation of chiral systems (I-8).

In our view, the study of the stereo-
chemistry of different chemical processes
on metal catalysts, and within this the study
in particular of the effects of the molecular
conformation on the adsorption, the reac-
tion rate, and the reaction directions, has
not yet become widespread.

Since the study of isomerization and hy-
drogenolysis is one of the central problems
in metal catalysis (9), we have examined
the above transformations of various cyclic
carbon compounds containing C—O
bonds. Our previous experimental results
showed that on a platinum catalyst the 1,3-
dioxacycloalkanes undergo isomerization
to esters and hydrogenolysis to alkoxyalco-
hols (10). Isomerizations to the esters can
be observed only for the 5- and 6-member
compound types. Under similar experimen-
tal conditions the 7-member homologs un-
dergo hydrogenolysis to the corresponding
alkoxyalcohols; open-chain acetals simi-
larly do not isomerize to esters. It was
proved experimentally that esters are not
formed in the absence of hydrogen (10).

With the aim of elucidating the stereo-
chemical course of these reactions, a GLC
pulse-microreactor technique was em-
ployed to study the transformations on a
10% Pt-T (T = thermolite) catalyst at 150—
250°C of geometrical isomers of 1,3-diox-
anes 1-8. Thermolite is a support of the
diatomaceous earth type employed in gas
chromatography; it is a fire-resistant clay,
consisting predominantly of calcium mag-
nesium silicate-—number of acidic centers:
0.056 meq g~! (titrated by n-butylamine),
number of basic centers: 0.001 meq g (ti-
trated by benzoic acid). For comparison,
similar data of Kieselguhr (Merck) are 0.1
and 0 meq g™, respectively.

References relating to the preparation
and characterization of compounds 1-8, to-
gether with the GLC data, are found in an
earlier publication (/1) and references
therein. It should be noted that the configu-
rations and probable conformations of the
variously substituted 1,3-dioxane stereoiso-
mers are well characterized, mainly by
Eliel et al. (12), Anteunis et al. (13), and
Pihlaja et al. (14). Methods used include
NMR spectroscopy and the determination
of equilibrium constants and conforma-
tional energies. The large differences in the
conformations of the stereoisomer pairs are
confirmed by the GLC retentions (11).

The preparation (I5) and characteriza-
tion of the catalyst and the experimental
technique have been described (16). The
specific surface of the catalyst determined
via O—H, titration was 16 m? g! metal
+10%. The area-averaged diameter of the
catalyst particles determined via electron
micrographs (Tesla BS 500) was 47 nm.

A Rasotherm glass microreactor with an
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TABLE 1 Pt Pt
" 1 - 1
Retention Times of Starting Materials and Products o i [, g Aass
R —
D 0
Compound Retention time (sec) /j& H
studied 1 R=Me P/ 2 R=Me
A B C D E F R=i~Pr 4 R=i-Pr
OH
1,2 516 420 — — 348 654 )\O/jﬁ\o/\a F
3,4 882 684 — — 582 1020
56 1200 1128 672 1084 — 1538
F
7,8 1230 1170 684 1050 — 1490 1GURE |

internal diameter of 6 mm was incorporated
with a Carlo Erba Model GV GLC instru-
ment. The catalyst (0.5 g) was placed be-
tween layers of quartz sand—ocarrier gas:
60 ml H, min~!; amount of substance in-
jected: 4 ul; chromatography: column 2 m
15% Carbowax 20M/Kieselguhr + 2 m 15%
Apiezon M/Kieselguhr, thermostat 200°C.

C, D, and F compounds in Table 1 were
identified on the basis of their IR (Unicam
SP 1000) and 'H NMR spectra (JEOL C-60-
HL) after separation of several recovered
20-ul pulses (Carlo Erba Fractovap Mod. P
automatic preparative GLC).

The experimental data in Table 2 reveal

TABLE 2

Experimental Data on Transformations of
Compounds 1-8 at 200°C on Pt-T

Compound Product composition® Decomp.®
studied (mol%)
A B CDE F
1 513 0 0 10 62 10
2 11 3 0 0 9 6 11
3 10 2 0 0 10 65 13
4 8§ 2 0 o0 12 68 10
5 1 7 41 23 0 8 20
6 2 6 4 22 0 9 17
7 0 0 53 21 0 5 21
8 0 0 56 15 0 6 23

a For symbols see Figs. 1 and 2; E = unknown sub-
stance.

b Various volatile cracking products with low GLC
retentions, which were not identified. Their quantities
were estimated from the mass balance calculated via
the determination of A-F.

very considerable differences in reaction
directions, depending on the molecular
conformation.

Hydrogenolysis is observed in the trans-
formation of stereoisomer pairs with differ-
ent conformations (Fig. 1).

In contrast, in the case of stereoisomer
pairs with the same (chair) conformation,
isomerization is observed, again with high
selectivity (Fig. 2).

The different behaviors can be attributed
to stereochemical reasons, i.e., as a conse-
quence of their different conformations.
The molecules are adsorbed in completely
different geometrical arrangements (flat-
laying or two-point adsorption) on the sur-
face of the catalyst (see Figs. 1 and 2). Re-
actions may occur via dissociative or
associative mechanisms, depending on the
temperature and other factors.

In the case of the dissociative mecha-
nism, 5 and 6 may bind to the surface from
the side of the axial hydrogens of the diox-
ane ring (flat-laying adsorption). In the case
of §, this disposition of the molecule may be
promoted by the 5-(2-methoxyethyl) group,
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via the nonbonded electron pair of the oxy-
gen atom. Adsorption of the molecule in
such an arrangement decreases the proba-
bility of hydrogenolysis by keeping atoms
C(2), O(1), and O(3) of the dioxane ring
away from the surface of the catalyst. At
the same time it promotes isomerization to
the ester via splitting of the C(2)—H bond.
The above-mentioned oriented adsorption
of 5 is also strongly suggested by the exper-
imental fact that the formation of products
associated with hydrogenolysis of the
methoxy group could also be observed (Fig.
2).

The adsorption of 3 in a manner analo-
gous to that of § is inhibited by its configu-
rational isomerization to 4 in a twist-boat
conformation (this was shown by our ex-
periments to be a very fast process) and
further by the lack of surface-binding effect
of the trans side chain. (In the stereoisomer
pair containing an a-alkoxyalkyl group on
C(5), in the case of B the oxygen of the
alkoxyalkyl group is more distant from the
surface, while in the case of A the C(5) Et
inhibits binding to the surface.) The mole-
cule probably adsorbs on atoms C(2)—O, a
result of which is its hydrogenolysis (Fig.
1).

For both reactant types the associative
mechanism essentially means hydrogenoly-
sis (Fig. 3). For one isomer pair the stereo-
chemical conditions favor hydrogenolysis
of the C(2)—O bond, while for the other
pair they favor hydrogenolysis of the
C(4)—O0 bond.

The knowledge of the main reaction Ki-
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netic parameters of the processes, together
with other experimental data (investiga-
tions in the absence of hydrogen, selective
poisoning studies, IR examination of the
structures developing on the catalyst sur-
face, H-D exchange reaction studies), will
provide an insight into the mechanisms of
the above processes.

The results thus allowed recognition of
new stereoselective heterogeneous cata-
lytic processes, and provided the first ex-
perimental proof that the conformation of
the reactant molecule plays a determining
role regarding the direction of a heteroge-
neous catalytic reaction. It was also found
that the more important precepts to date of
modern conformational theory can be ap-
plied effectively in the study of the stereo-
chemical course and mechanism of hetero-
geneous catalytic reactions.
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