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Abstract

The photochemistry of 3-bromo-4-chromanone (1) is significantly modified by inclusion within an NaY zeolite. Disproportionation
f the a-carbonyl radical 1, to give equimolar amounts of chromone (2) and 4-chromanone (3), occurs to a lower extent than
:n solution. By contrast, generation of the cation II, which leads to chromone (2) and subsequently to 2-cyclohexyl-4-chromanone

4), is enhanced in the heterogeneous medium.
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1. Introduction

The internal cavities of zeolites have been used as
vessels of molecular dimensions to achieve a variety of
chemical transformations [1]. These microenvironments
have been found to be especially suitable for controlling
the photobehaviour of adsorbed organic guests due to
the combined effect of several factors, such as spatial
limitations, restricted diffusion and variations in the
spin—orbit coupling parameter [2].

A number of well-known processes have been used
as probes to explore the possibilities of zeolites as hosts
for organic photoreactions. In this context, the Norrish
type I photolysis of carbonyl compounds has attracted
much attention as a prototype for cleavage into radical
pairs and subsequent disproportionation or radi-
cal-radical recombination [3,4]. Other photochemical
studies have dealt with cis-trans isomerizations [5],
{24 2] dimerizations [6] and Norrish type II reactions
7.

In this work, 3-bromo-4-chromanone (1) [8] has been
used as a molecular probe to gain further understanding
of the restrictions imposed by the internal structure of
zeolites on the course of photochemical reactions. In
this case, the characteristic 8-cleavage of a-haloketones
[9-15] affords a-carbonyl/halogen radical pairs, whose
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fate is significantly influenced by adsorption in the solid
support.

2. Experimental details
2.1. General irradiation procedures

2.1.1. Homogeneous media

Solutions of 0.2 mmol of the substrate in 2 ml of
methylene chloride, cyclohexane and acetonitrile were
placed into Pyrex test-tubes surrounding a centrally
positioned quartz cooling jacket containing a 125 W
medium-pressure Hg lamp, and irradiated for 1 h.
These reaction mixtures were analysed by gas chro-
matography-mass spectrometry (GC-MS).

2.1.2. Heterogeneous media

A solution (30 ml) of 1 (0.02 g) was poured onto
NaY zeolite (0.50 g) previously activated by calcination
at 773 K for 12 h. The suspension was stirred for 2
h and centrifuged. The amount of 1 included was
calculated from the difference between the initial and
recovered weights. Direct photolysis was carried out
by resuspending compound 1 within NaY in fresh solvent
(5 ml), and irradiating with Pyrex-filtered light from a
125 W medium-pressure mercury lamp for 1 h. At the
end of irradiation, the solid was thoroughly extracted
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with CH,Cl, and the mixture was analysed by GC-MS.
Further details can be found elsewhere [16,17].

2.2. 2-Cyclohexyl-4-chromanone (4)

This compound is a viscous oil. MS (m/z, %): 230
(M*, 19), 147 (43), 121 (100), 120 (20), 92 (12). Fourier
transform IR (FTIR) (v,cm™~"): 2939, 2866, 1713 (C=0),
1610, 1467, 1320, 1230, 1116, 1031, 888, 760. Proton
nuclear magnetic resonance (*H NMR, 400 MHz) (3,
ppm): 1.10-2.00 (m, 11 H, C;Hy,), 2.69 (m, 2H, COCH,),
4.21 (m, 1H, ~OCH) 6.97-7.88 (m, 4H, ArH). Exact
mass, 230.1309; calculated for C,sH,30,, 230.1306. Anal-
ysis: C 78.24, H 7.95; calculated for C;sH,30: C 78.23,
H 7.88. An alternative method of synthesis is given in
Refs. [18,19]. A mixture of o-hydroxyacetophenone (1.00
g, 7.4 mmol), cyclohexane-carboxaldehyde (1.10 g, 9.0
mmol) and pyrrolidine (0.15 g, 2.0 mmol) was allowed
to stand for 5 days at room temperature. The desired
product was isolated by evaporation of the solvent at
reduced pressure and further purification by column
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chromatography on silica gel, using methylene chloride
as eluent. Yield, 0.65 g (38%).

3. Results and discussion

In the first stage, the photolysis of 1 was carried out
in homogeneous media, using solutions of the substrate
in methylene chloride, acetonitrile and cyclohexane
(Table 1, entries 1, 2 and 3). Chromone (2) was always
obtained as the major product, together with minor
amounts of 4-chromanone (3). In cyclohexane, the
conversion was lower and the yield of 3 was higher
than in the other solvents. Since the spatial arrangement
of the halogen atom (axial vs. equatorial) appears to
play a key role in the photochemistry of a-halocycloh-
exanones [12], we decided to perform a careful 'H
NMR study of substrate 1 in the corresponding deu-
terated solvents, in order to determine whether the
two possible conformers were differentially populated.
The data presented in Table 1 show that bromine was
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Table 1
Photochemistry of the bromoketone 1 in solution and adsorbed on
NaY zeolite

Entry  Solvent Conversion  Product 'H NMR of 1
(%) distribution & (Hs),
(%) ppm (J, Hz)
2 3 4
1 CH,Cl, 99 98 2 - 465 (28, 4.4)
2 CH,CN 98 97 3 - 475 (28,52
3 CeHy 78 79 21 - 439 (28,52
4 NaY/CH;, 59 90 5 S5

axial in all cases, as indicated by the coupling pattern
(novicinal trans-diaxial coupling constant). Nonetheless,
the protons of the pyran ring (especially that bound
to C-3) became significantly deshielded in more polar
solvents, which can be accounted for in terms of a
higher polarization of the carbon-halogen bond.

The adsorption of 1 on NaY zeolite was achieved
by stirring a cyclohexane solution of the bromoketone
with the activated inorganic support for 2 h. After
filtering and washing, the dry solid was analysed by
FTIR and diffuse reflectance UV-visible spectropho-
tometry. The presence of 1 was shown by the char-
acteristic carbonyl band at 1685 cm ™! and an absorption
spectrum comparable with that obtained in cyclohexane
solution (see Fig. 1). The amount of substrate included
was calculated from the difference between the initial
and recovered weights.

It is known that conformational changes in cyclic a-
bromoketones are associated with significant variations
in the IR spectra [20]. Thus the conformers with an
equatorial halogen display their carbonyl bands at higher
frequencies than the corresponding axial analogues
(Av=12 cm ). Since such variations are not observed
in the case of 1 (v._ o in cyclohexane, methylene chloride
or acetonitrile solution is 1690+5 cm™'), the axial
conformation of this compound appears to be preserved
in the heterogeneous medium.

The photolysis of 1/NaY (Table 1, entry 4) was
performed after resuspending the dry bromoketone-
containing zeolite in cyclohexane to form a well-stirred
slurry. Under these conditions, chromone (2) and chro-
manone (3) were also formed, together with the cy-
clohexane-derived product 4.

It is known that photochemical breaking of the
carbon-halogen bond leads to radical and/or ion pairs
[15]. Furthermore, the primary bond cleavage can be
followed by electron transfer, so that the interconversion
between both types of intermediates is possible [10].
Thus compound 2 would be obtained by deprotonation
of cation II, while 3 would be the product of hydrogen
abstraction by radical 1. Another route leading to 2+3
would involve disproportionation of I. Since much more
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Fig. 1. (a) Diffuse reflectance UV-visible spectrum of 1/NaY. (b)
UV-visible spectrum of 1 in cyclohexane solution (approximately
107* M).
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Fig. 2. Schematic representation of the disproportionation of the o-
carbonyi radical I inside the zeolite, leading to 2+3.
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chromone is formed, this route should operate together
with the abovementioned deprotonation of II.

To determine the origin of chromanone, a series of
parallel experiments were carried out using deuterated
solvents (CD,Cl,, CD3sCN and C,D,;). Analysis of the
photomixtures by GC-MS revealed that no deuterium
atom had been incorporated into product 3. The same
was true for the irradiation of 1 on NaY zeolite, with
C¢D,, as solvent. These observations led to the con-
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Fig. 3. Different views of two bromoketone units inside the cavity of an NaY zeolite, according to molecular modelling (Biosym Insight II
package). The interactions of these molecules with the zeolite framework (and also with each other) are minimized in this arrangement.

clusion that chromanone is mainly formed through the
disproportionation route. Since the mobility of radicals
Iinside the zeolite framework must be severely restricted
[21-23], disproportionation probably requires accom-
modation of two bromoketone units within the same
supercavity (Fig. 2). Molecular modelling using the
Biosym Insight II package (Fig. 3) shows that such an
arrangement is indeed possible.

A further point of interest was the formation of the
cyclohexyl derivative 4. Since the abstraction of a cy-
clohexane hydrogen by bromine is thermodynamically
unfavourable by approximately 7 kcal mol ~?, cyclohexyl
radicals cannot be generated in this way. An alternative
route to 4 might involve solvent addition to the enone
moiety of 2 [24]. This was confirmed by separate ir-
radiation of the chromone (2) in cyclohexane, which
produced a detectable amount of 4.

Entries 3 and 4 (Table 1) clearly show that.the
contribution of the ionic pathway (ii), which gives rise
to 2 (and 4), is markedly higher inside the zeolite cavity
than in solution. Taking into account that the radical
pathway (i) leads to equimolar amounts of 3 and 2,
the relative ratios (ii)/(1) are 90/10 in heterogeneous
medium vs. 58/42 in homogeneous medium. This cor-
relates well with previous findings on the photochemistry
of benzyl chloride, where the cage effect and the
electrostatic fields characteristic of the zeolite microen-
vironment appear to enhance single electron transfer
within the radical pair formed by primary homolysis
of the carbon-halogen bond [16].

In summary, the above results show that the photo-
chemistry of 3-bromo-4-chromanone (1) is significantly

altered by inclusion within an NaY zeolite. The radical
pairs formed by primary carbon-halogen bond cleavage
are strongly affected by adsorption in the solid support.
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