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The rearrangement of the cyclic ethylene acetal of 2-bromopropiophenone to  2-hydroxyethyl 2-phenylpropanoate is 
catalysed by zinc exchanged Y zeolites wi th higher activity than the conventional ZnCI,; hydrolysis of the acetal moiety 
owing to  the Bronsted acid sites is one of the major side reactions, while the competitive formation of 
5-methyl-6-phenyl-2,3-dihydro-l,4-dioxine increases w i th  the softness of the Lewis acid centres. 

- 

a-Arylalkanoic acids are an important class of organic 
compounds exhibiting potent antiinflammatory and analgesic 
activity.' One of the most general approaches for the synthesis 
of these compounds involves the rearrangement of acetals of 
aryl a-haloalkyl ketones.* It has been shown that this reaction 
can be catalysed by a variety of 'soft and borderline Lewis 
acids'. 3 

Zeolites are crystalline aluminosilicates characterized by 
strictly regular structures.4 In particular, the large-pore Y 
zeolite basically consists of a tridimensional network of nearly 
spherical supercages of about 13 8, diameter connected 
through 8 8, windows. Each framework aluminium introduces 
a negative charge in the lattice that requires the presence of 
associate cations. These charge-compensating cations can be 
exchanged by other different cations from those directly 
introduced during the synthesis of the zeolite. In the present 
work, we report for the first time that transition metal ion 
exchanged zeolites can catalyse the rearrangement of the 
ethylene acetal of 2-bromopropiophenone to the correspond- 
ing a-phenylpropanoic ester. We have observed that the 
micro-environment providcd by the zeolite framework 
strongly influences the activity and selectivity of the metal ion 
for this rearrangement. 

The preparation of the H Y  sample was carried out by 
thermal decomposition of a NH4Y zeolite following the 

experimental details described previously.5 The ZnHY cata- 
lyst was obtained by stirring at 353 K for 2 h the H Y  zeolite 
with a 1 mol dm-3 aqueous solution of ZnS04 followed by 
drying and calcination at 773 K for 3 h. The ZnNaY was 
prepared by initially treating the NaY zeolite with a 0.5 
rnol dm-3 aqueous solution of Z n N 0 3  using the same 
conditions as above, and then the resulting solid was neutral- 
ized by exchanging with a NaCl solution followed by a final 
exchange-calcination process using a 1 mol dm-3 aqueous 
solution of ZnN03.  Likewise, the AgNaY and the HgNaY 
samples were prepared from NaY following the same ion 
exchange-neutralization protocol but using a 1 mol dm-3 
solution of AgN03 (pH 7) or  0.1 mol dm-3 solution of 
Hg(N03)2 (pH l), respectively. The amount of active metal 
ion per unit mass for each catalyst is given in Table 1. 

Treatment of the cyclic acetal6 1 in chlorobenzene at 403 K 
in the presence of the five ion exchange zeolites affords 
variable mixtures? of 2-bromopropiophenone 2, Z-hydroxy- 
ethyl 2-phenylpropanoate6 3 and 5-methyl-6-phenyl-2,3-dihy- 

7 Trace amounts of propiophenone, 2-hydroxypropiophenone, 
1-hydroxy-1-phenylpropanone and 2-phenylpropanoic acid could be 
also detected in some reaction mixtures. 
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carried out on y-A1203 (Girdler, 180 m2 g-1) under the same 
experimental conditions. Then, only 4% conversion of 1 was 
obtained, with 81% selectivity to rearrangement. This result, 
together with the relatively much higher ratio of Bronsted to 
Lewis acid sites in sample HY, explain the catalytic results 
achieved with this sample. Therefore, it can be concluded that 
each type of acid site catalyses a different reaction, the 
presence of Bronsted centres being negative from the point of 

1 

Table 1 Results of the reaction of cyclic acetal 1 in chlorobenzene at 403 K for 20 h 

n 9 Ye ? ono 

-&+ Ph)=’Me 
O x o  - Ph-C-FH-Me + Ph-CH-C-0 

Ph CHBrMe Br 

1 2 3 4 

Transition 
metal Selectivity 
content Conversion khydr 

Catalyst Immolg-1 (%) 2 3 4 3/4 /h-* g-1 TON 

HY - 100 91 0 0 - 1.4 - 

ZnHY 0.78 98 66 8 2 4.0 1.1 0.12 
ZnNaY 1.87 86 23 38 19 2.0 0.14 0.23 
ZnCl? 7.34 89 15 56 14 4.0 7 x 10-3 0.12 
AgNaY 1.62 97.1 3 11 75 0.15 0.09 - 

- HgNaY 0.76 93.8 73 3 9 0.33 1.4 
Hg2C12 4.23 6 - 71 28 2.5 - - 

t IK: dcm-1 3067w, 2976m, 2880m, 1678m, 1311m, 1228s, 1142m, 
1054m, 914m, 760m and 696m; ‘H NMR: 6 7.75-6.95 (m, 5 H ,  C6HS), 
4.05-3.15 (m, 4 H ,  CH2CH2) and 2.23 (s, 3 H ,  Me); MS: 176 (M+, 25), 
131 ( l ) ,  115 (4), 105 (loo), 77 (31). 

Q Analysis of the reaction mixtures was accomplished by GC-MS (HP 
5988A spectrometer) and GC-FTIR (HP 5965A detector). Isolation 
of the reaction products was carried out by flash column chromato- 
graphy using hexane-dichloromethane mixtures as eluent. 

1750 1550 1350 
v / cm-’ 

Fig. 1 1R spectra of pyridine retained on HY ( a ) ,  ZnHY ( 6 )  and 
ZnNaY (c) zeolites after desorption at 523 K and 1 0 P  Torr (1 Torr = 
133.3 Pa) for 1 h 

the molar ratio between the compound 2 formed and the zinc 
ions present in the catalyst, is almost twice for the ZnNaY 
sample than for the conventional ZnC12 catalyst. This clearly 
indicates that the activity of Zn2+ can be modified by 



J .  C H E M .  SOC. ,  C H E M .  C O M M U N . ,  I992 95 1 

$& 1 ,  2-phenyl shift = - 3  
0 

Br 
l a  

0 4  

Ph H&;> - 4- 
oxygen oxygen 
migration migration 

Fig. 2 Conformations ot acetal 1 from which phenyl shift l a  or alkoxy 
migration 1b and 1b' must occur 

interaction with the zeolite framework. Since it has been 
shown3 that the ability of Lewis acids to promote the 1,2-aryl 
migration increases with their softness, it can be concluded 
that the ZnZ+ ions within the ZnNaY zeolite are softer than in 
the ZnC12 catalyst. 

An important item related to the hardness and softness of 
the active sites is the change in the relative selectivity of the 
products arising from phenyl or ethyleneoxy migration. Thus, 
while for the ZnC12 and ZnHY samples the ratio 3 to 4 is the 
same, the use of the ZnNaY sample favours the formation of 
the dioxine 4. Assuming that the rearrangement step follows a 
SN2-like mechanism, where the migrating group and the 
bromine leaving atom must be in a disposition anti periplanar, 
the conformation required for the phenyl shift l a  must be 
different to  that leading to the dioxine l b ,  lb ' .  Therefore, an 
increase in the relative selectivity of compound 4 indicates a 
preferential stabilization of conformations l b ,  lb '  (or the 
transition states arising from them) over l a ,  by interaction 
with the Lewis acid centres of the ZnNaY catalyst. In this 
context, a recent X-ray study of the crystal structure of 
complexes of aryl a-bromoalkyl ketones with Lewis acids has 
established that the softness and hardness determines the 
position where the acid is bound to the organic molecule, soft 
metal ions can be coordinated to Br atoms and the n-system of 
phenyl rings.1" On the other hand, unimolecular effects 
resulting from conformational restrictions imposed on guest 
molecules by adsorption within the voids of zeolites are 
already well known.'' 

In order to obtain more clear evidence for the influence of 
the softness of the Lewis acid centres on the regioselectivity of 
the rearrangement, the reaction of 1 was carried out in the 
presence of AgNaY and HgNaY zeolites. The results included 

in Table 1 show that, in fact, the softness of the active centres 
modifies the ratio 3 to  4, softer sites increasing dramatically 
the alkoxy migration and the formation of the dioxine 4, in 
agreement with the hypothesis of a conformational control of 
the transposition. The high yields of 2 that have been obtained 
with the HgNaY sample are probably owing to the particular 
exchange conditions required to introduce the Hg2+ in the 
zeolite (pH = l), and which generates a high concentration of 
adventitious Bronsted sites in the HgNaY sample. 

In conclusion, zinc-exchanged Y zeolites are promising 
catalysts for the rearrangement of acetals of a-bromopropio- 
phenone to 2-phenylpropanoic acid derivatives. The best 
materials must have no Brgnsted acid sites to avoid the 
competitive hydrolysis of the acetal moiety. Lewis acid centres 
are responsible for the rearrangement pathway, but their 
softness had to be controlled since alkoxy migrations are 
preferred using soft centres. In this way, a zinc-exchanged 
faujasite has been prepared with an activity per zinc ion twice 
as high as the conventional zinc dichloride. It is then deduced 
that the softness-hardness of the cations is strongly modified 
when in a zeolite owing to the framework interaction. Current 
work is in progress in order to determine the influence of the 
framework composition on the hardness-softness of the 
borderline Lewis acid metal ions of the zeolite. 
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