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Abstract: Chemoselective synthesis and deprotection of 1,1-diacetates have been performed in good yields

and in the absence of any solvent by zeolite HSZ-360 as a new reusable catalyst. © 1998 Elsevier Science
Ltd. All rights reserved.

Selective protection and deprotection of carbonyl groups frequently represent essential steps in synthetic
organic chemistry.' Acetals are the most common derivatives utilised to this aim. However, in many cases
different strategies are desirable where selective protection of aldehydes in the presence of keto groups are
requested. In this context 1,1-diacetates can be successfully utilised.”

A number of methods employed for the preparation of 1,1-diacetates from aldehydes includes the use of
strong protic acids such as sulphuric acid, phosphoric acid and methanesulphonic acid® or Lewis acids such as
zinc chloride, iron trichloride* and phosphorus trichloride.’

Although these methodologies can afford 1,1-diacetates in good yields, demanding reactions conditions
required forebodes more widespread applications.

To this end different heterogeneous and environmentally friendly catalysts have been utilised. These
include Nafion-H® and tungstosilic acid,” B-, Y- and HZSM-5 zeolite,3® sulfated zirconia'® and expansive
graphite;'! moreover, montmorillonite clay'> and expansive graphite” have been used to deprotect
1,1-diacetates. However, none of the above mentioned catalysts is claimed to give protection as well as

11,13

deprotection of aldehydes (except expansive graphite' ") and/or to be reusable. Moreover some of these

require thermal activation (500-750°C) before use,”'* harmful chlorinated solvents®™!!

atmosphere.*’

and/or demand inert

In this communication we present a convenient solvent-free method for the synthesis and deprotection of
1,1-diacetates of aldehydes over the commercially available zeolite HSZ-360" (utilised without previous
thermal or chemical treatment) as a chemoselective, reusable catalyst.
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Table 1. Preparation of 1,1-diacetates from aldehydes.

Entry] Carbonyl compound 1 Product® Ylel‘c)i Reaction
(%)° | time (h)
. 1:R=H 90 3
CcHO CH(OA), 2 R~NO, o4 ]
3:R=Ph 85 5
1-6 4. R=Me 97 3
R R S:R=0Me 98 1
6. R=CN 93 7
CHO CH(OAS),
N N
\ \
u H
89 ﬂ /@\ 8:R=H 90 1
R o CHO R c CH(OAC), 9:R=Me 85 6
. :
10 CCl,CHO CCLCH(OAC), 9% 3
1 )\ )\ 90 8
Ph CHO Ph CH(OAS),
CHO CH(OA),
12 O/ O/ 88 7
13 CH;(CH,),CHO CH;(CH;),(CH(OAc), 97 4
A N
14 = CHO — CH(OAC), 85 3
15 ),_ (7—CHO —(-\)7:(/-);—CH(OA9): % ;
0 5]
16 80 5
NO, CHO NO,  CH(OAe),

* All 1,1-diacetates were identified by their IR and '"H NMR spectra.
® Isolated yield.

The utility of zeolites as selective adsorbents and as catalysts for petrochemical processes has been
known for many years.15 More recently the use of these catalysts for fine chemicals preparation have received
increasing attention due to their characteristic properties such as shape selectivity, thermal stability, acidic and
basic nature.'®

Results summarised in Table 1 show that good to high yields (85-98%) were obtained in short reaction
times (1-8 h); other functionalities such as nitro, ether, cyano, furyl and (Z)-double bond were preserved (Table
1, entries 2, 5, 6, 8-9 and 14-15 respectively).

As underlined in the introduction of this communication, it is very important to selectively protect the
aldehydic moiety in the presence of a ketonic carbonyl group. To this end we firstly reacted an equimolecular
mixture of acetophenone and benzaldehyde with a three fold excess of acetic anhydride in the presence of
zeolite HSZ-360. We isolated the benzaldehyde 1,1-diacetate (90% yield) and we recovered the unchanged
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1" and we submitted this

ketonic compound. On the basis of this result we synthesised the 4-nitro-7-o0xooctana
ketoaldehyde to the model protection reaction; as expected the ketonic moiety was preserved and only the
aldehydic carbonyl group was converted in the corresponding 1,1-diacetate in 80% yield (Tablel, entry 16).

A typical procedure for the preparation of 1,1-diacetates is as follows: the aldehyde (10 mmol) and acetic
anhydride (30 mmol) were placed in a two-necked flask with stirring at rt. After 5 min zeolite HSZ-360 (200
mg) was added and the obtained mixture was maintained at rt (only for entries 2, 9 and 11 a temperature of
70°C was needed) for the appropriate time (see Table 1). The mixture was then extracted with Et,O and the
catalyst was filtered off. After evaporation of the solvent the obtained 1,1-diacetates, if necessary, can be
purified by flash chromatography (hexane-ethyl acetate 5-20%).

We next investigated the ability of the catalyst to regenerate the aldehydes from 1,1-diacetates and we
found that microwave irradiation (500 W in a domestic microwave oven) of a mixture of 1,1-diacetate/zeolite
HSZ-360 (1:1 w/w), for 20 min, provides the clean regeneration of the corresponding aldehydes in high yields
(86-99%, see Table 2).

Table 2. Regeneration of aldehydes from 1,1-diacetates.

Entry Substrate Aldehyde® Yield (%)°
CH(OAG), CHO 1:R=Ph 99
2:R=NO, 93
1-5 3: R=0Me 94
4 R=Me 86
R R 5R=H 94
6 CH;(CH,)1,CH(OAc), CH;(CH,),,CHO 88
o CH(OAc), o CHO

* All aldehydes were identified by comparison with authentic samples.
® Isolated yietd.

A typical procedure for the regencration of aldehydes from 1,1-diacetates is as follows: 0.5 g of
1,1-diacetate and 0.5 g of zeolite HSZ-360 were placed, at 500 W, in a domestic microwave oven, for 20 min.
After cooling, the mixture was extracted with Et,O and the catalyst was filtered off. Evaporation of the solvent
followed by flash chromatography of the mixture produce the pure aldehyde.

Finally we turned our attention toward the possible recycling of the catalyst and as representative
example we choose the conversion of dodecanal into its 1,1-diacetate (Table 1, entry 13) and the regeneration
of the starting aldheyde (Table 2, entry 6). The first process has been repeated six times, through the same
catalyst, with the following yields: 98%, 97%, 98%, 90%, 92% and 93%, while the regeneration of the
dodecanal from the corresponding 1,1-diacetate was performed, for the first two trials, in good yields
(87-88%), after which the catalyst was essentially inactive; probably the microwave irradiation promotes
modification of the catalyst framework responsible for the gradual loss of activity.'®

In conclusion in this paper we have shown a zeolite promoted protection of aldehydes as 1,1-diacetates
and the regeneration of the starting aldehydes. The processes are performed under solventless conditions and
the catalyst can be reused several times for the production of 1,1-diacetates.



7590

Acknowledgements

Financial support from the Ministero dell’Universita e della Ricerca Scientifica e Tecnologica (Rome),

the University of Camerino and the University of Parma (National Project “Stereoselezione in Sintesi Organica.

Metodologie ed Applicazioni) is gratefully acknowledged.

References and notes

1)

2)
3)
4)
5)
6)
7
8)
9)
10)
11)
12)
13)
14)

15)

16)

17)

18)

a) Kochhar, K. S.; Bal, B. S;; Deshpande, R. P.; Rajadhyaksha, S. N; Pinnick, H. W. J. Org. Chem. 1983,
48, 1765; b) Greene, T. W.; Wuts, P. G. M. Protective Groups in Organic Synthesis, P Ed., John Wiley,
New York, 1991; c) Kocienski, P.J. Protecting Groups, Thieme, Stuttgard, 1994; d) Ballini, R.; Bosica,
G.; Frullanti, B.; Maggi, R.; Sartori, G.; Schroer, F. Tetrahedron Lett., 1998, 39, 1615.

Lienermann, S.V_; Connor, R. Org. Synth. Coll. 1955, Vol. III, 441.

Freeman, F.; Karcherski, E. M. J. Chem. Eng. Data 1977, 22, 355.

Scriabine, I. Bull. Soc. Chim. Fr. 1961, 1194,

Michie, J. K.; Miller, J. A. Synthesis 1981, 824,

Olah, G. A; Mehrotra, C. S. Synthesis 1982, 962.

Joshi, M. V.; Narasimbam, C. S. J. Caral. 1993, 141, 308.

Kumar, P.; Hegde, V. R.; Kumar, T. P. Tetrahedron Lett. 1995, 36, 601.

Pereira, C.; Gigante, B.; Marcelo-Curto, M. J.; Carreyre, H.; Pérot, G.; Guisnet, M. Synthesis 1995, 1077.

Raju, S. V. J. Chem. Res. (S) 1996, 68.

Jin, T.-S.; Du, G.-Y.; Zhang, Z -H.; Li, T.-S. Synthetic Commun. 1997, 27, 2261.

Li, T.-S.; Zhang, Z. H.; Fu, C.-G. Tetrahedron Lett. 1997, 38, 3285.

Jin, T.-S.; Ma, Y.-R; Zhang, Z.-H.; Li, T.-S. Synthetic Commun. 1997, 27, 3379.

HSZ-360 is a commercial HY zeolite (Tosoh Corporation) with the following physico-chemical
parameters: surface area 500+10 m?/g (determined in our laboratory by B. E. T. method: Brunauer, S.;
Emmett, P. H.; Teller, E. J Am. Chem. Soc. 1938, 60, 309), surface acidity 0.51+0.03 meq H*/g
(determined in our laboratory by temperature programmed desorption of ammonia gas (NH3-TPD):
Berteau, P.; Delmon, B. Catal. Today 1989, 5, 121), SiO,/Al,0; ratio 14.0 and pore dimension 7.4 A.

a) Martens, J. A_; Soucerijns, W.; Parton, R.; Froment, G. F.; Jacobs, P. A. Angew. Chem., Int. Ed. Engl.
1995, 34, 2528; b) Chang, C. D. Car. Rev.-Sci. Eng. 1983, 25, 1.

a) Holderich, W_; Hesse, H.; Naumann, F. Angew. Chem., Int. Ed. Engl. 1988, 27, 226; b) Davis, M.E.
Acc. Chem. Res. 1993, 26, 111, ¢) Sachtler, W M.H. Acc. Chem. Res. 1993, 26, 383; d) Snib, S.L. Chem.
Rev. 1993, 93, 803.

a) Stach, H.; Hesse, H. Helv. Chim. Acta 1987, 70, 315; b) Stanchev, S.; Milenkov, B.; Hesse, H.
Tetrahedron Lett. 1993, 34, 6107.

Studies are in progress in our laboratories to regognize the change of crystallinity, surface area, surface
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