
This article was downloaded by: [New York University]
On: 13 February 2015, At: 20:57
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

A Convenient Method for the
Cleavage of Acetals Using
Zeolites
M. Narayana Rao a , Pradeep Kumar a , Anand P.
Singh a & Ravinder S. Reddy a
a National Chemical Laboratory , Pune, 411 008,
India
Published online: 24 Sep 2006.

To cite this article: M. Narayana Rao , Pradeep Kumar , Anand P. Singh & Ravinder
S. Reddy (1992) A Convenient Method for the Cleavage of Acetals Using Zeolites,
Synthetic Communications: An International Journal for Rapid Communication of
Synthetic Organic Chemistry, 22:9, 1299-1305, DOI: 10.1080/00397919208019312

To link to this article:  http://dx.doi.org/10.1080/00397919208019312

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919208019312
http://dx.doi.org/10.1080/00397919208019312


losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 2
0:

57
 1

3 
Fe

br
ua

ry
 2

01
5 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 22(9), 1299-1305 (1992) 

A CONVENIENT WETHOD FOR THE CLEAVAGE 

OF ACETALS USING ZEOLITES# 

M. Narayana Rae*# Pradeep KUmar, Anand P. Singh and 

Ravinder 8. Reddy 

National Chemiaal Laboratory, Pune 411 008, India 

Abstract: Cleavage of acetals and ketals with H-morde- 
nite zeolite afforded carbonyl compounds in excellent 
yields. 

The catalytic potential of zeolites in organic 

synthesis is becoming increasingly important for a wide 

range of reactions. 1-3 The acid and base properties of 

zeolites, which can be altered by the exchange of 

cations , have made them versatile catalysts. Although 

the commercial silica-alumina cracking catalysts, the 

cation exchanged Y type, and H-ZSM-5 zeolites have been 

used for the preparation of acetals, ' 1  however, their 

potential in the cleavage of acetals has not been fully 

utilized. In this communication, we describe a conven- 

1299 
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1300 NARAYANA RAO ET AL.  

ient liquid phase cleavage of acetals and ketals using 

H-mordenite (H-M) zeolite (Si/A1 = 9.62) .7. 

The conversion of acetals to carbonyl compounds is 

often a useful and necessary organic transformation. 

So far a number of catalysts, e.g. acids,8 Lewis 

acids, sodium hydrogen telluride, lo silica gel, l1 

ferric chloride on silica gel, l2 and amberlyst-15 , 
have been developed for this purpose. Our deprotection 

method with H-M-zeolite, where the change is from a 

conventional homogeneous to heterogeneous procedure, 

brings advantages in respect of easy separation, higher 

and consistent yields, and regeneration of the cata- 

lyst. Further, the presence of the required BrBnsted 

and Lewis acid centers in the H-M-zeolite itself, in 

contrast to silica gel which required an external acid 

(oxalic or sulphuric) along with it for consistent 

yields, extends significantly the scope of this 

method. 

Hydrolysis of acetals and ketals la-m catalyzed by 

H-M-zeolite afforded the carbonyl compounds 2a-m in 

excellent yields (Table). The work-up is exceedingly 

simple, only involving the filtration of the zeolite 

and removal of solvent to obtain the product in a high 

state of purity. In general, the reaction was moni- 

tored by gas chromatography by removing aliquots from 
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CLEAVAGE OF ACETALS U S I N G  ZEOLITES 1301 

OR-. ti-M-zeolite/ +O / Toluene , -- R' 
1 I'dR'\C/ \ I ref lux  , 1 - 13 h ) I  ' c = o  ' 2/ \OR/' 89 -99 '10 'R 

la -m 2a-m 

the reaction. The zeolite can be reactivated for 

reuse by heating at 500" C under air. 

The results shown in the Table demonstrate that a 

wide range of acetals and ketals of carbonyl compounds, 

including saturated ( l e - i , k , l )  and a,b-unsaturated 

( lc)  aliphatic, aromatic ( l a , d , j  ,m) and heteroaromatic 

( lb)  compounds, may be cleaved in this manner. The 

catalyst is equally effective for both cyclic 

(Id-f,h-m) as well as acyclic (la-c,g) acetals and 

ketals. Further, the vinyl ethers and neopentylalka- 

nals, which selectively formed in the vapour phase 

reaction of acyclic acetals and cyclic acetals of 

neopentyl glycol, respectively with zeolites, were not 

detected in this liquid phase method. 

The hydrolysis of acetals with H-M-zeolite (1-13 

h, Table) was slow compared to ion exchange resin, 

amberlyst-1513 due to its lower acidity. This may 

offer the potential of selective deprotection. Thus, 

the ketals ( l g - m )  were hydrolyzed faster than acetals 
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1302 NARAYANA RAO ET A L .  

Table :  Hydrolysis of acetals with H-M-zeolite 

Acetal R, R R’, R2 Time Pro- Yieldb 

ducta (%)  

la 

lb 

la 

ld 

le 

If 

1Q 

Ih 

li 

lj 

lk 

11 

M 

Et, Et Ph, H 

Et, Et 2-fuq1, H 

Et, Et CH~CHPCH, H 

CH2CH2 Ph, H 

CHZCHZ CH3 (CH2) 2, H 

CH2CH2 cH3 (CH2)81H 

Et, Et (CH2)5 

CH2 CH2 (CH2) 5 

CH2CH2 Et, CH3 

CH2CH2 Ph, CH3 

CHZCH2 d 

CHzC(CH3)2CH2 d 

CHZC(Et) 2CHz e 

9 h 2a 89 

8 h 2b 96 

10 h 2c 95 

12 h 2d 90 

8 h 2 6  8gC 

13 h 2f 90 

3 h 2g 98 

5 h 2h 97 

3 h 2i 9 5c 

3 h 2 j  99 

3 h 2k 98 

1 h 21 99 

1 h 2m 96 

~ 

a All products exhibit IR and ‘H NMR spectral data in 

accord with those of corresponding authentic 

samples. Yield of isolated product. Reaction 

is performed in dichloromethane at reflux tempera- 

ture. (-) -menthone. a-tetralone. 
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CLEAVAGE OF ACETALS USING ZEOLITES 1303 

(la-f, Table). Further, the faster hydrolysis of 5,5- 

dimethyl-1,3-dioxane (11) compared to 1,3-dioxolane 

(lk) is in accordance with the earlier observation with 

mineral acid. l4 

The superiority of H-M-zeolite over conventional 

silica gel can be seen from the reaction of acetal ld 

and ketal lh. These compounds were recovered unreacted 

even after refluxing for 12 h with silica gel (Merck, 

230-400 mesh) compared to the formation of the carbo- 

nyl compounds 2 6  and 2h with zeolite in 90% and 97% 

yields respectively (Table). Other zeolites, H-ZSM-5 

and molecular sieves 5A, were found to be ineffective 

in the cleavage of acetals and ketals. 

In conclusion, from commercially available zeolite 

we have established a convenient heterogeneous catalyt- 

ic method for the cleavage of acetals. Further, the 

suitable acidity of H-M-zeolite effects the reaction 

in high and consistent yields. 

Experimental 

Acetals were prepared from the corresponding 

carbonyl compounds according to the literature proce- 

dure8. H-M-Zeolite was a gift sample from Laporte 

Inorganic, U.X. The unit cell composition of this H-M- 

zeolite is H4.52(A102)4.52(Si02)43.480g6. 24 H20. 
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1304 NARAYANA RAD ET AL. 

Hydrolysis of ACetalS and ketals with H-M-zeolite: 

General Procedure: 

To a solution of the acetal 1 (10 mmol) in toluene 

(5 ml) containing water (1 ml) was added H-mordenite 

zeolite (0.6 9). The mixture was refluxed with stir- 

ring (magnetic stirbar) and the progress of the reac- 

tion was followed by GC analysis (OV-101 column). When 

the reaction was complete, the zeolite was filtered and 

the filtrate was concentrated to afford the carbonyl 

compound 2 (Table) .  

Acknowledgement: We thank Laporte Inorganic, U.K. for 

the gift sample of H-M-zeolite. 
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