
Tetrahedron Letters,Vol.28,No.l6,pp 1821-1824,1987 0040-4039/87 $3.00 + .OO 
Printed in Great Britain Pergamon Journals Ltd. 

MECHANISTIC AND SYNTHETIC ASPECTS OF THE ACID-CATALYSED HYDROLYSIS OF 

2,",-DIMETHOXY-3,4-DIHY fkioDROPYPANS INTO 3,4-DIHYDRO-a-PYRONES AND 6-KETO ESTERS 

J.W. Scheeren*, C.G. Bakker, R. Peperzak and R.J.F. Nivard 

Department of Organic Chemistry, Catholic University, 

Toernooiveld, 6525 ED Nijmegen, The Netherlands 

Summary: Acid-catalysed hydrolysis of 2,2-dimethoxy-3,4_dihydropyrans (1) yields mixtures of 

6-keto esters (2) and 3,4-dihydro-cr-pyrones (2). 
alkyl substitution in the 3-, 

The amount of 3 increases with increasing 
5- and 6-position of 1 and when the hydrolysis is carried out in 

a two-phases system of water/dichloromethane. It is shown that 3 is formed directly from 1 - 
whereas 2 is formed directly from 1 and by methanolysis of 1. The mechanistic and synthetic 
aspects of these hydrolysis reactions are discussed. 

In a preceding paper' we reported that 2,2-dialkoxy-3,4_dihydropyrans (1) can generally be 

synthesized via ZnC12-catalysed cycloadditions of ketene acetals with a,B-unsaturated carbonyl 

compounds (Scheme 1). 
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It is known 'I3 that the acid-catalysed hydrolysis of an unsubstituted 2,2-dialkoxy-3,4-dihydro- 

pyran in a homogeneous medium proceeds quite specifically, giving the corresponding 6-keto 

ester (2) in high yield as the only product (Scheme 2). Applying the same procedure to a series 

of alkyl-substituted 2,2-dimethoxy-3,4_dihydropyrans la-h we found that the selectivity of 

the reaction depends on the number and position of these substituents and also on the reaction 

circumstances. In several cases considerable amounts of 3,4-dihydropyrones4 (3) appeared to be - 

formed. We envisaged that more insight into the course of the hydrolysis might contribute to 

the establishment of the optimum conditions for the synthesis of either 2 or 2 from the easy 

available compounds 1. - 

To that aim we studied the hydrolysis of la-h under various conditions (see Scheme 2). - 

The acid-catalysed hydrolysis of la-h in the homogeneous reaction mixture water/dioxan at - 

[H+] = 1O-4 Mol.l-' gave the 6-keto esters 2 in yields from 60-80%. Especially from the - 

compounds Id-h having two methyl groups (at least one in the 2-position) a 3,4-dihydro- - _ 

pyrone (3) arose as a side product even when the hydrolysis was carried out under stronger 

acidic conditions. In an inhomogeneous reaction mixture, e.g. chloroform/acidified water, the 

formation of 3 became more general. Moreover, other side products, viz. the 6-keto acids 4 - 

and the &ketal esters 5 were found in the reaction mixtures. - 

The 6-keto esters (2) appeared quite stable under the reaction conditions, so that the - 

products 3 do not originate from 2. - - On the other hand it appeared that prolonged reaction times 

and higher temperatures lowered the amount of 3 in favour of 4 showing that 4 arises via further - - - 
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scheme 2 

OMe 
OMe H30+ 
R’ - 

R* 

- 

MeOH 

- 

la R1=R2=R3=R"=R5=H 

lb R1=Me,R2=R3=R1=R5=H 

jc R1=R2=RL=R5=H,R3=Me 

ld R’= R5=Me, R*=R3=Rh=H 

0 0 
R3_~_cHR6_CHR5-CR1R2-~-0Me 2 

MeOH/H+ 

3 

0 0 

R3-I-CHRL-CHR’-CR’R*-t-OH 5 

0 

R3-C(OMe)2-CHR”-CHR5-CR’Rz-?-OMe 

le R1=R3=Me,R2=R”=R5=H 

lf R1=Rh=Me,R2=R3=R5=H 

lg R1=R2=Me,R3=R4=R5=H 

1 h R1=R*=R3=Me,R4=R5=H 
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hydrolysis of 2. The formation of 5 has to be ascribed to the occurrence of increasing amounts - 

of methanol, liberated during the hydrolysis, in the organic phase which contains the bulk of 

the parent compound (1). Acid-catalysed methanolysis of 1 yields exclusively 5. _ - 

The presence of the various products was recognized from the NMR spectra of the reaction 
mixtures. The occurrence of 3 is obvious when one or two signals of vinylic protons are present 

between 4.65 and 6.70 ppm, where the other products do not show absorptions. For 6-keto esters 

(2) and S-keto acids (4) the proton signal of the terminal group (CEO, Cg3CO) is characteris- 
tic and the relative amounts of 2 and 4 can be determined, when the -COOE3 signal (6 % 3.60 
ppm) of the 6-keto ester (2). is used as an additional datum. For the 6-keto acids, a weak COOE 
signal at da. 11.10 ppm is visible. In the NMR spectra of the methanolysis product (+I the 

position of the proton signal at the terminal carbon atom @C(OMeJ2- or CH3C(OMe)2) 1s quite 
different from that of the corresponding signal of 2 or 4: gC(OMe)2- 6 ca. 4.2 ppm and HCO 
6 ca. 9.5 ppm; E3C(OMej2- 6 ea. 1.20 ppm and g3CO- 6 ca. 2.05 ppm. Moreover, these compounds 

cause the occurrence of an additional singlet of the methyl protons of the acetal group at ca. 
3.10 ppm. Based on these differences rough estimates of the product ratios were made from the 
NMR spectra of the reaction mixtures, 
saturated with NaCl) .5 

obtained in the two-phase system (CH2C12/acidified water, 

These data are given in Table I. 

Better insight into the effect of the substituents R on the product ratio 2/3 was obtained -- 

by following the hydrolysis of la, lb and 19 in an NMR tube in the two-phase system CDC13/D20 

acidified with 5 Mole % of p-toluene sulphonic acid. All three compounds had been completely 

hydrolyzed within 50 minutes. The ratio 2/3 in the CDC13 layer was continuously and in all 

cases roughly l/l, at the most 3 being present in slight excess. Furthermore it appeared that - 

on standing the ratio 2/3 increased due to methanolysis of 3 in the chloroform layer (see - 

Scheme 2), and that faster for la and lb than for lg. So it seems that the varying ratio 2/3, -- - _ - 

apparent from Table I is not mainly caused by an effect of the substituents R on the hydrolysis 

of 1, but more by the influence of the substituents on the methanolysis of 1. 
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Table I: Relative amounts of the products from the acid-hydrolysis of 2,2-dimethoxy-3,4-di- 
hydropyrans (1) in the two-phase system dichloromethane/water, saturated with NaCl. 

Rl R2 R3 R4 - R5 8-k&0 ester (2) a-pyrone (3) + b-ketal ester (5) 

(8) g-keto acid ?+) (%) (%) - 

1aH H H H H 100 0 0 - 

1bMe H H H H 75 25 0 - 

1cH H Me H H 100 0 0 - 

Id Me H H H Me 70 30 0 - 

le Me H Me H H 30 70 <5 - 

If Me H H Me H 30 70 <5 - 

19 Me Me H H H 40 50 QlO 

lh Me Me Me H H 10 70 20 - 

In another experiment we tested whether the acid catalysed removal of the vinyloxy group 

from 1. in the formation of 2 leads in the first instance to vinyl alcohols, as was observed - 

by Capon et al.6 in the hydrolysis of acyclic ortho esters, bearing a vinyloxy group. To that 

aim the hydrolysis of lb was followed at -2O'C in a CD3CN/D30C mixture with NMR. Within - 

5 minutes after addition of D20 acidified with 5 Mol % p-toluene sulphonic acid lb had dis- _ 

appeared. Vinyloxy proton absorptions of two new compounds had appeared. One pair belongs to 

2b (5.33 and 6.52 ppm). The other could be ascribed to a Z-vinyl alcohol (4.12 and 6.33 ppm). 

Capon et aZ.? reported the corresponding protons for Z-prop-1-en-l-01, 6 = 4.15 and 6.32 ppm 

in the same solvent mixture. The latter pair of signals disappeared quickly when the reaction 

mixture was warmed up to 25OC; giving rise to the appearance of proton absorptions of 2b8and - 

Jb. At -20°C the mixture consisted for about 40% of the vinyl alcohol and for about 60% of 3b. - 

The results described above are in agreement with a mechanism for the hydrolysis of 1 as given _ 

in Scheme 3. 

Our results show, however, that cyclic mono-alkenyl ortho esters in which the alkenyloxy 

group is part of a six membered ring behave differently from the open mono alkenyl ortho 

esters studied by Capon et al ""' as well from the 2,2_dialkoxytetrahydropyrans studied 

by Deslongchamps and others". Capon et al. found that dimethyl vinyl ortho esters of the 

kind R-C(OMe)20CH=CH2 generate only a methyl ester on hydrolysis. They showed that the vinyl- 

oxy group is liberated as a vinyl alcohol. The high selectivity of the reaction was ascribed 

to the much better leaving group ability of the vinyl alcohol in comparison with methanol. 

For the cyclic analogues 1 only 40-50% is hydrolysed in this way. Deslongchamps and others 

showed that 2,2_dialkoxytetrahydropyrans gave the g-hydroxy esters as the major and sometimes 

as the only products. They ascribe this selectivity to stereo-electronic factors and propose 

a theory of stereo-electronic control in the cleavage of the tetrahedral hemiortho ester inter- 

mediate. 

We could find no good arguments why stereo-electronic control should oppose the better 
il. 

leaving ability of the vinyloxy group in the six membered ring. So it seems that the out- 

come of the hydrolysis of 1 is determined by entropy. The Z-vinyl alcohol in the cations II 

and IV (Scheme 3) has a much better chance for a retro reaction than it has in the open 

vinyl ortho esters where it disappears into the solvT;t after hydrolysis. This entropy factor 

favors the formation of 3 via the cations I and III. - 
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scheme3 
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The results of above demonstrate that hydrolysis of 1 seems a less selective route to - 

synthesize either 2 or 3. It is possible, however, -- to obtain exclusively 2 by first acid 

catalysed methanolysis of 1 followed by acid hydrolysis of the formed ketal ester 5. This - - 

hydrolysis can be carried out as a one pot process as will be published. 
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