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Abstract. The hydrolyses of 2,2-dimethoxy and 2,2-diethoxy-tetrahydropyran 
under a variety of conditions yield 20 - 40% 6-valerolactone and 80 - 60% of 
methyl or ethyl 5-hydroxyvalerate. 

Deslongchamps has proposed a theory 1,2 for the decomposition of tetrahedral 

intermediates in which it was postulated that "the precise conformation of the 

tetrahedral intermediate is transmitted into the products of the reaction and 

that the specific decomposition of such an intermediate is controlled by the 

orientation of the lone-pair orbitals of the heteroatoms". 
1 

That is,the rate 

of cleavage of a carbon-oxygen or carbon-nitrogen bond in any conformer is 

determined by the orientation of the lone pairs on the other heteroatoms in 

that conformer. This theory has also been applied to the decomposition of 

orthoesters. One of the most important pieces of evidence brought forward to 

support the theory was that on hydrolysis 2,2_diethoxytetrahydropyran 

(I, R = Et) yielded only ethyl 5-hydroxyvalerate and no valerolactone.3 This 

was explained by assuming that, in accord with the above theory, 2,2-diethoxy- 
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tetrahydropyran (I, R = Et) underwent initial cleavage of the axial ethoxy bond 

to yield cation (II, R = Et). It was then assumed that this ion reacted with 

water by the microscopic reverse of this process to yield the tetrahedral 

intermediate (III, R = Et) which decomposed faster to V (R = Et) than it under- 

went conformational inversion to yield conformation (IV, R = Et). Since in 

conformation (III) only the ring C-O has, according to the above theory, the 

lone-pairs on the other heteroatoms correctly oriented for bond fission, form- 

ation of ethyl 5-hydroxyvalerate (V, R = Et) rather than of s-valerolactone 

(VI) was explained.3 

We have investigated the products of hydrolysis of 2,2_dimethoxytetra- 

hydropyran (I, R = Me) under a variety of conditions and found that 30 - 40% of 

6-valerolactone is always formed. This is shown qualitatively very clearly in 

the 
1 
H n.m.r. spectrum by the appearance of a signal at 6 = 4.3 downfield from 

the other signals and characteristic of the -CH2-O-CO- of the lactone. The 

amount of lactone formed was best estimated from the relative intensities of 

CH3 signals of the methanol (6 = 3.28) and methyl ester (6 = 3.62). If no 

lactone had been formed these should, of course, have been equal but this was 

never found to be so, and the percentage lactone was estimated from the 

equation %-lactone = 100 x (IMeOH - IMeoCo_)/(IMeoH + IMeOCO_) (Table). 

Table. Percentage of 6-Valerolactone (25%) Formed on Hydrolysis of 

2,2-Dimethoxy- and 2,2-Diethoxy-Tetrahydropyran as Determined 

by ' H n.m.r. Spectroscopy at 35°.a 

Volume Ratio Solvent and Compound 

D20b:Solvent CD3COCD3 CD3CN CD3SOCD3 CD3COCD3 

I, R = Me I, R = Me I, R = Me I, R = Et 

10:90 33 40 43 22 

20:80 33 39 38 25 

30:70 33 39 39 28 

40:60 30 38 40 29 

50:50 29 40 41 26 

60:40 32 40 41 31 

70:30 32 42 41 30 

80:20 34 44 40 31 

9O:lO 33 44 44 30 

loo:o 33 41 31 
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Table (continued) 

a Determined by integration of the CH3 peaks of the methanol and methyl 

5-hydroxyvalerate or of the CH2 peaks of ethanol and ethyl 5-hydroxyvalerate. 

b The D20 was IO 
-3 M in toluene-p-sulphonic acid before dilution. 

= 

In order to check that the d-valerolactone was being formed directly from I 

(R = Me) and not by subsequent hydrolysis of methyl 5-hydroxyvalerate the 

reactions were followed over a period of time in order to find out if the pro- 

portions of lactone to ester changed. Only with an acid concentration as high 

as 0.2 Y HCl was there any evidence for an increase in the proportion of lac- 

tone over a period of 20 minutes. Since most of the experiments were carried 

out at much lower acid concentrations it was concluded that under these 

conditions all the lactone was formed directly from I (R = Me). 

The products of the reaction of I (R = Me) were also investigated under 

conditions as close as possible to those used previously3 to study I (R = Et). 

2,2_Dimethoxytetrahydropyran (I, R = Me) (0.5 mmoles) was dissolved in CD2C12 

(0.05 ml), cooled to O" 

p-sulphonic acid (10s3 

and poured onto D20 (0.5 ml) which contained toluene- 

M) at O°C. After agitating the mixture vigorously for 

20 minutes it was quenched in CD3COCD3 (3 ml) at O0 to give a single phase. 

The 
1 
H n.m.r. spectrum was then measured at O" and the percentage lactone 

calculated as before. The average of 8 experiments was 35% lactone. 

In order to check whether or not the formation of 6-valerolactone was 

just a property of 2,2_dimethoxytetrahydropyran experiments were also carried 

out with 2,2_diethoxytetrahydropyran, the compound originally studied. 
3 

It was 

now found that 20 - 30% of lactone was formed by 
1 
H n.m.r. spectroscopy (Table). 

This reaction was also studied by 13 C n.m.r. spectroscopy since it had pre- 

viously been reported3 that the lactone could not be detected in the reaction 

product by this technique. The reaction was carried out in D20(10B3 M 

CH3C6H4S03H) : CD3COCD3(10:90, v/v) and signals which were attributed=to both 

ethyl 5-hydroxyvalerate and 6-valerolactone were observed and confirmed by 

using authentic samples (see Scheme). The intensity of the signal of the 

carbonyl group of 8-valerolactone (6 = 172JO) was about 25% that of the car- 

bony1 group of ethyl 5_hydroxyvalerate, consistent with the 1 H n.m.r. results. 

These results imply that either bond cleavage in the reactions of I, II 

and/or III are not controlled by orientations of the lone-pair orbitals in the 

initial states or/and that conformational inversion of III is rapid compared 

with its lifetime. That the latter is almost certainly correct is seen from 

the direct detection of a number of similar tetrahedral intermediates by 
4 

n.m.r. and U.V. 5 spectroscopy. Clearly in applying any stereoelectronic 
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Scheme. d-values of Signals in the 13 C n.m.r. Spectrum of 

the Products of Hydrolysis of 2,2-Diethoxytetrahydropyran. 

theory it is not sufficient to consider just the "precise conformation" of the 

initial state. The possibility of reaction through another conformation must 

be allowed for. This point is also clearly illustrated by some recent work on 

a gas-phase reaction by Caserio and her co-workers 6 and by the work of Perrin and 

Arrhenius. 7 These latter workers had to assume however the "absence of lactone 

products" which they attributed to "product development control". Our work now 

shows that for the hydrolysis of 2,2-dimethoxy- and 2,2-diethoxy-tetrahydropyran 

this is unnecessary. 
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