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Abstract: One step conversion of acetals and aldehydes to esters was
achieved with hydrogen peroxide (35wt% solution in water) and
hydrochloric acid in alcohol. This procedure was proved to be simple
and effective.

A ot of oxidative methods of aldehyde to carboxylic acid are well-
known, and some of those processes are industrialized!. Oxidation of
aldehydes to esters are also known, but only a few methods of direct
oxidation of acetal function to esters have been reported. Peracetic
acid?, peroxymonosulfunc acid®, ozone*, N-bromosuccinimide® and
chromium trioxide® have been used as the oxidizing agent. None of the
reports on direct oxidation of acetals to esters using hydrogen peroxide,
however, has been published. Herein, we report a simple and effective
procedure to oxidize acetals or aldehydes to esters with hydrogen
peroxide (35wt% solution in water) and hydrochloric acid (12N HC1
aq.) in alcohol. Classical oxidation of aldehydes to carboxylic acids
using hydrogen peroxide was known’. Oxidation of cyclohexanone to
1-hydroxy-1'-hydroperoxydicyclohexyl peroxide by aqueous hydrogen
peroxide with hydrochloric acid as a catalyst8 is already reported.

OR! H,0,, HCl aq. o
R_<on1 R?0H R)J\
Our results of the oxidation of acyclic and cyclic acetals are summarized
in Table 1. In the cases of acyclic acetals (entry 1,2), both aliphatic and
aromatic acetals gave the corresponding esters in excellent yields.
However, o,B-unsaturated acetal (entry 3) resulted in low yield due to
the competitive addition reaction of hydrogen chloride to olefin. In the
cases of cyclic acetals (entry 4-6), esters with alcohols originated from
solvents were mainly obtained via transesterification. When primary
alcohols were used as a solvent (entry 4,5), yields were excellent. But,
in the case of secondary alcohol (entry 6), the yield decreased because

the 2-hydroxyethyl ester was formed along with the transesterification
4
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product. Although oxidation of acetal with peracetic acid? or ozone
gave only the ester with alcohol originated from acetal, our procedure
afforded esters with alcohols originated from solvents.

When sulfuric acid was used instead of hydrochloric acid, the reaction
became much slower. This fact suggests that hydrochloric acid plays not
only as acid but also other important role in the oxidation reaction. A
plausible explanation of this process is the in situ formation of
hypochlorous acid which promotes oxidation. Oxidation of aldehydes to
esters by sodium hypochlorite” in the presence of acetic acid is also
reported.

We also applied this procedure to oxidation of aldehydes since
aldehydes were thought to be oxidized to esters via acetals under our
acidic condition. The results are shown in Table 2.
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a: Isolated yield. b: 'H NMR yield

Direct oxidation of aliphatic and aromatic aldehydes to esters proceeded
in high yield. In all cases it was not necessary to add large excess of
hydrogen peroxide.
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Versatility of this process for practical use is shown in the following
synthesis of y-dodecalactone'® 1, which is a flavor and a pheromone
component (Scheme 1).

Reaction of nonanal 2 with the acetal-containing Grignard reagent11
gave hydroxy acetal in 95% yield. This hydroxy acetal 3 was oxidized
via protected lactol!?4 with hydrogen peroxide and hydrochloric acid in
methanol to give y-lactone in 91% yield. Overall yield (86%) is very
good.
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Scheme 1

In conclusion, we achieved the one step oxidation of acetals and
aldehydes with hydrogen peroxide (35wt% solution in water) and
hydrochloric acid (12N HC1 aq.), both of which are cheap reagents. In
addition to that, the operation of the reaction was simple and efficient.
We think that this procedure must be suitable for industrialization.
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Typical Experimental Procedure

12N HC1 aq. (0.25ml, 3.0mmol) was added to a solution of
decylaldehyde dimethylacetal (406mg, 2.0mmol) in methanol (4ml) at
5°C under argon. Next H,O, (34% solution in water, 300mg, 3.0mmol)
was added to the solution. During this addition, the internal temperature
was kept below 20 °C. The mixture was stirred for 30min with
ice-cooling. It was then warmed to 40 °C and stirred for 3h. The reaction
mixture was diluted with water and extracted with ethyl acetate. The
organic layer was washed with aqueous sodium sulfite, dried over
magnesium sulfate and concentrated in vacuo. The residue was purified
by silicagel chromatography [SiO, 10g, Hexane:AcOEt=4:1] to give
methyl decanoate (360mg, 96%).

IH NMR (CDC13,90MHz): 8 = 0.86 (bt, 3H), 1.24-1.61 (m, 14H), 2.29
(t, J = 7.1, 2H), 3.64 (s, 3H).—IR (KBr disc): v {cm™}) = 2925, 2856,
1743, 1436, 1169.

v-Dodecalactone

'H NMR (CDC13,90MHz): 8 = 0.86 (bt, 3H), 1.10-1.94 (m, 16H),
2.19-2.59 (m, 2H), 4.34-4.61 (m, 1H).—IR (KBr disc): v (cm™!) =2929,
2854, 1778, 1180.

SYNLETT

References and Notes

(1)  Shriner, R. L.; Kleiderer, E. C. Org. Synth 1. 1943, 538.
(2) Heywood, D. L.; Phillips, B. J. Org. Chem. 1960, 25, 1699.
(3) Nishihara, A.; Kubota, L. J. Org. Chem. 1968, 33, 2525.

(4) Deslongchamps, P.; Atlani, P. Can. J. Chem. 1974, 52, 3651.
Sundararaman, P.; Walker, E. C.; Djerassi, C. Tetrahedron Lett.
1978, 1627.

(5) Marvell, E. N.; Joncich, M. J. J. Am. Chem. Soc. 1951, 73, 973.

(6) Angyal, S.J.; James, K. Aust. J. Chem. 1971, 24, 1219.

(7) Glenn, R. A.; Bailey, J. R. J. Am. Chem. Soc. 1941, 63, 639.

(8) Kharasch, M. S.; Sosnovsky, G. J. Org. Chem. 1958, 23, 1322.

(9) Stevens, R. V; Chapman, K. T.; Stubbs, C. A.; Tam, W. W_;
Albizati, K. F. Tetrahedron Lett. 1982, 23, 4647.

(10) Pirkle, W. H.; Adams, P. E. J. Org. Chem. 1979, 44, 2169.
Ronald, R. C.; Wheeler, C. I. J. Org. Chem. 1983, 48, 138 and
references cited therein.

(11) Biichi, G.; Wiiest, H. J. Org. Chem. 1969, 34, 1122.

(12) Grieco, P. A.; Oguri, T.; Yokoyama, Y. Tetrahedron Lett. 1978,
419.

Downloaded by: University of North Carolina - Chapel Hill. Copyrighted material.



	ßm;½©�,x¤ﬂ�«
	5/ÏžM˙


