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SYNTHESIS OF LACTONES VI4 THE OXIDATION OF
a,w-DIOLS WITH SODIUM BROMITE AND ALUMINA
UNDER WATER FREE CONDITIONS

Masao Hirano,* Shigetaka Yakabe, and Takashi Morimoto*

Department of Applied Chemistry, Faculty of Technology, Tokyo University of
Agriculture and Technology, Koganei, Tokyo 184, Japan

Abstract: Oxidation of a,w-diols with sodium bromite can be readily performed
in dichloromethane to afford lactones in fair good yield under mild and neutral
conditions with the aid of chromatographic acidic alumina.

Lactones are important subunits in broad range of natural products! and are also
useful building blocks in organic synthesis. Consequently, in addition to the well-
documentated Baeyer-Billiger oxidations2 and Fetizon's procedure using celite
supported silver carbonate reagents,3 numerous interesting methodologiess have

been developed from synthetic and mechanistic points of view.4

*To whom correspondence should be addressed
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Copyright © 1998 by Marcel Dekker, Inc.



Downloaded by [Selcuk Universitesi] at 22:50 21 January 2015

124 HIRANO, YAKABE, AND MORIMOTO

Our recent work on new cleaner chemical processes in nonaqueous media>-8 have
shown that solid support materials such as aluminas,’ silica gel,® clays,” and
zeolite8 exhibit remarkable catalysis in the transformation of a variety of
functional groups with certain solid reagents which are insoluble in organic
solvents. For example, although conventional reactions with sodium bromite have
been conducted under aqueous conditions,% 10 alcoholsSh and sulfides7b-3 were
readily oxidized to the corresponding sulfoxides and carbonyl compounds,
respectively, in dichloromethane with the aid of alumina,5h clays,”™ or zeolite.8
Moreover, our procedures have proved to be useful for the formation of lactones
via Baeyer-Billiger oxidation of alicyclic ketones with solid peroxy acid
derivatives.5¢.7> These perspectives prompts us to test an alternative approach
to lactone synthesis via the dehydrogenation of a,m-diols with an
environmentally friendly reagent, sodium bromite (NaBrO3, 1), under dry and

heterogeneous conditions.

The lactonization was simply accomplished by vigorously stirring a mixture of a
diol, chromatographic acidic alumina, 1, and dichloromethanethe at ambient
temperature under inert atmosphere. When a diol was added to a stirred mixture
of alumina and 1 in CH,Cl, (vide Oxiduation Procedures in Experimental Section),
the suspension became yellow. After allowing the reaction for 1.5-2 hours, the
color turned orange as gently exothermic process took place. The orange color
gradually discharged while the exothermic process was decreasingly evident. GC
analysis of the colorless reaction mixture showed that no or only a faint trace of
the diol was involved. The progress of the reaction could therefore be followed
not only roughly by color change of the heterogeneous mixture, but, more

conveniently, by GC analysis of the supernatant withdrawn at intervals. After
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Scheme 1:

HO/\/\/\OH —_—

simple work-up procedure through filtration and solvent removal, pure lactone
was isolated by a single chromatographic separation.

Under such conditions, 1,5-pentanediol 2a, for example, was completely
consumed after 3 h and gave a crude mixture involving 8-valerolactone 3a in 94%
GC selectivity, from which pure 3a was isolated in 87% yield. In the absence of

the alumina, however, the reaction was sluggish and ca. 50% of unchanged 2a was
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Table 1. Synthesis of lactones from diols?

Entry Alumina Time Yield®
No. Substrate  NaBrO,¢ 14) (h) Products (%)

1 2a 4 3 3 3a 87

2 b 3 3 15 2b 85

3 2¢c 3 3 4 3c+4(6:44 85¢

4 2d 2 4 6 3d 88

5 2e 3 2 4 3e 86

a) Conditions: under argon, ambient; substrate 2 0.5 g, CHCl; 20ml. b)
Isolated yield based on starting substrate. ¢) [NaBrO;}/[2] (mole ratio). d)
Product ratio, 3¢ vs. 4, determined by NMR. e) Total yield of 3¢ plus 4.

recovered even after 24 h. Obviously, alumina is essential for the lactonization to
be accomplished in a reasonable period of time. The NaBrO,/Alumina system
was then applied to oxidative dehydrogenation of the related diols 2b-2e, for
which optimum conditions (quantities of 1 and the alumina, and reaction times)
were determined on the basis of reactivity of the substrates and selectivity and
yield of the lactones. The results are collected in Scheme 1 and Table 1.

In short, the present study has shown that the NaBrOy/Alumina system in
dichloromethane gives an operationally simple and high-yielding synthesis of

lactones, applicable to a number of a,w-diols.

EXPERIMENTAL SECTION

The 'H NMR spectra were recorded with a JEOL JNM-FX 60 (60 MHz)

spectrometer for solutions in deuteriochloroform using TMS as an internal

standard. Analytical gas chromatography was performed on a Shimadzu GC-6A
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or GC-4CM instrument with a 2 m x 4mm@ column packed with 5% PEG-20M
on Chromosorb WAW-DMCS or 1.5% Silicone OV-17 on Shimalite WAW-
DMCS, respectively, with temperature programming. Dichloromethane was
rigorously dried, distilled, and stored over molecular sieves. Sodium bromite
trihydrate, a gift from Nippon Silica Industrial Co., Ltd., and chromatographic
acidic alumina (ICN BIOMEDICALS, Alumina A, Super 1) were used as received.
Commercial chemicals, 1,5-pentanediol 2a, 3-methyl-1,3,5-pentanetriol 2b, cis-
1,2-cyclohexanedimethanol 2d, and 1,2-benzenedimethanol 2e, were used without
further purification. 2,2-Dimethy-1,5-pentanediol 2¢ was prepared by the
reduction of 2,2-dimethyglutaric acid with LiAlHy4 in dry ether. The purities of

all substrates were checked by GC prior to use.

Oxidation Procedures.— Lactonization of a,w-diols can be easily carrird out by
using 2-4 fold excess of sodium bromite and 2-4 g of the alumina per 0.5 g of the
substrates. The following procedures for 1,5-pentanediol 2a is representative. In
a 30 mL round-bottom flask were placed the alumina (3 g), NaBrO; (19 mmol),
and dichloromethane (20 mL), and the mixture was stirred for a few minutes.
After adding 2a (0.5 g, 4.8 mmol; [NaBrO;}/[2a)= 4) in one portion, the flask was
flushed with dry argon and then capped tightly with a glass stopper. The
lactonization was conducted by vigorously stirring the heterogeneous mixture at
ambient temperature; care should be taken in continuing the efficient stirring
during the reaction to ensure smooth reaction and to attain reproducible results.
After 3 hours, the whole mixture was transferred onto a sintered glass funnel, and
the filter cake was thoroughly washed with portions of dry ether and
dichloromethane. The combined clear filtrate was condensed on a rotary

evaporator to leave an oil, which was immediately chromatographed on a silica gel
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column (Merck, Silica Gel 60; chloroform) to afford &-valerolactone 3a in 87%

yield based on starting 2a (Entry 1).

The other a,m-diols were similarly oxidized with NaBrOs/alumina system in

dichloromethane for 1.5-6 h at ambient temperature. Common work-up

procedure followed by chromatographic separation afforded the indicated

products, which were characterized by IR and NMR spectroscopies.

REFERENCES

1

Sutherland, I. O. In Comprehensive Organic Chemistry, vol. 2, Sutherland,
1. O. ed, Pergamon Press, Oxford, 1979, Part 9, § 9.8.

Reviews of Baeyer-Villiger oxidations; Ref. 1. Hassal, C. H. Org. React.,
1957, 9, Ch. 3. Krow, G. R. Org. React., 1993, 43, Ch. 3. Hudlicky, M.
Oxidations in Organic Chemistry, Am. Chem. Soc., Washington, DC, 1990,
p. 191-195. Haines, A. Methods for the Oxidation of Organic Compounds.
Alcohols, Alcohol Derivatives, Alkyl Halides, Nitroalkanes, Alkyl Azides,
Carbonyl Compounds, Hydroxyarenes and Aminoarenes, Academic Press,
London, 1988, Ch. 6. House, H. O. Modern Synthetic Reactions, W. A.
Benjamin, California, 1972, p. 321. Plesnicar, B. In Oxidation in Organic
Chemistry, Part C, Trahanovsky, W. S. ed., Academic Press, New York,
1978, p. 254. Sawaki, Y. In Organic Peroxides, Ando, W. ed, Wiley,
Chichester, 1992, p. 436. Lewis, S. N. In Oxidation, Augustine, R. L. ed,
Marcel Dekker, New York, 1969 , vol. 1, Ch. S.

Fetizon, M ; Golfier, M.; Mourgues, P.; Loius, J.-M. In Organic Syntheses
by Oxidation with Metal Compounds, Mijs, W. J.; de Jonge, C. R. H. 1. eds,
Plenum Press, New York, 1986 , Ch. 10.



Downloaded by [Selcuk Universitesi] at 22:50 21 January 2015

LACTONES 129

For example, see: Ishii, Y.; Yoshida, T.; Yamawaki, K.; Ogawa, M. J. Org.
Chem., 1988, 53, 5549. Murahashi, S.; Naota, T.; Ito, K.; Maeda, Y.; Taki,
H. J. Org. Chem., 1987, 52, 4319. Ishii, Y.; Suzuki, K.; Ikariya, T.; Sabun,
M.; Yoshikawa, S. J. Org. Chem., 1986, 51, 2822.

(@) Hirano, M.; Yakabe, S.; Clark, J. H.; Morimoto, T. J. Chem. Soc., Perkin
Trans. 1, 1996, 2693. (b) Hirano, M.; Yakabe, S.; Clark, J. H.; Kudo, H ;
Morimoto, T. Synth. Commun., 1996, 26, 1875, Hirano, M.; Oose, M;
Morimoto, T. (c¢) Chem. Lett., 1991, 331. (d) Bull. Chem. Soc. Jpn., 1991,
64, 1046. (e) Morimoto, T.; Hirano, M.; Iwasaki, K.; Ishikawa, T. Chem.
Lett., 1994, 53. (f) Hirano, M.; Nagasawa, S.; Morimoto, T. Bull. Chem.
Soc. Jpn., 1991, 64, 2857. (g) Hirano, M.; Kuroda, H.; Morimoto, T. Bu/l.
Chem. Soc. Jpn., 1990, 63,2433, (h) Morimoto, T.; Hirano, M.; Aikawa, Y,
Zhang, X J. Chem. Soc., Perkin Trans. 1,1988, 2423,

Hirano, M.; Komiya, K.; Yakabe, S.; Clark, J. H.; Morimoto, T. Org. Prep.
Proced. Int., 1996, 28, 705. Hirano, M.; Ukawa, K.; Yakabe, S.; Morimoto,
T. Synth. Commun., 1997, 27, 1527. Hirano, M.; Ukawa, K.; Yakabe, S_;
Monmoto, T. Org. Prep. Proced. Int., in the press.

Hirano, M.; Ueno, Y.; Morimoto, T. (a) Synth. Commun., 1995, 23, 3125.
(h) Synth. Commun., 1995, 25, and 3765. (b) Hirano, M.; Kudo, H.;
Morimoto, T. Bull. Chem. Soc. Jpn., 1992, 65, 1744. (c) Hirano, M_;
Tomaru, J.; Morimoto, T. Chem. Lett., 1991, 523 and Bull. Chem. Soc. Jpn.,
1991, 64, 3752. (d) Hirano, M.; Komiya, K.; Morimoto, T. Org. Prep.
Proced. Int., 1995, 27, 703. (¢) Hirano, M.; Ukawa, K_; Yakabe, S.; Clark, J.
H.; Morimoto, T. Synthesis, in the press. (f) Hirano, M.; Yakabe, S.;
Fukami, M.; Morimoto, T. Synth. Commun., in the press.

Hirano, M.; Kudo, H.; Morimoto, T. Bull. Chem. Soc. Jpn., 1994, 67, 1492,



Downloaded by [Selcuk Universitesi] at 22:50 21 January 2015

130 HIRANO, YAKABE, AND MORIMOTO

9 Kageyama, T.; Kawahara, S.; Kitamura, K.; Ueno, Y.; Okawara, M. Chem.
Lett., 1983, 1097. Kageyama, T.; Ueno, Y.; Okawara, M. Synthesis, 1983,
815. Kageyama, T.; Tobito, Y.; Katoh, A.; Ueno, Y.; Okawara, M. Chem.
Lett., 1983, 1481.

10 Kajigaeshi, S.; Nakagawa, T.; Fujisaki, S.; Nishida, A.; Noguchi, M. Chem.
Lent., 1984, 713, Kajigaeshi, S.; Nakagawa, T.; Fujisaki, S. Chem. Lett.,
1984, 2045. Kajigaeshi, S.; Nakagawa, T.; Nagasaki, N.; Fuyjisaki, S.
Synthesis, 1985, 674. Kajigaeshi, S.; Nakagawa, T.; Fujisaki, S.; Nishida, A.
Bull. Soc. Chem. Jpn., 1985, 58, 769.

(Received in the UK 27th June 1997)





