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Oudenone, a tyrosine hydroxylase inhibitor, and related analogues were obtained
upon heating a mixture of 1,3-cyclopentanediones and 2,2-diethoxytetrahydrofurans.
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Recently Umezawa, et al.® discovered oudenone (I) in the culture filtrate of the strain
which was most closely related to Oudemansiella radicata. As 1 showed the inhibition of
tyrosine hydroxylase and antihypertensive activity on spontaneously hypertensive rats,%
it is expected that I might become an effective agent for the treatment of hypertension.
Unique structure and pharmacological properties of oudenone prompted us to synthesize
it and its analogues.

The present paper describes useful one-step synthesis of these compounds. In the syn-
thesis of I and its analogues, the formation of carbon-carbon double bonds between g-dike-
tones and heterocycles was achieved by the condensation reaction of p-diketones with
heterocyclic orthoester derivatives or cyclic iminoethers upon heating. These reactions are
particularly useful for a simple one-step synthesis of I and its analogues containing nitrogen
or sulfur in place of oxygen atom of the tetrahydrofuran ring.

Actually, T was obtained upon heating a mixture of 1,3-cyclopentanedione (II)® and
an excess of 2,2-diethoxy-5-propyltetrahydrofuran (III) at 95—100° in low yield and iden-
tified by comparing its physicochemical properties with those of an authentic sample prepared
by the method of Ohno, ¢f al.9 The reaction of 2,2-diethoxytetrahydrofuran (IV)? with
dimedone (V) gave 5,5-dimethyl-2-[4,5-dihydro-2(3H)-furylidene]-1,3-cyclohexanedione  (VI)
in 5%, yield and 3-ethoxy-5,5-dimethyl-2-cyclohexen-1-one (VII) in 50%, yield. Furthermore,
similar condensations were carried out using cyclic iminothioethers. Heating of a mixture
of 2-methylthio-1-pyrroline (VIII),® acetylacetone (IX) and V at 95° easily afforded 3-(2-
pyrrolidinylidene)-2,4-pentanedione (X) and 5,5-dimethyl-2-(2-pyrrolidinylidene)-1,3-cyclo-
hexanedione (XI), respectively. These compounds were completely identical with authentic
samples prepared from 2-ethoxy-1-pyrroline (XII).9

The reaction conditions and the results are summarized in Table I.
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Experimental'®
Materials 9.9-Diethoxy-tetrahydrofuran (IV),” 2,2-diethoxy-tetrahydrothiophene,” 2,2-diethoxy-1-
s y ) s y Yy s &y Y

methyl-pyrrolidine,” 2-methylthio-1-pyrroline (VIII),® 2-ethoxy-1-pyrroline (XII),” 5-propyl-2-pyrrolidone
(XIII),*» 7-methoxy-3,4,5,6-tetrahydro-2H-azepine,'® 1,3-cyclopentanedione (II)® and 2,4-hexanedione!®
were all prepared by the methods described in literature. : ‘
y-Propylbutyrolactone (XIV) To an ice-cooled solution of ethyl 4-oxoheptanoate (XV)% (500 g) in
809% MeOH (1740 ml) was added NaBH, (55.2 g) in small portions, and the reaction mixture was stirred
at room temperature (r.t.) for 1 hr. After neutralization with 10% HCl, MeOH was evaporated in vacuo
and the residue was extracted twice with ether (580 ml). The extract was dried (Na,SO,), and evaporated
in vacuo. The residue was subjected to vacuum distillation to give XIV (294 g, 78.9%) as colorless oil
(bp 104—105° (2 mmHg)), which was identified by comparing its IR and NMR spectra (CDCl;) with those
of the authentic sample obtained by the method of Organic Syntheses.*®
2,2-Diethoxy-5-propyltetrahydrofuran (III) To triethyloxonium tetrafluoroborate!® (142 g) was
added XIV (88 g), and the mixture was stirred for 3 hr and then left standing for 3 days atr.t. The solution
was added dropwise to NaOEt-EtOH prepared from Na (17.5 g) and EtOH (100 ml) under ice cooling, and

All melting and boiling points are uncorrected. NMR spectra were taken with a Varian HA-100 spectro-
meter using tetramethylsilane as an internal standard.
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According to the procedure of Organic Syntheses, XIV is usually prepared from the reduction of
furylacrylic acid with Ni-Alalloy. In practice, however, this is obviously a tedious method, and because
of the formation of the by-product, 8-(tetrahydrofuryl)propionic acid, this method gives XIV in yield
not more than 509%, usually 33—37%. This search was made to find a more excellent method for the
preparation of XIV. For this purpose, since XV is easily obtained from the reduction of ethyl 3-furyl
acrylate, this procedure is recommended for the preparation of XIV in laboratories.

H. Meerwein, “Organic Syntheses,” Vol. 46, ed. by E.J. Corey, John Wiley and Sons, Inc., New York,
1966, p. 113.

16)

NII-Electronic Library Service



2778 Vol. 25 (1977)

stirred at r.t. for 3 hr. The reaction mixture was evaporated and the resulting residue was treated with
5%, Na,CO, aq. (1800 ml) and extracted twice with ether (500 ml). The ether extract was dried (Na,SO,)
and evaporated. The residue was purified by vacuum distillation to give IIT (33.6 g,24.59%,) as colorless oil,
bp 78—86° (18—20 mmHg). Anal. Caled. for C;;H,,05: C, 65.31; H, 10.96. Found: C, 65.40; H, 10.69.

2-Ethoxy-5-propyl-1-pyrroline (XVI) A solution of triethyloxonium tetrafluoroborate (114 g) and
XIII (63.5 g) in anhyd. CH,Cl, (100 ml) was stirred at r.t. for 24 hr. To the mixture, 20% K,CO; aq. (400 ml)
was added with stirring and the mixture was extracted with ether, and the resulting extract was dried (Na,-
SO,) and evaporated in vacuo. The residue was purified by vacuum distillation to give XVI (75.0 g, 979%) as
colorless oil, bp 55—56° (0.9 mmHg).

2-Ethoxy-3,4,5,6-tetrahydropyridine (XVII) According to the method of Pilotti, ef al.9 XVII was
obtained as colorless oil, bp 64—66° (22 mmHg) (Yield: 81.5%).

Oudenone (I) A mixture of IT (3.0 g) and IIT (12.5 g) was heated in an oil bath at 95—100° for 6 hr
and low boiling fraction was distilled off. The resulting residue was purified by column chromatography
(CHC1;-MeOH=10: 1) te give I as colorless plates, which was identified by comparison of its IR and NMR
spectra (CDCl,) with those of an authentic sample obtained by the method of Ohno, ¢t al.®) In this reaction,
the additions of Ac,O and anhyd. ZnCl,, which are usually employed in the condensations of orthoesters
with active methylene compounds,'”? did not affect the reaction time and yield of I.

Other compds. in Table I were also prepared from materials A and B by the similar procedures.
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Cycloalkenochromones (IV) were prepared from salicylaldehyde methoxymethyl
ether and cycloalkanones via aldol condensation.
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Chromones have been prepared by many investigators, some of the more important
synthetic methods being: condensation of phenol with ethyl acetoacetate in the presence of
phosphorus pentoxide (Simonis reaction),? condensation of ethylacetate® or diethyl oxalate®

1) Location: 1-1 Keyaki-Dazi, Sakado, Saitama.

2) a) E. Petschek and H. Simonis, Ber., 46, 2014 (1913); ) S. Sethna and R. Phadke, “Org. Reactions,”
Vol. 7, ed. by R. Adams, John Wiley and Sons, Inc., New York, 1953, p. 1.

3) T.A. Geissman, J. Am. Chem. Soc., 73, 3514 (1951).
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