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Abstract -— Acid-catalyzed intramolecular aldol condensation of diketo
sulfides generally affords 2,6-dihydrothiopyran-3-ones and/or their

Z2,4-dihydro isomers in good yields. The ketol intermediates, in a few
cases, underge sulfur-participated rearrangement to give thiolan-3-one

derivatives in addition to dihydrothiopyranones.

Both 2,6-dihydrothiopyran-3-ones (g) and their Z,4-dihydro isomers (é) show
antiinflammatory and diuretic properties1 and may serve as useful synthetic
intermediates since they contain carbonyl, double bond, and sulfide function-
alities in the molecule.2 The only reported synthesis of these compounds involves
the Friedel-Crafts type cyclization of allylthioglycolic acid chlorides.3 This
method, however, suffers several disadvantages, e.g., relatively low reported
yields (30-49%), multistep synthesis of the starting materials, difficulty of
introducing diverse substituents, ete. Diketo sulfides (E) are readily accessi-
ble compounds. Symmetrically substituted 1 are cbtained by reaction of a-halo-
ketones with sodium sulfide and unsymmetrically substituted ones from o-halo-
ketones and eo-mercapto ketones. As a part of our synthetic study with },4 herein
we report the preparation of dihydrothiopyraa-3-ones by intramclecular aldol
condensation of 1 and acid-catalyzed rearrangement of the ketol intermediates
leading to thiolan-3-one derivatives, which is observed with a few cases. During
this study, Klein and Horak reported that acid-catalyzed condensation of 2-[(2'-
oxopropyl)thico]-cyclopentanone affords a 9:1 mixture of cyclopentano-[E]-2,4-

dihydrothiopyran-3-one and its 2,6-dihydro isomer.5
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A mixture of diketo sulfides (lg-g) and a catalytic amount of p-toluenesulfonic

acid (TsOH)6 in benzene was refluxed umntil the starting sulfides are completely
consumed (3-8 h). Usual wokup of the mixture afforded the expected dihydrothio-
pyranones in good yields, Results are summarized in Table 1. Analysis by tlc

and 1H—nmr showed that the ketcls 4 are first formed with consumption of 1 and
then dehydrated to dihydrothiopyranones. Although 2,6-dihydro isomers (2} are
almost exclusively formed in runs a and b, both 2,6- and 2,4-dihydro isomers (E
and 3) are formed in runs c-e in comparable yields. The ratio of 2 and 3 observed
above is the equilibrium one, since, for example, heating pure 2c with TsOH in
boiling benzene affords an isomeric mixture of ES and 3c in the same ratioc as

that observed with run c.’ ’

Base-catalyzed condensation of 1 easily allows the isolation of the ketols 4.
Treatment of la with a catalytic amount of potassium hydroxide in aqueous ethanol

at room temperature gives the corresponding ketol 4a in 65% vield.

One-pot preparation of dihydrothiopyranones is also possible in some cases though
in low yields. For example, when commercially available chloroacetone was
allowed to react with sodium sulfide and then the resulting mixture was heated

with added potassium hydroxide, 2a was obtained in 22% yield.
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Table 1 Preparation of Dihydrothiopyran-3-ones by Aldel Condensation
of Diketo Sulfides

Run ol o2 23 ot Yie%g)of 2% Yie%gjof 3%) Tota%%gield
a H H H  Me 79 B 79

b Me H H Et 96 b 96

c H Me H Ph 57¢) 36 93

d H H Me Ph 26 ) 16 a2z (7n Y
e H Me Me Me 36<) 45.5 81.5

a) Isomers 2 and 3 are separable by silica gel column chromatography. Yields
based on isolated products. b) Trace, if any. <c) A mixture of e¢is and trans
isomers., d) Conversion yield.
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Heating the diketo sulfide 1f with TsOH in refluxing benzene unexpectedly produced
the thiolanone derivative 58'(?0%) in addition to the dihydrothiopyranone gf (15%).
This provides an interesting example that sulfur participation controls the product
formation, The episulfonium ion 7 produced from the ketol intermediate 6 rear-
ranges to the stable tertiary carbonium ion 8, deprotonation of which leads to §.9
The dihydrothiopyranone gf is satisfactorily obtained by base-catalyzed condensa-

tion, Heating }f with potassium hydroxide in refluxing ethanol afforded 2f in 99%

yield.
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A slightly more complicated case is encountered with the sulfide }%- The TsOH-
catalyzed condensation of lg gives a complex mixture containing isobutyrophencne
as 4 sole identified product. The KCH-catalyzed reaction in refluxing ethanol
again gives a complex mixture, whereas the reaction at room temperature affords
the ketol g in 55% yield. The ketol g, when heated with TsCH in boiling ben:zene,
produces the dihydrothiopyranone 2g (43%) and a 1:1 cis-trans mixture of the
thiolanone }910 (49%). It is thus concluded that the rearrangement leading to
thiolanones becomes a prevailing path when the formation of stable tertiary

carbonium ions from episulfonium ions is possible.

0
Ph Ph Ph 0
“xon T ﬁ Ph A

EtOH PhH
lg FL.t. 9 refl, 4% o 49% g

In summary the aldol condensation of diketo sulfides provides a convenient
synthesis of dihydrothiopyranones which are otherwise laborious to prepare and
also results in an interesting example of sulfur-participated ring contraction

vielding thiolancnes in a few cases.
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A considerable amount of TsOH was needed to complete the reactiom in runm c.
In run d, even the use of a large amount of TsOH could not complete the
reaction and prolonged heating gave a complex mixture.

Factors governing the relative thermodynamic stability of z and § are not
clear, but substituents on C5 and Cﬁ seem to stabilize § in which conjugation
between double bond and sulfur is possible.

55 oily 1H-nmr (CDCIS) § 1.41 (3H, s), 1.45 (3H, s), 1.53 (3H, s}, 1.91 (3H,
m}, 2.76 (1H, d, J=16Hz), 3.24 (1H, d, J=16Hz), 4.85 (2H, m).

For sulfur-participated ring contraction of six-membered ring to five-
membered one, see, for example, E. Block, 'Reactions of Organosulfur
Compounds', Academic Press, New York, 1978, Chapter 4.

One isomer; 1H-nmr (CDCIS) § 1.44 (34, d, J=7Hz), 1,69 {3H, broad s}, 2.85
(1H, d, J=18Hz), 3.34 (1H, d, J=18Hz), 3.58 (1H, q, J=7Hz), 5.01 (2H, broad,
8), 7.34 (SH, m) and the other isomer; 1H-nmr (CDC13) 4 1.43 (3H, broad d,
J=7Hz), 1.66 (3H, broad s), 3.18 (2H, broad s), 3.52 (1H, broad q, J=7Hz),
4.98 (1H, broad s), 5.13 (1H, broad s), 7.2-7.6 (5H, m).
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