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Abstract - Acid-catalyzed intramolecular aldol condensation of diketo 

sulfides generally affords 2.6-dihydrothiopyran-3-ones and/or their 

2,4-dihydro isomers in good yields. The ketol intermediates, in a few 

cases ,  undergo sulfur-participated rearrangement to give thiolan-3-one 

derivatives in addition to dihydrothiapyranones. 

Both 2,6-dihydrothiopyran-3-ones (2) and their 2,4-dihydro isomers (3) show - - 
antiinflammatory and diuretic properties1 and may serve as useful synthetic 

intermediates since they contain carbanyl, double bond, and sulfide function- 

alities in the molecule.' The only reported synthesis of these compounds involves 

the Friedel-Crafts type cycliration of allylthioglycolic acid  chloride^.^ 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, e t c .  Diketa sulfides (1) are readily accessi- - 
ble compounds. Symmetrically substituted 1 are obtained by reaction of a-halo- - 
ketones with sodium sulfide and unsymmetrically substituted ones from o-hala- 

ketones and wmercapto ketones. As a part of our synthetic study with 1,4 herein - 
we report the preparation of dihydrothiopyran-3-ones by intramolecular 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)thio]-cyclopentanone affords a 9:l mixture of cyclopentano-[b]-2,4- 

dihydrothiopyran-3-ane and its 2.6-dihydro isomer. 5 



A mixture of diketo sulfides (La-:) and a catalytic amount of p-toluenesulfonic 

acid ( T ~ o H ) ~  in benzene was refluxed until the starting sulfides are completely 

consumed (3-8 h). Usual wokup of the mixture afforded the expected dihydrothio- 

pyrananes in good yields. Results are summarized in Table 1. Analysis by tlc 

and l ~ - n m r  showed that the ketols 4 are first formed with consumption of 1 and 
then dehydrated to dihydrothiopyranones. Although 2.6-dihydro isomers ( t )  are 
almost exclusively formed in runs a and b, bath 2,6- and Z,4-dihydro isomers (t 
and I) are formed in runs c - e  in comparable yields. The ratio of t and ! observed 
above is the equilibrium one, since, for example, heating pure Zc with TsOH in - - 
boiling benzene affords an isomeric mixture of 2c and 3c in the same ratio as - - -- 

7 that observed with run c. 

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

at room temperature gives the corresponding ketol 4: in 65% yield. 

One-pot preparation of dihydrothiopyranones is also possible in some cases though 

in law 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, was obtained in 22% yield. 

ref 1. 
la-e 4 20-e 3a-e 

Table 1 Preparation of Dihydrothiopyran-3-ones by Aldol Condensation 

of Diketo Sulfides 

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 cis and trans 

isomers. d) Conversion yield. 

Run R' R' R3 R4 Yield of za) Yield of 3a) Total Yield 
(%I 

- 
(4) 

" ( % I  
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Heating the diketo sulfide !f with TsOH in refluxing benzene unexpectedly produced 
8 the thialanone derivative 5 , (70%) in addition to the dihydrothiopyranone t f  (15%). 

This provides an interesting example that sulfur participation controls the product 

formation. The episulfonium ion 1 produced from the ketol intermediate 9 rear- 
ranges to the stable tertiary carbonium ion 8 ,  deprotonation of which leads to >. 9 
The dihydrothiopyranone if is satisfactorily obtained by base-catalyzed condensa- 
tion. Heating if with potassium hydroxide in refluxing ethanol afforded zf in 99% - - - - 
yield. 

4 5 70% + Go-."- r e f  1 ,  <x0++a r e f  1. 

2 f  15% If 99% 2 f  

A slightly more complicated case is encountered with the sulfide tk. The TsOH- 

catalyzed condensation of lg gives a complex mixture containing isobutyrophenone -- 
as a sole identified product. The KOH-catalyzed reaction in refluxing ethanol 

again gives a complex mixture, whereas the reaction at room temperature affords 

the ketol 9 in 55% yield. The ketol 9 ,  when heated with TsOH in boiling benzene, 
produces the dihydrothiopyranone Zg (43%) and a 1:l cis-trans mixture of the "- 
thiolanone lo1' (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. 

phxs~O? EtOH 55% PCP --"Do TsOH PhH 
+ .$ 

l g  r a t .  9 r e f l .  43% 2g 49% 10 

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 

yielding thiolanones in a few cases. 
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