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Abstract - Oxidation of the Knoevenagel condensation products 2 of 3-0x0- 
tetrahydrothiophene (1) and active methylene compounds of the type Z-CHZ-COOH 
with an H202/V20s/t-BuOH reagent furnishes the corresponding sulfoxides 3 in 
excellent yields. The isomer distributions of the sulfides 2 and the sulfox- 
Ides 3 reflect peculiarities of hydrothiophenes as compared to similar open- 
chain systems and establish that the stabilizing effect of the sulfoxide 
group on @,y-double bonds is greater than the corresponding effect of so 
strongly stabilizing groups as CN and COOR. 

3-Substituted thiophenes play a role as intermediates in the synthesis of drugs’ such as ticarcil- 

lin2’ and temocillin2b as well as of potential “organic metals”. 3 

NH 

COOH 

ticarcillln (R = H) 

temocillin (R = OCH,) 

However, the known methods for the synthesie of S-substituted thiophenes4” suffer from a num- 

ber of drawbacks which would make a simple and efficient access route from the commercially avail- 

able 3-oxotetrahydrothiophene l6 highly desirable. 

In this context we considered it worthwhile to prepare and characterize the sulfides 2 (Z = CN 

or COOR) and the corresponding sulfoxides 3, interesting per se and as potential intermediates en 

route to )-substituted thiophenes. 

Our first efforts were dlrected towards the oxidation of 1 to 4 which in turn ought to form 3 

in appropriate Knoevensgel condensations. The selective oxidation of sulfides to aulfoxides is well 

documented.“* Among the recommended reagents we tried H~02,~ Bu~NIO+,‘~ H202/Se02,11 Se02,12 

Brz, l3 and H202/V205/t-BuOH14, but in all cases intractable tars resulted without any IR absorption 

attributable to s sulfoxide group. The apiro compound 5 (which we prepared by ketalation of 1 with 
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1,2-ethanediol) could be cleanly oxidized to the corresponding sulfoxide 6 (for reference purposes 

we also prepared the sulfone 7), but we were unable to convert 6 to 4 by direct hydrolysis or by 

transketalation with acetone. Compound 5 was dissolved in t-BuOH and oxidized with an HzOz/V205/t- 

BuOH reagent as described by Hardy, Speakman, and Robson.” With its characteristic color change 

from pale yellow to orange at the end point the reaction can be carried out as a titration. With 

one equivalent of oxidation reagent and at temperatures below 20 ‘T the sulfoxide 6 is obtained 

while the sulfone 7 is formed with two equivalents of oxidant at a reaction temperature of approx- 

imately 40 T. Our failure to isolate the B-keto sulfoxide 4 and hence 3 via route 1 must be due to 

the inherent instability of 4: Since 1 is consumed by oxidation and 6 slowly yields 1,2-ethanedlol 

by hydrolysis and 2,2-dimethyl-l,%dloxolane by transketalatlon with acetone, respectively, 4 must 

be formed as an intermediate which then polymerizes to the observed tars. For these reasons we had 

to abandon route 1 and turn to route 2. 

The Knoevenagel condenaatlon of 1 with cyanoacetic acid being known” we were able to prepare 

the compounds 2 (2 = COOMe, COOEt) from the corresponding mslonic acid hamiesters. The appropriate 

condensations are most conveniently performed in the classical manner with plperidine/acetic acid 

as catalyst and azeotropic removal of the water formed. l6 Since the conventional removal of the 

catalyst by washing with water l6 reduced the isolated yields by as much as 40 I compared to the glc 

yields we distilled the untreated crude product mixtures and obtained distilled yields close to the 

glc yields. 

The compounds 2 form mixtures of three tautomara as shown in Scheme 1. A theoretically pos- 

sible fourth tautomer, the 2,3-dihydro 1soR)er (characterized by two nonequivalent coupling oleflnlc 
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Scheme 2 
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protons in the NE(R spectrum), wee not observed. Since the isomer distribution in 2 remains unaffect- 

ed by prolonged heating with piperidine in benzene or by treatment with potassium ethoxide in 

ethanol we regard the rsOmer distribution in 2 to represent the thermodynamic equilibrium. 

Oxidation of 2 with the above-mentioned HaOz/V205/t-B~OH reagent yields 3. This demonstrates 

the eelectivlty of this procedure tomerds unsaturated sulfides as opposed to the C-hydroxylation 

encountered with H~O~/O~O~/~-BUOH.~’ The S-oxidation with V205 is 8 mild and rapid reaction with- 

out concomrtant formation of the corresponding sulfones. 

Since the thermodynamic equilibrium ratios 2a:2b:2c and 3e:3b:3c ere different the initially 

formed mixture of 3 tautomers is not in thermodynamic equilibrium, but this is rapidly attalned by 

addition of a trace of piperidine to a chloroform solution of 3. 
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foxldes has been interpreted as a consequence of the -I effect of a sulfoxide group upon an edja- 

cent CnC double bond being more pronounced that its corresponding -H effect. 2o Uhile -M groups sta- 

bilize double bonds -1 groups destabilize them (and +I groups are hence stabilizing). 

EXPERIMENTAL 

Sulfides 2, generel procedure 

A 100 ml two-necked flask equipped with a Dean-Stark water separator is charged with 10.2 g 
(0.1 mole) tetrahydrothiophene-3-one (l), 0.1 mole of the appropriate active methylene compound 
(ZCH&OOH), 50 ml benzene, 4 ml acetic acid, and 2 ml piperidine. The mixture is refluxed until 
water separation ceases. The benzene is evaporated on a flash evaporator and the remeining oil dis- 
tilled at moderate vacuum. To prevent cryatalliaation of plperidinium acetate the condenser 1s kept 
warm during the dlstillatlon of the foreruns. 

By this procedure the following ccmpounda have been prepared (unpublished data for 2 with 2 = 
CN included). 

3-Dihydrgthiopheneacetonitrile mixture 2a-c (Z = CN) 

Yield: 83%, b.p. 142-144 ‘-‘C/20 mn Hc). ‘H N+lR (6, CCCl,): 6.1 m (0.44 HI, 5.9 m (0.27 H), 5.4- 
5.3 m (0.29 H), 3.8-2.5 m (6 H); IR (cm- , film): 2875 m, 2750 m, 2260 m, 2210 s, 1630 m, 1440 m, 
1410 8, 800 s; MS (m/z, 70 eV): 125 (M), 98 (M-HCN), 85 (M-CHzCN). 

Ethyl 3-dihydrothiopheneacetate mixture Za-c (Z = COOEt) 

Yield: 44%, b.p. 138-145 T/20 mn Hg. ‘H NMR (6, CDCls): 5.86 m (0.62 H), 5.58 m (0.38 H), 4.1 
q (2 H), 3.9-2.5 m (6 H), 1.3 t (3 H); IR (cm-‘, film): 1725 s, 1360 m, 1250 m, 1160 m, 1030 m; MS 
(m/r, 70 eV): 172 (M), 99 (M-COOEt). (Found: C, 55.70; H, 7.10; S, 18.37. Calc. for CaH1202S 
(172.24): C, 55.79; H, 7.02; 5, 18.61). 

By using an additional 0.05 mole monoethyl malonate and by adding 1 ml piperldine after 12 
hours a 59% yield, based on 1, is obtained after 24 h. 

Methyl 3-dihydrothiopheneacetate mixture Za-c (Z I COOHe) 

Yield: 30%, b.p. 113 T/l0 mn Hg. 
2.5 m (6 H), 3.6 bs (3 H); IR (cm-‘, 

‘H NMR (6, CDCIS): 5.85 m (0.61 H), 5.65 m (0.39 H), 3.7- 
film): 1750 s, 1450 s, 1280 m, 1250 m, 1180 m; MS (m/z, 70 eV): 

158 (H), 99 (H-COOMe). (Found: C, 53.07; H, 6.50; 5, 18.90. Calc. for C7H10O2S (158.22): C, 53.14; 
H, 6.37; S, 20.26). 

1,4-Dioxa-6-thlaspiro[4.4]nonane 5 

20.4 g (0.2 mole) 1, 13.65 g (0.22 mole) ethylene glycol, and 0.5 g p-tolueneeulfonic acid are 
refluxed in 100 ml benzene in a 250 ml flask equipped with a Dean-Stark water separator until water 
formation ceases (3.5 ml). The cooled reaction mixture is washed with 50 ml 2 N sodium hydroxide 
and 50 ml water and dried over potassium carbonate. The benzene is evaporated and the crude product 
d$illad under vacuum. Distilled yield: 22.2 g (74%) of colorless liquid, b.p. 92-96 T/l5 mn Hg, 
“0 1.5152. ‘H NMR (6, CDCla): 3.9 s (4 H), 2.7 t (2 H), 2.7 s (2 H), 2.0 t (2 H); “C NMR (6, 
CDCla): 117.25, 69.22, 36.81, 26.23; IR (cm-‘, film): 1320 m, 1225 m, 1100 s, 1010 s; MS (m/z, 70 
eV): 146 (M), 118 (M-C2Hs), 100 (M-CHzS), 99 (M-CHIS). (Found: C, 47.98; H, 6.70; S 22.09. Calc. 
for C~H1002S (146.20): C, 49.29; H, 6.89; S, 21.93). 

Reagent for oxidation of 2 & 3 

100 ml 35% hydrogen peroxide and 400 ml t-butanolareahaken with a small amount of sodium aul- 
phate until water separates from the organic phase. The water is discarded and the organic phase 
dried repeatedly over sodium sulphate and finally over potassium sulphete. This procedure yields a 
6% hydrogen peroxide solution in t-butanol. 

For the oxidation of 10 nnnole of sulfide 6 g of this solution (a small excess) is diluted with 
15 ml t-butanol and 15 mg vanadium pentoxide are added. After standing for 1 h the orange reagent 
is ready for use. 

Sulfoxldes 3 and 6, general procedure - 
10 mmole of the dlhydrothiophene is dissolved in 20 ml t-butanol’in e three-necked flask e- 

quipped with a magnetic stirrer, thermometer and dropping funnel. The solution is cooled to 15-18 
OC on a water bath. To prevent part.181 freezing of the reaction mixture up to 10 per cent water may 
be added without affecting the results. With intensive atlrring the oxidation reagent 1s added 
dropwise at a rate slow enough to maintain a colorless solution at a temperature below 20 OC. The 
end point of this titration is reached when 8 permanent orange color remains after addition of a 
drop of the oxidation reagent. The t-butanol is evaporated and the product taken up in chloroform 
or a t-butanol/ether mixture to precipitate the inorganic material which is filtered off. Analytl- 
cal samples can be obtained by passing the product through a short silica gel plug or by prepera- 
tlve TLC. By this procedure the following compounds were obtained: 

I-Dihydrothiopheneacetonitrile S-oxide 3 (Z = CN) 

Quantitative yield, pale yellow oil. ‘H NplR (6, CDCl3): 6.7 m (0.06 H), 6.0 m (0.24 H), 5.6- 
5.4 m (0.70 H), 4.0-2.5 m (6 H); IR (cm-‘, film): 2210 s, 1635 m, 1410 m, 1115 m, 1035 a; MS (m/z, 
70 eV): 141 (M), 93 (M-SO), 66 (93-HCN). Exact mass found: 141.0248, talc. for C,H,NOS: 141.0248. 
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From B silica gel column (eluent: ether/ethanol) the 2,5-dihydro isomer can be isolated as a solid, 
m.p. 106-109 T. 'H NHR (6, COCls): 6.0 m (1 H), 4.1-3.1 m (6 H). Other data identical. 

Methyl &dihydrothiopheneacetate 3-oxide mixture 3 (2 = COOMe) 

Quantitative yield, colorless oil. 'H NMR (6, CDCl3): 6.5 m (0.22 Hf, 6.0 m (0.35 HI, 5.7 m 
(0.43 Hf, 3.6 s (1 HI, 4.3-2.2 m (6 H); fR (cm-', film): 1735 s, 1720 s, 1440 m, 1360 m, 1280 m, 
1230 s, 1170 m, 1040 a; MS (m/t, 70 eVf: 174 CM), 143/142 CM-MeO(H)), 115 (M-COOMe). 

Ethyl 3-dihydrothiopheneacetate S-oxide mixture 3 (7. I COOEt) 

Ouantitative yield, colorless oil. 'H NMR (6, CDCl,): 6.5 m (0.23 H), 6.0 m (0.35 HI, 5.8 m 
(0.42 H), 4.2 g (2 H), 3.9-2.5 m (6 H), 1.3 t (3 H); IR (cm-', film): 1730 s, 1720 s, 1370 m, 1260 
s, 1230 s, 1180 m, 1040 s; MS (m/z, 70 eV): 188 (Ml, 1431142 fM-EtO(H)f, 115 (M-COOEt). Exact mass 
found: 188.0507, celc. for CeH120& 188.0507. 

1,4-Dioxa-6-thiasplro[4.4]nonane S-oxide 6 

Crude yield 88.7%. Distilled yield 71X, b.p. 103-106 T/O.18 mm Hg, nd' 1.5203. 'H NHR (6, 
CDC~J): 3.93 s (4 tl), 2.4-2.0 m (6 H); IR (cm-', film): 1310 m, 1090 m, 1025 s; MS (m/z, 70 eV); 
162 (H), 134 (M-C2H+), loo (M-CH,OS), 99 (M-CHaOSI. (Found: C, 44.48; H, 6.20; S, 19.07. Calc. for 
C~HIQOIS: C, 44.43; H, 6.21; 5, 19.77). 

1,4-Dioxa-6-thiespiro[4.4lnonane S,S-dioxide 7 

Procedure as above, but 2 a$. oxidation reagent used and reectlon mixture kept at 30 OC. Yield 
El%, colorless needles, m.p. 56-57 OC (chloroform/petroleum ether); 'H NMR (6, CDCl,): 4.05 s (4 H), 
3.30 t (2 H). 3.25 s (2 H), 2.44 t (2 H): "C NMR (6. CDCla): 109.85. 64.74. 58.70, 52.17. 33.79: 
IR (cm-', K8;): 1415 S, 13j5 S, 1200 m, iO90 s, 102O.m; MS-(&z, 70 iv): 176 CM), i62 (M-i), 134. 
(M-C2Hb0), 100 (M-CH&S), 99 (H-CH30&) (Found: C, 40.44; H, 5.66; S, 17.70. Calc. for C6H1,,0,,5: 
C, 40.44; H, 5.66; S, 17.99). 
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