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Abatraet-A series of 2- and 4-ethoxycarbonylthiolan-3-ones have been synthesized and studied by ‘H NMR and 
IR spectroscopy. Under conditions of tautomeric equilibrium in tetrachloromethane solution the 4-ethoxycar- 
bonylthiilan-3-one.s are generally more enolized (40-7496) than the 2cthoxycarbonylthiolan-3-ones (6-3446). and 
both series of compounds generally are less enolized than six-membered ring analogues. The extent of enolization 
of the title compounds is highly influenced by the nature and position of the ring-substitutents. Provable 
differencies in population of diastereomeric ketone forms related to the same, common enol forms are discussed in 
terms of stere&Gemical qualifications. 

Special attention has been drawn to 2- and Calkoxycar- 
bonylthiolan-3-ones owing to their often reported ap- 
plicability as building materials in the syntheses of a 
variety of heteropolycyclic compounds. Thus suitably 
substituted 4-alkoxycarbonylthiolan-3-ones have been 
reported as precursors in the total synthesis of the 
coenzym biotin’ and in syntheses of 9-thiaprostaglan- 
dins.2 A convenient route to thieno[3,2-clpyridazines 
depends on the synthetic availability of 2_ethoxycar- 
bonylmethyl4ethoxycarbonylthiolan-3-one: and several 
recent papers have demonstrated the utility of 2- and 
4ethoxycarbonylthiolan-3-ones in drug syntheses.’ Our 
interest in these compounds arose at first because of 
their potential utility in the synthesis of new heterocyclic 
&thioxo esters, designed for the investigation of 
“anomalous” enethiolizations in connection with our 
current studies of the tautomeric properties of /I-thioxo 
esters.5*6 However, during the course of our in- 
vestigations it turned out that 2- and dalkoxycarbonyl- 
thiolan-3-ones, in spite of their extensive use in syn- 
thesis, are known exemplarily rather than as classes of 
compounds with reactive and structural characteristics 
of their own. Apart from a single paper’ discussing 
solvents effects on the keto-enol equilibria of a series of 
&ox0 esters containing heterocyclic rings (including the 
thiolane ring) in terms of dissimilar solvation of the 
he:erocyclic fragment in the ketone and the enol form, 
respectively, this paper apparently is the first to report 
comprehensively on tautomeric properties of 2- and 4- 
alkoxycarbonylthiolan-3-ones. 

RESULTS AND DISCUSSION 
Syrrthesis. The synthetic routes to the 2- and 4-ethoxy- 

carbonylthiolan-3-ones under investigation are outlined in 
Scheme 1. The dicarboxylicesters 1 were easily obtained in 
high yields by addition of thioglycolic or thiolactic esters to 
the appropriately substituted acrylic esters in the presence 
of catalytic quantities of piperidine.6’2 Cylizations of I 
(R’ = H) into thiolanone 2 were performed without diflicul- 
ties under Dieckmann conditions at 0°C (at room tem- 
perature for b), using sodium ethanolate as ba.se.%12 As 
expected,’ similar cyclization of dicarboxylic esters 1 
having R’ = Me turned out not to take place satisfactorily. 
When the ring-closure condensation reactions were carried 

out by means of sodium ethanolate in boiling benzene or 
toluene**9*“V’3 the alternative 3-thiolanones 3 could be 
obtained in good yields in several cases (3a,3b, 3h, and 3i). 
Under the latter conditions, however, lc did not react 
satisfactorily, and Id again gave a high yield (5%) of M. No 
attempts were made to synthesize the 3-thiolanones 3 
derived from the dicarboxylic esters having R’ = Me? i.e. 
lc and If. The 3-thiolanone 3g was obtained by reaction of 
thediesterlgwithsodiumamideinetherealsolutionatroom 
temperature.” 

The dual potentiality of the sulphidic dicarboxylic 
esters 1 to undergo cyclization condensation has been 
discussed by Woodward and Eastman? who interpreted 
the formation of 2 in terms of a kinetically controlled 
reaction course, and the formation of 3 in terms of a 
thermodynamically controlled reaction course. Several 
years later Hromatka and his coworkers,” on the basis 
of experimental evidence, concluded that the formation 
of 3 may also depend on the ability of the isomer 2 to 
undergo temperature dependent retro-Claisen cleavage, 
anion isomer&ion, and alternative recyclization. 

Competitionally conditioned formation of isomeric 
ethoxycarbonylthiolan-3-ones was actually observed 
only in three cases. Thus, whereas 3a was obtained 
virtually pure from la by performing the cyclization 
reaction at 1 lO“C, cyclization of la at 0°C inevitably lead 
to 2a contaminated by 5-M% of 3a @I containing less 
than 3% of 3a could be obtained by fractional dis- 
tillation). On the other hand, cyclization of lb at 0°C lead 
to pure 2b, whereas at I IO“C 3b contaminated by l5-20% 
of 2b was obtained (in the latter case the attempted 
purification by fractional distillation afforded 3b of ca. 
92% purity). Finally, the conversion of lc purely into Zc 
easily took place at 0°C but at 110°C a complex reaction 
mixture containing also appreciable quantities of 2c was 
obtained and isolation of 3e from this reaction mixture 
was not achieved. 

Pilot experiments clearly revealed that 2a as well as 2b 
can not survive treatment with sodium ethanolate in 
boiling toluene for 18-24 hr. In accordance with the 
observation of Hromatka,13 retro-Claisen cleavage took 
place to completeness, but alternative recyclizations 
were found practically negligible. Thus the claimedI 
possibility of conversion of 2-alkoxycarbonylthiolan-3- 
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R’ 
EtOCO-CHR’-Ski + R’R’C-CR’-CO>Et 

5 

2*, 48: R= = R’ = R’ = Ii 
?b,bb: R3=R*=H,Ra=Me 
2c,4c: R==R’=H,R’=Ph 
2d,4d: R’=H,Ra=R9=Me 
20.40: Ra=H,R3=R4=Me 
21, 41: Ra=R3=H,R’=Me 

la: R’=R==R’=R’=H 
lb: R’ = Ra = R’ = H, R* = Me 
1~: R’=R==R’=H,R’=Ph 
Id: R’=R’=H,R’=R’=Me 
10: R’ = Ra = H, R3 = R’ = Me 
11: R’ = R* = RJ = H, R’ = Me 

lg: Ra = R3 = R’ = H, R’ = Me 
lh: RS = R4 = H, R’ = R’ = Me 
11: R* = H, R’ = Ra = R’ = Me 

3*, 5a: R’ = R’ = w.= H 
3b,5b: R’=fT=H,R*=Me 
3Q,5g: R’=R’=H,R’=Me 
3h,!ih: R3=H.R’=R*=Me 
31, 51: R’ = R* = RS = Me 

Scheme 1. 

ones 2 into 4-alkoxycarbonylthiilan-3-ones 3 via retro- 
Claisen cleavage seems to have little practical im- 

nition in several cases, the enolic proton signal otherwise 
appears as a relatively broad peak of low intensity at 

portance. around 6 10.5 as an indication of the occurrence of an 
The six-membered heterocycli &ox0 esters 6 and 7 int~molecu~~ hydrogen-aged enol form (visualized in 

were as comparative compounds synthesized without Scheme l).=” The presence of the enol tautomer 4 is 
difficulties by routes fundamentally similar to those lead- 
ing to the thiolan-ones 2 and 3 (Scheme 2).‘%” 

furthermore unambigously reflected in the IR spectra 
(Fig. I, Table 31, which besides the dominating strong 

Cl-KH,&-CaEt CH,-CtiI-CH,-CO,Et 
+ N~lEtOtt ) 

I 
N8OLt ) 

HS-CH,-CO,Et S-CJ$-CO,Et 

$.$ - s” 
CHI-CH,-CO,Et 

2 CH~H-C02Et 
‘CH,- CH,-CO,Et 

NbNH, 

Scheme 2. 

StNctu?e. The ‘H NMR spectra of the Z-ethoxycar- bands in the carbonyl region at around 176Ocm-’ 
~nyi~io~an-3~nes 2 in tetrachloromethane solution (ketonic C=0 stretching) and around 174Ocm-’ (ester 
(Table 1) indicate a priori that enolization is not a very C--O stretching), for all invested compounds exhibit 
prevailing feature of these compounds. The often rather medium intensity bands at around WOcm-’ (chelated, 
complicated spectra exhibit clearly in all cases the conjugated ester GO stretching) and around 16lOcm-’ 
dominating signal pattern of the ketonic form 2, but a 
double set of easily identified ester group proton signals 

(conjugated C=C stretching).u The apparent absence of 
distinct IR enolic 0-H stitching vibration bands in the 

admits of no doubt that minor equilibrium concentrations region above 3OWkm-’ is not unexpected, owing to the 
of enoi form 4 are present. Altbougb it escapes recog- relatively low enol concentrations and the fact that 
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&Me% d 6tMee)a &Xi k)d 2 &CR,=)d 6ts-~kl &OH', 9 Enol K ' 
eq 

2a!ts.!&f 1.28ft,7) 1.32(t,7) 4.16&,7) 4.22fq,71 3.85(s) -9 19.521 8.24 

2&24&h 1.29(t,7) 1.32tt,71 4.15(q,7)" 4.21(q,7) 3.97(s)' 10.45(br.a) 1722 0.21 

4.02(s)' 

s*sm lL.ZB(t.71 1.26(t,7) 4.18(q,?) 4.2O(q,?) 4.11w' _g 3022 0.G 

4.14wj 

2d$44$ 1.28(t,7) 1.31(t,7) 4.161qr7) Q.Zl(q.7) 4.19(s) 10.45(br.s) or+1 0.52 

ss4ep 1.27tt,71 -4 4.13lq.7)j 4.2llq.7) 3.99(s)' 9.69(B)* 1y1t - 

4.15&7)' 4.03(e)j~= 10.53(br.s)' 

2f*4$ 1.?8(t.7) 1.32ct,7j 4.15fq,7) 4.23(q,7) 3.88(s)' _g 623 0.06l 

3.93(&j 

6-+8' ‘W+IT J.32ft,7f 1.35ft,7) 4.25(q,?) 4.28fq,f) 3.84(s) 12.16(s) 68.521 2.17 

a Chemical shifts are given as d-values in p.p.m. relative to THB. Relevant signal characte- 

ristics (signal multiplicity, coupling constants (Hz)) are given in paranthesca. Abbreviati- 

ons: 8 (singulet), d (doublet), t (triplet), q (quartet), m (multiplst), bt. (broad). b De- 

termined by signal integration. c K - [enoll/[ketone). d Ester group protons. k Ketone 

form. e En01 form. f Ring proton slG!als at & 2.2-3.5 (4He+k,n). g Signal not recognizable. 

' Ring proton signals at6 1.9-3.1 f2He+k,m) and 3.2-4.0 (lBe+k,mt. Methyl signals (d,6.5) 

at 6 1.40 and 1.47 (diastereomeric ketone forms, the methyl signal from the mol form appa- 

rently coalesces with the fanner). i Recorded at 90 REX this signal apparr am two very 
close-lying quartets, separation less than 0.01 p.p.m. ' Dfastereomric ketone forms. 
1 Pseudo equilibrium constants , since in fact two equilibria are involved: ketonezenol 

gdiastereomeric ketone. m Additional signals at & 2.4-3.5 f2Re+klmf, 4.2-5.0 (lEe+k,mf, 

and 7.27 (5He+k,m). n Additional ketone form signals at 6 1.48 (3Hk,s), 1.57 13Hk,sl, and 

2.52/2.68 (2Hk, AB-system, JA8 - 16.3). Enol form signals at d 1.50 (6He,s) and 2.70 

(ZH=,s). p Mixture of stereolsomeric ketone and en01 forms. Ring proton 6iqnalo at d 1.7- 

3.8 (2He+k,m). Methyl signals (d.6.5) of high intensity at b 1.17 and 1.41, of lower in- 

tensity at d 1.10, 1.13, 1.40, and 1.45. q Signal apparently maeked. ’ Recorded at 90 14St 

this signal resolves into two very close-lying sinqulets. a Signals of very low intensity 
(integral ratio ca. 1:2), probably from diastereomeric enol form. t Total contents of 

en01 forms. " Ring proton signals at 6 2.1-3.4 (3He+k,m). Methyl signals at 6 1.22 (3iik, 

d,7) and 1.26 (3He,d,7). v Ring proton signals at 6 1.9-3.2 (61ie+k,m). 

l8ooalo 

38=SE 
cI*.uu 

~ 

ttw%3moo 

3h==Sh NY- 

Fii 1. IR absorption in the O/C=C stretching vi&ration region of some q~~~~tative 2- and CcthoxyarbonyC 
thiokn-3-ones and related six-membered ring compounds, dcmowtrat& co-cxisteace of tautomcric ketone and eaoi 

forms fsolveat: CC?& 
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hydroxylic stretching vibration bands of enols engaged in 
intramolecuIar hydrogen~ondi~ with a carbonyl group 
usually are broad and of low intensity.” 

In contrast to the above findings for the Z-ethoxycar- 
bonylthiolanJ-ones, the isomeric 4-ethoxycarbonyL 
thiolan-3-ones 3 exist under the same conditions mainly 
in their chelated enolic form 5. Both of the tautomeric 
forms are recognizable in the ‘H NMR spectra, which in 
all cases display double sets of ester group proton signals 
and a distinct enolic hydroxyl proton signal at 8 10% 
I I.5 (Table 2).2223 The general prevalence of the enol 
form 5 is also clearly indicated by the IR spectra, which 
exhibit their most intense absorption bands in the carbonyl 
olefin stretching region at WJO-1673cm-’ (chelated, 
conjugated ester carbonyl group stretchings) and at 
1617-1628 cm-’ (conju~ted C=C stretching)~’ The 
general appearance of a broad, less intense band at 
3~3050 cm-‘, unambigously assignable to a chelated 
enolic O-H stretching vibration, confirms the presence of 
significant equilibrium concentrations of the enol form.” 
The ketonic form documents its general presence and 
co-existence with the enol form by displaying rather 
strong bands at around 1760cm- (ketonic C=O stretch- 
ings) and 1740 cm-’ (ester C=O stretch&) (Fig. I, Table 
3). 

It may perhaps give rise to surprise that enolization is 
found more prevailing for ~~oxy~r~nylthiolan-3- 
ones 3 than for 2~~oxy~r~nyl~iolan-3~nes 2, since 
reflections concerning the relative stabilities of the 3- and 
2-thiolene systems (the respective enolic framings) sup- 
posedly would lead to a prediction endowing the higher 
stability with the 2-thiolene system owing to the poten- 
tiality of conjugative interaction between the C=C double 
bond and the sulphur atom of the ring. Nevertheless, the 
observed trend is in good agreement with a recent 
observation= that dacetylthiolan-3-one is completely 
enolic in tetrachloromethane solution, whereas 2-acetyl- 
thiolan3sne is enolized to an extent of 80% under the 
same conditions. That the contents of enol in the six- 
membered heterocyclic 8-0x0 esters 6 and 7 generally 
are higher than in the related five-mem~red ring com- 
pounds is consistent with observations within the cor- 
responding homocyclic series.23u 

The discussion of the tautomerism of 2- and 4- 
ethoxycarbonylthiolan-3-ones has hitherto not included 
stereochemical considerations. However, even when no 
centre of chirality is introduced by additional ring-sub- 
stitution, i.e. in the cases of systems Za@4a and 3atiSa, 
the enol form must co-exist with two enantiomeric 
ketone forms, but these will be equally populated and 

T&e 2. ‘H NMR spectral data of 4~thoxy~~~~iolan-3~nes, 3~~oxy~r~nylt~mn~ne, and their enol 
forms under conditions of ~utomeric equ~ibrium in ~t~~hlororne~ne at ambient tempe~ture~ En01 contents” 

and ~utomeric eauilibrium constants’ 

bwek)d 6(Meeld 6fCH ktd 
2 

6KH2e)d b(-aKk) 6(onet a EnOlb Keg" 
-. 

2s ;lef 1.2S(tL,7) 1.30(+z,7) 4.17(q,71 4.22(9,7) _g 10.92(br.s) 7422 2.8 

3&*zh 1.29(t,7) 1.31(t,7) 4.18(q,7) 4.24(q,71 3.04(d,10.4)i ll.lO(br.s) 40+4 0.7 

382' 1.30(t,7) 1,3O(t,7) 4.18(q,7) 4.22(4,7) -1 10.8S(br.s) 69+2 2.2 

ZQm 1.29(t,7) 1.32(t,7) 4.17(q,7)* 4,23(q,7)" 2.99(d,10.2ji ll.lS(br.8) 6323 1.7' 

3.11(d,lO.Z)i 

3izzq 1.3O(t,f) 1.33(t,7) 4.08(q,7) 4*26(q,71 3.28(sIr 11.52(s) 7122 2.4 

3.38(s)= 

7298 1.28(t,7) 1.31(t,7) 4.18&,7) 4.20(q,7f _s _- 12.41(s) 7622 3.2 

aVeek See corresponding footnotes of table 1. f Ring proton signals, enol form: 6 3.72 (4He,m 

(narrow AA'RU'-system)); ketone form: 6(Si2) 3.25 (2Hk,s), 6(X4,R5) 2.9-3.6 (3Hk,m). g Chemical 
shift not determined, see footnote f. h Mixture of one pair of enantiomeric enol forms and one 

pair of enantiomeric ketone forms. Ring proton signals at 6 3.38 (2Hk,s), 3.5-4.0 (2iie+lRk,m), 

and 4.0-4.3 (lH',m). Ring methyl group signals at b 1.41 (3Hk,d,6.5) and 1.46 (3Re,d,6.5). 
1 Assignment was verified by deuterium exchange experiments. ' Ring proton signals at 6 3.63 

(2He,m), 2.9-3.7 (3Hk,m), and 3.9-4.4 (lHe+k ,m). Ring methyl group signals at 6 1.37 (3Rk,d, 

6.5) and 1.49 (3He,dt6.5). ' Chemical shift not determined, resonance signal included in the 

multiplet at 6 2.9-3.7. m Apparently a mixture of four stereofsomeric enol form8 and four ste- 

reoieomeric ketone fonw, forming four pairs of NHR indistinguishable enantiomers. Ring pro- 

ton resonance algnal~ at & 3.35-4.35 (2He+2Rk, overlapping m's). Five discernable close-lying 

doublet methyl signals at d 1.38, 1.39, 1.44, 1.47, and 1.53 (J's - 6.5-7) integrate as 6He+k. 

* Recorded at SO%Rx this slgnal appears aa two close-lying quartets. p Pseudo equilibrium 
constant, since evidently at least four equilibria are to be considered. q Ring methine pro- 

ton signals, diastereomeric ketone forms, at 6 3.58 (q,7) and 3.67 (q.7); enol form methine 

proton signal at d 4.04 (q,7). Ring methyl signals at 6 1.47 (3Hk,d,7), 1.49 (3He,d,7), 1.57 

(31ie,s), and 1.61 (3Ae,s); signals from ketone form methyl groups at S-position are masked. 
r Signals from diastexeomaric ketone forms, integral ratio ca. 2:l. ' Resonance signal8 of 

ring methylene protons and ketonic methine proton (not extractable) within 6 2.3-3.8 (6Us+7Rk, 

m). 
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Table 3. Characteristic IR absorption bands of tautomeric 2- and kthoxycarbonylthiolan&mes and related 
six-membered ring compounds’ 
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_d 
_d 
_d 
_d 
_d 
_d 

-3OSO(br.) 

--3000(br.) 

-3OSO(br.) 

-3050(br.) 

-3OOOfbr.I 

-2950(br.) 

-2950(br.) 

1760(s) 1738(s) 

1760(s) 1736(s) 

1761(s) 1740(s) 

1758(s) 1738(s) 

1757(s) 1738(s) 

1757(s) 1737(s) 

1760(s) 1738(s) 

1760(s) 1738(s) 

1759(s) 1737(s) 

1759(s) 1735(s) 

1760(sh) 1740(s) 

1750Ish) 1723(s) 

1746(s) 1718(s) 

1660(ml 

1660(m) 

1663(m) 

1654(m) 

1653(m) 

1656(m) 

16731s) 

1669(s) 

1672(s) 

1667(s) 

1660(s) 

1649(s) 

1654(s) 

1612(m) 

1610(m) 

1613(m) 

1608(m) 

1607(m) 

1607(m) 

1626(s) 

1625(s) 

1628(s) 

1621(s) 

1617(s) 

1600(s) 

1611(s) 

a The spectra were recorded on 2-4% tetrachloromethane solutions. 

Absorption band maxima are expressed as wavenumbers in cm 
-1 . 

Band intensities are indicated in parantheses as s (strong) and 

m (medium); sh denotes shoulder. 
b 

En01 form. ' Ketone form. 

d Absorption bands are not discernable. 

indistinguishable by NMR. Hence the ‘H NMR spectra 
can still be interpreted simply in terms of superim- 
positions of the spectra of one enol and “one” ketone 
form. The same situation holds for the systems 2d#4d, 
6~8, and 7*9. 

In the cases 2b#4b, 2c#4c, 21#4f, JbeSb, 3g*Sg, 
and 3i#5i one centre of chirality exists owing to ring- 
substitution. We may therefore here expect to observe 
two enantiomeric enol forms and four stereosiomeric 
ketone forms, the latter being pairwise enantiomeric and 
otherwise diastereomeric. This situation is outlined by an 
example in Fig. 2. Again enantiomeric forms will be 
indistinguishable by NMR, whereas diastereomeric 
forms should be distinguishable. Thus the ‘H NMR 
spectra of the compounds under consideration should 
be interpreted in terms of possible superimpositions of 

0 

% 26 
0 

H aa n 
S 

C0.p 
CqE a3 6 n 

the spectra of “one” enol form and “two” diastereomeric 
ketone forms. The latter may not necessarily be equally 
populated, depending on the stereochemical conditions. 
In accord with expections the ‘H NMR spectra of 
2b#4b, 2c#4c, 2f#4f, and 3i#Si in fact display the 
pattern of three superimposed spectra (Tables 1 and 2). 
Of course, the equilibrium constants tabulated for these 
systems are not “true” equilibrium constants (see Fig. 2), 
but rather reflect extents of enolization. In case of 
3g#Sg the complexity of the observed ‘H NMR spec- 
trum does not allow for a conclusion regarding the 
number of actually existing diastereomeric ketone forms. 
However, the observed ‘H NMR spectrum of Jb*Sb 
distinctly display the combined pattern of spectra from 
the enol form and only one ketonic species, thus indicat- 
ing existence of merely one pair of enantiomeric ketone 
forms. The coupling constant measured for the vicinal 
coupling between the ketonic a-hydrogen nucleus and 
the ring-proton at 5-position (10.4 Hz) indicates a nearly 
tmns-coplanar (aa)-location of the two hydrogen 
atoms.57 and, as a corollary, tram (eetlocation of the 
space-filing methyl and ethoxycarbonyl groups. This is 
consistent with a preferred, if not exclusive, population 
of the sterically less hindered of the two possible dias- 
tereomeric ketone forms, as exemplified by the 
3b#Sb(5R)28 system (Scheme 3). The preferred popu- 
lation of one of two more possible ketone forms, inter- 
convertible via their common enol form has precedent. 
2,6-Dialkyl-3Jbis(ethoxycarbonyloxanQnes, as well 
as their thia- and aza-analogues, have been shown by ‘H 
NMR spectroscopy to exist preferentially in the sym- 
metrical ketone form 1O,29 co-existing at tautomeric 
equilibrium in solution with traces of the enol form lLm 
Coupling constants of 10.5-I 1.5 Hz were determined for 
the coupling between the (aa)-vicinal ring protons.r’ 

~(2R.SRl ~umallomua~ *ws.ss) With two centres of chirality innated by ring-sub- 
Fig. 2. Tautomeric and stereoisomeric forms of S-methyl-Z stitution both of the system 2ezt4e and 3h#Sb are 
ethoxycarbnylthiolarr3om and possiMe pathways of intercon- predicted to display ‘H NMR spectra composed by the 

version. spectra of four stereoisomeric enol forms (pairwise 
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3b(4S, 517) 5b(SR) 

Scheme 3. 

3b(4R. 5R) 

Scheme 4. 

11 10(X = 0, S. NH) 

enantiomeric, otherwise diastereomeric) and eight 
stereoisomeric ketone forms (pairwise enantiomeric, 
otherwise diastereomeric), i.e. assignment must be car- 
ried out taking into account two spectroscopically 
different enol forms and four spectroscopically different 
ketone forms. Indeed, the observed spectra are very 
complex, and a complete line assignment turned out to 
be unfeasible. However, in both cases the observed 
spectra furnished sufficient information to allow for a 
reliable description of the tautomeric situation. Thus, as 
regards the system k#4e, evidently at least three of the 
four possible NMRdistinguishable ketone forms co-exist 
with two NMRdifferent enol forms to varied extents. 
However, in the case of the system I891 apparently 
only two different ketonic species co-exist in detectable 
concentrations with the two expectedly observed enolic 
forms (Table 2). Two, and merely two, distinct doublet 
resonance signals, at S 2.99 and 3.11, respectively, 
unambigously assignable to the acidic3’ ring-protons at 
dposition of two different ketonic forms, are observed. 
The measured coupling constants for the coupling be- 
tween the ring-protons located at 6 and S-positions (both 
10.2 Hz) suggest nearly trons-coplanar W-location of 
these, hence identifying the observed ketonic forms as 
3h(2S, 4R, 5R) and 3h(2R, 4R, SR) (and, of course, their 
mirror images 3h(2R, 4S, 5s) and 3h(2S, 4S, 5s)). 

;g J-J!.!. 

3h(2S, 4R, 5R) 3h(2R, 4R. 5R) 

Scheme 5. 

Conclusion. Compared with 2_ethoxycarbonylcyclo- 
pentanone, the homocyclic relative which under con- 
ditions of tautomeric equilibrium in tetrachloromethane 
solution is enolized to the extent of 11.5%,= 2- and 
Qethoxycarbonylthiolan-3-ones show a clearly enhanced 
tendency to exist in the enol form. Probably, the 
replacement of a carbon atom by a sulphur atom in the 
five-membered ring effects an enlargement as well as an 
added puckering of the ring, endowing the thiolane ring 
with a shape character directed towards that of the 
six-membered homocyclic ring. 2-Ethoxycarbonylcyclo- 
hexanone is enolized in tetrachloromethane solution to 

the extent of 85%.23 That substitution of a carbon with a 
sulphur atom in the six-membered ring evidently leads to 
decreased enolization (Tables 1 and 2) is also in accord 
with the above picture, since 2cthoxycarbonylcyclo- 
heptanone, the next higher homologue in the homocyclic 
series, is enolized to 31% in tetrachlotomethane solu- 
tion.= 

The position of the sulphur atom in the thiolanone ring 
relative to the p-ox0 ester moiety decisively influences 
the extent of enolization, 2ethoxycarbonylthiolan-3-ones 
2 being generally less enolized (634%. Table 1) than 
4cthoxycarbonyhhiolan-3-ones 3 @O-74%, Table 2). 
Furthermore, the above findings clearly underline the 
important influence of ring-substitution on the tautomeric 
equilibria of 2- and 4-ethoxycarbonylthiolan-3-ones, both 
as regards the site of the keto-enol equilibrium in 
general, and the population of competing stereoisomeric 
ketone forms, related to the same common enol form, in 
particular. The effect of ring-substitution on the popu- 
lation of competing ketone forms is especially 
pronounced, whenever the ester group is located at a 
carbon atom neighbouring a centre of chirality. 

‘H NMR spectra were recorded on 2-20% solns on a Varian 
AdO, supplementary a Jeol FX 90Q spectrometer, using TMS as 
internal reference standard. JR specttn were recorded on 24% 
solns (Ccl,) on a Beckman IR 18 spectrophotometer. 

For all synthesized compounds the purity was checked by 
NMR. Elemantal analyses were carried out on all new betero- 
cyclic compounds by the Microanalytical Laboratory of the 
Department of General and Organic Chemistry of the H. C. 
0rsted Institute, the University of Copenhagen. B.ps are uncor- 
rectcd. Unless stated otherwise, yields refer to the isolated 
quantities of the pure products. 

The dicarboxylic esters 1 were synthesized according to a 
known procedure. E-‘* Relevant characteristics are given below. 

Ethyl 3-(ethoxycarbonylmethyhnercapto) propanoate (la): 
Yield: 88%; b.p,.,,: 98” (lit’* b.p.,,: IS4-ISS”). ‘H NMR 
(WI,): S 1.25 (3H, 1, I= 7 Hz), 1.27 (3H, t,J =7 Hz), 2.4-3.0 
(4H, m), 3.13 (2H, s), 4.09 (2H, q, I = 7 Hz), 4.13 (2H, q.l = 
7 Hz). 

Ethyl 3-(ethoxycarbonylmethyhnercapto) butanoate (lb): 
Yield: 94%; b.p,,,: 96-96’ (lit)’ b.p.,: 109-110”). ‘H NMR 
(Ccl,): S 1.25 (3H, t, J = 7 Hz), I.26 (3H, t, J = 7 Hz), 1.33 (3H, d, 
I = 6 Hz), 2.1-2.85 (2H, m, AB-part of ABX-system), 3.17 (2H, 
s), 3.0-3.6 (lH, m, X-part of ABX-system), 4.09 (2H, q, I = 7 Hz), 
4.13 (2H. a. I = 7 Hz). 

Eihyl i-(&oxyc&bonylmethylme~apto)-3-phenylpropanoate 
(ld: Yield: 97%: b.onIr: 142” flit” b.o.,: 163-165”). ‘H NMR 
(CCt,): 6 I.11 (3H, i,“;*= 7 Hz); 1.24 (3H, t, I = 7 Hz), 2.63.1 
(ZH, m, AB-part of ABX-system), 2.85 (2H, s). 3.98 (2H, q,J = 
7 HZ), 4.07 (2H. q, I = 7 Hz), 4.43 (lH, q. X-part of ABX-system), 
7.24 (SH, m). 

Ethyl 3-(ethoxycarbonylmethylmrrcoplo)-3-methylbutanoate 
(la): Yield: 66%; b.p,,,: 106-107”. ‘H NMR (CCW: 6 1.25 (3H, t, 
~=7Hz),1.~(3H,t,1=7Hz),1.41(6H,s).2.52(2H,s),3.19(2H.s), 
4.08 (2H, q. I = 7 Hz), 4.1 I (2H, q. I = 7 Hz). 

Ethyl 3~rthoxycarbonylmcthylmercapto)-2-methylbutanoate 
(le): Yield: 83%; b.p.,,,: 104-106”. ‘H NMR (CCL): 6 I.25 (6H. m), 
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1.26 (3H, t, I =7 Hz), 1.29 (3H, t, J =7 Hz), 251 (IH, S’tet, 
I = 6.8 Hz), 3.14 (ZH, s). 3.14 (lH, S’tet, / = 6.8 Hz), 4.10 (ZH, q, 
I = 7 Hz), 4.13 (2H. q, I = 7 Hz). 

Ethy! 3+thoxyca~onylmcthylmercapto)-2-methylprop 
(If): Yield: 93%; b.p,,,: 9S”(li?’ b.p,: 140-144’). ‘H NMR(CCl,): 8 
l.21(3H,~,/=7Hz),(3H,t,1=7Hz),I.~(3H.t,I=7Hz),2.~3.0 
(3H, m), 3.10 (2H, s), 4.10 (2H, q. J = 7 Hz), 4.13 (2H, q, J = 7 Hz). 

Ethyl f[(l-cthoxyca~ony/)cthylnurcaptojpropanoatt (lg): 
Yield: 89%; b.p,,,: IOO-IOP (lit” b.p.,,,: 149-153”). ‘H NMR 
(Ccl,): 6 1.25 (3H, t, I = 7 Hz), 1.28 (3H, t, I = 7 Hz), 1.38 (3H, d, 
I = 7 Hz), 2.3-3.0 (4H, m, AA’BB-system), 3.31 (IH, q, I = 7 Hz), 
4.08 (2H. q, I = 7 Hz), 4.12 (2H, q. I = 7 Hz). 

Ethyl3+ethoxyca~onyl)ethylme~apto]butanoate (lb): Yield: 
91%; b.p,,,‘: 103-108”. ‘H NMR (Ccl,) suggests mixture of 
stereoisomers: 6 1.25 (3H. t, / = 7 Hz), 1.28 (3H. t, J = 7 Hz), 1.28 
( - l.SH, d, I = 7 Hz), 1.32 (- l.SH, d, I = 7 Hz). 1.36 (- l.SH, d. 
I = 7 Hz), 1.48 ( - l.SH, d, I = 7 Hz), 2.0-2.9 (2H, m), 3.1-3.6 (2H. 
m). 4.09 (2H, q, I = 7 Hz), 4.13 (2H, q. I = 7 Hz). 

Ethyl 3-[(l-ethoxycarbonyl)sthylme~apto]-3-methylbutanoatt 
(Ii): Yield: 61%; b.p,,: 101-102”. ‘H NMR (Ccl,): 6 1.25 (3H, t, 
I = 7 Hz), 1.26 (3H, t, I = 7 Hz), 1.37 (3H, d, I = 7 Hz), 1.41 (6H, 
s), 2.54 (2H, s), 3.38 (lH, q, I = 7 Hz), 4.07 (2H, q. I = 7 Hz), 4.11 
(2H, q. I = 7 Hz). 

General procedure for the preparation of 2- and Cethoxycar- 
bonylthiolan-3-ones (worked out on the basis of earlier described 
procedurese”): A stirred suspension of sodium ethanolate 
(0.3 mole) in 200-250 ml of the appropriate dried solvent (ether, 
ethanol, benzene, or toluene) is brought to the desired reaction 
temperature, and the sulpbidic dicarboxylic ester 1 (0.25 mole) is 
added dropwise during l-2 hr under stirring at that temperature. 
Keeping the temperature constant, the reaction mixture is stirred 
for additional 4-6 hr. For reactions to be carried out in ether at 0” 
a further occasional supply of ether (2tXUXl ml) may he needed 
to keep the reaction mixture mobile. Tbe reaction mixture is then 
poured into a mixture of 208 g of acetic acid and 200 g of crushed 
ice under manual stirring (in the syntheses of 2e, 21, k, 3b, 3b, 
and 31 the reaction mixture was allowed to stand overnight, 
incidentally with stirring (3b, Jb, Ji), before being poured into the 
ice-acetic acid mixture). The layers are separated, if convenient 
after a further supply of ether, chloroform @a), or water. The 
aqueous layer is extracted twice with ether or chloroform @a). 
and the combined organic layers are washed with aqueous 
NaHCO’, then with water, and finally dried (&SO,). The solvent 
is removed by evaporation, and the remaining oil distilled to give 
the product as a colourless oil. 

2-Ethoxycarbonylfhioloa-3-one (2n): Prepared according to the 
above general procedure. The reaction was performed at 0” using 
ethanol as solvent and chloroform as extraction medium. Yield: 
234396, b.p.‘o: 119-122” (lit” b.p.,: 98-101”). 

2-Ethoxycarbonyl-5-methy/thiolanJ-one (2b): Prepared ac- 
cording to the above procedure in ethereal medium at 8’. Yield: 
6646, b.p,.‘: 84-87” (lit3* b.p,,,: 78-81”. lit” b.p.,,: 134-137). 

2-Ethoxycationyl-5-phenylthiolan-3-one (k): Prepared ac- 
cording to the general procedure in ethereal medium at 0”. Yield: 
31%. b.p.,,,,: 132-137” (lit” b.p.‘: 158-160”). 

2-Ethoxycarbonyl-5,5-dimcthylthiolan-3-one (2d): Prepared 
according to the general procedure, in ethereal medium atcP in 
75% yield, in boiling toluene in 59% yield. B.P.,, ,,: 90”. (Found: 
C, 5365; H, 7.09; S; 15.27. CsH,,O’S requires: Ci53.46; H, 6.98; 
S, 15.82%). 

2-EthoxycarbonyldJ-dimethylthiolan-3-one (2e): Prepared by 
Dieckmann condensation reaction at rwm temperature in ben- 
zene following the above general procedure. Yield: 7596, b.p,,,: 
83-88”. (Found: C, 53.95; H, 7.15; S, 15.25. C&O’S requires: C, 
53.46; H. 6.98; S, 15.82%). 

2-EthoxycarbonyM-methytthiolan-3-one (X): Prepared by 
Dieckmann condensation in ether at 0” according to the above 
general procedure. Yield: 71%, b.p.,: 122-123” (lit” b.p.‘,: 1% 
131). 

6Ethoxycarbonylthiolan-3-one (Jp): Prepared by Dleckmann 
reaction in boiling toluene according to the general procedure. 
Yield: 35%, b.p.6 116-l 17” (lit’ b.p.,: %‘, lit” b.p.,: 90-93”). 

CEthoxycarbonyl-5-methylthiolan-3-one (3b): By Dieckmann 
reaction in boiling toluene according to the general procedure. 
Yield: S9%. The product was contaminated by 15-2096 of 2h. 
Fractional redistillation gave a product of 92% purity, b.p,: 
117-128’. (Found: C, 51.20; H, 6.58; S, 16.64. CsH’+&!I requires: 
C, 51.06; H, 6.43; S, 17.0096). 

4-Ethoxycarbonyl-2-methylthiohu&onc (5): Prepared as 
de&bed bv Karrer and Schmid.” Yield: 33%. b.nnIr: 70-71” 
(lit” b.p,: liS_IuP). 

_ s “.... 

CEthoxycahonyl-2J-dimethyMio/an-Eonr (ja): Prepared by 
Dieckmann condensation reaction in boiling dry toluene accord- 
ing to the above general procedure. Yield: 8096, b.p.,.‘s: 62-68”. 
(Found: C, 54.12; H, 7.12; S, 15.16. C&O’S requires: C, 53.46; 
H, 6.98; S, 15.82%). 

6EthoxycarbonyL2,5,5-trimcthylthiokm-3-one (3i): Prepared 
by Dieckmann condensation reaction in boiling dry benzene 
according to the above general procedure. Yield: 25%. b.p.,: 78”. 
(Found: C, 55.43; H, 7.61; S, 14.91. C,&,O$ requires: C, 55.54; 
H, 7.46; S, 14.80%). 

2-Ethoxycarbonylthian-3-one (6): Prepared by Dieckmann 
condensation reaction as described in lit.“-” Yield: 4896, b.p,,: 
74-75” (lit” b.p.o,cs: 65”, lit” b.p.,,: 139-141”). 

fEthoxycarbonyMian4one (7): Prepared by Dieckmann 
condensation reaction as described in lit.” Yiild: 2846, b.p*.,‘: 
77-80” (lit” b.p.,,: I50-151”). 
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