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Abstract—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 tetrachioromethane solution the 4-ethoxycar-
bonylthiolan-3-ones are generally more enolized (40-74%) than the 2-ethoxycarbonylthiolan-3-ones (6-34%), 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 stereochemical qualifications.

Special attention has been drawn to 2- and 4-alkoxycar-
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.> A convenient route to thieno[3,2-c]pyridazines
depends on the synthetic availability of 2-ethoxycar-
bonylmethyl-4-ethoxycarbonylthiolan-3-one,’ and several
recent papers have demonstrated the utility of 2- and
4-ethoxycarbonyithiolan-3-ones in drug syntheses.* Our
interest in these compounds arose at first because of
their potential utility in the synthesis of new heterocyclic
B-thioxo esters, designed for the investigation of
“anomalous” enethiolization® in connection with our
current studies of the tautomeric properties of S-thioxo
esters.* However, during the course of our in-
vestigations it turned out that 2- and 4-alkoxycarbonyl-
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
B-oxo esters containing heterocyclic rings (including the
thiolane ring) in terms of dissimilar solvation of the
heterocyclic 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

Synthesis. The synthetic routes to the 2- and 4-ethoxy-
carbonylthiolan-3-ones under investigation are outlined in
Scheme 1. The dicarboxylic esters 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.*'? Cylizations of 1
(R' = H) into thiolanone 2 were performed without difficul-
ties under Dieckmann conditions at 0°C (at room tem-
perature for 2e), using sodium ethanolate as base.>'? 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®®''-'* the alternative 3-thiolanones 3 could be
obtained in good yields in several cases (3a, 3b, 3h, and 3i).
Under the latter conditions, however, 1c did not react
satisfactorily,and 1d again gave a high yield (59%) of 2d. No
attempts were made to synthesize the 3-thiolanones 3
derived from the dicarboxylic esters having R*= Me,’ i.e.
1e and 1f. The 3-thiolanone 3g was obtained by reaction of
thediester 1g withsodium amide inethereal solutionatroom
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 isomerization, 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 110°C, cyclization of 1a at 0°C inevitably lead
to 2a contaminated by 5-10% of 3a (2a containing less
than 3% of 3a could be obtained by fractional dis-
tillation). On the other hand, cyclization of 1b at 0°C lead
to pure 2b, whereas at 110°C 3b contaminated by 15-20%
of 2b was obtained (in the latter case the attempted
purification by fractional distillation afforded 3b of ca.
92% purity). Finally, the conversion of 1c purely into 2¢
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 3¢ 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 18-24hr. In accordance with the
observation of Hromatka," retro-Claisen cleavage took
place to completeness, but alternative recyclizations
were found practically negligible. Thus the claimed"
possibility of conversion of 2-alkoxycarbonyithiolan-3-
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Scheme 1.

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

The six-membered heterocyclic §-oxo esters 6 and 7
were as comparative compounds synthesized without
difficulties by routes fundamentally similar to those lead-
ing to the thiolan-ones 2 and 3 (Scheme 2).'**'
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nition in several cases, the enolic proton signal otherwise
appears as a relatively broad peak of low intensity at
around & 10.5 as an indication of the occurrence of an
intramolecular hydrogen-bonded enol form (visualized in
Scheme 1).2%* The presence of the enol tautomer 4 is
furthermore unambigously reflected in the IR spectra
(Fig. 1, Table 3), which besides the dominating strong
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Scheme 2.

Structure. The 'H NMR spectra of the 2-ethoxycar-
bonylthiolan-3-ones 2 in tetrachloromethane solution
(Table 1) indicate a priori that enolization is not a very
prevailing feature of these compounds. The often rather
complicated spectra exhibit clearly in all cases the
dominating signal pattern of the ketonic form 2, but a
double set of easily identified ester group proton signals
admits of no doubt that minor equilibrium concentrations
of enol form 4 are present. Although it escapes recog-

bands in the carbonyl region at around 1760cm™
(ketonic C=0 stretching) and around 1740cm™" (ester
C=0 stretching), for all investigated compounds exhibit
medium intensity bands at around 1660 cm™' (chelated,
conjugated ester C=0 stretching) and around 1610cm™
(conjugated C=C stretching).>* The apparent absence of
distinct IR enolic O-H stretching vibration bands in the
region above 3000 cm™ is not unexpected, owing to the
relatively low enol concentrations and the fact that
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Table 1. 'H NMR spectral data of 2-ethoxycarbonylithiolan-3-ones, Zedwxyegrbonylthian-hne.and their enol Iboms
under conditions of tautomeric equilibrium in tetrachloromethane at ambient temperature.* Enol contents® and
tautomeric equilibrium constants®
se™)?  dme®?  deemi? seemH? bes-o™) Sor®) v Emal K, C
22242 1.28(e,7) 1.32(8,7) 4.16(g,7)  4.22(q,7) 3.85(s) -9 19.5+1  0.24
2p24p 1.29¢¢,7) 1.32¢¢,7) 4.15(q,N 4216, 3.97()7  10.45(br.s) 1742 0.2}
4.02(»)j
2c24c™ 1.28(t,7) 1.26(t,7) 4.18(q,7) 4.20(q,7) 4.11(s)3 -9 3052 0.4t
a.14(7
2d4d™ 1.28(t,7) 1.31(¢,7) 4.16(q,7)  4.21(q,7) 4.19(s)  10.45(br.s) 343l 0.52
2e 4P 1.27(t,7) -4 4.13(q, 17 4.211q,7) 3.99(8)3  9.69(m)® 13t -
4.15(q, 7 4.03(5) 3% 10.53(br.m)®
262469 1.28(6,7) 1.32(¢,7)  4.15(q,7)  4.23(g,D)  3.88(s)] -9 6+3 0.06t
3.93(s)7
s#8Y  1.32(¢,7) 1.35(t,7) 4.25(q,7) 4.28(q,7) 3.84(s) 12.16(s)  68.5¢1  2.17

a

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

ristics (signal multiplicity, coupling constants (Hz)) are given in parantheses. Abbreviati-
ons: s (singulet), @ (doublet), t (triplet), g (quartet), m {multiplet), br. (broad). b De~

termined by signal integration.

form.

€ Enol form.
h Ring proton signals at é 1.9-3.1 (2H

£

¢ Keg = {enc1] / [xetone] . d
Ring proton signals at & 2.2-3.5 (4R°*k,m). g Signal not recognizable.
,m). Methyl signals (d4,6.5)

e+k

,m) and 3.2-4.0 (1H®*%

Ester group protons.

Ketone

at 4 1.40 and 1.47 (diastereomeric ketone forms, the methyl signal from the enol form appa-~

rently coalesces with the former).
close-lying quartets, separation less than 0.0l p.p.m. 3

1

and 7.27

2.52/2.68 (245, AB-system,

(5H®*k

JAB = 16.3}).

at+k

1 Recorded at 90 MHx this signal appears as two very
Diastereomeric ketone forms.
Pgeudo eguilibrium constants, since in fact two equilibria are involved: ketone 3 encl
& diastereomeric ketone. ™ additional signals at & 2.4~3.5 {2B°+k,m), 4,2+5,0 (1R 5.1
,m. ™ Additional ketone form signals at & 1.48 (3#%,s), 1.57 (3H*,s), and

Enol form signals at & 1.50 (66%,s) and 2.70

(28®,5) . P Mixture of stereoisomeric ketone and enol forms, Ring proton signals at & 1.7~
3.8 (2#%"%,m). Methyl signals (d,6.5) of high intensity at & 1.17 and 1.41, of lower in-
tensity at é 1,10, 1,13, 1.40, and 1.45, q Signal apparently masked. ¥ Recorded at 90 MH2

this signal resolves into two very close~lying singulets. i
{integral ratio ca. 1:2}, probably from diastereomeric enol forms.
enol forms,

1600

i i

1800

1800

u Ring proton signals at & 2.1-3.4 (3!{e+k

d,7) and 1.26 (3H°,d,7). v Ring proton signals at § 1.9-3.2 (6H

e+k,m).

Signals of very low intensity
t Total contents of
,m). Methyl signals at & 1.22 (3%,

1800
28
~

=4a
~ne

2b=

L

W

Fig. 1. IR absorption in the C=O/C=C stretching vibration region of some representative 2- and 4-ethoxycarbonyl-
thiolan-3-ones and related six-membered ring compounds, demonstrating co-existence of tautomeric ketone and enol
forms (solvent: CCL).
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hydroxylic stretching vibration bands of enols engaged in
intramolecular hydrogen-bonding with a carbonyl group
usually are broad and of low intensity.

In contrast to the above findings for the 2-ethoxycar-
bonylthiolan-3-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 § 10.9-
11.5 (Table 2).2* The general prevalence of the enol
form § is also clearly indicated by the IR spectra, which
exhibit their most intense absorption bands in the carbonyl
olefin stretching region at 1660-1673cm™" (chelated,
conjugated ester carbonyl group stretchings) and at
1617-1628cm™' ({conjugated C=C stretching).”* The
general appearance of a broad, less intense band at
3000-3050 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 1760 cm™' (ketonic C=0 stretch-
ings) and 1740 cm™' (ester C=O stretchings) (Fig. 1, Table
3).

F. Duus

It may perhaps give rise to surprise that enolization is
found more prevailing for 4-ethoxycarbonyithiolan-3-
ones 3 than for 2-ethoxycarbonylthiolan-3-ones 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 4-acetylthiolan-3-one is completely
enolic in tetrachloromethane solution, whereas 2-acetyl-
thiolan-3-one is enolized to an extent of 80% under the
same conditions. That the contents of enol in the six-
membered heterocyclic 8-oxo esters 6 and 7 generally
are higher than in the related five-membered ring com-
pounds is consistent with observations within the cor-
responding homocyclic series. 24

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 2az24a and 322 5a,
the enol form must co-exist with two enantiomeric
ketone forms, but these will be equally populated and

Table 2. 'H NMR spectral data of 4-ethoxycarbonlythiolan-3-ones, 3-ethoxycarbonyithian-4-one, and their enol
forms under conditions of tautomeric equilibrium in tetrachloromethane at ambient temperature.* Enol contents®
and tautomeric equilibrium constants®

sme®  Sme®?  bemFy? Ser,®d -am¢h) $ou%) 8 Enol® xS
zapsat 1.28(e,m 13006, 4.17(a,7)  4.220q,T) -9 10.92(br.s) 7442 2.8
3b2sp" 1.29(¢,7  1.31(t,7) 4.18(q,7)  4.24(q,7) 3.04(d,10.4)1 11.10(br.s) 4044 0.7
223233 1.30(t,7) 1.30(t,7) 4.18(q,7) 4.22(q,7) -1 10.88(br.s) 6942 2.2
3hesh™ 1.29(t,7) 1.32(t,7) 4.17(q, D™ 4.23(q, D™ 2.99(a,10.2)% 11.18(br.s) 63+3 1.7P
~ 3.11(4,10. 2%
31251 1.30(¢,7) 1.33(t,7) 4.08(q,7) 4.26(q,7) 3.28()F 11.52(s} 7142 2.4

3.38(8)F

7R23%  l.28(t,7) 1.31(¢,7) 4.18(q,7)  4.20(q,7) -8 12.41(s) 7632 3.2

a-e,k

See corresponding footnotes of table 1. £

Ring proton signals, enol form: § 3.72 (4%, m

{narrow AA'BB'-aystem)); ketone form: 6(32) 3.25 (ZHk,s), 6(H4,HS) 2.9-3.6 (38k,m). 9 chemical

shift not determined, see footnote f.

Mixture of one pair of enantiomeric enol forms and one

pair of enantiomeric ketone forms. Ring proton signals at é 3.38 (2Hk,s), 3.5-4.0 (28e+lﬂk,m):
and 4.0-4.3 (1H%,m). Ring methyl group signals at é 1.41 (38%,d,6.5) and 1.46 (31%,d,6.5).

i

Assignment was verified by deuterium exchange experiments.

3 Ring proton signals at 4 3.63

(2#%,m), 2.9-3.7 (34%,m), and 3.9-4.4 (18%*¥, ;). Ring methyl group signals at & 1.37 (38%,d,

6.5) and 1.49 (34%,d,6.5), !

Chemical shift not determined, resonance signal included in the

multiplet at & 2.9-3,7, ™ Apparently a mixture of four stereoisomeric enol forms and four ste-
reocisomeric ketone forms, forming four pairs of NMR indistinguishable enantiomers. Ring pro-
ton resocnance signals at § 3.35-4.35 (23°+2Hk, overlapping m's). Five discernable close-lying

a+k

doublet methyl aignals at é 1.38, 1.39, 1.44, 1.47, and 1.53 (J's = 6.5-7) integrate as 6H .

n

Recorded at 90 'MHz this signal appears as two close-lying gquartets. P psendo equilibrium

constant, since evidently at least four egquilibria are to be considered. 9 Ring methine pro-
ton signals, diastereomeric ketone forms, at & 3.58 (g,7) and 3.67 (q,7); enol form methine
proton signal at § 4.04 {(q,7). Ring methyl signals at § 1.47 (3Hk,d,7), 1.49 (3H°,d,7), 1,57
(34%,8), and 1.61 (38®,s); signals from ketonhe form methyl groups at 5-position are masked.

r Signals from diastereomeric ketone forms, integral ratio ca. 2:1. s

Resonance signals of

ring methylene protons and ketonic methine proton (not extractable) within é 2.3-3.8 (6H‘+7ﬂk.

m).
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Table 3. Characteristic IR absorption bands of tautomeric 2- and tethoxycarbonylthiolan-3-ones and related
six-membered ring compounds*

plo-H}®  ylc=0]® ylc=0]¢ vlc=0]® wlc=c]®

2a4a -4 1760(s)  1738(s)  1660(m)  1612(m)
2b&54b < 1760(s)  1736(s)  1660(m)} 1610 (m)
2c24c - 1761(s) 1740(s)  1663{m) 1613 (m)
23244 -4 1758(s)  1738(s)  1654(m) 1608 (m)
2ede -4 1757(s) 1738(s)  1653(m) 1607 (m)
2£04f -4 1757(s)  1737(s)  1656{m} 1607 (m)
3amSa  ~3050(br.)  1760(s)  1738(s)  1673(s)  1626(s)
3b@sh  ~3000(br.) 1760(s)  1738(s)  1669(s)  1625(s)
3gasg  ~3050(br.)  1759(s) 1737(s)  1672(s)  1628(s)
3he*Sh  ~3050(br.) 1759(s) 1735(s) 1667(s) 1621(s)
31:251  ~3000(br.)  1760(sh) 1740(s) 1660(s)  1617(s)
§28 ~2950(br.)  1750(sh) 1723(s) 1649(s) 1600(s)

@3 ~2950(br.) 1746(s) 1718(s)  1654(s)  1611(s)

Absorption band maxima are expressed as wavenumbers in cm T,

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

1

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

m {(medium); sh denotes shoulder.
a

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=24d,
6228, and 729.

In the cases 2b24b, 2c24c, 2{2 4f, 3b25b, g~ 53,
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 0
“.9&“ ">(—S<°°z='
§ CO,EL cHy? 8 N

2b(28,5R) 2b(2R,58)

1 I

-enantiomers -

0\". O\N

s ($_ S " ’
H 8 c{ ) s c\)
4 (5R) Et . enantiomaers - 4b(5S) Oft

Iy 1l

2b(2R,5R)

- enantiomers - 2b(28,58)

Fig. 2. Tautomeric and sterecisomeric forms of S-methyl-2-
ethoxycarbonylthiolan-3-one and. possible pathways of intercon-
version.

Enol form. © Ketone form.

Absorption bands are not discernable.

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
2bz24b, 2c24c, 2f=41, and 3i225i 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
3ga25g 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 3bz25b
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
trans-coplanar (aa)-location of the two hydrogen
atoms,” and, as a corollary, trans (ee)-location 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=225b(5R)*® 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-3,5-bis(ethoxycarbonyloxan-4-ones, as well
as their thia- and aza-analogues, have been shown by 'H
NMR spectroscopy to exist preferentially in the sym-
metrical ketone form 10, co-existing at tautomeric
equilibrivm in solution with traces of the enol form 11.°
Coupling constants of 10.5-11.5 Hz were determined for
the coupling between the (aa)-vicinal ring protons.”
With two centres of chirality innated by ring-sub-
stitution both of the system 2e<24e and 3h#25h are
predicted to display 'H NMR spectra composed by the
spectra of four stereoisomeric enol forms (pairwise
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Heeo
Q H y %_
| couEr 02 ; OEt AL
~H ‘*\H ~H
$7 CH, P CH, $7 YCH,
3b(4S, 5R) 5b(5R) 3b(4R, 5R)
Scheme 3.
O_C,OEt R the extent of 85%.2’ That substitution of a carbon with a
x sulphur atom in the six-membered ring evidently leads to
H o dgcreased enolization (Tables 1 and 2) is also in accord
(o} with the above picture, since 2-ethoxycarbonylcyclo-
R heptanqne, the next higher homologue in the homocyclic
E10CO H sene:sj, is enolized to 31% in tetrachloromethane solu-
tion.
10(X =0, S, NH) 1" The position of the sulphur atom in the thiolanone ring
Scheme 4. relative to the B-oxo ester moiety decisively influences

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 2ez24e, evidently at least three of the
four possible NMR-distinguishable ketone forms co-exist
with two NMR-different enol forms to varied extents.
However, in the case of the system 3hz25h 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 & 2.99 and 3.11, respectively,
unambigously assignable to the acidic®' ring-protons at
4-position of two different ketonic forms, are observed.
The measured coupling constants for the coupling be-
tween the ring-protons located at 4- and 5-positions (both
10.2 Hz) suggest nearly trans-coplanar (aa)-location of
these, hence identifying the observed ketonic forms as
3h(2S,4R, 5R) and 3b(2R, 4R, 5R) (and, of course, their
mirror images 3h(2R, 45, 5S) and 3h(28S, 4S, 5S)).

O CcoEt  Q COg
2 H S oH
Ha, oH Me,,, ~H
Me H s Me

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 2- and
4-ethoxycarbonylthiolan-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 enolization, 2-ethoxycarbonylthiolan-3-ones
2 being generally less enolized (6-34%, Table 1) than
4-ethoxycarbonylthiolan-3-ones 3 (40-74%, 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.

EXPERIMENTAL

'H NMR spectra were recorded on 2-20% solns on a Varian
A-60, supplementary a Jeol FX 90Q spectrometer, using TMS as
internal reference standard. IR spectra were recorded on 2-4%
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 hetero-
cyclic compounds by the Microanalytical Laboratory of the
Department of General and Organic Chemistry of the H. C.
Orsted Institute, the University of Copenhagen. B.ps are uncor-
rected. Unless stated otherwise, yields refer to the isolated
quantities of the pure products.

The dicarboxylic esters 1 were synthesized according to a
known procedure.®'? Relevant characteristics are given below.

Ethyl 3-(ethoxycarbonylmethylmercapto) propanoate (la):
Yield: 88%; b.pg.x: 98° (it'? b.p.: 154-155°. 'H NMR
(CCly): & 1.25 (3H, t, J=THz), 1.27 (3H,t,J =7Hz), 2.4-3.0
(4H,m), 3.13 (2H,s), 4.09 (2H,q,7=T7H2), 4.13 2H,q,J =
7Hz).

Ethyl  3-(ethoxycarbonylmethylmercapto) butanoate (1b):
Yield: 94%; b.p.i: 96-98° (lit*? bp.: 109-110°. 'H NMR
(CCly): 6125 3H,1,J =7H2), 1.26 (3H,t,J =7 Hz), .33 (3H, d,
J =6Hz), 2.1-2.85 (2H, m, AB-part of ABX-system), 3.17 (2H,
s), 3.0-3.6 (1H, m, X-part of ABX-system), 4.09 (2H, q, J =7 Hz),
413(H,q,J =7 H2).

Ethyl 3-(ethoxycarbonylmethylmercapto)-3-phenylpropanoate
(1c): Yield: 97%; b.p.g,s: 142° (lit' b.p.p: 163-165°). 'H NMR
(CCL): 6 111 (3H, t, J=THz), 1.24 (3H, t, J =7 Hz), 2.6-3.1
(2H, m, AB-part of ABX-system), 2.85 (2H,s), 3.98 (2H,q,J =
7THz), 4.07 (2H, q, J =7 Hz), 4.43 (1H, q, X-part of ABX-system),
7.24 (5SH, m).

Ethyl  3-(ethoxycarbonylmethylmercapto)-3-methylbutanoate
(1d): Yield: 66%:; b.p.g.1»: 106-107°. 'H NMR (CCL,): 5 1.25 (3H, t,
J =7Hz),1.27(3H,t,J = T Hz),1.41(6H,5),2.52(2H,s),3.19(2H,s),
408 2H, q,J =7Hz),4.11 2H, q, J =7Hz).

Ethyl  3-ethoxycarbonylmethylmercapto)-2-methylbutanoate
(1¢): Yield: 83%; b.p.g2r: 104-106°. "H NMR (CCL): § 1.25 (6H, m),
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126 3H, t, J=7Hz), 1.29 (3H, t, J =TH2z), 2.51 (1H, S'tet,
J=68Hz),3.14 (2H, s), 3.14 (1H, 5'tet, J = 6.8 Hz), 4.10 (2H, q,
J=7Hz),4.13 (2H, q, J =T Hz).

Ethyl 3 ethoxycarbonyimethylmercapto)-2-methylpropanoate
(1f): Yield: 93%; b.p.g 12: 95° (tit* b.p.: 140-144°). '"H NMR (CCL): 5
1.21(3HM,J =7 H2),(3H,t,J =THz),1.27(3H,t,J = TH2),2.3-3.0
(3H, m),3.10(2H, 3),4.102H, q, J = 7THz),4.13(2H, q, J = T H2).

Ethyl  34{(1-ethoxycarbonyl)ethylmercaptolpropanoate (1g):
Yield: 89%; b.p.o.u: 100-107° (]il“ b.p.m;: |49—153°) lH NMR
(CCL): 6 1.25(3H,t,J =7Hz), 1.28(3H,1,J =7TH2), 1.38 (3H, d,
J =7Hz), 2.3-3.0 (4H, m, AA'BB'-system), 3.31 (1H, q, J = 7T Hz),
4.08 2H,q,J=7Hz2),412(2H, q, J =TH2).

Ethyl 3(1-ethoxycarbonyl)ethylmercaptolbutanoate (1b): Yield:
91%; b.p.g,s: 103-108°. 'H NMR (CCL) suggests mixture of
stereoisomers: § 1.25 (3H,t,J =7Hz),1.28 3H,t,J =7Hz), 1.28
(~15H,d,J =7Hz),1.32(~1.5H,d, J=THz), 1.36 (~ 1.5H, d,
J=7Hz),140(~1.5H,d,J =7 Hz),2.0-2.9 (2H, m), 3.1-3.6 (2H,
m), 409 2H, q, / =THz),4.13 2H, q, J = 7 Hz).

Ethyl 3-[(1-ethoxycarbonyl)ethylmercapto]-3-methylbutanoate
(18): Yield: 61%; b.p.o»: 101-102°. '"H NMR (CCL): 6 1.25 (3H, t,
J=7Hz), 1.26 (3H, t, J =7Hz), 1.37 3H, d, J = TH2), 1.41 (6H,
s),2.54 2H, s),3.38 (1H, q, J =7 Hz2), 4.07 2H, q, ] = 7 Hz), 4.11
(2H, q, J =7 Hz).

General procedure for the preparation of 2- and 4-ethoxycar-
bonylthiolan-3-ones (worked out on the basis of earlier described
procedures®'?): 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 sulphidic dicarboxylic ester 1 (0.25 mole) is
added dropwise during 1-2 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 (°
a further occasional supply of ether (200-300 ml) may be needed
to keep the reaction mixture mobile. The reaction mixture is then
poured into a mixture of 200 g of acetic acid and 200 g of crushed
ice under manual stirring (in the syntheses of 2e, 21, 3a, 3b, 3h,
and 3i the reaction mixture was allowed to stand overnight,
incidentally with stirring (3b, 3h, 3§), before being poured into the
ice-acetic acid mixture). The layers are separated, if convenient
after a further supply of ether, chloroform (2a), or water. The
aqueous layer is extracted twice with ether or chloroform (2a),
and the combined organic layers are washed with aqueous
NaHCO;, then with water, and finally dried (CaSO,). The solvent
is removed by evaporation, and the remaining oil distilled to give
the product as a colourless oil.

2-Ethoxycarbonylthiolan-3-one (2a): Prepared according to the
above general procedure. The reaction was performed at 0° using
ethanol as solvent and chloroform as extraction medium. Yield:
23-43%, b.p.jo: 119-122° (lit"" b.p.s4: 98-101°).

2-Ethoxycarbonyl-S-methylthiolan-3-one (2b): Prepared ac-
cording to the above procedure in ethereal medium at 0°. Yield:
66%, b.p.o,: 84-87° (lit*? b.p.g;: 78-81° 1it** b.p.jy: 134-137°).

2-Ethoxycarbonyl-S-phenylithiolan-3-one (2c). Prepared ac-
cording to the general procedure in ethereal medium at 0°. Yield:
31%, b.p.g12: 132-137° (lit'® b.p.,: 158-160°).

2-Ethoxycarbonyl-5,5-dimethyithiolan-3-one (2d). Prepared
according to the general procedure, in ethereal medium at 0° in
75% vyield, in boiling toluene in 59% yield. B.p.g 2 90°. (Found:
C, 53.65; H, 7.09; S, 15.27. C4H,,0;S requires: C, 53.46; H, 6.98;
S, 15.82%).

2-Ethoxycarbonyl-4,5-dimethyithiolan-3-one (2e): Prepared by
Dieckmann condensation reaction at room temperature in ben-
zene following the above general procedure. Yield: 75%, b.p.o,s:
83-88°. (Found: C, 53.95; H, 7.15; S, 15.25. C4H,,0,S requires: C,
53.46; H, 6.98; S, 15.82%).

2-Ethoxycarbonyl-4-methyithiolan-3-one (2): Prepared by
Dieckmann condensation in ether at (° according to the above
general procedure. Yield: 71%, b.p.g: 122-123° (lit*® b.p.,3: 128
131).

4-Ethoxycarbonyithiolan-3-one (3a): Prepared by Dieckmann
reaction in boiling toluene according to the general procedure.
Yield: 35%, b.p.: 116-117° (lit* b.p.,: 96°, lit'2 b.p.,: 90-93°).
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4-Ethoxycarbonyl-S-methylthiolan-3-one (3b): By Dieckmann
reaction in boiling toluene according to the general procedure.
Yield: 59%. The product was contaminated by 15-20% of 2b.
Fractional redistillation gave a product of 92% purity, b.p.:
117-120°. (Found: C, 51.20; H, 6.58; S, 16.64. CgH,,05S requires:
C, 51.06; H, 6.43; S, 17.00%).

4-Ethoxycarbonyl-2-methyithiolan-3-one (3g): Prepared as
described by Karrer and Schmid.' Yield: 33%, b.p.g,s: 70-71°
(it" b.p.: 125-128°).

4-Ethoxycarbonyl-2,5-dimethylthiolan-3-one (3h): Prepared by
Dieckmann condensation reaction in boiling dry toluene accord-
ing to the above general procedure. Yield: 80%, b.p.q s 62-68°.
(Found: C, 54.12; H, 7.12; S, 15.16. C4H,,0,S requires: C, 53.46;
H, 6.98; S, 15.82%).

4 Ethoxycarbonyl-2,5,5-trimethylthiolan-3-one (34): 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, 1491. C,,H <0, 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: 48%, b.p.o:
74-75° (lit"® b.p.gs: 65, lit"? b.p.,,: 139-141°),

3-Ethoxycarbonylthian-4-one (7): Prepared by Dieckmann
condensation reaction as described in lit.? Yield: 28%, b.p.g,s:
77-80° (lit® b.p.,g: 150-151°).
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