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Abstract— With special regard to the synthesis of P-thioketoesters, the acid catalysed reactions of 36
differently substituted B-keto esters with H,S have been studied under various conditions in order to
determine the influence of the substituents on reaction course. gem-Dithiols may also be obtained in good
yields by this reaction. Treatment of T1(I)-salts of B-thioketo esters with alkyl halides results exclusively
in S-alkylation. A slow cis-trans isomerization of S-alkylated a,p-unsaturated B-mercapto esters through
rotation about the C=C double bond is demonstrated. Ethyl thioacetothionoacetate has been prepared
by self-condensation of ethyl thionoacetate.

The tautomerism of the B-thioketo esters has been studied by NMR and IR spectroscopy. In the a-H
esters, the intramolecularly H-bonded cis-enethiol tautomer is predominant. This tautomer is also im-
portant in the a-substituted csters but due to steric crowding, H-bonding occurs to the alkoxy O-atom
as well as to the carbonyl O-atom; further, the trans-enethiol form appears in percentages comparable
with those of the cis-enethiol form. Ethyl a-isopropyl thioacetoacetate exists almost exclusively in the
thione form.

'H NMR chemical shifts and couplings of informative value for structure detcrmination are reported
and discussed. The application of the chemical shift of potentially chelated enethiolic protons as an indi-
cator of intramolecular H-bonding is confirmed, although a general application of it (and also of corres-
ponding proton chemical shifts in related systems) as a measure on H-bonding strength is questioned. An
intramolecular H-bonding involving chlorine as acceptor atom is presented. New long-range *‘through
bondings” couplings as well as a *‘through space™ coupling involving enethiolic protons are also presented.

INTRODUCTION

IN A preliminary paper’' a short description of the tautomerism of some different
types of B-thioketo esters was given on the basis of results from NMR and IR spectro-
scopic investigations. In accordance with these results, the commor. designation
“enethiols’ was preferred for the above mentioned and related thiocarbonyl com-
pounds, as the intramolecularly H-bonded cis-enethiol tautomer in fact is pre-
dominating among both the B-thioketo esters,' the B-thioketo thiolesters,> and the
a-thioacyl lactones.® However, the existence of a stable trans-enethiol tautomer has
also been proved.® The tautomer, in which the mercapto group and the CO-con-
taining group are located cis to each other with respect to the enethiolic double bond,

* Present address: I.P.S.O.1, Faculté des Sciences, St. Jerome, 13-Marseille (13¢), France. Address after
October Ist.: Department of Chemistry, Odense University, Niels Bohrs Allé, 5000 Odense, Denmark.
5923



5924 F. Duus

is designated as the cis-enethiol form, regardless of the nature of any other sub-
stituents on the ethylenic C atoms:

\C=O H\ \ /
N _ ~erCner =
c=C C c { -
SN T \
\ S H---O
H
A trans-enethio) B C cis-enethiol

It may often be desirable to compare the same tautomeric forms of different CO-
conjugated enethiols. For this reason the above mentioned nomenclature is preferable
as compared to the generally more well-defined E,Z-nomenclature,* as the use of the
latter may give rise to confusion (e.g., the Z-form of ethyl B-mercaptocrotonate equals
the cis-form, whereas the Z-form of ethyl a-chloro-B-mercaptocrotonate is equal to
the trans-form).

The basic structures A-C allow of free variation of one substituent on each of the
three C atoms. The influence of these substituents on preparation and structure of
the enethiols is the particular subject of the present paper. In order to exclude the
consideration of an enol tautomer, the substituents on the CO-carbon atom have
been limited to the type —OR, where R is an alkyl group.

RESULTS AND DISCUSSION
Synthetic aspects

The applicability of the enethiols as precursors for several types of S-heterocyclic
compounds is easily imagined and has in fact been demonstrated in a few cases.> 8
However, a more extensive application is conditioned by a convenient synthetic
accessibility of the enethiols. With reference to this consideration, a more detailed
investigation of the acid catalysed reaction between open-chain B-keto esters and
H,S has been carried out. Often a favourable reaction progress of this, in principle
simple reaction, is determined by specific reaction conditions.!~*% ' An uncon-
trolled reaction may give rise to the formation of other products (gem-dithiols, !+ >-°
sym-trithianes,! cyclic condensation or rearrangement products® 3 !1) which often
complicates the isolation of the enethiol, if at all the latter is present in the reaction
mixture (Scheme 1). However, by a suitable choice of reaction medium and reaction
temperature, it was found possible to obtain a great number of the desired enethiols
in high yields through short-time syntheses.

The B-mercaptocrotonates 1-14 are easily prepared in excellent yields by passing
H,S and dry HCI gas at —60° for 2-3 hr through solutions of the appropriate
acetoacetates in MeCN. This method is also usuable for the preparation of B-
mercaptothiolocrotonates.? The importance of the low reaction temperature is
demonstrated by the fact that the same reaction carried out at —40° give rise to a
mixture which, besides the desired enethiol, contains about 10%, of the corresponding
gem-dithiol.
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The enethiols 15-19 are also obtainable in high yields by use of the above mentioned
method. However, with increasing bulkyness of R!, a complete conversion is con-
ditioned by a simultaneous prolongation of the reaction time (18), and a somewhat
increased reaction temperature (17-19). The known enethiols 20 and 21 are best
prepared in ethanolic solutions at 0° during 6-8 hr.!*~!¢

The ambiguity of the reaction between B-keto esters and H,S finds expression
especially, when the first mentioned compounds possess an a-substituent. The
following description is a result of more than 50 experiments, in which the miscel-
laneous B-keto esters 22'-36’ were treated with H,S/HCI under widely varied condi-
tions, and all experiments were during the reaction progress as well as at different
steps in the working-up procedure supervised by NMR spectroscopy.

Treatment of the keto esters 22’24’ and 26'-28’ during few hours with H,S/HCI
in MeCN results even at —60° in a nearly quantitative yield of the corresponding
gem-dithiols (D). However, attempts to obtain the latter compounds analytically
pure were rather unsuccessful. Even gentle distillation caused detectable evolution
of H,S due to a partial decomposition of the gem-dithiols to the corresponding
enethiols. The purity of the distilled gem-dithiols was estimated to 90%, on the basis
of their NMR spectra and elementary analyses. On the other hand, the a-substituated
gem-dithiols are easily characterized as the stable 1,3-dithiolane-4,5-diones, obtain-
able by treatment of the dithiols with oxalyl chloride:°

1
(COQ), ° S><R R 37:R! = Me, R? = Me:
Na,CO, S CH™ 38:R! = Me, R? = n-Pr:
I 39:R' = Me, R? = n-Bu:
CO,Et

When the reaction of one of the keto esters in question (22'-24' and 26'-28') with
H,S/HCI is carried out at about —40° in ethanolic solution, a mixture containing
the derived enethiol as the main component is obtained. Fractional distillation of
this crude mixture through an efficient column gives an enethiol of 90-95% purity.
Subsequent purification via the lead salt of the enethiol leads to the analytically pure
product. The preceding distillation seems important, as treatment of the crude
mixture directly with Pb(OAc), as a rule leads to the formation of a paste or a dingy
suspension, dependent on the relative amounts of unreacted ester, gem-dithiol, and
other decomposition products in the mixture.

The treatment of ethyl a-isopropyl acetoacetate (25') with H,S/HCI for some
hours at —40° in ethanol results in a mixture of an intensive wine-red colour. This
indication on an appreciable content of the thione tautomer 25B is verified by the
NMR analysis of the crude mixture: besides negligible amounts of the gem-dithiol
25D, contents of about 70% of 25B and 25%; of unreacted keto ester could be deter-
mined. A considerable extended reaction time had no influence on the product
distribution. This is in accordance with the general concept of a thermodynamically
controlled reaction, being especially reflected in the present case due to the apparently
lacking ability of the thione 25B to undergo further stabilization by enethiolization.
In contact with moisture, the pure thione, obtainable from the crude mixture by
fractional distillation through an efficient column, also shows increased tendency to
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hydrolysis as compared to the other investigated enethiols. On standing for months,
the colour fades due to the formation of a polymer (trimer?),! which, however, on
attempted distillation again is pyrolysed to the thione 25B (Experimental).

The syntheses of the enethiols 29-31 by reaction of the corresponding keto esters
with H,S/HCI are not troubled by the formation of gem-dithiols. Thus, 29 and 30
are obtained pure in high yields. On the other hand, the stericaily crowded ethyl
a-methylbenzoylacetate (31') is rather inert towards the H,S attack, and even a
mediocre yield of the enethiol 31 is obtained only under forced reaction conditions.

The preparation of the enethiols 32 and 33 is complicated by the accompanying
spontaneous intramolecular cyclization reactions:

N CO,Et CO,Et
| - LK
H Me Me”~ g~ “Me

S
32A
Et0 CO,Et CO,Et CO,Et
LGS W A \
Hs” ~Me S 7 ~Me Et07 > S 7 ~Me
3A

NMR spectroscopic investigations show that only the trans-enethiols undergo the
cyclization. The former reaction is sufficiently slow to allow for isolation of 32, but
33 cannot be isolated, although its existence is clearly verified by the NMR spectrum
of the mixture. However, these and related cyclization reactions will be described in
detail in a forthcoming paper.!®

Ethyl a-cyanoacetoacetate is completely inert towards the H,S/HCI treatment, 2
fact presumably being related to its very high degree of enolization!® in connexion
with a slow tautomerization process. Fortunately, the desired enethiol 34 is easily
accessible in another way.!”

The B-tricarbonyls 35’ and 36, also being almost completely enolized,!® 9 are
quite unreactive towards H,S/HCI in MeCN. In ethanolic solution still no reaction
occurs at —40°, but at 0° 35 reacts to give a mixture of ethyl thioacetoacetate (2) and
the corresponding gem-dithiol, ethy! 3,3-dimercaptobutyrate (40), whereas 36’ is
converted solely to the enethiol 20. These reaction products are explicable by the
assumption of initial solvolysis reactions, after which the produced B-keto esters
react with H,S in the normal way:

MeCO
EtOH H,S/HO 20: R = C¢H,
CH—COEt ——— R—C—CH;—CO,Et ————
/ —MeCO,Et [ 0°
RCO (; 2+40:R = Me

This assumption is supported by the fact that ethyl diacetylacetate (35') in the
absence of H,S, but otherwise under the same reaction conditions as described
above, is decomposed to ethyl acetoacetate (2').2°
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As demonstrated above, MeCN may, when used as reaction medium instead of
EtOH, decisively affect the reaction course. This is bound up with its greater dis-
solution capacity (especially at temperatures about or below —40°) towards the
reacting gases, being directly reflected by the considerably greater increase in the
total volume of the mixture during the gas supply. Therefore, the observed alterations
should be considered simply as the consequencies of the alterations in reaction rate
and existent thermodynamic equilibria being induced by the increased H,S-concen-
tration.

In contrast to the corresponding B-keto esters,?! no C-alkylation occurs on
treatment of the thallium(l) salts of a-unsubstituted B-thioketo esters with alkyl
halides. As expected, the reaction results exclusively in S-alkylation. Normally a
mixture of cis and trans isomers is obtained. Apparently no relationship exists
between the cis-trans ratio of the alkylated enethiol and that of the enethiol itself,
the isomerization thus being merely a consequence of slow rotation about the C=C
double bond,?? and the equilibrium cis-trans ratio being sterically determined. For
example, on standing at room temperature for a sufficient period of time, the pure
cis-isomers 41C and 42C are converted to isomer mixtures containing 18% and 729,
respectively, of the trans-isomer.

Me H Me H
\ / \ /
€=C c=C
S CO,Et s/ CO,Me
Me \Cll'{2
CO,Et
41C 42C

Tautonierism and structure elucidation

In earlier studies of thione-enethiol equilibrium systems, Sen?® and Mitra2*
introduced the iodine titration method, the usefulness of which is based on the
assumption of a well-defined, rapid oxidation of the enethiol tautomer to a di-
sulphide. However, this method often leads to erroneous results,?> and further, it
excludes distinction between cis—trans isomeric enethiol forms. Therefore, spectro-
scopic methods of estimation seem preferable, particularly because the possibility of
chemica) perturbation of the equilibrium position thus is eliminated. Quantitative
measuring of equilibrium concentrations of the three possible tautomeric forms
A—C (Scheme 1) for a given compound is easily carried out with a good accuracy
NMR spectroscopically. The lower limit for quantitative determination of concen-
tration (as percentages) was found to be ~ 2%, being determined by the (optimated)
signal to noise ratio of the apparatus. However, percentages equal to or less than 2
are still within the measuring uncertainty, therefore the tautomers concerned are
neglected in Tables (1, 2, and 4), although they, in fact, in some cases by NMR and
as a rule by IR spectroscopy, are unambiguously detectable.

In agreement with temporarily published results,'=2 all investigated compounds
show a more or less pronounced domineering of the cis-enethiol form C. The less
efficient overlap between the sulphur 3p orbital and the carbon 2p orbital in the
thione group relative to the corresponding 2p-2p overlap in the ketone group leads
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naturally to a more pronounced tendency of enethiolization for thiones as compared
to the tendency of enolization for ketones, being well demonstrated in a recent
investigation of simple aliphatic thiones.2® The predominance of the C-form relative
to the A-form is doubtless connected with the additional possibility of stabilization
of the former by the formation of an intramolecular H-bonding. Thus, in the IR
spectra, the ester CO stretching vibration bands of C-forms generally appear at
wavenumbers 20-30 cm ™! lower than those of corresponding A-forms, the latter
appearing in the normal region for conjugated ester CO bands (Table 3). In the
NMR spectra, cis-enethioiic protons, as a consequence of the H-bonding, are
markedly deshielded as compared to trans-enethiolic protons. Unless special sub-
stituent effects operate, also the chemical shifts of the a-protons of R! are charac-
teristic for each of the three forms A—C: for R! = Me, &z: (C) = 2:07-2-20 ppm,
dr1 (A) = 2:38-2-47 ppm*, and, influenced by magnetic anisotropy and electric field
screening in the thione group, dx: (B) = 2:67-2-73 ppm. However, signals arising
from the thione tautomer (B) are not common in the NMR spectra, although the
existence of a small amount of this tautomer in most cases is manifested in the IR
spectra by the appearance of a weak band in the normal region of isolated ester
carbonyl group stretchings (~ 1740 cm™!). Apart from 25, in which the B-form is
predominant, the otherwise too low thione concentration makes the assignment of
a thiocarbonyl stretching vibration in the very band-rich region 1050-1300 cm ™'
rather questionable. On the other hand, the IR spectrum of 25 in contrast to the IR
spectra of all other investigated compounds shows a strong absorption band at
1150 cm ™! which is assigned to the thiocarbonyl stretching vibration. The wave-
number value is somewhat lower than those recently reported?” for simple aliphatic
thiones. However, the affiliation of this band to the thione function seems incon-
testable, as the intensity of it is decreased in time in agreement with the slowly
proceeding polymerization of the thione.

NMR data of the a-unsubstituted B-thioketoesters 1-21 are listed in Table 1
which also contains the calculated percentages of the two enethiol forms, A and C.
Representative NMR spectra for this class of compounds can be found in the pre-
liminary reports.’ 2 Quite generally, the cis-enethiol form (C) is predominating. The
trans-enethiol form (A) appears as small percentages, whereas the thione form (B) in
most cases is negligible. Increased bulkyness of the ester alkyl group R* (1-14)
generally leads to a somewhat increased equilibrium concentration of the trans-
enethiol form (A), an effect which is also found in the case of the corresponding
thioloesters.? With increasing bulkiness of R* (15-18, 20, 21), the percentages of the
trans-enethiol form (A), evidently due to the simultaneously increased steric crowding
in the latter as confirmed by model studies, clearly decrease. Still, the NMR spectrum
of 19 (Table 1) shows a comparatively high equilibrium concentration of the trans-
encthiol form. After all, this is quite understandable, as the tautomer in question also
possess the possibility of stabilization through H-bonding formation (19A%). A
comparison of IR spectra of enethiols containing similar percentages of the trans-
enethiol form reveals that this tautomer alone cannot account for the relative intense
carbonyl band at 1720 cm™' (v{C=0], konj.) present in the IR spectrum of 19
(Table 3). It is therefore concluded that also the cis-enethiol rotamer 19C? exists.

* In preliminary papers. ' 2 signals in this region were crroncously assigned to thioacctyl protons.
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although this form obviously cannot be separately observed in the NMR spectrum
due to a too fast rotation (NMR time scale) about the C—S single bond. Further, in
the NMR spectrum of 19, the four magnetically equivalent methylene protons of
the thione tautomer (19B) appear at 3-87 ppm as a singlet with an intensity sufficient
for the reliable determination of the three thione percentages.

CO,Et H
H [ H |
Et0_  _C. __.C, Et0_ __C. _.C- . OFEt
C [ OXg n C C C
il [ I [ Il
O\H/S O\H/s o
194t 19C*

H H
B0 . - Cn(Cn( OF
I I Il
o S o
198

In the NMR spectrum of the parent B-keto ester 19, the corresponding methylene
proton signal appears at 3-44 ppm.2° Hence, the replacement of the ketonic O atom
by a S atom gives rise to a downfield displacement of the methylene proton signal of
0-43 ppm which agrees well with the (-45 ppm as predicted according to an empiric-
ally found rule.?® The same rule was corroborated also in the case of the observed
thioacetyl proton signals.

The introduction of an a-alkyl substituent in B-ketoesters and p-diketones gener-
ally affects a displacement in the tautomeric equilibrium in favour of the keto
tautomer.'®28:2° This is most probably due to the increased steric crowding
between R!, R2, and CO,R? in the “planar” cis-enol tautomer, combined with the

CH3-$H—CH3
CHg—ﬁ-CH"C()zEt
chy-Cs-
S0Hz scale solv.: CS3

P

N TN PN T DU PEUUTTUTE DU T P
80 70 60 50 PPM({B) 40 30

FiG 1. NMR spectrum of ethyl 2-isopropyl-thioacetoacetate (25) demonstrating predomi-
nance of the thione tautomer. {Solvent: CS,).
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electron-donating effect of the a-alkyl group, which gives rise to an increased electron
density in the vicinity of the a-proton in the keto tautomer, thus impeding proton
release, and consequently also enolization.!® 28 29 Therefore, the investigation of the
a-alkylated B-thioketo esters appeared of particular interest with regard to the
possible observation of a considerable equilibrium concentration of the thione
tautomer. The results are listed in Tables 2 (NMR data, equilibrium percentages) and
3 (IR data). According to expectation the NMR spectrum of 25 (Fig. 1) shows
predominance (96%,) of the thione tautomer 25B, but no enhanced thione percentages
are found in the cases of 22-24, 26-28, 31, and 32. Instead considerably increased
percentages of the trans-enethiol tautomer are observed, as exemplified by the NMR
spectrum of 22 (Fig 2). This reflects a priori the general instability of the thiocarbonyl
function as compared to the CO function.

However, in order to obtain a better understanding of the observed diminution
in the cis-trans ratio, a more closely model study of all possible CO-conjugated
enethiol structures was performed on the assumption that, besides H-bondings, only
steric factors are of importance for the estimation of their relative stability (Scheme 2).

R? R?
R! CI OE R! !

Sc# e O SO c#P
LA = L
\H." \H-" NEt

C Cc*

Px Py

s\c/c\c/oa s\c/c\ _0
I [l | I
R! 0 R!

A A+ Et
SCHEME 2

It was found that the steric crowding is considerably more pronounced in the
“normal” intramolecularly H-bonded cis-enethiol structure C, than it is in the
structures A, A*, and C*. Whereas the structures A and A* certainly are spectros-
copically indistinguishable, a sufficiently slow rotation of the ester group (as probably
affected by the H-bondings) should give rise to spectroscopic distinction between C
and C.* The NMR spectra of all enethiols in question show the presence of only one
cis-enethiol form (Table 2), but, characteristically, in all cases the cis-enethiolic
proton signal appears at a much higher field (1-2-1-5 ppm) as compared to the same
signal in the a-unsubstituted analogues (cis(C)-enethiol form). Evidently, H-bondings
are less effective in the a-alkylated compounds, as also indicated by the reduced
coupling between the B-Me protons (R'), and the cis-enethiolic proton (Jyy, see
below). However, inspection of the IR spectra (Table 3) clearly reveals the importance
of structure C*: For all a-alkylated enethiols, the absorption band originating from
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the vibration of the chelating, conjugated ester-CO function is of exceptionally weak
intensity, while the band originating from the non-chelating, conjugated ester-CO
vibration is of extremely strong intensity. It is concluded that for the a-alkylated
cis-enethiols, in contrast to the a-unsubstituted analogues, an equilibrium exists
between the predominant C*-structure and the C-structure. In the latter, the stabi-
lizing effect of the intramolecular H-bonding is neutralized by the enhanced steric
crowding. The C-C* conversion is slow enough to allow for IR spectroscopic
distinction between the rotamers, but too fast for distinction by NMR spectroscopy.
Hence, an average signal at higher field is observed for the cis-enethiolic proton.
The individual cis-trans ratios are merely determined by the actual steric crowding
in the structures A, A*, C, and C*. For example, the steric interaction between R!
and the CO,Et group is greater in 31A than in 22A which, in connection with the
greater bulkyness of the CO,Et group relative to the Me group, give rise to relatively
high percentages of the cis-form 31C (84%,) as compared to those of 22C (52°%).*

On the basis of the above mentioned results, it becomes clear that electron-with-
drawing a-substituents, which in the cases of B-keto esters and B-diketones cause
enhanced degree of enolization,!% 2% 3° hardly can affect greater displacements in
the tautomeric equilibrium of the B-thioketo esters. Thus, 29, 30, and 34 are practic-
ally completely enethiolized. In the cases of 29 and 34 only the cis-enethiol tautomer
exists. Apparently, the C*-rotamer is completely unimportant in the former, and of
diminished importance in the latter compound (Table 3). In the case of the a-chloro
substituted compound 30, model studies suggest a likely contribution of the C-
structure (Scheme 2) to the thecreby more stabilized cis-enethiol tautomer, as also
conformed by the IR spectrum (Table 3). It is therefore interesting to observe that the
equilibrium percentages of the cis- and trans-enethiol forms in fact are comparable.
Moreover, the cis-trans isomerization process is found to proceed anomalously
slowly. These facts indicates the existence of a stabilizing intramolecular H-bonding
also in the trans-form, in which the chlorine atom acts as acceptor. The existence of
the H-bonding is further verified by the NMR spectrum of 30 (Fig 3): the trans-
enethiolic proton signal appears at a remarkably low field, exhibiting a well-defined
guartet structure in consequence of an exceptional coupling (see below) between the
mercapto-proton and the methyl protons (R?).

Although an unusual low field appearance of the NMR signal of a potentially
chelated proton is generally accepted as an indication on the existence of an intra-
molecular H-bonding, ' 3!+ 32 any general conclusion concerning the strength of the
H-bonding as being directly reflected by the chelated proton chemical shift!16-31. 32
should be avoided. Evidently, any type of rotamism (for example C & C*) may
influence the latter, and the effect of possible intermolecular proton exchange
processes>2 should as well not be neglected. Apart from special cases,>* H-bondings.
involving oxygen as acceptor atom are generally stronger than those involving an
accepting S atom.>* Thus, compared with 2, ethyl thioacetothionacetate (43) exhibits
greater equilibrium percentages of the trans-enethiol form (10, in 43 as compared
to 4%, in 2 (Tables 4 and 1, respectively)) which indicates the relatively less effective
H-bonding in 43C. Nevertheless, the cis-enethiolic proton signal appears at a con-
siderably Jower field in the case of 43C (Table 4) as in the case of 2C (Table 2), but

* For simplicity, no distinction is made here between the rotamers C and C*.
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FI1G 3. NMR spectrum of ethyl 2-chloro-thioacetoacetate (30) showing predominance of
the cis- and trans-enethiol tautomers in comparable percentages (solvent: CCl,).

this phenomenon is probably connected with the higher paramagnetic screening
effect of the C=S group relative to the C=0 group.*®

Long-range 'H NMR couplings in the enethiols

For all investigated B-thioketo esters existing partly or completely in the cis-
enethiol form, the latter is characterized by a long-range coupling (*Jxy) between the
cis-enethiolic proton and the y-protons (Scheme 3). This appears quite interesting as

R2=H R2+# H
\/
HC CO,Et i
\p o2 H—C , :/COzEt
C=C Cc=C
/ 0\ / \
S HZ S C/
\HX \Hx H{, ~
trans-A trans-A
HV
N z W/ N
1\6 o/ 7\& o/
VAN /TN
S C—OEt S C=0
\ / \ /
H- H*--0
\
cis-C Et
cis-C*

SCHEME 3
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a similar coupling, with the exception of certain medium-sized 2-ethoxycarbonyl
cyclanones,®’ is absent in corresponding enol forms of B-keto esters.!® Moreover,
the same coupling is never observed for the trans-enethiol forms which neither are
capable of forming an intramolecular H-bonding. Thus, a relationship between the
existence of the latter and the presence of the coupling in question seems obvious.
Due to the H-bonding, the free rotation about the C—S single bond becomes
restricted, as the cis-enethiolic proton preferentially occupies the *‘chelated” position.
However, this is favourable for coupling to the y-protons, as hereby the important
“straightest zig-zag” path for “through bondings” coupling is obtained.>® This
conception is further supported by the fact that the a-chlorosubstituted ester 30
both in the cis- and the trans-enethiol form exhibits this coupling, in the latter case
due to H-bonding between the thiolic proton and the a-Cl atom. If one or two of
the y-protons are substituted by an alkyl group, *Jxy decreases. However, this may
be expected. Due to the free roration about the CP—C” single bond, the y-proton(s)
will occupy for simple statistical reasons the position most favourable for maximum
coupling (as depicted below) to a lesse extent in the latter cases. It should be noted
that for the a-thioacyl lactones,® *Jyy increases, when y-alkyl substitution occurs.
However, in this case, as also confirmed by model studies, the rotation about the
CP—C" bond is greatly sterically affected by the p’-ring protons, thus giving rise to
the preferred conformation exemplified below by the cis-enethiol form of 2-thio-iso-
butyryl-y-butyrolactone? (44C):

H\

H H H—E:*CH
!: é o HJC\é p C/B \02
78PN H,c” TP

* |
S
\H- \H--
a4c

Moreover, the “‘effective’” coupling constant (*Jyy) is always greater in the a-
unsubstituted cis-compounds (existing in the rotameric C-form) than in the a-
substituted analogues. In the latter case, where the C*-rotameric structure is
important, the H-bonding apparently is less efficient, and the rotation about the
C—S single bond therefore becomes less restricted. Finally, the coupling in question
is slightly smaller in the thionester 43C than in the corresponding ester 2C (0-8 Hz, and
1-2 Hz, resp.), a fact, which confirms the conception of the reduced H-bonding
capacity of the thiocarbonyl S-atom as compared to the carbonyl O-atom. Thus, for
the enethiols, intermolecular proton exchange processes evidently are too slow to
have any appreciable influence on *Jy,. This need not necessarily be so in the
corresponding enols, and a considerably faster exchange process of the enolic proton
may very well account for the apparent non-existence of the coupling in question in
the latter compounds.

The allylic coupling (*Jyz) present in the oa-unsubstituted compounds is un-
exceptional, and seems to be of the same magnitude in both the cis- and the trans-
enethiol forms (43, Table 4). In the a-alkylated compounds, the homoallylic coupling
constant 3Jyy is somewhat more variable, but generally, within the same pair of
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isomers, the trans-coupling is always the greater. This is in accordance with the
findings from the study on the related thioacyl lactones.?

In the a-unsubstituted compounds (R? = H), a small coupling between the cis-
enethiolic proton and the vinylic proton (*Jx,) is measurable in a few cases. In the
a-alkyl substituted compounds 22-24 and 26-28, an interesting coupling (3Jyy)
occurs between the thiolic proton and the a-protons of the a-substituent (Scheme 3),
but only in the trans-enethiol forms. Evidently, this coupling must be regarded as a
“through space’” coupling, as no evidence at all is found for the existence of a similar
coupling in the cis-enethiol forms.

TasLE 1. '"H NMR CHEMICAL SHIFTS (3-VALUES, ppm) AND COUPLING CONSTANTS (Hz) OF B-THIOKETO-
ESTERS 1. 21.° PERCENTAGES OF ENETHIOL TAUTOMERS” IN EQUILIBRIUM AT 38°

The following abbreviations are used: s (singlet), d (doublet), t (triplet), q (quartet), m (muitiplet), and br.
(broad). For further explanation of used symbols, see Schemes 1 and 3. Unless stated to the contrary, the
solvent used is CCl,

trans-A cis-C

O o O dsn’ duz Jxy Jvz Jxz %o

1 2-46 5 213 7-26 578 1-1 1-1 — 95
t q q

2 2-46 4 213 7-30 576 1-2 1-2 — 96
t q q

3 243 S 213 732 575 1-1 1-1 - 95
t q q

4 244 5 211 7-31 571 1-15 1-15 — 95
t q q

S 247 6 2-13 7-34 579 11 11 — 94
t 9 q

6 2:44 7 213 7-30 576 I-15 1-15 .- 93
t . q

7 244 6 213 733 $75 1-15 1-15 - 94
t q q

8 2:43 7 212 733 573 -1 1-2 - 93
t q q

9 2:44 7 212 7-33 ST 1-15 1-15 — 93
t q q

10 245 10 212 7-32 573 1-1 I-1 — 90
t q 9

11 2:43 9 211 732 572 1-1 1-15 — 91
t q q

12 2:45 5 214 7-23 578 11 1-1 — 95
t 9 q

13 2:42 8 2:07 721 578 1-1 1-1 — 92
t q q

14 2:40 9 2:07 7-21 578 1-1 11 — 91
t q 9

14° 2-38 7 2-14 568 588 05 1-15 03 93
dd m dg

15 - <2 2-36 737 575 09 095 - 298
br.q° t t

1-20
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trans-A cis-C
O Yo S Sse’ oz Ixy Jyz Jxz %
16 <2 2:32 7-43 574 1-0 08s — 298
br.t¢ t t
1-63
br. m*
095
l!
17 — <2 2:57 7-64 578 065 065 >98
br. m*¢ d d
1-22
d¢
18 — ~0 1-24 819 582 — — - ~ 100
s s s
19/ 370 8 323 723 588 1-05 09 03 89
br.t dt dt
20¢ <2 7-2-7117 794 610 — — 298
m 3 s
21 <2 7-6-83 8-08 613 — 03 298
m* d d

2 The trivial NMR data of estergroup protons are omitted (see Ref 1).

" Thione percentages have been ncglected. Although the presence of small amounts of the thione
tautomer in most cascs is indicated by the pale colour of the compounds and by IR (Table 3). NMR signals
corresponding to this tautomer are (with the exception of 19, see text) either not observable or detectable
only to an extent allowing for estimation of the thione percentages as less than 2 (small peaks at ~ 2:67
ppm corresponding to the thioacetyl protons were observed for 3.9, 13 and 14).

¢ In rather concentrated solutions, dg, is normally sensitive to small changes in concentration. The
tabulated values are obtained by extrapolation to zero concentration.!

4 Solvent: CD,CN (compare Ref 2).

¢J=17-75Hz

/ Solvent: CS,-6,Z(A): 591 ppm (t, J = 0:65 Hz). Percentages of thione tautomer: 3 (for a further
discussion of the spectrum, see text).

¥ Compare Ref 12.

* Well-defined AA'BB’ pattern.

Tabtk 2. '"H NMR CHEMICAL SHIFTS (8-VALUES, ppm) AND COUPLING CONSTANTS (Hz) OF a-SUBSTITUTED

B-THIOKETOESTERS.® RELATIVE PERCENTAGES OF ENETHIOL TAUTOMERS® AT EQUILIBRIUM AT 38°

the following abbreviations are used: s (singlet), d (doublet), t (triplet), g (quartet), p (quintet), m (multiplet),
and br. (broad). For further explanation of the used symbols, see Schemes 1 and 3. Unless stated to the
contrary, the solvent used is CCl,

22A

22C

23A

Sps Soe S Jsy I Jyv 9,

2:44 287 191 — 07 1-45 48
q q dq

213 608 1-91 08 — 09 52
P q q

241 276 2-40 - 065 075 47
t t br.g*

1-03
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Oga Osne Og2 Ixy Jw Jyv %
23C 217 5-88 240 075 — 035 53
P q br. g
(dt) 1-01
td
24A 2:40 274 2-25 — 06 075 49
t t 1-1-7
m
093
td
24C 217 576 2-25 07 — 035 51
p q 1-1-7
(dt) m
091
t‘
25C 209/ 508¢ ? — — — ~4
m
26A 239 273 21-2:6 — 06 ? 48
t* t 1-1-1-6
m
093
tk
26C 218 578 2:1-2:6 07 — ? 52
p* q 1'1-1:6
m
093
th
27A 2:40 273 21-25 — ? ? 37
m* tt 07-1:5
m
27C 215 578 21-2:5 07 — ? 63
k q* 07-1-5
m
2BA! 239 303 2:0-29 — 05 ~07 37
t* t br.m
28C 216 588 2:0-2:9 075 — ~03 63
p* q br.m
29/ 220 685 — 1-0 — — ~ 100
d q
30A 2:54 402 — 065 —_ — 51%
d q
30C 230 677 — 095 — — 49
d 9
31A 7-0-7-5 2:99* 2:07 — 065 — 16
m q d
31C 7-0-7-5 510 1-74 — — — 84
m S S
32A 244 292 312 — 06 07 32
t t dm
47-52
54-61
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5!‘ 68"‘ 6[‘ ‘,XV ‘,XV JY\’ o/n
32C 215 616 312 08 - 035 68"
P q dm
(dan 47-52
54-61
m
4C 2-54 7-89 - 09 — — ~ 100
do qo

“ The trivia] NMR data for the estergroup protons' are not tabulated. The chemical shifts are different
for the isomeric enethiols, the cis-protons always being more deshielded than the trans-protons (Adcy, ~4

ppm, Adcy, ~3 ppm).

" With the exception of 28, where the thione form is predominant, the tabulated encthiol percentages
have been calculated neglecting the existence of the thione tautomer. The latter, whose presence is indicated
by the colour of the compounds and in some cases by IR (Table 3), has been detected by NMR only in
few cases (thioacetyl protons: 2:73 ppm (22), 2-68 ppm (23, 24, 27)), and the percentages could be estimated
as equal to or less than 2.

¢ Chemical shifts at infinite dilution. On dilution, SH-signals are displaced against limit positions
(Ssi{A): upfield. g (C): downfield': ?) as a consequence of diminished intermolecular interactions (inter-
molecular H-bondings).

¢ J~7Hz7

¢ NMR data for 25B: 8y, « (268, 5): O¢yycg (3:76. d. J = 101); 8%, (21-2:8, m): &g, (088, d, J = 61,
and 098,d. J = 61, magnetic nonequivalcnce): cstergroup dey, (4-11.9,J = 7-0), and ¢y, (124, 1, J = 7-0).
25A is not detectable.

/ The intensity of the signal increases in time in conscquence of the slow formation of the trimer (see
Experimental).

Extrapolation to zcro concentration is not possible due to the low percentages.

Distorted signals.

Solvent : CS,.

7 A=C

Slow equilibrium process.

Value at normal concentration.

Remarkable shielding of estergroup protons: dey, = 075 ppm, 3¢y, = 375 ppm (31C: ¢y, = 133
ppm, écy, = 424 ppm).

Percentages are measured shortly after preparation (i.e presumably not at equilibrium) due to the
spontaneous, slowly proceeding cyclization of the trans-cnethiol.

Coupling is observed only in diluted solution, otherwise the Me-signal appears as a singlet, and the
SH-signal as a broad singlet (comparc Ref 16), presumably in consequence of intermolecular inter-
actions between mercaptoprotons and CN-groups (Jxy's arc generally diminished in CD,CN solution,
see Ref. 2 and 14, Table 1).

* @

»

®

TaBLE 3. IR ABSORPTION BANDS OF B-THIOKETO ESTERS

Frequencics are in cm ™. Intensities are indicated as follows: s (strong), m (medium), w
(weak), vw (very weak), br. (broad), sh (shoulder): solvent: CCl,

v{S-—H] v C=0]° [C=0]* [ C=0Y v[C=C]
1 24s5 1745 1715 1690 1605
m, br. w, sh w, sh ] s
2 2455 1745 1715 1690 1605

m, br. w, sh w, sh s s



5940 F. Duts

TABLE 3— continued

S- H] [C=0]° C=07 v[C=O0] v[C=C]
3 2450 1740 1710 1685 1600
m, br. w, sh w, sh S s
4 2450 1740 1710 1685 1605
m, br. w, sh w, sh s S
5 2445 1740 1710 1685 1605
m, br. wmsh w, sh s s
6 2450 1740 1710 1685 1600
m, br. w, sh w, sh s s
7 2440 1735 1705 1685 1605
m, br. w, sh w, sh s 3
8 2445 1740 1710 1685 1605
m, br. w, sh w, sh s s
9 2440 1735 1705 1685 1600
m, br. vw, sh w, sh S S
10 2440 1735 1705 1680 1600
m, br. w, sh w, sh S S
n 2445 1735 1710 1680 1600
m, br. w, sh w, sh 3 s
12 2450 1745 1715 1690 1605
m, br. w, sh w, sh 3 s
13 2455 1745 1715 1690 1600
m, br. w, sh w, sh s S
14 2450 1740 1705 1685 1600
m, br. w, sh w, sh 3 s
15 2440 1740 1705 1685 1600
m, br. w, sh w, sh s s
16 2440 1740 1705 1680 1595
m, br. vw, sh w, sh s s
17 2445 1745 1710 1680 1595
m, br. vw, sh vw, sh s s
18 2420 1745 — 1685 1585
m, br. vw 1675 s
s
19 2455 1750 1720 1690 1605
m, br. vs m s s
20 2435 1750 1705 1675 1590
m, br. w, sh vw, sh [ 1575
s
21 2430 — 1710 1685 1610
m, br. vw, sh s w, sh
1590
s
22 ~ 2460 — 1710 1680 1610
w, v br. y w, sh m, br.
23 ~ 2470 — 1705 1675 1600
w,v br. s w, sh m, br.
24 ~ 2460 - 1710 1675 1600
w, v br. s vw, sh m, br.
25¢ ~ 2470 1740 — ~ 1600
vw, v br. Vs vw, br.
26 ~ 2470 — 1710 1680 ~ 1580

w, v br. s w, sh m, br.
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v[S—H] v[C=0) v[C=0]° v[C=0} v[C=C]
27 ~ 2470 1735 1705 1675 ~ 1580
w, v br. vw, sh S w, sh m, br.
28 ~ 2470 1740 1710 1680 ~ 1580
vw, v br. Vs s, br. w, sh m, br.
29 2455 1740 17207 1695 1590
m, br. vs§ vw, sh S S
30 2470 - 1715 1680 1580
w, br. s m s, br.
31 ~2470 1745 1705 1680 1590
vw, v br. vw, sh s w, sh m, br.
32 ~ 2460 1745 1705 1675 1640°
w, v br. vw, sh s w, sh w
~ 1600
m, br.
34/ 2420 - 1720 1690 1545
m, br. m s s
¢ Non-chelating, non-conjugated estercarbonyl stretchings (thione form, or other
cstergroups in the molecule).
® Non-chelating, conjugated estercarbonyl! stretchings (¢trans-enethiol form).
© Chelating, conjugated cstercarbonyl stretchings (cis-enethiol form).
4 y[C=S]: 1150cm™ " (s).
¢ a-allyl group.
7 v[C=N]: 2220cm ™! (s, sharp).
TaBLE 4. "TH NMR DATA OF S-ALKYLATED ENETHIOLS AND OF FTHYL THIOACETOTHIONOACETATE
For explanation of abbreviations and symbols, see Tables 1 and 2. The solvent is CCl,
TR Suz Osux Sscu, Sscn, Scn,” Oen,’ Iy Jvz
41A 235 534 — — 2:27 407 1-24 1-10
d q s q’ tt
41C 2:18 569 — — 230 407 1-24 - 1-15
d q s q* th
42A 236 553 — 351 — 416 1-28 - 1-10
d q s q" tt
362
s
42C 224 573 — 351 — 415 1-28 - 1-20
d q s q" ©
362
s
43A° 244 630 ? — — 446 1-41 1-0
d g q° b
43C 222 643 8-55 — 446 1-41 08 1-0
¢ q q q" t®

“ Estergroup protons.
> J=7Hz
¢ Percentages of tautomers in equilibrium in CCl, at 38°: A, 10%: B, 3%, (8¢pu,cs = 277 ppm): C, 87%.
¢ Hardly resolved dd.



3942 F. Duus

EXPERIMENTAL

'H NMR spectra were recorded at 60 MHz on a Varian A-60 spectrometer. Unless stated to the contrary,
the temps of the 20%, solns (w/w) were 38° + 2. TMS was used as internal reference standard, and the
chemical shifts are expressed in d-values (ppm) downfield from TMS, and are correct within 4002 ppm.
The coupling constants, measured on the 50 Hz scale, are expressed numerically in Hz with an accuracy
within +01 Hz.

Equilibrium concentrations were determined on solns kept in closed tubes at 38° for 6-14 days before
determination. 6-10 integrations of all usable signals allowed for calculation of percentages of tautomers
with an uncertainty less than 2%

IR spectra were recorded as 5% solns in CCl
resolution was desirable, on a Perkin-Elmer 521 spectrophotometer.

UV spectra werc measured on a Bausch & Lomb Spectronic 505 spectrophotometer. The solvent was
EtOH.

M.ps and b.ps are uncorrected. Unless stated otherwise the yields refer to the isolated, pure products.

The purity was checked by NMR and elementary analysis.

General procedure for preparation of open-chain a-H B-thioketo esters and a-alkyl B,B-dimercaptobutyrates

Method A. 0-1-0:3 moles of the B-keto ester were dissolved in 250 ml MeCN. After cooling to —60°,
the soln was saturated with H,S by passing dry H,S gas through it for 1 hr. Keeping the temp below — 50°,
dry HCI gas was passed through the soln for 1 hr, followed by H,S gas for a further 1--2 hr. The mixturc
was poured into a light petroleum/ice-water mixture under stirring, the layers were separated, and the
organic layer washed with water until neutral, and dried (CaSO,). The solvent was removed and the
remaining oil distilled.

Preparation of open-chain a-alkyl B-thioketo esters

Method B. 0-1 mole of the B-keto ester was dissolved in 250 ml 999, EtOH. The soln was cooled to —40°
and a stream of dry H,S gas passed through it for 1 hr, followed by dry HCI gas also for 1 hr. Keeping
the temp at —40° to — 35, dry H,S gas was passed through the soln for further 3-4 hr. The mixture was
worked-up as described under method A. The crude product was purified by distillatiion through a 25 cm
column or through a Fischer slit-tube column. Further purification via the lead salt of the enethiol (see
below) could be necessary.

Purification of enethiols forming stable lead salts

Method C. An excess of a saturated soln of Pb(OAc), in 509, aqueous EtOH was added to a 5%, soln
(w/w) of the enethiol in EtOH under stirring. After standing for $~1 hr, the yellow ppt was collected, washed
carefully with EtOH, and finally with ether. Then the lead salt was suspended in ether (or light petroleum),
and dil H,SO, was added slowly under stirring (exothermic reaction). When the yellow colour had com-
pletely disappeared, the organic layer was separated, washed with water, and dried (CaSO,). The solvent
was removed and the remaining oil distilled.

Purification of enethiols forming less stable lead saits

Method D. 200 m] of a saturated soln of Pb{OAc), in 50% aqueous EtOH was added to 100 ml of a
10-20%, soln (w/w) of the enethiol in EtOH under stirring. The heterogeneous mixture was transferred
into a 1 1. separating funnel and 150-200 m] water added. The mixture was washed 3-4 times with 300 ml
portions light petroleum. 200 m] light petroleum was added, and then 4 N H,SO, was added very slowly
(exothermic reaction) under frequent shaking, until the lead salt was completely decomposed. The layers
were separated and the organic layer washed with water and dried (CaSO,). The solvent was removed
and the remaining oil distilled.

Individual characteristics of the synthesized compounds, named in accordance with the predominating
tautomeric form, are given below.

Methyl 3-mercaptocrotonate (1). Prepared according to method A, yield: 80%: pink oil, b.p.,,: 67°,
nd®: 1:5102 (1it>® b.p.;;: 68-69°, n2®5: 1:5222): A, (108 £mss): 270 nm (400), 324 nm (sh). (Found: C,
4549: H, 610: S, 23-78. C;H40,S requires: C, 4545: H, 610: S, 24-:22%).

Ethyl 3-mercaptocrotonate (2). Method A, yield : 84%: pink oil, b.p.,,: 77°, n3®: 1:4962 (lit b.p.,,: 72-5-

74:5° b.p.,: 46-47°° b.p.;5: 77°37 b.p.y5: 75-80°%° b.p.o: 75-80°*" nd*3: 1-5375,% n}®: 1:5026%'):
Ammax (108 €may) : 270 nm (4:04), 3-22 nm (sh).
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Propyl 3-mercaptocrotonate (3). Method A, yield 85%: pink oil, b.p.,,: 90-91°, n3": 1-4937 (lit' b.p.,,:
93-94°): A (108 may): 270 nm (3-93), 324 nm (sh).
Isopropyl 3- mercaptocrotonate (4). Method A, yield: 86%, pink oil, b.p.,o: 79-80°, np’: 1-4891: 2.,

{log £..,): 270 nm (4-03), 322 nm (sh). (Found: C, 52-16: H, 7-54:

H, 7-55: S, 19-98%).

Butyl 3-mercaptocrotonate (5). Method A, yield : 80%, pink oil, b.p.,,: 104-105° n3*: 1-4890 (lit' b.p.,,:
103:5°): Amax (108 €may): 271 nm (3-97), 322 nm (sh).

Isobutyl 3-mercaptocrotonate (6). Method A, yield: 839, pink oil, b.p.;;: 99-100°, ng’: 1-4885: 4,,,
(108 &4ys): 271 nm (4-04), 324 nm (sh). (Found: C, 5497: H, 805: S, 18-41. C4H, ,O,S requires: C, 5516:
H, 810:S, 1837%).

sec. Butyl 3-mercaptocrotonate (7). Method A, yield: 95%, pink oil, b.p.,,: 96-97, n3®: 1-4881: 2.,
(108 €mgye): 270 nm (4-01), 322 nm (sh). (Found C, 5508: H, 826: S, 17-63. C4H,,0,S requires: C, 5516:
H, 810: 8, 18:37%).

Isoamyl 3-mercaptocrotonate (8). Method A, yield: 89%, pink oil, b.p.,,: 116-117°, n3>: 1-4880: A,
(108 £4ax): 270 nm (3-98), 320 nm (sh). (Found: C, 5681: H, 862: S, 17:56. CoH, 0,8 requu'es: C, 57-43:
H, 8:57: S, 17-00%).

2+4-Methylpentyl) 3-mercaptocrotonate (9). Method A, yield: 88%, pink oil, b.p.,,: 113-114°,
1-4824: 4 .,,, (108 €xay): 270 nm (4-07), 320 nm (sh). (Found: C, 59-34: H, 8-88: S, 1560. C,,H, 30, Srequlres.
C, 59-38: H, 897: S, 1582%).

3-(5-Methylheptyl) 3-mercaptocrotonate (10). Method A, yield : 83%, pink oil, b.p.,,: 138°, n33: 1-4848:
Amax (108 £000): 271 nm (403), 322 nm (sh). (Found: C, 62:54: H, 9-61: S, 13-86. C,,H,,0,S requires: C,
62:58: H, 9-63: S, 13-89%).

Cyclohexyl 3-mercaptocrotonate (11). Method A, yield 77%, pink oil, b.p.;,: 140° ng’: 1-5187: A,
(108 £max): 270 nm (4-02), 322 nm (sh). (Found: C, 59-60: H, 8-08: S, 15:65. C,,H,,0,S requlres C, 5998:
H, 8:05: S, 1598%.).

Allyl 3-mercaptocrotonate (12). method A, yield: 84, pink oil, b.p.,,: 92-93°, n§>: 1-5141: 4_,, (log
£max): 271 nm (4:04), 322 nm (sh). (Found: C, 52-77: H, 6-37: S, 20:35. C,H,,0,S requires: C, 5316: H,
6-37; S, 2024 %).

Benzyl 3-mercaptocrotonate (13). Method A, yield : 80%, pink oil, b.p.o.os: 98° n3%: 1:5650 (1it.*? b.p.q.os:
98°, n3'3: 1:5665): Apux (108 £mad: 271 nm (4:02), 324 nm (sh).

1 Phenylethyl 3-mercaptocrotonate (14). Method A, yield: 70%, pink oil, b.p.g.qs: 95-96, n3®: 1:5577:

max (108 Emax): 271 nm (4-05), 322 nm (sh). (Found: C, 64-34: H, 635: S, 1443. C,,H, ,0,S requires: C,
6485: H, 6:35: S, 14-40%.).

Ethyl 3-mercaptopent-2-enoate (15). Method A, yield: 78%, pink oil, b.p.,,: 90-91°, n33: 1.4975: A_,,
(108 £mes): 372 nm (3-98), 324 nm (sh). (Found: C, 52:10: H, 7-56: S, 20:07. C,H,,0,S requires: C, 52:49:
H, 7:55: S, 19-98%).

Ethyl 3-mercaptohex-2-enoate (16). Method A, yield: 91%, pink oil, b.p.;o: 98-99° n2%:1-4928: i .,
(108 €aay): 273 nm (4-:04), 325 nm (sh). (Found: C, 5529: H, 798: S, 17-90. C4H, ,O,S requires: C, 55-16:
H, 8-10: S, 18-37%).

Ethyi 3- mercapto-4 methylpent-2-enoate (17). Method A (reaction temp < —40°), yield: 90%, pink oil,
b.p.1o: 93° nd%: 1:4906: Apu, (108 €max): 274 nm (4-00). (Found: C, 5528: H, 8-06: S, 1793. CgH,,0,S
requires: C, 55 16 H, 8-10: S, 1837%).

Ethyl 4,4-dimethyl-3-mercaptopent-2-enoate (18). Method A (reaction temp < -40°), yield: 88%, pink
oil, b.p.,o: 100-101°, n3%: 1-4937: i_., (log ¢.,): 278 nm (401). (Found: C, 57-85: H, 8-68: S, 17:09.
CgoH,40,S requires: C, 57-43: H, 857: S, 17-00%,).

Ethyl A-ethoxycarbonyl-3-mercaptocrotonate (19). Method A (reaction temp: —40°), yield: 65%, pink
0il, b.p.g.0e: 90-91°, n3%: 1:4959 (lit b.p.o.3: 94:5-95:5°"! b.p.;5: 128° (dec)*®), J,uy (108 £ny): 273 nm (3-99),
324 nm (sh).

Ethyl 3-mercaptocinnamate (20). Method A (reaction temp: — 30°). Purification according to method C,
yield: 37%, bluish-violet oil, b.p.q.;5: 114-115°, nd3*: 1-5865 (lit b.p.¢.;: 110° b.p.g.;: 114-115°'2 b.p.g.5:
102°,3 n23: 1:5840%1): Ap.,: 234, 255, 292 nm. A 52% yield was obtained, when the reaction was carried
out in EtOH at 0°, second H,S supply: 7 hr (compare refs 1, 12, 13, and 41).

Ethyl 3-mercapto-(p-nitrocinnamate) (21). Known method.'* The yield was increased to 82%, by lowering
the crystallization temp to —40°. White crystals with a bluish-green tinge, m.p. 79-80° (lit'* yield: 37%,
m.p. 80--81°), 4,,.: 265 nm, 314 nm (sh).

Ethyl 2-methyl-3-mercaptocrotonate (22). Method B. Purification according to method C, yield: 24%,

10 L7 M l' .......... Fall < W [+
19-67. C,H,,0,S regiiires: C, 52:49:

54’}
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pink oil, b.p.,,:90-91°, nd3: 1:5075 (lit** b.p.,4: 95%): Apex (10 Emar): 268 nm (4-00). (Found : C, 52:25: H,
7-58: S, 19:71. C;H,,0,8 requires: C, 52:49: H, 7-55: S, 19-88%/).

Ethyl 2-ethyi-3-mercaptocrotonate (23). Method B. Purification : method D, yield : 40%, pink oil, b.p.,,:
102-103°, nd®: 1:4996 (1it** b.p.,: 85°*): Apax (108 Emax) : 269 N (3-96). (Found : C, 54-70: H, 8-01: S, 18-40.
CgH, 0,8 requires: C, 5516: H, 810: S, 18:37%,).

Ethyl 2-propyl-3-mercaptocrotonate (24). Method B. Purification: method D, yield: 23%, pink oil,
b.p.: 110-112°, ndS: 1-4897: 2, (10 £,4y) : 269 nm (3-95). (Found:: C, 57-51: H, 841: 8, 16:54. CoH,,0,S
requires: C, 57-43: H, 8-57: S, 17-00%)).

Ethyl 2-isopropyl-thioacetoacetate (25). Method B. The NMR spectrum of the crude reaction product
showed contents of the desired product (719;), of parent B-kcto ester (25%), and of corresponding gem-
dithiol (4%, dy. = 1-86 ppm (compare gem-dithiols below)). Distillation through the 30 cm Fischer slit-
tube column gave the pure product in 36%, yield. Intensive wine-red coloured liquid, b.p.,,: 95-96°, n33:
1-4693. (Found: C, 5742: H, 842: S, 1673. C4H,40,S requires: C, 57:43: H, 857: S, 17-00%,).

In one experiment the second H,S-supply was prolonged to 8 hr (—35). The NMR analysis of the
crude product showed no deviation from that described above with the exception of a small, extra content
(~5%) of a polymer (presumably a trimer,' 8,,. = 2:12 ppm). In another experiment, the mixture obtained
according to method B, was allowed to stand at —20° for 16 hr before working-up. The NMR spectrum
of the crude oil was very complex, showing, besides a lot of peaks arising from unidentified products, peaks
corresponding to contents of gem-dithiol (~ 30%.), of polymer (~3 %), and of the thione and the B-kcto
cster (traces).

On standing at room temp for 4 months, the colour of the crude product, obtained according to method
B, faded, and simultancously the sample viscosity increased. The NMR spectrum of the pale yellow-red
oil showed an increased content of B-keto ester (hydrolysis of the thione by moist), and, as main component,
the polymer. Attempted fractionated distillation at low pressure (0-15 torr) through the slit-tube column
allowed for complete scparation of the keto ester, but the polymer decomposed to the thione which
distilled over (analytically pure), leaving an unidentified very high-boiling residuc in the distillation flask.

Apparently, it is not possible to purify the thione via the lead salt. The latter, which on attempted
preparation was formed slowly and only incompletely, was pasty and decomposed rapidly to a dingy
suspension.

Ethyl 2-butyl-3-mercaptocrotonate (26). Method B. Purification: method D, yield: 22%, pink oil,
b.p.g13: 62-63¢, n33: 1:4924. ;.. (108 Emax): 269 nm (3-96). (Found: C, 59-13: H, 8-98: S, 1608. C,,H,,0,S
requires: C, 59-38: H, 8:97: S, 1582%,).

Ethyl 2-octyl-3-mercaptocrotonate (27). Method B. Purified by distillation, yield : 209, pink oil, b.p.q 5
110°, n3®: 1-4850: )., (10g £,a): 271 n1m (3-90). (Found: C, 6483: H, 10-11: S, 12:29. C, ,H,0,S requires:
C,6508: H, 1014: S, 12:39%).

Ethyl 2-(2-ethoxycarbonylethyl)-3-mercaptocrotonate (28). Method B. Purification: method D, yield:
27°, pink oil, b.p.g 77 92 93°, n2%: 1:4954 (1it® b.p.g ¢: 121°, n2%: 1-4938): A .. (108 £mg,): 281 nm (3-97).
(Found: C, 53-71: H, 7-41: S, 12-86. C,,H,30,S requires: C, 53-65: H, 7:37: S, 12:99%).

Ethyl 2-ethoxycarbonyl-3-mercaptocrotonate (29). Method B. Second H,S supply prolonged to 20 hr at
room temp. Purified by distillations, yield: 63%, pale pink oil, b.p.,,: 138°, n3*: 1-4957 (lit b.p.,;: 138-
1399, b.p.y,: 124-125°17 b.p.,: 120 #3), 2, (10€ £mex): 277 nm (4-00), 325 nm (sh).

Ethyl 2-chloro-3-mercaptocrotonate (30). Method B, sccond H,S supply: 18 hr, during which the temp
was raised to — 5°. Purified by distillation, yield: 96%, pink oil, b.p.,;: 100-101°, n®: 1-5255 (lit® b.p.g 4:
57 58°, nZ%: 1:5275): Apex (108 €na): 277 nm (396). (Found: C, 40-02: H, 503: S, 18-01: Cl, 20-17.
C¢H,CIO,S requires: C, 39-89: H, 502: S, 17-75: Cl, 19-63%,).

Ethyl 2-methyl-3-mercaptocinnamate (31). Method B, second H,S supply: 90 hr at room temp. The crude
oil was dissolved in 400 ml of MeCN and a slight cxcess of a saturated soln of P{OAc), in 50%, aqueous
EtOH was added under stirring. After standing for 41 hr, the precipitated lead salt was filtered, washed
with MeCN;, with light petroleum, and dried (excicator). The bright yellow powder was suspended in
light petroleum and H,S gas was passed through the suspension for 2 hr. Precipitated PbS was filtered off,
the filtrate was dried (CaSO,), and after removal of solvent, the remaining oil was distilled, yield: 17%,,
pale blue oil, b.p.g go: 8B8-89°, n2®: 1-5665: 1,., (108 ¢,..): 279 nm (3-99). (Found: C, 65-19: H, 6-38: S,
14-73. C ,H, ,O,S requires: C, 64-85: H, 6:35: S, 14-40%;).

Ethyi 2-allyl-3-mercaptocrotonate {32). Mcthod B, punification: method D, yield: 30%,, pink oil, b.p.g ;:

* Purity questionable. Starting material : b.p.,: 76-78°.
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64-65°, nd*: 1-5097 (immediately after the distillation): A, (10g &..,): 275 nm (3:97). (Found: C, 58 34:
H, 763: 8, 16:87. CoH, ,O,S requires: C, 58-:05: H, 7-58: S, 17-19%).

Ethyl 2-cyano-3-mercaptocrotonate (34). Known method.!” Overall yield: 42%, White crystals which
are coloured red by sunlight, m.p.: 77° (lit'” m.p.: 71°: 1, (log &,,.): 290 nm (3-97), 3-41 nm (3-99).

Action of H,S on ethyl diacetylacetate (35’). Four experiments in 01 mole scale were carried out :

(a) under conditions as described under method A. The tricarbonyl compound was regencrated almost
quantitatively.

{b) as method A with the exception that the second H,S supply was maintained for 20hr during which
the temp was allowed to rise to 0° (ice -water bath). Otherwisc, following the usual working-up procedure,
the starting material was regenerated (78%).

(c) as method B. Second H,S supply: S hr. The reaction temp was carefully kept below —50°. Regenera-
tion of starting material (83%,).

(d) as method B. The second H,S supply was prolonged to 16 hr, and the temp was allowed to increase
to 0°. In contrast to the three preceding experiments, the NMR spectrum of the crude oil clearly indicated
a reaction having taken place. On distillation, 86 g of a fraction with b.p.,,: 93-103° was collected. Its
NMR spectrum showed the presence of two compounds, the enethiol 2 (17, overall yicld: 8%,), and the
gem-dithiol, ethyl 3,3-dimercaptobutyrate (40)' (83%, overall yield: 41%).

Preparation of ethyl 3-mercaptocinnamate (20) by action of H,S on ethyl 2-acetylbenzoylacetate (36'):
10-4 g (45 mmolcs) of 36’ were dissolved in 150 ml of 99%, EtOH and reacted with H,S/HCI as described
under experiment (d) above. Distillation of the crude oil gave purc 20 (yield: 76Y,,).

Ethyl 2-methyl-3,3-dimercaptobutyrate (22D). Method A, vield: 79%, (90%; purity, calc. from elementary
analysis and the NMR spectrum), b.p.o ,3: 52 54%, n3®: 1-4967 (lit® bp.o.s: 65°. n3®: 1:5008): NMR
(CS,): 1125 (3H,t, J =7), 1132 (3H,d. J = 7), I'78 (3H, m), 2279 (1H, g, J = 7). 296 (2H, m), 409 (2H,
g, J = 7). (Found: C, 44-25: H, 7-35: §, 31-65. C,H,,0,S, requires: C, 43-29: H, 7-27: S, 32:96%,).

Ethyl 2-propyl-3.3-dimercaptobutyrate (24D). Method A, yicld: 83%, (90%, purity), b.p.o.,s: 80% nd®:
14883 (lit® b.p.y 5: 787, nd’: 1-4918): NMR (CS,): 1125 3H, t, J = 7), 0-8-1:5 (5H, br.m), 1-5-19 (2H,
br.m), 1-77 (3H, m), 25 2-8 (1H, m), 2:89 (2H. m), 409 (2H, q, J = 7). (Found: C, 49-57: H, 821: S, 27-59.
CyH, 40,8, requires: C, 48-64: H, 816: S, 28-80%).

Ethyl 2-butyl-33-dimercaptobutyrate (26D). Method A, yield: 88% (90%, purity), b.p.g.3s: 92°. n3*:
1-4875: NMR (CS,): 089 (3H, br.t, J ~ 6), 1-25 (3H, t, J = 7), 1:0-1-5 (4H, br.m), 1-:6-2:0 (2H, br.m), 175
(3H, m), 2-5-2-8 (1H, m), 2:88 (2H, m), 409 (2H, g, J = 7). (Found: C, 51-61: H, 858§, 2598. C,,H,,0,S,
requires: C, 50-83: H, 8:53: S, 27-09%,).

2-Methyl-2-(1-ethoxycarbonylethyl)-1,3-dithiolan-4,5-dione (37), 9-7 g (50 mmoles) of 22D were treated
with 6-7 g (50 mmoles) of oxalyl chloride according to a known method,? yield: 1-7 g (139;), white crystals,
m.p. 70-71° {lit® m.p. 70-71°): IR, ¥y[C—0]: 1740 cm ™~ (s}, 1710 cm ™! (vs).

2-Methyl-2-(1-ethoxycarbonylethyl)-1,3-dithiolan-4,5-dione (37), 9-7 g (50 mmoles) of 22D were treated
with 67 g of oxalyl chloride,” yield: 2:1g (15%), b.p.g 4: 142 146°, m.p. 28° (EtOH): IR, v[C=0]:
1740cm ™" (s), 1710cm ™! (vs). (Found: C, 47-82: H, 588: S, 22-69. C, H 40,8, requires: C, 47-82: H,
584:8,2317%)

2-Methyl-2-(1-ethoxycarbonylpentyl)-1.3-dithiolun-4,5-dione (39). 11-8b (50 mmoles) of 26D were
treated with 67 g of oxalyl chloride,® yield 23 g (16".), b.p.g.oe: 133-140 . m.p. 33 34 (EtOH): IR,
v[C=0]: 1740cm ™" (s), 1710cm ™' (vs). (Found: C, 4935: H, 619: S, 22:15. C,,H,,0.8, requires: C,
49-65: H, 6:25: 8, 22:05%,).

Ethyl 3-(methylmercapto)-crotonate (41). 24-9 g (0-1 moles) thallous ethoxide dissolved in 25 ml light
petroleum were added dropwise during 15 min to an ice<cooled, stirred soln of 14-6 g (0-1 moles) of 2 in
100 ml light petroleum. Stirring was continued at 0° for 30 min. Then a soin of 142 g (01 moles) Mel in
25 ml light petroleum was added under stirring during 5 min, and the mixture was refluxed overnight.
After cooling, the mixture was filtered. The solvent was removed from the filtrate and the remaining
colourless oil was distilled, yield: 12-4 g (78%,), b.p.,,: 116-130" (mixture of cis- and trans-isomers, 83-5%,
and 16:5%, resp., calculated from the NMR spectrum). Repeated fractional distillatiion gave the pure
cis-isomer 41C, b.p.,,: 124-126°, n}>: 1:5255: j ,, (10g £.,,.): 287 nm (4 10). IR, v[C=0]: 1710cm ™' (s):
v[C=C]: 1600cm ™" (s). (Found: C, 52:38: H, 7-53: S, 1998. C,H,,0,S requires: C, 52:49: H, 7-55: S,
19-982;).

A sample of pure 41C was kept in a closed tube at 5° for 6 months. The subsequent NMR analysis
showed contents of both the cis- and the trans-isomer, 82-5 + 1%, and 17-5 + 1", respectively.

Methyl 3-(ethoxycarbonylmethylmercapto)-crotonate (42). 13-2g (01 moles) of 1 were treated with
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equivalent amounts of TIOEt and Mel as described above. After removal of precipitated TII from the
mixture (filtration), the latter was kept at — 15° for 20 hr. The precipitated white crystals were isolated by
filtration and dried. The solvent was removed from the filtrate which, after distillation, gave 52g of a
colourless oil, b.p.,;: 162-170°. This was identified by NMR as a pure mixture of the isomers 42A (767;)
and 42C (24%). (Found : C, 49-36: H, 6:28: S, 14-:36. CyH,,0,S requires: C, 49-54: H, 647: S, 14-67%).

The white crystals obtained by the filtration (51 g) were identified by NMR as pure 42C, m.p. 34°;
Ao, (log €,,): 272nm (411): IR, v[C=O0]: 1740cm ™" (s), 1715 cm™! (s), v[C=0]: 1605cm™"' (s).
On standing at room temp, the crystals slowly liquefied. This process was followed by NMR and found to
be due to progressive isomerization. Equilibrium was reached after 4-6 months (42A: 79 + 17, 42C:
21 4+ 1%).

Ethyl 3-mercaptothionocrotonate (43). 20-8 g (0-2 moles) ethyl thionoacetate were added dropwise at
room temp to a stirred soln of EtONa in EtOH (2-3 g Na dissolved in 100 ml EtOH) during 30 min. Stirring
was continued for 30 min at room temp and subsequently for 1 hr at reflux temp. After standing overnight
at room temp, 400 ml H,0 was added, and the agueous soln washed twice with ether. 100 g of crushed ice
and 400 ml ether were added. Then, under stirring, 4 N HCl was added until the H,O-layer showed acid
reaction. The layers were separated, the ether layer wag washed with 301 N HCI, and dried (CaSO,).
After removal of ether, the remaining dark-red oil was distilled twice to give 3-8 g (23%) of 43: orange-red,
loathfully smelling oil, b.p.,,: 111-112°, n3%: 1:6075 (1it*® b.p.g 5: 70-81°): Apy, (108 £mee): 273 nm (3-75),
328 nm (3-97), 411 nm (3-12): IR, v{C=C]: 1570 cm~"' (s). (Found: C, 44-05: H, 614: §, 39-18. C;H,,0S,
requires: C, 4444 H, 6:22: S, 39-47%).
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