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The title N-allylthioamides (1a—f) were synthesized in the reaction of allyl isothio-
cyanate with enamines (1a—c) and 1,3-diketones (1d—f), respectively, carried out in an
acetonitrile solution in the presence of DBU. When treated with the bromine—dioxane com-
plex or with iodine, they underwent cyclization to the corresponding derivatives of
4,5-dihydrothiazole (2a—g). NMR spetroscopy made it possible to elucidate the tauto-
meric structures of the thioamides and thiazolines.
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The thioamide derivatives of unsaturated carboxylic acids as well as N-alkenyl-
thioamides are often used in the synthesis of heterocyclic compounds [1-10]. A
nucleophilic attack of the sulfur or nitrogen atom on the electrophilic center gener-
ated from the olefinic bond can be responsible for this intramolecular hetero-
cyclization, although an electrophilic mechanism initiated, for instance, by increased
electrophilicity of the thiocarbonyl function owing to its S-methylation has to be also
considered. In the presence of Lewis acids N-allylthioamides cyclize to form, de-
pending on the substituents at the olefinic center, the appropriate 4,5-dihydrothiazoles
or 1,3-thiazines [1]. A higher regioselectivity was observed when p-toluenesulfonic acid
or phenylselenyl bromide were used as the heterocyclizing agents [2]. Only 4,5-
dihydrothiazoles were obtained in the cyclizations promoted by a halogen [3].

A similar intramolecular heterocyclization induced by electrophilic agents is also
known in the case of the thioamide derivatives of y,5-unsaturated carboxylic acids.
2-Iminothiolactones [4] and y-lactams [5—7] were obtained in this way with high
chemo- and regioselectivity. The research carried out by Takahata and co-workers on
the asymmetric 1,2-allyl [6] and 1,3-homoallyl [7] induction in the synthesis of y-lac-
tams led them further to the synthesis of chiral amino acids [8]. An analogous syn-
thetic procedure was used later to investigate the stereochemical aspects of the
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iodine-promoted heterocyclization of P-substituted 8,e-unsaturated thioamides,
which effected in the formation of 4,6-cis-disubstituted d-lactams [9].

A simple Friedel-Crafts synthesis of the N-allylthioamides derived from aro-
matic and heteroaromatic carboxylic acids and their cyclization to the appropriate de-
rivatives of 4,5-dihydrothiazole have been published earlier [10]. The present
research is concerned with the synthesis of the N-allylthioamides derived from cyclic
oxo and dioxo carboxylic acids and with their subsequent cyclization. In addition to
the synthetic results, a NMR study of the tautomeric equilibria in the thioamides and
4,5-dihydrothiazoles is also presented. The investigation of such equilibria by tracing
the deuterium isotope effects in the *C-NMR spectra was the subject of our earlier
publication [11].

RESULTS AND DISCUSSION

The N-allylthioamides derived from oxo acids (1a—1c¢) were obtained in the reac-
tion of allyl isothiocyanate with the appropriate enamine according to the method de-
veloped earlier for other thioamides [12], whereas those derived from dioxo acids
were prepared allyl isothiocyanate and the appropriate 1,3-diketone in the presence
of 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU). Best results were obtained when the
reaction was run at room temperature with 1 ml of DBU used per 1 g of the ketone.
Both reactions were regioselective and gave satisfactory yields of the products. The
analytical samples were prepared by column chromatography on silica gel.
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By treatment with iodine or with bromine—dioxane complex [13] in anhydrous
tetrahydrofuran the N-allylthioamides prepared (1a—g) were subsequently converted
into the corresponding 5-iodomethyl- (2e) and 5-bromomethyl-4,5-dihydrothiazoles
(2a—d, f, g), respectively. The bromine—dioxane complex, a softer electrophile than
the molecular bromine itself, was here applied as a reagent of particular convenience
in carrying out the reaction that required a precise dosage of bromine. A 10% aqueous
solution of sodium hydrogen carbonate was used to convert the hydrohalides of 2a—g
into the corresponding free bases, which for analytical purposes were purified by col-
umn chromatography on silica gel. The stereochemical course of the heterocycli-
zation process of unsaturated thioamides was investigated and described by us earlier
[14].

As shown in Scheme 4, both the N-allylthioamides 1 and the 4,5-dihydrothiazole
derivatives 2 may exist in tautomeric forms: The '>’C-NMR investigation of tautomer-
ism of a number of variously N-substituted thioamides derived from cyclic oxo and
dioxo carboxylic acids by the method of the deuterium isotope effect was described in
detail [11,15]. Furthermore, X-ray studies revealed that those derived from cyclic
1,3-dioxo acids occurred in the solid state as the ”cross-conjugated” m-electron sys-
tems [16].
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The 'H- and *C-NMR spectra clearly indicate that the thioamides 1a and 1b exist
in solution as mixtures of the keto (K) and enol (E) forms (Scheme 4, structures A and
B, respectively). The K/E ratio was estimated as 56:44 in the case of 1aand at 80:20 in
for 1b, while there was no trace of the enol form in 1c¢ (¢f. Table 1). In view of those
figures one may conclude that the K/E ratio depends on the ring size and that the pro-
portion of the keto form is increasing with ring size. Only one tautomer, namely the
enol form (Scheme 4, structure B), was observed in the thioamides derived from cy-
clic dioxo acids. For 1f, also a 1,3-dioxoderivative, only the enolic form is observed.
In this case an enol - thioenol tautomerism takes place (Scheme 4, B and C). This tau-
tomerism is clearly demonstrated from the observation of large deuterium isotope ef-
fects of both signs [15]. This kind of tautomeric equilibrium was also observed in the
corresponding methyl (1h) and phenyl derivative 1i[15]. The tautomeric equilibrium
is similar although not identical in these compounds (see below). No ketone form was
observed in CDCl; solution. The equilibrium is clearly shifted towards the enol form
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judging from the XH chemical shift as well as the C=S chemical shift. This is also in
line with the X-ray structure showing only the most stable tautomer, the enol form B
[16].
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The magnitude of the deuterium isotope effects for 1f at the C-1 (positive) and the
C=S carbon (negative) and the temperature dependence of the isotope effects at the
C=S carbon (less negative at lower temperature) shows that the equilibrium is shifted
towards the C—OH, (C=S)NH form (B, Scheme 4). A very similar picture is seen for
the methyl derivative, 1h in CDCl;. However, for the phenyl derivative 1i [15], the
isotope effects are much larger suggesting together with the finding of a higher chem-
ical shift of C-1 and lower of C=S that this compound is less on the B-form. This is
also supported by the XH chemical shifts of the phenol form (14.4 ppm) compared to
those of 1fand 1h (15.19 and 15.29 ppm, respectively). The aforementioned equilib-
rium isotope effects can best be understood by comparison with the 3-diketones [17].

A very unusual effect is observed at the C=S, C-1 carbons, the isotope effects are
non-additive, showing that even deuteration at the NH position is able to shift the
equilibrium slightly and indirectly demonstrating that the NH group most likely is in-
volved in hydrogen bonding with the C=0 group at position 3. The non-additivity is
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also observed in a very similar way for the methyl derivative. A closer scrutiny of the
data for the phenyl derivative likewise reveals non-additivity. The non-additivity is
seen for all carbons showing equilibrium isotope effect from deuteration at both the
OH and NH groups.

The tautomerism of 1f, 1h and the corresponding phenyl derivative 1i is clearly
helped by the annulated benzene ring, as the corresponding non-aromatic compound
1g, does not show any signs of tautomerism judging from the isotope effects (Table 3).
The reason that the some of the five-membered thioamides show tautomerism,
whereas the corresponding triketones [17] do not, can be ascribed to the longer S—-H
bond, thus being better able to form a hydrogen bond in a system with relatively long
distance between the heavy atoms (Rx.s = 2.441(2) A) [16].

The thiazoline derivatives 2a—g can theoretically exist, like the linear thioamides
la-g, in three tautomeric forms (Scheme 4, structures D, E, F). However, as evi-
denced by the 'H- and '*C-NMR spectra as well as by the ’N-NMR spectrum taken
for 2e, they occur only as the tautomers F. *C-NMR spectroscopy was here particu-
larly useful in identifying the five-membered heterocyclic moiety, whereas the 'H-
and ""N-NMR techniques pinpointed the NH form of this heterocyclic compound and
provided evidence for a B-dioxo structure of the carboxylic fragment. These struc-
tural conclusions are based first and foremost on the "H-NMR signals, which appear
in the 9.05—-11.73 ppm region and on the high value of the 'Jyy coupling constant
(95.5 Hz as observed from the ’N-NMR spectrum). A detailed presentation of the
NMR data of 2 is given in Table 2.

The discussion on tautomerism based on the present compounds and results and
those of references [11] and [15] can be summarized as follows: The thioamides con-
taining a single carbonyl group may exist as both the keto and enol forms, those with
two keto functional groups like 1f-1i as enol forms only. Some of these, the
benzannulated ones, 1f, 1g and 1i may furthermore be tautomeric. The thiazolines ex-
ist in the keto form.

EXPERIMENTAL

Melting points were determined with a digital Electrothermal apparatus, model IA9300, and are
given uncorrected. Infrared spectra were taken in KBr pellets with a Specord M80 instrument. NMR spec-
tra were recorded on a Bruker DPX 400 MHz spectrometer in a CDCl; solution and with TMS as internal
standard. Assignment were secured by measuring HETCOR and occasionally COLOC spectra. Micro-
analyses for C, H, S gave results within + 0.3% of the calculated values.

N-Allylthioamides of cyclic oxo acids (1a—c). General procedure. The appropriate enamine (0.05
mol) was treated in an Erlenmayer flask under stirring and ice-water cooling (0-3°C) with allyl
isothiocyanate (4.96 g, 0.05 mole) added dropwise over 30 min. Stirring was continued at the same tem-
perature for 30 min and the mixture was left thereafter for 24 h at 0-5°C. Upon hydrolysis with 2% hydro-
chloric acid (4 h) the mixture was extracted with ethyl acetate (2 x 100 ml) and the organic layer was
washed with water and dried with anhydrous sodium sulfate. Evaporation of the solvent left the crude
product that was purified by passing through a chromatographic column packed with silica gel; a
n-heptane-ethyl acetate mixture 6:4 for la and benzene for 1b, 1c was used as the eluent. Re-
crystallization from a suitable solvent was the final purification step.
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Synthesis of the N-allylthioamide derivatives of cyclic...
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N-Allylthioamides of cyclic dioxo acids (1d-i). General procedure. To a stirred and cooled (ice
bath) suspension of the suitable B-diketone (0.07 mol) and of allyl isothiocyanate (9.92 g, 0.1 mol) of
DBU (10 mL) was added at 0—2°C in small portions over 45 min. The homogeneous solution was stirred at
this temperature for 1 h, then left standing 1-3 days at room temperature, and thereafter poured into 20%
acetic acid (50% acetic acid has to be used in the case of indanedione). Enough ethyl acetate was added to
dissolve any oil present and the organic layer was washed with water, dried with anhydrous magnesium
sulfate, and concentrated under reduced pressure. The crude product was purified by column chromato-
graphy on silica gel with chloroform as the mobile phase and finally recrystallized from a suitable solvent.
Only in the reactions starting with indanedione the crude crystals were separated by filtration and next
recrystallized as above.

The synthesis of the compounds 1h and 1i we described previously [16]. The compound 1g was ob-
tained according to the procedure described previously [16]; yield 25%,. m.p. = 106—-107°C (ethanol).

5-Bromomethyl-4,5-dihydrothiazoles (2a—g). General procedure. The bromine-dioxane com-
plex (2.48 g, 0.01 mol) was added in small portions to the stirred and cooled (ice bath) solution of
N-allylthioamide (1a—f, 0.01 mol) in dry dioxane (15-20 mL). A slightly exothermic effect was observed
and deposition of crystals or oils begun soon. After 0.5—1 h dry diethyl ether was added to the mixture and
the crystalline material was filtered. Only in the reaction starting with 1b the addition of diethyl ether
caused deposition of an oil. The isolated hydrobromide salt was shaken for a few minutes with a 10%
aqueous solution of sodium hydrogen carbonate and the crystals were filtered off. The crude product was
dissolved in acetonitrile or acetic acid and filtered through a 10 cm layer of alumina followed by elution
with suitable solvent. The solid material left upon evaporation of the solvent was recrystallized from a
suitable solvent.
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