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The synthesis of some 5-substituted and 2,5-disubstituted
2,3-dihydro-1,2,4-triazine-3-thiones from arylglyoxals and the cor-
responding thiosemicarbazides is described. Prepared were also
different S-substituted 5-aryl-3-mercapto-1,2,4-triazines and some
reactions of these compounds are described. Comparison of the
ultraviolet and infrared spectra of some of these compounds
revealed that the first mentioned class of compounds exists in
the thione form.

Interest for different derivatives of 1,2,4-triazine was exhibited recently
in the works of Metze!:>3:4:56,%.8 gnd others®1%1L,1:, It is known that particularly
3-, b- or 6-substituted derivatives exhibit an intensive effect on central nervous
system’® and some were tested for their anti-TBC activity!4. 5-Substituted
2,3-dihydro-1,2,4-triazine-3-thiones are in literature usually formulated as
derivatives of 3-mercapto-1,2,4-triazine and they were not fully investigated.
Most of them are 5,6-disubstituted compounds, prepared from thiosemicarbazide
and 1,2-diketones'”!%'7 or diethyl oxomalonate!®. Of the few 5-substituted com-
pounds known!%1%20 the 5-phenyl one (IV) was one of the first, prepared by the
following reaction sequence:

¢,H,—CO—Cl + CH,N, — C,H,CO—CHN, —> C,H,COCH,N = N—CN
I

II
N
7 N\
CH NH A
— C,H,CO—CH,—N=N—CS—NH, — C.H _b Cc=s
Iila o7 N
N
v

In continuation of our work on substituted 1,2,4-triazines?!, we were in-
terested in the synthesis of 5-substituted 2,3-dihydro-1,2,4-triazine-3-thiones
and in the possible tautomerism associated with such compounds. Besides the
already mentioned synthesis a much simpler route leading to these compounds



124 M. TISLER

is the reaction of different arylglyoxals with thiosemicarbazide. The inter-
mediate monothiosemicarbazones can be readily cyclized to the corresponding
triazines:

Ar—CO—CHO+H,N—NH—CS—NH, — Ar—CO—CH=N—NH—CS—NH,
IIIb

The compounds IIla and IIIb from the reaction sequences A and B are
tautomers. The decision which of them is actually present could not be reached
by means of chemical examination of this compound. However, the structure
can be deduced from the preceding compound, e.g. II, which is on the basis
of its IR spectrum, where a typical NH-absorption band is revealed, correctly
represented as C;H,CO—CH=N—NH—CN. Thus the structure IIIb seems to
be more adequate than the corresponding IIla.

5-Substituted 2,3-dihydro-1,2,4-triazine-3-thiones form readily disulphides
in neutral ethanolic solution with aqueous iodine and these are readily reduced
back to the parent compounds with a solution of potassium metabisulphite or
with sodium sulphide. They react with an ethereal solution of diazomethane
giving rise to the corresponding S-methyl ethers (VI, R = CH,—). The iodine-
-azide reaction®, typical for compounds with the C=S or C—SH groups was
positive when the compounds contained a free sulphur group, whereas the
S-substituted compounds did not react. The sulphur atom is firmly bound and
the 5-phenyl (IV) or 5-phenyl-S-methyl compound (VI, Ar = C;H;-, R = CH,-)
could not be desulphurized with Raney-nickel or with boiling 20% agueous
monochloroacetic acid, the reaction which does easily proceed with the 4-sub-
stituted compounds?'. Here, instead of the desulphurization process, S-carboxy-
methyl compounds were formed (VI, R = —CH,COOH).

N N N
Z N\ Z N\ Z. N\
CH N CH N—R CH NH
! I l | 2 ‘
Ar—C C—SR Ar—C C=8 Ar—C C=0
N N_/ N/
N N N
VI vl VIII

The 5,6-disubstituted derivatives were demonstrated to split with 25%
nitric acid in the diketones from which they were prepared?, but with 33%
hydrogen peroxide in 10%o sodium hydroxide solution they were desulphurized
by prolonged heating?*?*, We have found that compound IV was rapidly de-
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sulphurized with hydrogen peroxide in conc. ammonia solution and the obtained
compound (VIII, Ar = C;H,-) was identical with the synthetic one, prepared
from phenylglyoxal monosemicarbazone®’. No splitting of the molecule was
observed. The oxo-compound can be transformed back into the thione by
refluxing it with a suspension of phosphorous pentasulphide in toluene.

The N-methyl- (VII, Ar = C;H;-, R = CH,-) and N-phenyl-compound (VIIL,
Ar = R = C,H,-) were prepared from the correspoding 2-substituted thiosemi-
carbazides. The last mentioned compound was obtained directly without the
isolation of the intermediate thiosemicarbazone only when phenylglyoxal was
used in large excess. Using molal amounts of components a bis-thiosemicarba-
zone was isolated as the only product.

The attempt to prepare a 5,6-dimethyl compound proved to be unsuccessful,
the experience which was encountered already in the case of the oxo-
-analogue?. ,

The parent compound, 1,2,4-triazine, remains still unknown?®® and it was
hoped to prepare it from 2,3,4,5-tetrahydro-1,2,4-triazine-3-thione (X) by simul-
taneous dehydrogenation and desulphurization. The last mentioned compound
was prepared from acetalylisothiocyanate (IX)** which was condensed with
hydrazine hydrate and after acidification the expected product (X) was
obtained.

CH(OC,H,), N
1 7/ \
CH, + H,N—NH, —— CH NH
I I
NCS CH, C=S
o #
NH
IX X

All further efforts to prepare the parent 1,2,4-triazine or to obtain the known
3-mercapto-1,2,4-triazine!” were not successful.

The reactivity of 5-substituted 2,3-dihydro-1,2,4-triazine-3-thiones towards
oxidation when disulphides are formed or the reaction with diazomethane
account for the presence of a thiol form. One can assume that both forms (XI)
and (XII) are interconvertible through an intermediate cation or anion.

It is therefore evident that only on the basis of chemical evidence no
decision for any structure can be reached. The thiol form was attributed so far
on the basis of acidity of these compounds and their behaviour in chemical
reactions, mainly oxidation. The weak acidity of these compounds is consistent
with both forms and the oxidation can be explained through the above men-
tioned transitional forms.

In order to establish unequivocally the presence or absence of the thiol
form, the ultraviolet and infrared spectra were recorded and correlated.

The thiol-thione tautomerism is of particular interest because there are
many natural or synthetic heterocyclic compounds which are of biological
interest (ergothioneine, thiourea derivatives, thiouracils, etc.) and where such
groups are involved in the oxidation processes. Recently, also a quantitative
approach to this problem was made in the case of simple mercapto-pyridines
and related compounds?®?,
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We have obtained much of the information about the possible formulation
from the ultraviolet absorption spectra. So far we know, there are no recorded
UV absorption spectra of the 5-substituted 2,3-dihydro-1,2,4-triazine-3-thiones,
except those of some 5,6-disubstituted compoundsi®3%, Spectroscopic investi-
gation of the thiol-thione tautomerism was extensively studied in the case of
different 2-mercaptobenzothiazoles®!,?282, The presence of the thione form in
an alcoholic solution became evident by comparison of the spectra of the
N-methyl derivative, which differed but little from the unmethylated com-
pound, and that of the S-methyl derivative where the absorption at a lower
wavelenght and a great reduction of intensity were observed. In alkaline
solution, however, the thiol form was favoured since the spectra of the S-methyl
and S-sodium derivatives were very similar.

N ‘ N

7 N 7 N
CH NH ¢ NH
| ) s | I
R—C C—SH R—C C—SH
N/ N S
N N
N N
N N
RN N
ci NH cH N
] ! | |
R—C c=s R—C C—SH
N /S N S
N
X1 XII
N N
N N
7\
cE  No cH N
! ‘> |
R—C (‘:=s R—C C—8)
~ /7 A4
N . N

We found an analogous situation in the case of our compounds. The ultra-
violet absorption spectra have revealed the presence of the thione form and
not the thiol form, contrary the customary formulation of the whole class of
compounds. First of all, replacement of hydrogen at the ring-nitrogen (position
2) of the heterocycle for methyl group does not change much the position of
the main absorption maximum. The 5-phenyl compound (IV) has the main
maximum at 300 mp. (¢ = 33.290), whereas its N-methyl derivative (VII, Ar =
= C;H;-, R = CH,-) absorbs at 297,5 my (¢ = 36.590). Substitution of the hydro-
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gen in the postulated thiol form of the same compound for the methyl group
(e. g. the S-methyl derivative, VI, Ar = C;H;-, R = CH;-) results in a hypso-
chromic shift in absorption, formation of an additional absorption maximum
at 262 my. and lowering of the absorption intensities. A hypsochromic shift is
also observed when the spectrum of IV was recorded in 0.1 N sodium hydro-
xide solution (Ap,y 285-6 mp., e = 27.580) indicating conclusively the presence
of the thione form (Fig. 1.). This finding is supported also on the basis of IR
data, where in the case of the 5-phenyl compound (IV) typical NH-absorption.
can be found and this is only possible when the thione form is present (XI,.
R = CH;-).

220 40 € L-1e] 300 20 4

) X [rau]

Fig. 1. Ultraviolet absorption specira of: 1 — 5-Phenyl-2,3-dihydro-1,2,4-triazine-3-thione (in etha--
nol), 2 — ’qhe. same compound in 0.1 N sodium hydroxide, 3 — 2-Methyl-5-phenyl-2,3-dihydro-
-1,2,4-triazine-3-thione (in ethanol), 4 — 3-methylthio-5-phenyl-1,2,4-triazine (in ethanol)

The UV spectra of the S-carboxymethyl compound (VI, Ar = C;H,-, R =
= —CH,COOH) and its methyl ester (VI, Ar'= C/H,-, R = —CH,COOCH,)
resemble very close that of the S-methyl compound, indicating that the reaction:
with monochloroacetic acid proceeds with an attack on the sulphur atom.
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On the basis of all these spectroscopic data we can conclude that the thiol
form is imperceptible with 5-substituted 2,3-dihydro-1,2,4-triazine-3-thiones,
.either with solid compounds or when dissolved in neutral solvents.

The examination of the IR spectrum of the desulphurized compound (VIII,
R = C,H,-) revealed the presence of a carbonyl group (absorption band at
1650 cm™) and the absence of OH-absorption bands. Thus, instead as a hydroxy-
.derivative?, the substance should be more correctly represented as 5-phenyl-
-2,3-dihydro-1,2,4-triazine-3-one.

EXPERIMENTAL

All melting-points were determined with Kofler’s heating microscope. If not
.otherwise stated the yields were good, allways over 70%.

I) Condensation of arylglyoxals with thiosemicarbazides
Phenylglyoxal-monothiosemicarbazone (IIlb, Ar = C.H;-)

Into a solution of 1.52 g. phenylglyoxal hydrate in 25 ml. of hot water a solution
«of 0.91 g. thiosemicarbazide in 50 mk of hot water, acidified with few drops of glacial
acetic acid, was added. Soon a yellow precipitate was formed, which was after
~cooling collected with filtration and recrystallized from ethanol and water (1:1). The
product melted at 170—710C (lit.1? gives m. p. 1700). Yield: 1.80 g., (88%a).

Anal. 3.892 mg. subst.: 0.692 ml. N, (19°, 743 mm.)
CyHgON3S (207.25) cale’d.: N 20.28%
found: N 20.32%

“The product was found identical with compound prepared by the procedure of Wolff
-and Lindenhayn!? from w-cyano-azoacetophenone and hydrogen sulphide.

,p—Chlorophenylglyoxal;monothiosemicarbazone (IITb, Ar = p-CI-C:H,-)

was prepared as above and recrystallized from ethanol and water (1:1). The compound
had no sharp m.p. and melted in an interval from 1700 to 1950 with decomposition.
"Yield: 56%.

Anal: 3.425 mg. subst.: 0.516 ml. Ny (179, 739 mm.)
CoHgON3SCl (241.70) calc’d.: N 17.39%6
found: N 17.24%

“p-Bromophenylglyoxal-monothiosemicarbazone (IIIb, Ar = p-Br-C;H,-)
M. p. 189—1908 (from ethanol). Prepared as above with 72% yield.

Anal. 3.729 mg. subst.: 0.490 ml. Ny (240, 736 mm.)
CyHgON3SBr (286.16) calc’d.: N 14.69%6
found : N 14.62%%

.Phenylglyoxal-mono-2-methylthiosemicarbazone

A solution of 1.52 g. of phenylglyoxal hydrate in 10 ml. of boiling water was
-added to 1.05 g. of 2-methylthiosemicarbazide34, dissolved in 10 ml. of hot water
and acidified with two drops of glacial acetic acid. A red oil soon separated and
after cooling the product solidified. After recrystallization from ethanol the pale
_yellow needles melted at 162—1630. Yield: 1.65 g., (75%0).

Anal. 3.487 mg. subst.: 0.583 ml. Ny (19°, 742 mm)
Ci10H;1ONS (221.27) calc’d.: N 19.00%
found : N 19.08%

Phenylglyoxal-bis-(2-phenylthiosemicarbazone)

0.1 g. of 2-phenylthiosemicarbazide and 0.09 g. of phenylglyoxal hydrate were
‘refluxed with (10 ml) of ethanol for 5 min. After cooling the solution was diluted
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with the same volume of water, the precipitate collected and recrystallized from
ethanol and water (1:1). Yield: 0.115 g. (89%). M. p. 2040.

Anal. 3.579 mg. subst.: 0.618 ml. Ny (20° 747 mm)
CooHagNgSs- (432.56) calc’d.: N 19.44%
found : N 19.77%

II) Syntheses and reactions of 1,2,4-triazine derivatives

5-Phenyl-2,3-dihydro-1,2,4-triazine-3-thione (IV)

When phenylglyoxal-monothiosemicarbazone (1 g.) was refluxed for 10 min. with
a 10% aqueous solution of potassium carbonate and after cooling the solution
acidified with hydrochloric acid (1:1) a red precipitate was obtained which crystal-
lized from ethanol or ethanol and water (1:1) in red needles with m. p. 197—1980 (lit.19
gives m.p. 2009. Light absorption: in ethanol: Amax. 240 mu (¢ = 5.520) and Amax.
300 mp (e = 33.290); in 0.1 N sodium hydroxide: imax. 285—6 mu (¢ = 27.580).

Anal. 2,575 mg. subst.: 0.512 ml. N» (22° 735 mm)
CyoH;N3S (189.23) calc’d.: N 22.21%,
found : N 22.25%

By the same procedure the following three 1,2,4-triazine derivatives were prepared
and in all cases the yields were fairly good.

3-(p-Chlorophenyl)-2,3-dihydro-1,2,4-triazine-3-thione (V, Ar = p-CI-C;H,-) .
M. p. 208—2100 (from ethanol).

Anal. 3.463 mg. subst.: 0.565 ml. Ny (18°, 740 mm)
CyHgN3SCI (223.68) calc’d.: N 18.78%
found : N 18.63%

5-(p-Bromophenyl)-2,3-dihydro-1,2,4-triazine-3-thione (V, Ar = p-Br-C,H,-)
M. p. 202—2039 (from ethanol).

Anal. 3.832 mg. subst.: 0.539 ml. Ny (23° 736 mm)
CpHgN3SBr (268.14) calc’d.: N 15.67%0
found : N 15.70%

2-Methyl-5-phenyl-2,3-dihydro-1,2,4-triazine-3-thione (VII,

Ar = CH;-,R = CH;-)

M. p. 1940 (from ethanol). Light absorption (in ethanol): Amax. 243 mu (¢ = 6.260) and
Amax. 297.5 mu (e = 36.590).

Anal. 3.325 mg. subst.: 0.618 ml. Ny (22°, 739 mm)
C10HgN3S (203.26) calc’d.: N 20,68%0
found : N 20.91%

2,5-Diphenyl-2,3-dihydro-1,2,4-triazine-3-thione (VII, Ar = R = C;H;-)

0.2 g. of 2-phenylthiosemicarbazide were added to a boiling solution of 0.3 g.
phenylglyoxal hydrate (77%0 excess) in 10 ml. ethanol, the mixture heated 1—2 min.
to boiling and then left aside. The cooled solution was diluted with twice its volume
of water and the milky solution was left overnight for crystallization. The crystals
were purified by recrystalization from ethanol and melted at 1920. Light absorption
(in ethanol): Amax. 244 mu (¢ = 7.930) and Amax. 305—306 mu (¢ = 29.940).

Anal. 4.367 mg. subst.: 0.608 ml. N, (210, 740 mm)
C1sH11N3S (265.32) calc’d.: N 15.84%0
found : N 15.74%

Bis-(5-phenyl-1,2,4-triazine)-3-disulphide

When an ethanolic solution of (IV) was titrated with an aqueous solution of
iodine an almost theoretical quantity was consumed and after dilution with water
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the collected precipitate was recrystallized from ethanol. M. p. 1890 (lit.1® gives m.p.
1830) undepressed with a specimen, obtained by the nitric acid oxidation procedure?s.
Light absorption (in ethanol): Amax. 243 mp (¢ = 24.510) and Amax. 288 mu (e =24.850)..

Anal. 2.371 mg. subst.: 0.473 ml. Np (210, 733 mm)
C18H12N682 (376 40) calc’d.: N 22.33%
found : N 22.34%

The disulphide can be reduced back to the parent compound using one of the fol-:
lowing procedure:

a) With potassium metabisulphite. 0.1 g. of the disulphide were refluxed with
0.5 g. of potassium metabisulphite in 10 ml. of 0.1 N potassium hydroxide for 5 min.
and the clear solution was thereafter acidified with hydrochloric acid (1:1) and again
heated to boiling to expel sulphur dioxide. The obtained yellow-orange needles, which
separated on cooling, were recrystallized from ethanol and melted at 197—1989,
undepressed with an authentic specimen of IV.

b) With sodium sulphide. 0.1 g. of the disulphide, 0.5 ml. of ethanol and 1.0 g..
of sodium sulphide (Na=S-9 H:O) in 5 ml. of water were heated to‘boiling until a
clear solution resulted. After acidification the obtained orange precipitate was.
crystallized from ethanol and melted at 197—1980, undepressed with an authentic
specimen of IV.

3-Methylthio-5-phenyl-1,2,4-triazine (VI, Ar = C;H,-, R = CH,-)

The 5-phenyl-compound (IV) reacted rapidly with an ethereal solution of
diazomethane giving rise to the S-methyl compound. After purification from ethanol
and water (2:1) it formed orange-yellow needles with m. p. 940. Light absorption (in
ethanol): Amax. 244 mu (¢ = 10.640), 269 mu (¢ = 16.260) and 286 mu (¢ = 16.450).

Anal. 3.426 mg. subst.: 0.640 ml. N, (240, 735 mm)
C10HgN3S (203.26) calc’d.: N 20.68%/
found : N 20.76%0

3-Methylthio-5-(p-chlorophenyl)-1,2,4-triazine (VI, Ar = p-Cl-C;H,-, R = CH,-)
Prepared as above. After recrystallization from ethanol it formed yellow micro-
crystals with m. p. 1630.

Anal. 3.790 mg. subst.: 0.605 ml. N, (240, 734 mm)
C10HgN3SCl (237,71) calc’d.: N 17.68%
found : N 17.69%0

3-Carboxymethylthio-5-phenyl-1,2,4-triazine (VI, Ar = C;H,-, R = CH,-CUOH)

0.5g. of (IV) were refluxed with 10 ml. of 20% aqueous monochloroacetic acid’
for one hour. After cooling colourless crystals separated and they were recrystallized
from ethanol. M. p. 1930. Yield: 0.6 g. (92%). Light absorption: in ethanol: Amax. 266 mp
(e = 14.690) and 283 mu (e = 14.150); in 0.1 N sodium hydroxyde: Amax. 268 mp.
(e= 14.950).

Anal. 3.898 mg. subst.: 0.603 ml. N, (21°, 728 mm)
C11HgO2NsS (247.27) calc’d.: N 17.00%0
i found : N 17.20%

The acid, after treatment with an ethereal solution of diazomethane, afforded the
methyl ester (VI, Ar = C¢Hs;-, R = — CH,COOCH3). This ester was purified from.
ethanol and water (3:1) and the yellow plates melted at 910. Light absorption (in.
ethanol): Amax. 244 mu (e = 12.860), 262 mu (¢ = 13.690) and 283 mu (¢ = 13.380).

Anal. 4.215 mg. subst.: 0.597 ml. N, (210, 738 mm.)
C12H1102N3S (261.29) calc’d.: N 16.09%%
found : N 16.97%
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5-Phenyl-2,3-dihydro-1,2,4-triazine-3-one (VIII, Ar = C,H;-)

0.2 g. of compound (IV) were dissolved in 2 ml. of conc. ammonia solution, 2 ml.

©of water added and then 0.5 ml. of 55°% hydrogen peroxide were added dropwise.
After gentle heating a yellow precipitate was formed which turned green after
acidification with hydrochloric acid. The obtained precipitate was filtered, washed
with water and for purification dissolved in 0.1 N sodium hydroxide, filtered and
slowly precipitated with acid. The compound was recrystallized from water and
had m. p. 2349, undepressed with an authentic sample of 5-phenyl-2,3-dihydro-1,2,4-
triazine-3-one?5. This oxo-compound can be transformed back to the thiono-compound
using the following procedure: 0.5 g. of the oxo-compound were suspended in 15 ml.
of boiling toluene and 0.15 g., of commercial phosphorous pentasulphide added.
‘The mixture was refluxed one hour, filtered hot and after cooling an orange
precipitate was obtained which was purified from ethanol and melted at 1980, m. p.
undepressed with an authentic specimen of IV.
‘The attempted desulphurization of IV with Raney-nickel in boiling absolute
ethanol proved to be unsuccessful as after many hours of refluxing the unchanged
compound was recovered. The same happened also with 3-methylthio-5-phenyl-1,2,4-
-triazine.

2,3,4,5-tetrahydro-1,2,4-triazine-3-thione (X)

5.5 g. of acetalylisothiocyanate (IX)?7, dissolved in 5 ml. of ethanol were added
to a solution of 1.5 g., of 100° hydrazine hydrate in 5 ml. ethanol. The solution was
refluxed for 5 min., left to cool to room temperature and then 5 ml. of diluted
sulphuric acid (1:2) were added. The acid solution was again heated to boiling so that
the formed precipitate completely dissolved. After refluxing for 15 min. and cooling,
colourless needles separated from the solution and they were recrystallized from
water. M. p. 200—202°, with decomposition. Yield: 1.6 g. (44%).

Anal. 2.526 mg. subst.: 0.823 ml. N, (219, 736 mm)
CgH;N3C (115.15) cale’d.: N 36.51%
found : N 36.63%

Acknowledgment. Thanks are due to Prof. D. Had# for measurements and help
in the interpretation of the infrared spectra.
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1ZVLECEK

Sinteze in struktura nekaterih 5-substituiranih
2,3-dihidro-1,2,4-triazin-3-tionov

M. Tisler

Sintetizirani so bili nekateri 5-substituirani in 2,5-disubstituirani 2,3-dihidro-
-1,2,4-triazin-3-tioni iz arilglioksalov in odgovarjajocih tiosemikarbazidov ter razli¢ni
S-substituirani 5-aril-3-merkapto-1,2,4-triazini ter opisane razne reakcije teh spojin.
Na podlagi primerjave ultravijoli¢nih in infrardecih spektrov posameznih spojin je
bilo ugotovljeno, da obstajajo prvo imenovane spojine predvsem v tionski obliki.
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