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On Triazoles XIX [1]:
The Reaction of 5-Amino-1,2,4-triazoles
with Functionalized Acetoacetic Esters [2]
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Summary. Different “functionalized” alkyl 3-oxo-butyrates (2) were reacted with 5-amino-3-Q-1H-
1,2,4-triazoles (1) to yield 3 and 4 type 1,2,4-triazolo[1,5-a]pyrimidinones. In case of 2 (R = methyl,
R? = l-ethoxycarbonylethyl, R = ethyl) beside the corresponding derivative 4 the unexpected 3,6-
dihydro-6,8-dimethyl-7-ethoxycarbonyl-3-methylthio-1,2,4-triazolo[ 4,3-a]-1,3-diazepin-5(9 H)-one
(7) was isolated, representing a novel ring system.

Keywords. 1,2,4-Triazolo[1,5-a]pyrimidinonés; 1,2,4-Triazolo[4,3-a]-1,3-diazepinone; Novel ring
system; IR-; UV-; 'H-NMR; C-NMR.

Uber Triazole, 19. Mitt.: Die Reaktion von 5-Amino-1,2,4-triazolen mit funktionalisierten Acetoessig-
estern

Zusammenfassung. Verschiedene ,,funktionalisierte” 3-Oxo-buttersdurealkylester (2) wurden mit 5-
Amino-3-0-1H-1,2,4-triazolen (1) umgesetzt, wobei 1,2,4-Triazolo[1,5-a]pyrimidinone der Typen 3
und 4 erhalten wurden. Im Fall von 2 (R' = Methyl, R? = 1-Ethoxycarbonylethyl, R* = Ethyl) wurde
neben dem erwarteten Derivat 4 das unerwartete 5,6-Dihydro-6,8-dimethyl-7-ethoxycarbonyl-3-me-
thylthio-1,2,4-triazolo[4,3-a]-1,3-diazepin-5(9H)-on (7) isoliert, welches ein neues Ringsystem dar-
stellt.

Introduction

In a previous paper of this series [3] we have reported on the reaction of methyl
and ethyl 3-oxo-butyrates (2, R' = methyl, R? = H, R? = methyl and ethyl) with
5-amino-3-methylthio- and 3-morpholino-1H-1,2,4-triazoles (1, Q = methylthio
and morpholino, respectively) that might in principal lead to any of the 36 type
triazolo-pyrimidinone derivatives (Scheme 1). It was shown that provided that the
reaction took place in acetic acid, dimethylformamide or their mixtures as solvent,
the 3 type 7-methyl-2-methylthio- and 2-morpholino-1,2,4-triazolo[1,5-
a]pyrimidin-5(8 H)-ones (3, R! = methyl, R?> = H, Q = methylthio and morphol-
ino, respectively) were the main products of the reaction beside a small amount of
the corresponding 4 type derivatives [5-methyl-2-methylthio and 2-morpholino-
1,2,4-triazolo[1,5-a]pyrimidin-7(8 H)-ones (4, R'=methyl, R* =H, Q = methyl-
thio and morpholino, respectively)].
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It was also pointed out that although the IR and 'HNMR spectra of these
products were consistent with the structures 3-6 they were not characteristic for
any of them. On the other hand the structure of these derivatives could be easily
proved on the basis of their UV spectra taken in neutral conditions (e.g. in methanol
or ethanol) where derivatives 3 and 4 were characterized with two absorption
maxima appearing at about 230 and 270 nm, and at about 208 and 290 nm, re-
spectively, while those of the corresponding derivatives 5 and 6 were characterized
with three and one maxima, respectively.

The unequivocal differentiation between structures 3-6 offered also the
BC NMR spectra where the carbon atoms 2 of the 3 and 4 type derivatives appeared
at about 163 ppm in contrary to those of the corresponding carbon atoms 3 of the
5 and 6 type derivatives appearing at about 143 ppm. In addition, the carbonyl
carbon atoms of the “ring acylated” derivatives 3 and 5 appeared at about 154 ppm,
and those of the corresponding “acylamino’ derivatives 4 and 6 appeared at about
160 ppm, respectively.

We will now report on the preparation of different 3 type derivatives “func-
tionalized” on the pyrimidinone ring and considered for biological screening.

Results and Discussion

Ethyl 3-oxo-butyrate (2, R! = methyl, R? = H, R® = ethyl) was C-alkylated with
different alkyl halides, ethyl bromoacetate and ethyl 2-bromopropionate in the
presence of a phase transfer catalyst (tetrabutylammonium hydrogen sulfate) to
yield the corresponding “functionalized” ethyl 3-oxo-butyrates (2, R! = methyl,
R? = methyl, ethoxycarbonylmethyl and l-ethoxycarbonylethyl, R* = ethyl)
(Scheme 2). These were — together with the commercially available ethyl 2-chloro-
them. On the other hand the UV spectra nicely followed the UV rule elaborated
R' = chloromethyl, R? = H)—condensed in acetic acid with different 1 type 5-
amino-3-Q-1H-1,2,4-triazoles (1) to yield the corresponding “functionalized” de-
rivatives 3 and small amounts of the corresponding derivatives 4. With the exception
of 4/1 and 4/2 the latter were not isolated. To enable their easy separation, deriv-
atives 3 were in some cases converted to their sodium salts that were much less
soluble in water than the corresponding sodium salts of derivatives 4.
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The IR and '"HNMR spectra of all derivatives 3 and 4 (Table 2) were again
in accordance with the proposed structure, but were not characteristic for any of
them. On the other hand the UV spectra nicely followed the UV rule elaborated
recently [3] (compare the UV data taken in ethanol given in Table 2 with those
required for structures 3 and 4). In the *C NMR spectra taken in DMSO-d, the
carbon atoms 2 and 5 of derivatives 3 appeared with chemical shifts of 162.9-164.8
and 151.4-155.9 ppm, respectively, and those of carbon atoms 2 and 7 derivatives
4 appeared with chemical shifts of 161.8-164.8 and 159.1-159.3 ppm, respectively
(Table 2); this was again in perfect agreement with the '>*C NMR rule elaborated
previously [3].

From the reaction mixture of ethyl 4-oxo-3-ethoxycarbonyl-2-methyl-valerate
(2, R' = methyl, R? = l-ethoxycarbonylethyl, R? = ethyl), that could be under-
stood either as a 3-oxo-butyrate or a 4-oxo-valerate derivative (Scheme 3), and 5-
amino-3-methylthio-1 H-1,2,4-triazole (1, Q = methylthio) the outcome was rather
surprising: instead of the expected derivative 3 (R!= methyl, R?=
= ]-ethoxycarbonylethyl, Q = methylthio), the corresponding isomer 4 (R' =
= methyl, R? = I-ethoxycarbonylethyl, Q = methylthio) and the unexpected 5,6-
dihydro-6,8-dimethyl-7-ethoxycarbonyl-3-methylthio-1,2,4-triazolo[ 4,3-a]-1,3-di-
azepin-5(9 H)-one (7) were isolated. 7 represents a novel ring system. The unexpected
course of the reaction might be due to steric and electronic effects.

The IR spectrum of derivative 7 showed two carbonyl bands at 1715 and
1655cm ™! (ester and amide, respectively) in accordance with the proposed structure
but giving no evidence for it. The same was the situation with the MS spectra,
where the relatively stable molecular ion M ™ appeared at 296. However, the
fragmentation pattern was not informative enough for the unequivocal proof of
structure 7. In the '"H NMR spectrum of 7, besides the expected multiplicities of
the SCH;, (C-6)CHj; and the ester CH; groups, the CH group 6 showed y-coupling
with the OCH, [of the (C-7) ethyl ester moiety] and the (C-8)CH, groups, which
was in full accordance with the proposed structure. Structure 7 is also in accordance
with the UV spectra obtained, showing two maxima at 231 and 300 nm, if taking
in account that the analogous derivative 5 (Q = methylthio, R' = methyl, R*> = H)
prepared previously [ 3] showed three maxima at 231, 260 and 309 nm; the maximum
appearing at 260 nm is probably due to the conjugation of the carbonyl band with
the 6,7-double bond. The final and unequivocal proof of structure 7 offered again
the PCNMR spectrum where the CH carbon atom 6 appeared at 61.1 ppm, the
triazole carbon atoms C-3 and C-9a at 143.7 and 147.3, respectively, and the
carbonyl carbon atom 5 at 157.6 ppm [compare with the corresponding carbon
atoms C-3, C-8a and C-5 of 5 (Q = methylthio, R! = methyl, R?> = H) appearing
at 143.2, 150.4 and 156.7 ppm, respectively].

Derivative 7 may appear in tautomeric formes 7a and 7b. Taking in account
the analogy of its UV and 3)CNMR spectra with those of 5 (Q = methylthio,
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R' = methyl, R? = H) with known tautomeric structure [3], the dominant tau-
tomeric structure 7a seems to be the favoured one in ethanolic and DMSO-d;
solution.

Experimental

Melting points were determined on a Kofler-Boétius micro apparatus and are uncorrected. The
infrared spectra were obtained as potassium bromide pellets using a Perkin-Elmer 577 spectropho-
tometer. The electron impact mass spectra were determined with a Varian MAS SM-1 spectrometer.
The ultraviolet spectra were obtained by a Pye Unicam SP 8-150. The 'THNMR and the *C NMR
measurements were performed on a Varian EM-390 and Bruker WM-250 instrument at 90 and
250 MHz, respectively, in the CW or FT mode at ambient temperature using broad band and proton
decoupling; internal standard was tetramethylsilane.

General Methods for the Preparation of Derivatives 3 and 4

Method A. To a solution of 0.01 mol of the appropriate 5-amino-3-Q-1H-1,2 4-triazole (1) [4, 5] in
5ml of acetic acid 0.012mol of the appropriate ethyl 3-oxo-butyrate derivative (2) was added and
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the mixture was refluxed with stirring for 2h. After cooling the crystals precipitated were filtered
off, washed with water and recrystallized from an appropriate solvent to yield the corresponding
derivative 3 (Table 1, for spectral data see Table 2).

The mother liquors were diluted with water, extracted twice with chloroform, the chloroform
layers were washed with water, dried and evaporated in vacuo to dryness. The residue was chro-
matographed on a silica-gel column (eluent a 1:2 mixture of benzene and ethyl acetate) to yield 4,
which was recrystallized from an appropriate solvent (Table 1, for spectral data see Table 2).

Method B. To a solution of 0.01 mol of the appropriate triazole 1[4, 5] in Sml of acetic acid 0.012 mol
of the appropriate derivative 2 was added and the mixture was refluxed with stirring for 2h. After
cooling 10 m] of water was added to the reaction mixture, the crystals precipitated were filtered off
and recrystallized from an appropriate solvent to yield the corresponding derivative 3 (Table 1, for
spectral data see Table 2).

Method C. To a solution of 0.01 mol of the appropriate triazole 1[4, 5] in 5 ml of acetic acid 0.012 mol
of the appropriate derivative 2 was added and the mixture was refluxed with stirring for 2h. After
cooling 10ml of water was added to the reaction mixture, the product was extracted twice with
chloroform, the combined chloroform layers were washed with water, dried and evaporated in vacuo
to dryness. The residue was recrystallized from an appropriate solvent to yield 3 (Table 1, for spectral
data see Table 2).

Method D. To a solution of 0.01 mol of the appropriate triazole 1[4, 5] in 5ml of acetic acid 0.012 mol
of the appropriate derivative 2 was added and the mixture was refluxed with stirring for 2h. The
solution obtained was evaporated in vacuo to dryness, the residue was trituated with 2-propanol, the
crystals precipitated were collected and recrystallized from an appropriate solvent to yield 3 (Table
1, for spectral data see Table 2).

General Method for the Formation of the Sodium Salts of Derivatives 3 (3; Na)

1 g of the crude derivatives 3 was dissolved in 5-10 ml of hot 10% sodium hyroxide solution, filtered
and let to crystallize. After cooling the crystals precipitated were collected, washed with cold water
and dried to yield the corresponding sodium salt (3; Na) (Table 1).

Ethyl 4-Oxo-3-ethoxycarbonyl-2-methyl-valerate (2, R' = methyl, R* = I-ethoxycarbonylethyl,
R? = ethyl)

A mixture of 48.8 (0.375mol) of ethyl acetoacetate, 67.9 g (0.375 mol) of ethyl 2-bromo-propionate,
69.0 g (0.5 mol) of powdered anhydrous potassium carbonate, 2.0 g of tetrabutylammonium hydrogen
sulfate and 450 ml of dry toluene was refluxed with stirring for 18 h. After cooling the unsoluble salts
were filtered off, the toluene layer was washed twice with water, dried over sodium sulfate and
evaporated in vacuo to dryness. The residue was fractionated under high vacuum to yield 74.6 g (86%)
of ethyl 4-oxo-3-ethoxycarbonyl-2-methyl-valerate (2, R! = methyl, R? = l-ethoxycarbonylethyl,
R? = ethyl), b.p. 92°C/0.3mm Hg; Lit. [6], b.p. 145-147°C/14mm Hg.

Ethyl 4-Oxo-3-ethoxycarbonyl-valerate (2, R' = methyl, R* = I-ethoxycarbonylmethyl, R® = ethyl)

Prepared as ethyl 4-oxo-3-ethoxycarbonyl-2-methyl-valerate (2, R! = methyl, R? = 1-ethoxycarbon-
ylethyl, R® = ethyl) using instead of ethyl 2-bromopropionate ethyl 2-bromoacetate. Yield 69.5%,
b.p. 86°C/0.2mm Hg; Lit. [7], b.p. 133-134°C/8 mm Hg.
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6-( I-Ethoxycarbonylethyl )-5-methyl-2-methylthio- 1,2 4-triazolof 1,5-a ] pyrimidin-7 (8 H )-one
(4/1, R' = methyl, R® = I-ethoxycarbonylethyl, Q = methylthio)
and 5,6-Dihydro-6,8-dimethyl-7-ethoxycarbonyl-3-methylthio-1,2 4-triazolof 4,3-a ]-1,3-diazepin-
5(9H )-one (7)
A mixture of 3.90g (0.03 mol) of 5-amino-3-methylthio-1H-1,2,4-triazole (1, Q = methylthio) [4],
7.13 g (0.031 mol) of ethyl 4-0x0-3-ethoxycarbonyl-2-methyl-valerate (2, R' = methyl, R? = 1-ethoxy-
carbonylethyl, R® = ethyl) and 15ml of dimethylformamide was refluxed for 24h. The solution
obtained was poured to 100 ml of water, extracted twice with chloroform, the combined chioroform
layers were washed with water, dried and evaporated in vacuo to dryness. The residue (10.0g) was
chromatographed on a silica gel column (eluent a 1:2 mixture of benzene and ethy! acetate) to yield
2.5g (25%) of 7, which after recrystallization from 2-propanol melted at 110-111°C. IR:
2.15d (J = 1Hz, CCH;), 2.565 (SCH3), 4.32m (CH,CH,), 4.86m (CH), 13.6b (NH); BCNMR
2.15d (J = 1Hz, CCHy), 2.565 (SCH3), 4.32m (CH,CH,;), 4.86m (CH), 13.6b (NH); *CNMR
(DMSO-dg): 10.4 (CHCHj;), 13.6 (CH,CH,), 13.8 (SCH,), 17.1 (CCH,), 56.9 (CH.,), 61.1 (CH-6),
140.1 (C-7), 143.7 (C-3), 147.3 (C-9a), 157.6 (C-5), 162.2 (C-8), 167.6 (COOEY); UV: (EtOH): Ay,
(17.3), 288 (4.8); (10% EtOH + 90% 0.1 N sodium hydroxide): A, (8- 107%): 232 (11.1), 292 (3.7);
(17.3), 288 (4.8); (10% EtOH + 90% 0.1 N sodium hydroxide): A,y (- 107%): 232 (11.1), 292 (3.7);
MS: M+ = 296.

Continuing the chromatography 4.05g (41%) of 4/1 was obtained, which after recrystallization
from 2-propanol melted 193-194°C (Tables 1 and 2).

6-( 1-Ethoxycarbonylethyl )-7-methyl-2-morpholino-1,2 4-triazolo[ 1,5-a [ pyrimidin-5 (8 H )-one

(3/23, R' = methyl, R* = I-ethoxycarbonylethyl, Q = morpholino)

and 6-( 1-Ethoxycarbonylethyl)-5-methyl-2-morpholino-1,2 4-triazolof 1,5-a ] pyrimidin-7 (8H ) -one
(4/2, R' = methyl, R? = I-ethoxycarbonylethyl, Q = morpholino)

A mixture of 5.08 g (0.03 mol) of 5-amino-3-morpholino-1H-1,2.4-triazole (1, @ = morpholino) [5])
7.13 £ (0.031 mol) of ethyl 4-ox0-3-ethoxycarbonyl-2-methyl-valerate (2, R' = methyl, R? = 1-ethoxy-
carbonylethyl, R® = ethyl) and 20ml of dimethylformamide was refluxed for 24h. The solution
obtained was poured to 100ml of water, extracted twice with chloroform, the combined chloroform
layers were washed with water, dried and evaporated in vacuo to dryness. The residue (9.0 g) was
chromatographed on a silica gel column (eluent a 3: 1 mixture of benzene and ethanol) to yield 2.4 g
(24%) of 4/2, which after recrystallization from 2-propanol melted at 150-152°C (Tables 1 and 2).
Continuing the chromatography 3.6 g (36%) of 3/23 was obtained, which after recrystallization from
methanol melted at 253-256°C (Tables 1 and 2).
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