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Various 3-(1,3,4-oxadiazol-2-yl)methylene-2-0x0-1,2,3,4-tetrahydroquinoxalines (4a, 4b, 5a,
Sb, and 6) were prepared from 3-methoxycarbonylmethylene-2-oxo-1,2,3,4-tetrahydroquinoxa-
line (1) via 3-hydrazinocarbonylmethylene-2-oxo-1,2,3,4-tetrahydroquinoxaline (2) and 3-
(substituted hydrazino)carbonylmethylene-2-0xo0-1,2,3,4-tetrahydroquinoxalines (3a and 3b).
Compound 3a was also cyclized to 1,2-dihydro-2-oxo-3-(5-oxo-3-pyrazolin-4-yl)quinoxaline

.

Keywords——hydrazine hydrate; triethyl orthoformate; triethyl orthoacetate; 1,8-diaza-
bicyclo[5,4,0]-7-undecene; m-chloroperbenzoic acid; N-bromosuccinimide; tautomerism; furo-
[2,3-b]quinoxaline-3-carboxylic acid; 3-(N,N-dimethylcarbamoyl)furo[2,3-b]quinoxaline

Various 1,3,4-oxadiazole derivatives have been synthesized by several methods,? and
have been evaluated as fungicidal,® herbicidal,¥ and bactericidal® agents. However, very few
papers have been presented so far on the synthesis of 1,3,4-oxadiazoles possessing a quinoxa-
line moiety in the 2- or 5-position. In this paper, we undertook the synthesis of these novel 1,3,4-
oxadiazoles using 3-methoxycarbonylmethylene-2-0x0-1,2,3,4-tetrahydroquinoxaline (1) as
a starting material in order to search for new agents having some of the above activities.

Whereas 1 hardly reacted with most amines or with an equimolar to 5-fold molar amount
of hydrazines,” it was found to be converted easily to 3-hydrazinocarbonylmethylene-2-oxo-
1,2,3,4-tetrahydroquinoxaline (2) by reaction with a 10-fold molar amount of hydrazine
hydrate. The reactions of 2 with triethyl orthoformate and triethyl orthoacetate in ethanol
gave exclusively 3-(NV’-ethoxymethylene)hydrazinocarbonylmethylene-2-oxo-1,2,3,4-tetra-
hydroquinoxaline (3a) and 3-(V’-(l-ethoxyethylene))hydrazinocarbonylmethylene-2-oxo-
1,2,3,4-tetrahydroquinoxaline (3b), respectively. Refluxing of 3a and 3b with 1,8-diazabi-
cyclo(5,4,0]-7-undecene (DBU) in pyridine afforded 3-(1,3,4-oxadiazol-2-yl)methylene-2-
0xo0-1,2,3,4-tetrahydroquinoxaline (4a) and 3-(5-methyl-1,3,4-oxadiazol-2-yl)methylene-2-
0x0-1,2,3,4-tetrahydroquinoxaline (4b), respectively. In addition, refluxing of 3a and 3b with
DBU in butanol provided 4a and 4b, respectively, in improved yields, as noted in Table I.
The reactions of 4a and 4b with N-bromosuccinimide (NBS) effected N,-bromination”
to produce 4-bromo-3-(1,3,4-oxadiazol-2-yl)methylene-2-oxo0-1,2,3,4-tetrahydroquinoxaline
(5a) and 4-bromo-3-(5-methyl-1,3,4-oxadiazol-2-yl)methylene-2-oxo-1,2,3,4-tetrahydroqui-
noxaline (Sb), respectively. Moreover, the reaction of 4a with m-chloroperbenzoic acid
(MCPBA) induced methylenic C-hydroxylation® to result in the formation of 3-[1-hy-
droxy-1-(1,3,4-oxadiazol-2-yl)jmethylene-2-oxo0-1,2,3,4-tetrahydroquinoxaline (6). These re-
sults are formulated in Chart 1.

The nuclear magnetic resonance (NMR) spectrum of 1 in dimethylsulfoxide-d, (DMSO-
dg) or N,N-dimethylformamide (DMF) is known to exhibit signals due to vinyl and methylene

NII-Electronic Library Service



3898 Vol. 31 (1983)

0O _-OMe Os_~NHNH : 0 Iﬁ\
&1 NH:NH,-H,0 113] H N
@ (10-fold) @ RC(OEt); @N R,)L\OEt
N ' N0 N
H O H H ©
1 2 3a,3b :
R
/N=(
Yy
R NBS N
/N S
NO N
H H
DBU @N 5a,5b
in N” N0
e H N=
pyridine A
or BuOH 4a, 4b gy
— > N
MCPBA @: Q
N OH
H
6
a.R=H
b: R=Me
Chart 1
TaBLE 1. Yields of 4a and 4b 1 Os_OMe O _OMe
Solvent Product (%) 1{]/2 N%H
S — O
Pyridine 4a (82) X~ N0
4b (40) H H
BuOH 4a (91) )
4b (91)
Chart 2

protons derived from the two tautomers shown in Chart 2.” The NMR spectra of 4a and 4b in
DMSO-d, also showed the signals due to vinyl and methylene protons, while the spectra of 5a
and 5b in DMSO-dj exhibited the vinyl proton signal, lacking the signals due to the N,-proton
and methylene protons. The spectrum of 6 showed no vinyl proton signal. These NMR
spectral data provide good evidence for the assigned structures of 4, 5, and 6.

Refluxing of 3a and 3b in DMF afforded 1,2-dihydro-2-ox0-3-(5-0x0-3-pyrazolin-4-
yl)quinoxaline (7)%'® and 4b, respectively, as shown in Chart 3. Thus, 3a was found to be
cyclized regioselectively in two solvent systems, DBU/butanol and DMF. Although DMF
promotes the tautomerism shown in Chart 2, the pyrazolone ring is not formed in the reaction
of 3b, presumably due to steric hindrance by the methyl group.

The reactions of 4a and 2 with the Vilsmeier reagent gave furo[2,3-b]quinoxaline-3-
carboxylic acid (8)® and 3-(N,N-dimethylcarbamoyl)furo[2,3-b]quinoxaline hydrochloride
(9),619 respectively, as shown in Chart 4. The reaction mechanism for the formation of 9 has
been reported in our previous papers,®!® and the furo[2,3-b]quinoxaline ring of 8 is assumed
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w uv gulerated in a similar manner. The C;-carboxyl group of 8 would be produced by
hydrolysis of the 1,3,4-oxadiazole ring.

Experimental

All melting points are uncorrected. Infrared (IR) spectra were recorded from KBr discs on a JASCO IRA-1
spectrophotometer. NMR spectra were measured with an EM-390 spectrometer at 90 MHz using tetramethylsilane as
an internal standard. Mass spectra (MS) were determined with a JMS-01S spectrometer (Japan Electron Optics
Laboratory Co., Ltd.).

3-Hydrazinocarbonylmethylene-2-0xo-1,2,3,4-tetrahydroguinoxaline (2)——aA solution of 1 (10 g) with hydrazine
hydrate (22.95g) in EtOH (200 ml) was refluxed for 3h on a boiling water bath to precipitate colorless needles 2,
which were collected by suction filtration (9.07 g). Evaporation of the filtrate gave additional product 2 (0.73 g). Total
yield, 9.80 g (98%). An analytically pure sample was obtained by washing with hot EtOH several times, mp 264—
265°C. MS m/e: 218 (M*). NMR (DMSO-d,) 6: 11.67 (s, 1H, N,-H), 11.40 (s, 1H, N,~H), 9.13 (s, 1H, CONHNH,),
7.83—6.70 (m, 4H, aromatic), 5.60 (s, 1H, vinyl), 4.33 (brs, 2H, CONHNH,), 3.66 (s, CH,).” IR v,,,,: 3300, 1665,
1630cm ™. Anal. Caled for C;H,;,N,0,: C, 55.04; H, 4.62; N, 25.68. Found: C, 54.79; H, 4.57; N, 25.38.

3-(N'-Ethoxymethylene)hydrazinocarbonylmethylene-2-oxo-1,2,3,4-tetrahydroquinoxalines (3) A solution of
2 (5g) with the appropriate orthoester (50ml) in EtOH (700ml) was refluxed for 3h on a boiling water bath.

When triethyl orthoformate was used, the solvent was evaporated off to afford yellow needles 3a, which were
washed with hexane—-EtOH and collected by suction filtration. Yield, 6.18 g (98%). An analytically pure sample was
obtained by washing with hot EtOH several times, mp 213—214°C. MS m/e: 274 (M*). IR v_,,,: 1690, 1630cm ™.
Anal. Caled for C3H,,N,O;: C, 56.93; H, 5.15; N, 20.43. Found: C, 56.68; H, 5.16; N, 20.21.

When triethyl orthoacetate was employed, yellow needles 3b precipitated during the reaction. The needles were
collected by suction filtration (5.53 g), and the filtrate was evaporated to provide additional product 3b (0.93 g). Total
yield, 6.46 g (98%). An analytically pure sample was obtained by washing with hot EtOH several times, mp 248—
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249°C. MS mje: 288 (M*). IR v,,,: 1690, 1630cm™!. Anal. Caled for C,,H,;(N,O;: C, 58.32; H, 5.59; N, 19.44.
Found: C, 58.23; H, 5.62; N, 19.44,

Compounds 3a and 3b were insoluble in most solvents, and heating of 3a or 3b in DMSO-d, gave a mixture of 3
and the cyclized compound 4. Therefore, the NMR data were not obtained.

3-(1,3,4-Oxadiazol-2-yl)methylene-2-0x0-1,2,3,4-tetrahydroquinoxalines (4)——Method A: A solution of 3a or
3b (5g) with DBU (5ml) in pyridine or BuOH (500ml) was refluxed for 20h in an oil bath at 160—180°C. The
solvent was evaporated off to give an oily substance, which was dissolved in CHCI,—EtOH (10:1) to precipitate a
crystalline product, 4a or 4b. The product was collected by suction filtration, and the filtrate was passed through a
silica gel column with CHCL,—EtOH (10: 1) as an eluent. The eluate was evaporated to afford additional product 4a
or 4b. The yields of 4a and 4b are shown in Table 1.

Method B: A solution of 3b (3g) in DMF (300ml) was refluxed for 20h in an oil bath at 170—190°C.
Evaporation of the solvent and column chromatography of the residue as described above gave 4b (1.52 g, 60%).

Compound 4a: Recrystallization from EtOH provided yellow needles, mp 290—292°C. MS m/e: 228 (M ™).
NMR (DMSO-dy) 6: 11.67 (s, 1H, N;-H), 10.57 (s, 1H, N,-H), 9.13 (s, 1H, 5’-H), 7.80—6.87 (m, 4H, aromatic), 6.12
(s, 1H, vinyl), 4.47 (s, CH,).” IR v,,,: 1695, 1640cm™'. 4nal. Calcd for C, HgN,O,: C, 57.89; H, 3.53; N, 24.55.
Found: C, 57.72; H, 3.56; N, 24.36.

Compound 4b: Recrystallization from EtOH afforded yellow needles, mp 255—256 °C. MS m/e: 242 (M ™).
NMR (DMSO-d) 6: 11.67 (s, 1H, N,-H), 10.43 (s, 1H, N,~H), 7.77—6.83 (m, 4H, aromatic), 6.02 (s, 1H, vinyl), 4.37
(s, CH,),” 2.50 (s, 3H, Me). IR v,,,: 1695, 1640cm ™. Anal. Calcd for C,,H,,N,O,: C, 59.50; H, 4.16; N, 23.13.
Found: C, 59.38; H, 4.16; N, 23.19.

4-Bromo-3-(1,3,4-oxadiazol-2-yl)methylene-2-oxo-1,2,3,4-tetrahydroquinoxalines (5)——A suspension of 4a or 4b
(1g) with NBS (1.2 eq for 4) in CCl, (100 ml) was refluxed for 4h on a boiling water bath to precipitate colorless
crystals of 5a or 5b, which were collected by suction filtration. The crystals were taken up in EtOH by heating, and the
solution was immediately filtered. Evaporation of the filtrate gave an analytically pure colorless powder, Sa or 5b.

Compound 5a: Yield, 1g (74%), mp 223—224°C. MS m/e: 306 (M* —1), 308 (M* +1). NMR ¢ (DMSO-d;):
12.83 (s, 1H, N,-H), 9.40 (s, 1H, 5’-H), 7.90—7.10 (m, 4H, aromatic), 6.90 (s, 1H, vinyl). IR v_,,: 1670 cm ™!, Anal.
Calced for C;;H,BrN,O,: C, 43.02; H, 2.30; N, 18.24. Found: C, 43.13; H, 2.37; N, 18.20.

Compound 5b: Yield, 1g (80%), mp 214—216°C. MS mj/e: 320 M * —1), 322 (M* +1). NMR (DMSO-d;) ¢:
12.82 (s, 1H, N,-H), 7.90—7.20 (m, 4H, aromatic), 6.83 (s, 1H, vinyl), 2.55 (s, 3H, Me). IR v,,,: 1670cm™*. 4nal.
Caled for C,,HoBrN,O,: C, 44.88; H, 2.82; N, 17.45. Found: C, 44.81; H, 2.72; N, 17.46.

3-{1-Hydroxy-1-(1,3,4-0xadiazol-2-yl)jmethylene-2-0x0-1,2,3,4-tetrahydroquinoxaline (6)——A solution of 4a (1 g,
4.39 mmol) with MCPBA (1.2eq for 4a) in EtOH (100 ml) was refluxed for 1h to precipitated 6 as yellow needles,
which were collected by suction filtration (230 mg, 21.5%). Recrystallization from EtOH provided analytically pure
yellow needles, mp 256—258 °C. MS m/e: 244 (M ™). NMR (DMSO-d;) J: 11.50 (s, 1H, N,-H), 11.40 (s, 1H, N,~H),
9.34 (s, 1H, 5-H), 9.23 (s, 1H, OH), 7.90—6.50 (m, 4H, aromatic). IR v,,,: 3150, 1660, 1610cm~*. Anal. Calcd for
C,,HgN,O;: C, 54.10; H, 3.30; N, 22.94. Found: C, 54.11; H, 3.31; N, 22.68.

1,2-Dihydro-2-oxe-3-(5-0x0-3-pyrazolin-4-yl)quinoxaline (7) A solution of 3a (3g) in DMF (300ml) was
refluxed for 20h in an oil bath at 170—190 °C. Evaporation of the solvent gave a crystalline product 7, which was
washed with hexane—EtOH to obtain a yellow powder (2.15g, 86%). Recrystallization from AcOH and then from
EtOH gave yellow needles, mp 304—305 °C. The IR spectrum and melting point of this sample coincided with those
of an authentic sample.® X

Furo[2,3-b]quinoxaline-3-carboxylic Acid (8)——A solution of 4a (1 g) in DMF (50ml) and POC, (50 ml) was
heated on a boiling water bath for 2 h, then cooled in an ice-water bath, and poured onto crushed ice. The reaction
product was extracted with CHCl,. The organic layer was washed with H,O and then dried over Na,SO,, and
evaporation of the solvent afforded yellow crystals, 8 (80 mg, 8.5%). Recrystallization from EtOH-AcOH gave yellow
needles, mp 280-—282°C. The IR spectrum and melting point of this sample coincided with those of an authentic
sample.® . :

3—(N,N-Dimethylcarbamoyl)furolZ,3-b]quinoxziline hydrochloride (99——POCI; (10 ml) was added dropwise to a
suspension of 2 (1 g) in DMF (10 ml) with stirring in an ice-water bath. The suspension was heated on a boiling water
bath to afford a clear solution, which precipitated crystals 9. The mixture was cooled in an ice-water bath and then
poured onto crushed ice to precipitate yellow crystals 9, which were collected by suction filtration (790 mg, 62.2%).
The IR spectrum of this sample coincided with that of an authentic sample.?
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