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Abstract-Acylpyruvic acids readily react with 2,3-diaminopyridine to form (Z)-3-acylmethylene-1H-3,4-di-
hydropyrido[2,3-b]pyrazin-2-ones. 5-Aryl-2,3-dihydrofuran-2,3-diones which can be regarded as lactones
derived from g-enolized aroylpyruvic acids react with 2,3-diaminopyridine under mild conditions, yielding
regioisomeric (Z)-2-aroylmethylene-4H-1,2-dihydropyrido[2,3-b]pyrazin-3-ones. The structure of the products
and reaction chemoselectivity are discussed.

Some acylpyruvic acid estersI are known to react
with 2,3-diaminopyridines, yielding 3-acylmethylene-
pyrido[2,3-b]pyrazin-2-onesII and isomeric pyrido-
[2,3-b]pyrazin-3-onesIII [133] (Scheme 1). According
to published data [133], compoundsIII are formed
in the presence of sulfuric acid; however, factors
responsible for the different reaction pathways were
not discussed. Bodforss [4] briefly reported that the
reaction of benzoylpyruvic acid (IVb ) with 2,3-di-
aminopyridine in ethanol initially gives an inter-
mediate salt (its structure was not given) which

undergoes cyclization to 3-phenacyl derivative of
pyrido[2,3-b]pyrazin-2-oneIIb on heating in boiling
acetic acid (Scheme 1). Mashevskayaet al. [5, 6]
recently reported on the synthesis of (Z)-3-acyl-
methylene-1H-3,4-dihydropyrido[2,3-b]pyrazin-2-ones
II (R1 = Ht), which were mistakenly named pyrido-
[2,3-b]pyrazin-3-ones, by reaction of 4-(2-furyl)- and
4-(5-thiazolyl)-2,4-dioxobutanoic acidsIV with
2,3-diaminopyridine on heating in boiling acetic acid
for a short time (Scheme 1). The regioisomeric struc-
ture of compoundsII (R1 = Ht) (with respect to

Scheme 1.

R1 = Me, Ar; R2 = H, Me; II , III , R1 = Ph, 2-furyl, 5-thiazolyl.
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Scheme 2.

II , IV , VI , R = t-Bu (a), Ph (b), 4-MeC6H4 (c), 2,4,6-Me3C6H2 (d), 3-MeOC6H4 (e), 3,4-(MeO)2C6H3 (f), 4-BrC6H4 (g),
4-ClC6H4 (h), 4-FC6H4 (i); III , V, X = H, Ar = Ph (a), 4-MeC6H4 (b), 4-BrC6H4 (c), 4-ClC6H4 (d); X = PhCO, Ar = Ph (e).

II , Z = N; VI , Z = CH.

position of the nitrogen atom in the pyridine moiety)
was assigned with no proof, on the basis of indirect
data. The mechanism of this reaction and its chemo-
selectivity were not discussed. It should be noted that
the article [6] appeared by more than 6 months after
the present paper was submitted for publication.

Apart from our preliminary communications
[7310], there is no information on reactions of 2,3-di-
aminopyridine with other acylpyruvic acids, their
derivatives, and alternative systems having a 1,2,4-tri-
oxo or 1,3,4,6-tetraoxo fragments.

In the present work we studied in detail reactions
of acylpyruvic acids IVa3IVi [11313] and their
derivatives, 5-aryl-2,3-dihydrofuran-2,3-dionesVa3Ve
[14316] with 2,3-diaminopyridine. It should be
emphasized that only two examples of reactions of

five-membered monocyclic and fuseda-dioxohetero-
cycles with 2,3-diaminopyridines are known. One of
these is the reaction of 4,5-dihydropyrazole-4,5-diones
with 2,3-diaminopyridine and its 5-bromo derivative,
leading to 4-azaflavazoles [17319], and the second
is the reaction of 2,3-diaminopyridine with 2,3-di-
hydropyrrole-2,3-diones fused through thea bond to
a number of oxa and aza heterocycles; as a result,
pyrrolo[2,3-b][1,5]pyridodiazepine-6,7,15-trione
derivatives were isolated [20, 21].

Acylpyruvic acids IVa3IVi can exist in solution
as at least two tautomers, keto3enol A andb-diketone
B [13, 22324]. They reacted with 2,3-diaminopyridine
on heating in ethanol for a short time to afford (Z)-3-
acylmethylene-1H-3,4-dihydropyrido[2,3-b]pyrazin-2-
onesIIa 3IIi [9] (Scheme 2). 5-Aryl-2,3-dihydrofuran-
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Table 1. Yields, melting points, and elemental analyses of pyrido[2,3-b]pyrazines IIa 3IIi and IIIa 3IIIe
ÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Comp.
³

Yield, %
³

mp, oC
³ Found, % ³

Formula
³ Calculated, %

³ ³ ÃÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄ´ ÃÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄ
no.

³ ³ ³ C ³ H ³ N (Hlg)³ ³ C ³ H ³ N (Hlg)
ÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄ

IIa ³ 63 ³ 2463247 ³ 63.87 ³ 6.34 ³ 16.90 ³ C13H15N3O2 ³ 63.66 ³ 6.16 ³ 17.13
IIb ³ 74 ³ 2673268a ³ 68.32 ³ 4.41 ³ 15.56 ³ C15H11N3O2 ³ 67.92 ³ 4.18 ³ 15.84
IIc ³ 73 ³ 2973298 ³ 68.42 ³ 4.84 ³ 15.31 ³ C16H13N3O2 ³ 68.81 ³ 4.69 ³ 15.05
IId ³ 57 ³ 2653266 ³ 70.13 ³ 5.69 ³ 13.46 ³ C18H17N3O2 ³ 70.34 ³ 5.58 ³ 13.67
IIe ³ 52 ³ 2833284 ³ 64.83 ³ 4.72 ³ 14.49 ³ C16H13N3O3 ³ 65.08 ³ 4.44 ³ 14.23
IIf ³ 53 ³ 2973298 ³ 62.45 ³ 4.34 ³ 13.17 ³ C17H15N3O4 ³ 62.76 ³ 4.65 ³ 12.92
IIg ³ 49 ³ 3023303 ³ 52.58 ³ 2.76 ³ 12.50 ³ C15H10BrN3O2 ³ 52.35 ³ 2.93 ³ 12.21

³ ³ ³ ³ ³ (23.49)³ ³ ³ ³ (23.22)
IIh ³ 54 ³ 3133314 ³ 59.92 ³ 3.21 ³ 13.75 ³ C15H10ClN3O2 ³ 60.11 ³ 3.36 ³ 14.02

³ ³ ³ ³ ³ (11.60)³ ³ ³ ³ (11.83)
IIi ³ 75 ³ 3033304 ³ 63.77 ³ 3.80 ³ 14.56 ³ C15H10FN3O2 ³ 63.60 ³ 3.56 ³ 14.83

³ ³ ³ ³ ³ ³ ³ ³ ³ (6.71)
IIIa ³ 72 ³ 2573258 ³ 67.64 ³ 3.89 ³ 15.97 ³ C15H11N3O2 ³ 67.92 ³ 4.18 ³ 15.84
IIIb ³ 59 ³ 3033304 ³ 69.04 ³ 4.82 ³ 15.22 ³ C16H13N3O2 ³ 68.81 ³ 4.69 ³ 15.05
IIIc ³ 68 ³ 2643265 ³ 52.57 ³ 2.88 ³ 12.40 ³ C15H10BrN3O2 ³ 52.35 ³ 2.93 ³ 12.21

³ ³ ³ ³ ³ (23.49)³ ³ ³ ³ (23.22)
IIId ³ 68 ³ 2753276 ³ 60.28 ³ 3.47 ³ 13.78 ³ C15H10ClN3O2 ³ 60.11 ³ 3.36 ³ 14.02

³ ³ ³ ³ ³ (12.14)³ ³ ³ ³ (11.83)
IIIe ³ 43 ³ 3173318 ³ 71.86 ³ 3.77 ³ 11.65 ³ C22H15N3O3 ³ 71.54 ³ 4.09 ³ 11.38

ÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄ
a Published data [4]: mp 283oC.

2,3-dionesVa3Ve can be regarded as lactones derived
from the g-enol of aroylpyruvic acids; their reactions
with 2,3-diaminopyridine occurred under mild condi-
tions with formation of (Z)-2-aroylmethylene-4H-1,2-
dihydropyrido[2,3-b]pyrazin-3-ones IIIa 3IIIe [8, 9]
which are regioisomeric to heterocyclization products
II (Scheme 2). The yields, melting points, and ele-
mental analyses of compoundsIIa 3IIi and IIIa 3IIIe
are collected in Table 1, and Tables 2 and 3 contain
their spectral parameters. Pyrido[2,3-b]pyrazine
derivatives IIb , IIc , IIe , IIg , IIIa , and IIIc were
described previously [1, 2, 4].

The spectral parameters of azinesII and III are
consistent with their structure and those found for the
known analogs, (Z)-3-acylmethylene-1H-3,4-dihydro-
2-quinoxalinonesVI [25330], which were selected
as model compounds (Scheme 2). The IR spectra of
pyrido[2,3-b]pyrazinonesII and III contain absorp-
tion bands from the two NH groups (306033085 and
313033160 cm31) and amide carbonyl group (16903
1695 cm31) and a broadened low-frequency band
due to stretching vibrations of the carbonyl group
and the double in the 3-acylmethylene moiety (15853
1635 cm31) which indicates formation in theZ
isomers of II and III of NH-chelate ring through

NÄH_OÍC intramolecular hydrogen bond [13, 29].
No appreciable difference in the IR spectra of regio-
isomersII and III was observed, except for slightly
greater NH frequency of the amide carbonyl group
in compoundsIII .

According to published data [1, 3, 25], absorption
bands from the conjugated carbonyl group in the
phenacylidene fragments coincide for compoundsII
and analogVIb containing no pyridine nitrogen atom
(162231650 cm31). It should be noted for comparison
that the amide carbonyl band in the IR spectra of
quinoxalinonesVI has a slightly lower frequency than
that found for compoundsII and III ; the broad band
belonging to vibrations of the 3-acylmethylene moiety
is located at 160031623 cm31 [3, 27, 29].

In the 1H NMR spectra (DMSO-d6) of IIb 3IIi and
IIIa 3IIId having an aroylmethylene substituent, the
Ha signal appears atd 6.7536.90 ppm, i.e., almost at
the same position as the corresponding signal of (Z)-3-
aroylmethylene-1H-3,4-dihydro-2-quinoxalinonesVI
(d 6.7237.00 ppm) [3, 27, 29, 30]. The Ha signal in
the spectra of heteryl-substituted pyrido[2,3-b]pyra-
zinonesII (R1 = Ht, Scheme 1) is observed in a con-
siderably stronger field, atd 6.17 (!) and 6.61 ppm [5].
The chemical shifts of Ha in (Z)-3-pivaloylmethylene-
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Table 2. 1H NMR spectra of pyrido[2,3-b]pyrazinonesIIa 3IId , IIh , IIi , IIIa , IIIb , and IIIe in DMSO-d6
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Comp. ³

Chemical shiftsd, ppm
no. ³

ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
IIa ³ 1.17 s (9H, 3CH3), 6.31 s (1H, CH), 7.12 t (1H, 6-H), 7.88 d (1H, 5-H), 8.04 d (1H, 7-H), 12.21 s

³ (1H, 1-H), 12.90 s (1H, 4-H)³
IIa a ³ 1.17 s (9H, 3CH3), 6.34 s (1H, CH), 7.0238.07 m (3H, 5-H, 6-H, 7-H), 12.98 br.s (1H, NH)³
IIb b ³ 6.90 s (1H, CH), 7.2838.15 m (8H, Harom, 5-H, 6-H, 7-H), 13.50 s (1H, NH)³
IIc c ³ 2.40 s (3H, CH3), 4.53 s (2H, Hb, tautomerF, 6%), 6.84 s (1H, Ha, tautomerE, 94%), 7.1538.10 m

³ (7H, Harom, 5-H, 6-H, 7-H), 12.30 br.s (1H, 1-H), 13.37 s (1H, 4-H)³
IId d ³ 2.48 br.s (9H, 3CH3), 6.75 s (1H, CH), 7.1037.85 m (5H, Harom, 5-H, 6-H, 7-H), 13.25 s (1H, NH)³
IIh e ³ 6.88 s (1H, CH), 6.9537.80 m (7H, Harom, 5-H, 6-H, 7-H)³
IIi ³ 6.85 s (1H, CH), 7.1738.11 m (7H, Harom, 5-H, 6-H, 7-H), 12.38 br.s (1H, 1-H), 13.35 s (1H, 4-H)³
IIIa ³ 6.81 s (1H, CH), 7.2238.02 m (8H, Harom, 5-H, 6-H, 7-H), 11.08 br.s (1H, 4-H), 12.10 s (1H, 1-H)³
IIIb ³ 2.42 s (3H, CH3), 6.86 s (1H, CH), 7.1038.08 m (7H, Harom, 5-H, 6-H, 7-H), 12.02 br.s (1H, 4-H), 13.30 s

³ (1H, 1-H)³
IIIe ³ 6.58 s (1H, CH, tautomerH, 71%), 6.9238.15 m (13H, Harom, 5-H, 6-H, 7-H, tautomersG andH), 11.92 s

³ (1H, 4-H, tautomerH), 12.24 s (1H, 4-H, tautomerG, 29%), 14.33 br.s (1H, 1-H, tautomerG)
ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
a In DMSO-d63CF3COOH, 10 : 1.
b According to published data [3], at 50oC in DMSO-d6 0.8% of tautomerF was present (99.2% ofE; Scheme 2).
c Two tautomeric formsE and F were detected (Scheme 2).
d Poorly soluble in DMSO.
e In CF3COOH.

Table 3. Mass spectra of pyrido[2,3-b]pyrazinones IIa , IIb , IIi , IIIa , and IIIb
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Comp. ³

m/z (Irel, %)a
no. ³

ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
IIa ³ 245 (18)M+ ., 189 (10), 188 (100) [M3 (CH3)3C]+ (I ), 161 (10), 160 (18) [M3 (CH3)3C3CO]+ (J), 132 (12)

³ [M3 (CH3)3C32CO]+ (K ), 120 (5), 119 (6) (M), 105 (5), 91 (7), 78 (8), 57 (19) [(CH3)2CHCH2]+, 53 (5),
³ 41 (27), 39 (22)³

IIb ³ 266 (15), 265 (100)M+ ., 264 (34), 237 (9), 236 (45) [M3CO3H]+ (M ), 208 (5) [M32CO3H]+ (N), 188
³ (30) [M3C6H5]+ (I ), 160 (28) [M3C6H53CO]+ (J), 134 (5), 132 (10) [M3C6H532CO]+ (K ), 120 (5), 105
³ (32) [C6H5CÍÄO]+, 91 (5), 78 (5), 77 (19) [C6H5]+³

IIi ³ 284 (16), 283 (100)M+ ., 282 (15), 255 (8), 254 (40) [M3CO3H]+ (M ), 226 (5) [M32CO-H]+ (N), 188 (21)
³ [M34-FC6H4]+ (I ), 160 (24) [M34-FC6H43CO]+ (J), 159 (13), 149 (5), 134 (9), 132 (14) [M34-FC6H43

³ 2CO]+ (K ), 123 (59) [4-FC6H4CÍÄO]+, 120 (20), 105 (5), 104 (7), 96 (5), 95 (42), 92 (6), 91 (5), 78 (7),
³ 75 (11), 64 (5), 53 (5), 40 (9), 39 (8)³

IIIa ³ 266 (12), 265 (100)M+ ., 264 (52), 237 (10), 236 (41) [M3CO3H]+ (M ), 220 (6), 208 (6) [M32CO3H]+ (N),
³ 188 (21) [M3C6H5]+ (I ), 160 (16) [M3C6H53CO]+ (J), 132 (8) [M3C6H532CO]+ (K ), 120 (5), 119 (10)
³ (L ), 105 (27) [C6H5CÍÄO]+, 91 (5), 78 (6), 77 (20) [C6H5]+, 76 (5), 51 (6)³

IIIb ³ 280 (11), 279 (100)M+ ., 265 (7), 264 (40) [M3CH3]+, 251 (14), 250 (42) [M3CO3H]+ (M ), 222 (11)
³ [M32CO3H]+ (N), 188 (42) [M34-CH3C6H4]+ (I ), 163 (56), 161 (13), 148 (9), 135 (44), 131 (37)
³ [M34-CH3C6H432CO3H]+, 120 (9), 119 (54) [4-CH3C6H4CÍÄO]+, 116 (6), 108 (12), 107 (13), 105 (33),
³ 101 (6), 97 (11), 94 (7), 92 (7), 91 (51) [4-CH3C6H4]+, 85 (6), 83 (5), 81 (17), 80 (12), 78 (24), 77 (23),
³ 76 (5), 71 (6), 69 (33), 67 (8)

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
a Given are ion peaks withIrel > 5%; bold characters in parentheses denote common fragment ions (see Scheme 3).
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Scheme 3.

1H-3,4-dihydropyrido[2,3-b]pyrazin-2-one (IIa ) and
(Z)-3-pivaloylmethylene-1H-3,4-dihydroquinoxalin-
2-one (VIa ) almost coincide (d 6.31 and 6.27 ppm,
respectively. Strangely enough, this indicates the
absence of appreciable effect of the pyridine nitrogen
atom on the signal position of the methine proton in
the activated alkene chain. The NH protons in the
pyrazine ring of compoundsII give more downfield
signals (on the average by 0.6 ppm), as compared
with isomers III ; obviously, the deshielding effect
on these protons of the nitrogen atom in the pyridine
ring is weak. There are no other appreciable difference
in the 1H NMR spectra of regioisomersII and III .
This is consistent with published data on isomeric
pyrido[2,3-b]pyrazinones [133].

In the 1H NMR spectrum of pyrido[2,3-b]pyrazin-
2-one (IIc ), apart from the Ha signal atd 6.84 ppm,
we observed a two-proton singlet atd 4.53 ppm,
belonging to the CH2

b group. This pattern suggests the
existence of equilibrium in solution between enamine
tautomerE (major isomer) and imino formF (minor
isomer); the fraction of the latter is 6% (according
to the corresponding signal intensity; Table 2,
Scheme 2). In keeping with the data of [3], a solution
of IIb in DMSO-d6 contains only traces (0.8%) of
tautomerF. As shown in [29], 2-quinoxalinonesVI
in trifluoroacetic acid give rise to a clearly defined
CH2

b signal at d 4.3934.79 ppm together with that
of Ha. The presence of an Ha signal atd 6.58 ppm in
the 1H NMR spectrum of pyrido[2,3-b]pyrazin-3-one

(IIIe ) unambiguously indicates that its imino form
H predominates (71%; Table 2, Scheme 2).

No considerable difference was found in the mass
spectra of compoundsII and III . A little difference
was observed only in the intensity of some common
fragment ions (Table 3, Scheme 3). Peaks withm/z
values of 188, 160, and 132 are stronger for com-
pounds II ; e.g., the intensity of the first of these
(m/z 188) is greater by a factor of~1.5. Relatively
easy elimination of the R fragment (Scheme 3) is
likely to result from themeta-orienting effect of the
nitrogen atom in the pyridine ring ofII .

According to the quantum-chemical calculation
data, nucleophilic attack on aroylpyruvic acidsIV
should be directed at the C2 atom of thea-carbonyl
moiety [13, 31]. Presumably, in reactions ofIV with
2,3-diaminopyridine nucleophilic attack by the elec-
tron-rich 3-NH2 group of the latter occurs just at the
C2 center, affording intermediatea-enamino acidC.
In the reaction with 2,3-furandionesV, an alternative
intermediate, aroylpyruvic acid amideD, is formed
via attack by the 3-amino group of 2,3-diaminopyri-
dine on the lactone carbonyl group ofV. This pathway
does not contradict the known concepts on the mecha-
nism of reactions of 2,3-furandionesV with NH
nucleophiles and is consistent with the results of
quantum-chemical calculations [13, 15, 31, 32].
The subsequent dehydration of intermediatesC and
D leads to heterocyclization and formation of regio-
isomeric 3-acylmethylene-1H-3,4-dihydropyrido-

Scheme 4.
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[2,3-b]pyrazin-2-ones II and 2-aroylmethylene-4H-
1,2-dihydropyrido[2,3-b]pyrazin-3-onesIII , respec-
tively. Azines II and III exhibited bacteriostatic
activity againstS. aureusandE. coli [9, 10].

Taking into account specific features of the reac-
tion of 2,3-diaminopyridine with compoundsIV and
V, it should be stressed out that the same reagent
chemoselectively reacts with acylmethylene deriva-
tives of 2,3-furandiones, e.g., with methyl 2-(5-aryl-
2,3-dihydro-3-oxofuran-2-ylidene)acetate (VII ), at the
exocyclic double bond to afford 3-(5-aryl-2,3-dihydro-
3-oxo-2-furyl)-1H-3,4-dihydropyrido[2,3-b]pyrazin-2-
one (VIII ) [13] (Scheme 4).

EXPERIMENTAL

The IR spectra of compoundsII 3IV were recorded
on UR-20 and Specord M-80 spectrometers from
samples dispersed in mineral oil. The1H NMR spectra
of II 3IV , VI , and VIII were obtained on RYa-2310
(60 MHz), Gemini-200 (200 MHz), Bruker AC-300
(300.13 MHz), and Bruker DRX-500 (500.13 MHz)
instruments in DMSO-d6, DMSO-d63CF3COOH
(10 :1), or CDCl3 using tetramethylsilane or hexa-
methyldisiloxane as internal reference. The13C NMR
spectrum of quinoxalinoneVIb was obtained on
a Bruker WP-400 spectrometer (100.63 MHz) in
DMSO-d6. The mass spectra (electron impact, 70 eV)
of II 3IV and VIa were measured on a Kratos MS-30
instrument (United Kingdom) with direct sample
admission into the ion source; emission current
1000 mA, vaporizer temperature 1003130oC. The
purity of the products was checked by TLC on Silufol
UV-254 plates using benzene3diethyl ether3acetone
(10 :9 :1) as eluent; spots were visualized with iodine
vapor. Initial acylpyruvic acidsIV were synthesized
by the Claisen condensation of the corresponding
methyl ketones with diethyl oxalate in the presence
of excess sodium methoxide or ethoxide [11313].

5-Aryl-2,3-dihydrofuran-2,3-diones (Andreichi-
kov’s furandiones)Va3Vd were obtained by dehydra-
tion of aroylpyruvic acids by the action of acetic
anhydride [13, 14]. Aroylpyruvic acidsIV were
heated with a minimal amount of acetic anhydride
(it must be sufficient to dissolve acidIV ). In the
presence of excess acetic anhydride the yield of target
productsV was lower. Trifluoroacetic anhydride or
acetyl chloride can be used instead of acetic anhy-
dride. We were unable to convert theE isomers of
IVd and IVe into the corresponding 2,3-furandiones
V by the above procedure [13]. 4-Benzoyl-5-phenyl-
2,3-dihydrofuran-2,3-dione (Ziegler’s furandione) was

synthesized by the known reaction of dibenzoyl-
methane with oxalyl chloride [16, 33].

Model 3-acylmethylene-1H-3,4-dihydroquinoxalin-
2-onesVIa and VIb were prepared by heterocycliza-
tion of acylpyruvic acids witho-phenylenediamine
[28, 29]. Commercial 2,3-diaminopyridine (from
Maybridge Chemical Company, Tintagel, Cornwall,
United Kingdom; mp 1113112oC) was used without
additional purification. Physical constants of pyrido-
[2,3-b]pyrazinonesIIb , IIc , IIe , IIg , IIIa , and IIIc
were reported in [1, 2, 4].

(Z)-3-Acylmethylene-1H -3,4-dihydropyrido-
[2,3-b]pyrazin-2-ones IIa3IIi. A mixture of
0.005 mol of acylpyruvic acidIVa3IVi and 0.55 g
(0.005 mol) of 2,3-diaminopyridine in 20330 ml of
ethanol was heated for a short time until it became
homogeneous. After cooling, the precipitate was fil-
tered off and recrystallized from ethanol, dioxane, or
2 :1 ethanol3dioxane.

(Z)-3-Pivaloylmethylene-1H-3,4-dihydropyrido-
[2,3-b]pyrazin-2-one (IIa). IR spectrum, n, cm31:
3130 (N1ÄH), 3070 (N4ÄH), 1690 (CO, amide),
161031635, 1590 (CÍOchelat, CÍC), 1465.

(Z)-3-Benzoylmethylene-1H-3,4-dihydropyrido-
[2,3-b]pyrazin-2-one (IIb). IR spectrum,n, cm31:
3150 (N1ÄH), 3085 (N4ÄH), 1692 (CO, amide),
158531615, 1545 (CÍOchelat, CÍC), 1467. IR spec-
trum of model quinoxalinoneVIb (which lacks pyri-
dine nitrogen atom),n, cm31: 3160 (N1ÄH), 3050
(N4ÄH), 1670 (CO, amide) [30].

(Z)-2-Aroylmethylene-4H -1,2-dihydropyrido-
[2,3-b]pyrazin-3-ones IIIa3IIIe. A solution of 0.55 g
(0.005 mol) of 2,3-diaminopyridine in 10 ml of
benzene was added with stirring to a solution of
0.005 mol of appropriate 5-aryl-2,3-dihydrofuran-2,3-
dione Va3Ve in 30350 ml of benzene. After 24 h,
the precipitate was filtered off, washed with diethyl
ether, and recrystallized from ethanol.

(Z)-2-Benzoylmethylene-4H-1,2-dihydropyrido-
[2,3-b]pyrazin-3-one (IIIa). IR spectrum,n, cm31:
314033160 (N4ÄH), 306033080 (N1ÄH), 1695
(CÍO, amide), 1630, 159031605, 1555 (CÍOchelat,
CÍC), 1468.

(Z)-2-Hydroxy-5,5-dimethyl-4-oxo-2-hexenoic
acid (IVa). Metallic sodium, 9.2 g (0.4 mol), was
added to 100 ml of methanol preliminarily distilled
over sodium, the solvent was removed, and 150 ml of
diethyl ether was added to the dry residue. To the
resulting suspension a mixture of 29.2 g (0.2 mol) of
diethyl oxalate and 40 g (0.4 mol) of pinacolone was
added dropwise, and the resulting mixture was left
overnight. Hot water, 40 ml, was added with stirring
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to the sodium enolate thus formed, and the mixture
was acidified to pH 334 by adding in portions con-
centrated hydrochloric acid. The solvent was removed,
and the dry residue was recrystallized from carbon
tetrachloride or 1 :1 toluene3hexane. AcidIVa was
isolated as colorless needles. Yield 24.6 g (71%), mp
55356oC; published data: mp 60oC [11]; 64oC [34].
IR spectrum,n, cm31: 345533510 and 167531708
(COOH), 161531622 and 158031590 (CÍOchelat),
1458, 1372, 1293, 1257, 1138, 1115.1H NMR spec-
trum (CDCl3), d, ppm: 1.20 s (9H, 3CH3), 6.62 s
(1H, CH, 100% of tautomerA). Mass spectrum,m/z
(Irel > 5%): 172 (30) M+ ., 144 (20) [M3CO]+ or
[(CH3)3CCOCH2COOH]+, 128 (8) [M3CO2]

+ ., 127
(81) [M3CO23H]+ or [(CH3)3CCOCH2CÍÄO]+, 116
(34) [M32CO]+, 115 (8), 111 (8), 88 (21), 83 (12),
69 (40) [OÍCÄCHÍCÍO]+, 60 (5), 57 (100)
[(CH3)2CHCH2]

+, 55 (11), 45 (13), 44 (20), 43 (62),
42 (21), 41 (57), 40 (32), 39 (25). Found, %: C 56.24;
H 6.73. C8H12O4. Calculated, %: C 55.81; H 7.02.

4-Aryl-2-hydroxy-4-oxo-2-butenoic acids
IVb 3IVi. Metallic sodium, 4.6 g (0.2 mol), was added
in portions to 50370 ml of anhydrous ethanol or
methanol (distilled over sodium). To the resulting
solution we added with stirring a mixture of 14.6 g
(0.1 mol) of diethyl oxalate and 0.1 mol of approp-
riate acetophenone. The mixture was left to stand
overnight, and 100 ml of water was added with
thorough stirring and grinding of lumps. The solution
was filtered, and the filtrate was acidified with con-
centrated hydrochloric acid to pH 233. The precipitate
was filtered off, washed with water and 50 ml of
ether, and recrystallized from ethyl acetate, chloro-
form, 1 :1 acetic acid3toluene, or ethanol. Acids
IVb 3IVi were isolated as colorless or yellow crystal-
line substances. The properties of the newly synthe-
sized aroylpyruvic acidsIV and1H NMR spectral data
of some known compoundsIV are given below.

(Z)-2-Hydroxy-4-oxo-4-phenyl-2-butenoic acid
(IVb) [12]. mp 1563157oC (decomp.); published data
[12]: mp 156oC. 1H NMR spectrum (DMSO-d6), d,
ppm: 4.50 s (1H, CH2, tautomerB, 4%), 7.03 s (1H,
CH, tautomerA, 96%), 7.5538.05 m (5H, Harom),
13.65 br.s (1H, OH).

(Z)-2-Hydroxy-4-oxo-4-p-tolyl-2-butenoic acid
(IVc) [12]. mp 1413142oC (decomp.); published data
[12]: mp 1393140oC. 1H NMR spectrum (DMSO-d6),
d, ppm: 2.42 s (3H, CH3), 4.51 s (1H, CH2, tautomer
B, 4%), 7.02 s (1H, CH, tautomerA, 96%), 7.35 d
and 7.98 d (4H, Harom), 8.50 br.s (1H, COOH).

(E)-2-Hydroxy-4-oxo-4-(2,4,6-trimethylphenyl)-
2-butenoic acid (IVd). Yield 23 g (98%). mp 2243
225oC (decomp.). IR spectrum,n, cm31: 1700

(COOH). 1H NMR spectrum (DMSO-d6), d, ppm:
2.22 s (9H, 3CH3), 5.62 s (1H, CN), 6.88 s (2H,
Harom); no CH2 proton signal (typical ofb-diketone
form B) was detected in the spectrum. Mass spectrum,
m/z (Irel > 10%): 234 (22)M+ ., 219 (13) [M3CH3]

+,
189 (71) [M3CO23H]+, 160 (67) [M3CO23CO3
2H]+, 147 (28) [2,4,6-(CH3)3C6H2CÍÄO]+, 121 (79)
[2,4,6-(CH3)3C6H2]

+, 115 (22), 105 (17), 91 (27),
77 (24), 69 (100) [OÍCÍCHCÍÄO]+, 51 (16). Found,
%: C 66.84; H 5.79. C13H14O4. Calculated, %:
C 66.66; H 6.02.

(E)-2-Hydroxy-4-(3-methoxyphenyl)-4-oxo-2-
butenoic acid (IVe). Yield 20 g (90%). mp 1363
138oC (decomp.).1H NMR spectrum (DMSO-d6), d,
ppm: 3.82 s (3H, CH3O), 6.75 s (1H, CH), 7.023
7.62 m (4H, Harom); no signal assignable to the CH2
group ofb-diketone formB was detected. Found, %:
C 59.21; H 4.67. C11H10O5. Calculated, %: C 59.46;
H 4.54.

(Z)-2-Hydroxy-4-(3,4-dimethoxyphenyl)-4-oxo-
2-butenoic acid (IVf). Yield 20.4 g (81%). mp 1793
180oC (decomp.). IR spectrum,n, cm31: 1710
(COOH), 1620 (CÍC, C6H3).

1H NMR spectrum
(DMSO-d6), d, ppm: 3.75 s (6H, 2CH3O), 7.003
7.80 m (4H, CH, Harom); no signal assignable to the
CH2 group ofb-diketone formB was detected. Found,
%: C 56.69; H 4.61. C12H12O6. Calculated, %:
C 57.15; H 4.80.

(Z)-4-p-Bromophenyl-2-hydroxy-4-oxo-2-buten-
oic acid (IVg) [12]. mp 1643165oC (decomp.); pub-
lished data [12]: mp 1703172oC. 1H NMR spectrum
(CDCl3), d, ppm: 7.04 s (1H, CH), 7.65 d, 7.92 d
(4H, Harom); no signal assignable to the CH2 group
of b-diketone form B was detected.

(Z)-4-p-Chlorophenyl-2-hydroxy-4-oxo-2-buten-
oic acid (IVh) [12]. mp 1693170oC (decomp.); pub-
lished data [12]: mp 1603161oC. 1H NMR spectrum
(DMSO-d6), d, ppm: 4.60 s (1H, CH2, tautomerB,
7%), 7.12 s (1H, CH, tautomerA, 93%), 7.62 d and
8.10 d (4H, Harom), 8.85 br.s (1H, COOH).

(Z)-4-p-Fluorophenyl-2-hydroxy-4-oxo-2-buten-
oic acid (IVi) [12]. mp 1493150oC (decomp.); pub-
lished data [12]: mp 1503152oC. 1H NMR spectrum
(CDCl3), d, ppm: 4.52 s (1H, CH2, tautomerB, 3%),
7.08 s (1H, CH, tautomerA, 97%), 7.3038.20 m
(4H, Harom), 8.55 br.s (1H, COOH).

(Z)-3-Pivaloylmethylene-1H-3,4-dihydroquino-
xalin-2-one (VIa). To a solution of 0.86 g (0.005 mol)
of pivaloylpyruvic acid IVa in 40 ml of ethanol we
added with stirring 0.54 g (0.005 mol) ofo-phenylene-
diamine. The solution was left to stand for 536 h at
room temperature, and the precipitate was filtered off
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and recrystallized from dimethylformamide. Yield
1.05 g (83%). mp 2293230oC; published data [26]:
mp 2263227oC. 1H NMR spectrum,d, ppm: CDCl3:
1.28 s (9H, 3CH3), 6.47 s (1H, CH), 7.1237.30 m
(4H, Harom), 10.70 s (1H, NH); DMSO-d6): 1.22 s
(9H, 3CH3), 6.27 s (1H, CH), 7.05, 7.12, 7.28 m (4H,
Harom), 11.70 s (1H, 1-H), 13.22 s (1H, 4-H). Mass
spectrum,m/z (Irel > 5%): 244 (59)M+ ., 187 (100)
[M3 (CH3)3C]+ (I ), 160 (8), 159 (6) [M3 (CH3)3C3
CO]+ (J), 131 (15) [M3 (CH3)3C32CO]+ (K ), 90 (6),
77 (7), 65 (7). The fragmentation pattern ofVIa is
fully consistent with that observed for pyrido[2,3-b]-
pyrazin-2-oneIIa under electron impact.

(Z)-3-Benzoylmethylene-1H-3,4-dihydroquino-
xalin-2-one (VIb) [25330, 35]. mp 2643265oC;
published data: mp 2683269oC [25], 2663267oC
[26, 29, 30], 2613263oC [35]). 1H NMR spectrum
(DMSO-d6), d, ppm: 4.65 s (2H, CH2

b, tautomerF,
3%; see Scheme 3), 6.72 s (1H, CHa, tautomerE,
97%, see Scheme 3; published data: 6.76 s [30],
6.80 s [35]: 100% of tautomerE), 7.2038.15 m (5H,
Harom), 10.45 s (1H, 1-H, tautomerF), 12.05 s (1H,
1-H, tautomerE; published data: 11.85 s [30], 10.65 s
[35]), 13.68 s (1H, 4-H). According to published data
[3], no imino form F of compoundVIb is detected
at 24oC in DMSO-d6, but it appears at 703150oC,
and its fraction considerably increases as the tempera-
ture rises.13C NMR spectrum (DMSO-d6), dC, ppm:
89.9 (CHCOC6H5); 116.3 (C3); 117.4, 124.6, 124.9,
127.6, 127.8, 129.6, 132.8, 139.4, 146.5 (Carom),
156.6 (COC6H5), 189.3 (CONH).

3-(3-Oxo-5-p-tolyl-2,3-dihydro-2-furyl)-1 H-3,4-
dihydropyrido[2,3-b]pyrazin-2-one (VIII) [13]. To
a solution of 0.73 g (0.003 mol) of methyl 2-(3-oxo-5-
p-tolyl-2,3-dihydrofuran-2-ylidene)acetic acid (VII )
[15, 36] in 25 ml of ethanol we added with stirring
0.33 g (0.003 mol) of 2,3-diaminopyridine. The mix-
ture was heated for 10 min under reflux (TLC), the
solvent was removed, and the residue was ground
with 20 ml of ether and recrystallized from ethanol.
Yield 0.5 g (52%), light brown crystals with mp 2203
222oC (decomp.).1H NMR spectrum (DMSO-d6), d,
ppm: 2.33 s (3H, CH3), 3.42 br.s (3H, CHCH, 4-H),
6.5537.90 m (8H, 4̀-H, Harom, 5-H, 6-H, 7-H); the
signals were broadened and distorted because of the
poor solubility of productVIII in DMSO. Found, %:
C 67.42; H 5.11; N 12.87. C18H15N3O3. Calculated,
%: C 67.28; H 4.71; N 13.08.
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