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The p- and m-substituted 3-arylcarbamoylmethylene-2-oxo0-1,2,3,4-tetrahydroquinoxalines 3a-o0 showed
the tautomeric equilibria between the enamine C and methylene imine D forms in dimethyl sulfoxide or
dimethy] sulfoxide/trifluoroacetic acid media. The linear correlation of the Hammett G, and G, values
with the log K values was observed in the dimethyl sulfoxide/trifluoroacetic acid (2:1) media of com-
pounds 3a-o, wherein Kt meaned the tautomeric equilibrium constants ([DJ/[C]).
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In previous papers [1,2], we reported that the p- and m-
substituted 3-(arylhydrazono)methyl-2-oxo-1,2-dihydro-
quinoxalines 1 exhibited tautomeric equilibria between
the hydrazone imine A and diazenyl enamine B forms
(Scheme 1) in a series of mixed dimethyl sulfoxide/tri-
fluoroacetic acid media. Moreover, the substituent effects
were studied by the nmr spectroscopy, and the linear cor-
relation of the Hammett 6, and 6, values with the tauto-
meric equilibrium constants K ([A)/[B]) was observed in
the dimethyl sulfoxide media of compounds 1.
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On the other band, the side-chained quinoxaline deriva-
tives 2a,b [3] and related compounds 2¢,d [4,5] (Chart)
have also been reported to show the tautomeric equilibria
between the enamine C and methylene imine D forms
(Scheme 2) in various solvents. For example, compounds
2a-d existed as the enamine C and methylene imine D
forms in dimethyl sulfoxide, and compounds 2a-c¢ exclu-
sively existed as the methylene imine D form in trifluoro-
acetic acid. Recently, we have indicated that the tautomer
ratios of C to D depend on the pKa of the side chain moi-
eties in the trifluoroacetic acid media of compunds 2e-g
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[6). However, there has seldom been a paper dealing with
the correlation of the Hammett ¢ values with the tau-
tomeric equilibrium constants Kt ([DJ/[C]), because there
may have been no appropriate model compounds neces-
sary for the study on the substituent effects. In fact, the
reaction of compound 2a with aniline derivatives gave no
products such as compounds 3 (Scheme 3), but recovered
the starting materials. Since compounds 3 having p- or m-
substituents were regarded as suitable model compounds
for the study on the substituent effects, we devised the
synthesis of compounds 3 in the present investigation. As
the result, we accomplished the three step synthesis of
compounds 3 from compound 2a and found the linear
correlation of the Hammett ¢ values with the log K val-
ues in the dimethyl sulfoxide/trifluoroacetic acid (2:1)
media of compounds 3. This paper describes the synthesis
of compounds 3 and the substituent effects on the tauto-
meric equilibrium constants (K = [DJ/[C]).

The reaction of compound 2a with 10-fold molar
amount of hydrazine hydrate has already been reported to
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Scheme 2 stituted aniline derivatives provided the 3-arylcarbamoyl-
methylene-2-oxo0-1,2,3,4-tetrahydroquinoxalines 3a-o.

i H Since compound 5 was insoluble in dimethyl sulfoxide,

- NWAH - N%" the nmr spectrum of compound 5 was measured in a mix-

ture of dimethyl sulfoxide/trifluoroacetic acid (1:3). The

C D presence of the methylene proton signal at & 2.55 ppm

Enamine Form Methylene Imine Form and the absence of the vinyl proton signal supported the

exclusive existence of compound 5 as the methylene

imine tautomer D in dimethy! sulfoxide/trifluoroacetic

acid (1:3) medium.
The nmr spectra of compounds 3a-o in dimethy] sulfox-

Scheme 3
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give the hydrazide 4 [7], whose reaction with ethyl ethoxy- Gy Oy

methylenecyanoacetate afforded ethyl S-amino-1-(2-oxo- i

1,2-dihydroquinoxalin-3-yl)acetylpyrazole-4-carboxylate Figure. Correlation of the Hammett G, and G,, values with the log K
5. The reaction of compound 5 with various D- and m-sub- values in the DMSO/TFA (2:1) media of compounds 3a-o.

Table
Data of the Ky and Log K Values for Compounds 3a-o

in DMSO in DMSO/TFA (2:1)
Chemical Shift () Chemical Shift (5)

Compound R o [a] Ky [b] Vinyl Methylene Ky [b] Vinyl Methylene Log Kt
3a p-SO,NH, +0.62 0.30 5.88 391 0.32 5.82 3.83 -0.49
3b p-COOEt +0.45 0.28 5.89 3.92 0.40 5.84 3.86 -0.40
3c p-Cl +0.23 0.36 5.84 3.88 0.52 5.79 3.83 -0.28
3d p-F +0.06 0.42 5.83 3.87 0.56 5.80 3.82 -0.25
3e p-H +0.00 0.40 5.86 3.88 0.58 5.81 3.82 -0.24
3f p-Et -0.15 0.36 5.85 3.86 0.64 5.80 3.81 -0.19
3g p-Me -0.17 0.40 5.84 3.86 0.66 5.80 3.81 -0.18
3h p-OMe -0.27 0.38 5.82 3.84 0.78 5711 3.80 -0.11
3i m-NO, +0.71 0.26 5.87 3.92 0.32 5.81 3.84 -0.49
3j m-CN +0.56 0.26 5.85 3.90 0.36 5.80 3.83 -0.44
3k m-Cl +0.37 0.32 5.84 3.88 0.42 5.80 3.83 -0.38
3 m-F +0.34 0.32 5.85 3.88 0.46 5.81 3.84 -0.34
3m m-OMe +0.12 0.34 5.85 3.87 0.54 5.81 3.82 -0.27
3n m-Me -0.07 0.34 5.86 3.86 0.56 5.81 3.83 -0.25
3o m-Et -0.08 0.36 5.86 3.86 0.62 5.80 3.81 -0.21

[a] Hammett ¢ values shown herein were selected from several literature sources [8-13]. [b] Tautomeric equilibrium constants Ky ([D}/[C]).
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ide or dimethyl sulfoxide/trifluoroacetic acid (2:1)
showed the vinyl and methylene proton signals (Table),
indicating the coexistence of the enamine C and methyl-
enc imine D tautomers. The tautomer ratios of C to D cal-
culated from the integral ratios of the vinyl and methylene
proton signals afforded the Kt ([D]/[C]) values in
dimethyl sulfoxide or dimethyl sulfoxide/trifluoroacetic
acid (2:1) media. The Kp values in dimethyl
sulfoxide/trifluoroacetic acid (2:1) media gradually
increased with the stepwise decrease in the Hammett ©
values (Table), but the K values in dimethyl sulfoxide
media did not exhibit such a correlation. The Table and
Figure show the linear correlation of the Hammett 6, and
G,, values with the log Kt values in dimethyl
sulfoxide/trifluoroacetic acid (2:1) media (correlation
coefficient, r = 0.985). The above results indicate that the
difference in the pKa of the side chain aniline moieties is
well reflected in acidic media, but not in dimethyl sulfox-
ide media.

EXPERIMENTAL

All melting points were determined on a Yazawa micro melt-
ing point BY-2 apparatus and are uncorrected. The ir spectra
(potassium bromide) were recorded with a JASCO IRA-1 spec-
trophotometer. The mass spectra (ns) were determined with a
JEOL JMS-01S spectrometer. The nmr spectra were measured at
25° with a VXR-300 spectrometer at 300 MHz. Chemical shifts
were given in the 8 scale. Elemental analyses were performed on
a Perkin-Elmer 240B instrument.

Ethyl 5-Amino-1-(2-oxo-1,2-dihydroquinoxalin-3-yl)acetylpyra-
zole-4-carboxylate 5.

A suspension of 3-hydrazinocarbonylmethylene-2-oxo-
1,2,3,4-tetrahydroquinoxaline (10 g, 45.9 mmoles) and ethyl
ethoxymethylenecyanoacetate (11.63 g, 68.8 mmoles) in N,N-
dimethylformamide (150 ml)/ethanol (100 ml) was refluxed on a
boiling water bath for 3 hours to precipitate yellow needles 5,
which were collected by suction filtration and washed with
ethanol to give an analytically pure sample (9.90 g, 63%), mp
302-303°; ir: v cm-! 3420, 3300, 1660, 1600; ms: m/z 341 (M),
nmr [deuteriodimethyl sulfoxide/trifluoroacetic acid (1:3)]: 7.84
(s, 1H, pyrazole C3-H), 7.60 (dd, J = 8.0 Hz, J = 1.0 Hz, 1H,
Cs-H), 7.47 (ddd, J = 8.0 Hz, J = 8.0 Hz, J = 1.0 Hz, 1H, C;-H),
7.24 (dd, J = 8.0 Hz, J = 1.0 Hz, 1H, Cg-H), 7.23 (ddd, ] = 8.0
Hz, J = 8.0 Hz, J = 1.0 Hz, 1H, C4-H), 3.99 (q, ] = 7.0 Hz, 2H,
CH,), 2.55 (s, 2H, CHj,), 0.97 (t, } = 7.0 Hz, 3H, CH3). The NH
and NH, proton signals were unobservable.

Anal. Calcd. for C;gH5sNsO4: C, 56.30; H, 4.43; N, 20.52.
Found: C, 56.45; H, 4.55; N, 20.49.

General Procedure for the Synthesis of Compounds 3a-o.

A solution of the pyrazole derivative § (2 g, 5.87 mmoles)
and the appropriate aniline derivative (17.6 mmoles, 3-fold
molar amount) in N,N-dimethylformamide (100 ml) was
refluxed for 3 hours. Evaporation of the solvent in vacuo gave
yellow crystals, whose recrystallization from N,N-dimethylform-

amide/ethanol/water afforded yellow needles.

In the synthesis of compound 3i, 5-fold molar amount of m-
nitroaniline was allowed to react with compound 5 under S hour
reflux.

Compound 3a (yield, 46%) had mp 310-311°; ir: v cm-1 3540,
3360, 3240, 1675, 1640, 1605; ms: m/z 358 (M*); nmr (deu-
teriodimethyl sulfoxide): (signals due to the enamine form C)
11.69 (s, N4-H), 11.66 (s, N;-H), 10.34 (s, amide NH), 5.88 (s,
vinylic H); (signals due to the methylene imine form D) 10.55
(s, amide NH), 391 (s, CH,), (N;-H)-unobservable; (other sig-
nals) 7.80-6.95 (aromatic), 7.20 (s, p-SO,NH,).

Anal. Caled. for C;gH14N4O4S: C, 53.62; H, 3.94; N, 15.63.
Found: C, 53.73; H, 4.03; N, 15.81.

Compound 3b (yield, 59%) had mp 273-274°; ir: v cm"!
3370, 1680, 1640, 1600, ms: m/z 351 (M*); nmr (deuteriodi-
methyl sulfoxide): (signals due to the enamine form C) 11.70 (s,
N4-H), 11.58 (s, N{-H), 10.34 (s, amide NH), 5.89 (s, vinylic H);
(signals due to the methylene imine form D) 12.42 (s, N;-H),
10.58 (s, amide NH), 3.92 (s, CH,); (other signals) 7.89-6.94
(aromatic), 4.26 (q, J = 7.0 Hz, CH,), 1.29 (t, ] = 7.0 Hz, CHj).

Anal. Calcd. for C;gH{7N30,4: C, 64.95; H, 4.88; N, 11.96.
Found: C, 64.93; H, 499; N, 12.05.

Compound 3¢ (yield, 60%) had mp 302-303°; ir: v cm! 3300,
3240, 1660, 1640; ms: m/z 313 (M), 315 (M* + 2); nmr (deu-
teriodimethyl sulfoxide): (signals due to the enamine form C)
11.68 (s, N4-H), 11.54 (s, N;-H), 10.14 (s, amide NH), 5.84 (s,
vinylic H); (signals due to the methylene imine form D) 12.40
(s, Ny-H), 10.34 (s, amide NH), 3.88 (s, CH,); (other signals)
7.73-6.93 (aromatic).

Anal. Caled. for C1H;CIN3O,: C, 61.25; H, 3.86; N, 13.39.
Found: C, 61.22; H, 4.06; N, 13.67.

Compound 3d (yield, 45%) had mp 303-304°; ir: v cm!
3410, 1660, 1645; ms: m/z 297 (Mt); nmr (deuteriodimethyl
sulfoxide): (signals due to the enamine form C) 11.67 (s, N4-H),
11.60 (s, N;-H), 10.07 (s, amide NH), 5.83 (s, vinylic H); (sig-
nals due to the methylene imine form D) 10.26 (s, amide NH),
3.87 (s, CH,), (N{-H)-unobservable; (other signals) 7.73-6.90
(aromatic).

Anal. Calcd. for CjgH,FN3O,: C, 64.64; H, 4.07; N, 14.13.
Found: C, 64.35; H, 4.17; N, 14.32. )

Compound 3e (yield, 56%) had mp 304-305°; ir: v cm! 1690,
1640, 1600; ms: m/z 279 (M*); nmr (deuteriodimethyl sulfox-
ide): (signals due to the enamine form C) 11.70 (s, N4-H), 11.51
(s, N;-H), 10.01 (s, amide NH), 5.86 (s, vinylic H); (signals due
to the methylene imine form D) 12.40 (s, N-H), 10.22 (s, amide
NH), 3.88 (s, CH,); (other signals) 7.73-6.92 (aromatic).

Anal. Caled. for C;¢H 3N30,: C, 68.80; H, 4.69; N, 15.05.
Found: C, 68.52; H, 4.67; N, 15.02.

Compound 3f (yield, 68%) had mp 287-288°; ir: v cm! 3240,
3210, 1690, 1635, 1600; ms: m/z 307 (M*); nmr (deuteriodi-
methyl sulfoxide): (signals due to the enamine form C) 11.71 (s,
N4-H), 11.51 (s, Ny-H), 9.95 (s, amide NH), 5.85 (s, vinylic H)
1.14 (t, J = 7.0 Hz, CHj); (signals due to the methylene imine
form D) 10.15 (s, amide NH), 3.86 (s, CH,), 1.13 (1, ] = 7.0 Hz,
CHj), (N;-H)-unobservable; (other signals) 7.73-6.90 (aro-
matic), 2.53 (q, J = 7.0 Hz, CH,).

Anal. Calcd. for C1gH;7N30,: C, 70.34; H, 5.58; N 13.67.
Found: C, 70.13; H, 5.58; N, 13.72.

Compound 3g (yield, 45%) had mp 282-283°; ir: v cm-!
3300, 1660, 1640, 1600; ms: m/z 293 (Mt); nmr (deuteriodi-
methyl sulfoxide): (signals due to the enamine form C) 11.71 (s,
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N4-H), 11.49 (s, N{-H), 9.94 (s, amide NH), 5.84 (s, vinylic H);
(signals due to the methylene imine form D) 12.40 (s, N;-H),
10.11 (s, amide NH), 3.86 (s, CH,); (other signals) 7.73-6.91
(aromatic), 2.23 (s, CHy).

Anal. Caled. for C;7H,sN30,: C, 69.61; H, 5.15; N, 14.33.
Found: C, 69.39; H, 5.25; N, 14.61.

Compound 3h (yield, 83%) had mp 286-288°; ir: v cm-!
3230, 1690, 1635, 1600; ms: m/z 309 (M+); nmr (deuteriodi-
methyl sulfoxide): (signals due to the enamine form C) 11.70 (s,
N4-H), 11.47 (s, Ni-H), 9.90 (s, amide NH), 5.82 (s, vinylic H),
3.70 (s, OCH3); (signals due to the methylene imine form D)
1239 (s, N;-H), 10.05 (s, amide NH), 3.84 (s, CH;), 3.69 (s,
OCHs;); (other signals) 7.73-6.86 (aromatic).

Anal. Calcd. for C;7H;5N303: C, 66.01; H, 4.89; N, 13.59.
Found: C, 65.91; H, 4.88; N, 13.74.

Compound 3i (yield, 35%) had mp 282-283°; ir: v cm’! 3410,
3380, 3320, 1690, 1650; ms: m/z 324 (M+); nmr (deuteriodi-
methyl sulfoxide): (signals due to the enamine form C) 11.63 (s,
N,-H), 11.61 (s, N;-H), 10.48 (s, amide NH), 5.87 (s, vinylic H);
(signals due to the methylene imine form D) 10.80 (s, amide
NH), 3.92 (s, CH,), (N;-H)-unobservable; (other signals) 8.82-
6.95 (aromatic).

Anal. Calcd. for C16H1oN4O4: C, 59.26; H, 3.73; N, 17.28.
Found: C, 59.01; H, 3.86; N, 17.22.

Compound 3j (yield, 46%) had mp 296-297°; ir: v cmr! 3360,
2240, 1680, 1645; ms: m/z 304 (M*); nmr (deuteriodimethyl
sulfoxide): (signals due to the enamine form C) 11.66 (s, N4-H),
11.59 (s, Ny-H), 10.34 (s, amide NH), 5.85 (s, vinylic H); (sig-
nals due to the methylene imine form D) 12.43 (s, Ny-H), 10.59
(s, amide NH), 3.90 (s, CH;); (other signals) 8.24-6.95 (aro-
matic).

Anal. Calcd. for Cy7H;N4O,: C, 67.09; H, 3.98; N, 18.41.
Found: C, 66.84; H, 4.10; N, 18.39.

Compound 3k (yield, 57%) had mp 251-252°; ir: v cm-1
3270, 1650, 1605; ms: m/z 313 (M*), 315 (M* + 2); nmr (deu-
teriodimethyl sulfoxide): (signals due to the enamine form C)
11.66 (s, Ng4-H), 11.56 (s, N;-H), 10.19 (s, amide NH), 5.84 (s,
vinylic H); (signals due to the methylene imine form D) 12.43
(s, Ny-H), 10.42 (s, amide NH), 3.88 (s, CH,); (other signals)
7.88-6.87 (aromatic).

Anal. Calcd. for C1gH;,CIN3O,: C, 61.25; H, 3.86; N, 13.39.
Found: C, 60.97; H, 3.89; N, 13.67.

Compound 31 (yield, 52%) had mp 262-263°; ir: v cm™! 3290,
1650; ms: m/z 297 (M*); nmr (deuteriodimethyl sulfoxide): (sig-
nals due to the enamine form C) 11.65 (s, N4-H), 11.55 (s,
N;-H), 10.21 (s, amide NH), 5.85 (s, vinylic H); (signals due to
the methylene imine form D) 12.44 (s, N;-H), 10.43 (s, amide
NH), 3.88 (s, CH,); (other signals) 7.67-6.78 (aromatic).

Anal. Calcd. for C;gH3FN3O,: C, 64.64; H, 4.07; N, 14.13.
Found: C, 64.35; H, 4.08; N, 14.27.

Compound 3m (yield, 66%) had mp 224-225° ir: v cm’!
3300, 1650, 1600; ms: m/z 309 (M+); nmr (deuteriodimethyl
sulfoxide): (signals due to the enamine form C) 11.67 (s, N4-H),
11.56 (s, N;-H), 10.00 (s, amide NH), 5.85 (s, vinylic H), 3.72
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(s, OCHj); (signals due to the methylene imine form D) 12.40
(s, Nj-H), 10.20 (s, amide NH), 3.87 (s, CH,), 3.69 (s, OCHy);
(other signals) 7.74-6.57 (aromatic).

Anal. Caled. for Cy7H;5sN305: C, 66.01; H, 4.89; N, 13.59.
Found: C, 65.79; H, 4.87; N, 13.71.

Compound 3n (yield, 61%) had mp 242-243°; ir: v cm'!
3290, 1650, 1610; ms: m/z 293 (M*); nmr (deuteriodimethyl
sulfoxide): (signals due to the enamine form C) 11.71 (s, N4-H),
11.50 (s, N;-H), 9.94 (s, amide NH), 5.86 (s, vinylic H), 2.26 (s,
CHj;); (signals due to the methylene imine form D) 12.40 (s,
N;-H), 10.13 (s, amide NH), 3.86 (s, CH3), 2.25 (s, CH3); (other
signals) 7.73-6.82 (aromatic).

Anal. Calcd. for C7HsN30,: C, 69.61; H, 5.15; N, 14.33.
Found: C, 69.37; H, 5.14; N, 14.39.

Compound 3o (yield, 41%) had mp 266-267°; ir: v cm™!
3300, 1670, 1630, 1610; ms: m/z 307 (M*); nmr (deuteriodi-
methyl sulfoxide): (signals due to the enamine form C) 11.69 (s,
N4-H), 11.51 (s, Ny-H), 9.96 (s, amide NH), 5.86 (s, vinylic H),
2.56 (g, J = 7.0 Hz, CH,), 1.16 (t, ] = 7.0 Hz, CH3); (signals due
to the methylene imine form D) 12.40 (s, Ny-H), 10.19 (s, amide
NH), 3.86 (s, CH,), 2.54 (q, J = 7.0 Hz, CHy), 1.14 (1, J = 7.0
Hz, CHj); (other signals) 7.73-6.85 (aromatic).

Anal. Calcd. for C;gH{7N30,: C, 70.34; H, 5.58; N, 13.67.
Found: C, 70.42; H, 5.64; N, 13.79.
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