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£ 9. 2-Methoxycarbonylmethylene-1,2-dihydro-4H-pyridof2,3-blpyrazin-3-one(5)2- ‘hydrazine - hydrate 9}
ethylenediamineS- HH-8-A] # - 2-hydrazinocarbonylmethylene- 1,2-dihydro-4H-pyrido[2,3-Blpyrazin-3-one(6)%} 2-
aminoethylcarbamoylmethylene-1,2-dihydro-4H-pyrido| 2,3-b]pyrazin-3-one(7y& V2t FA3skt. #3HE- 6 ==
T A izeke| 3 =R 2 Hu| 2ol el Sl Eqel WhEARA pyrido[2,3-blpyrazine T ($-13)E Zhek HAIsI
o} B71A} pyridof2,3-blpyrazineS- -S4l A enamined), methylene imine® 3= enamine®, methylene imine
¥, enaminol ¥ Alolel] EEM 2} WA iehfigled], o152 25 vl 'H NMR2A $A31%9-

ABSTRACT. The reaction of 2-methoxycarbonyimethylene-1,2-dihydro-4 H-pyridof2,3-blpyrazin-3-one(S)
with hydrazine hydrate and ethylenediamine gave 2-hydrazinocarbonylmethylene-1,2-dihydro-44-pyrido[2,3-
blpyrazin-3-one(6) and 2-aminoethylcarbamoy!methylene-1,2-dihydro-4H-pyrido[ 2,3-blpyrazin-3-one(7), res-
peéﬁvely. The reaction of compound 6 or 7 with substituted benzaldehydes or beteroaryl aldehydes afforded
pyrido[2,3-b]pyrazines(8-13}. Some pyridof2,3-b]pyrazines showed the tautomerism between the enamine and
methylene imine forms, and between the enamine, methylene imine and enaminol forms in solution. The tau-

tomer ratios were determined by the 'H NMR.
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e =] A3E - AL HeEaze] A§E
Pyridopyrazine= £5°37H] Wel §4 5o 9lom,
AERY 8L 7ME Ao Euse] gl 4 F
=9, S-substituted-5,8-dihydro-8-oxopyridof2,3-b]pyrazine-
7-carboxylic acidfF(1)¢} pipemidic acid(2):= A
Mg FlAdT dejA] ¢len, 7,8.9,10-tetrahydro-5H-
pyrazino[1,2-alpyrido[3,2-¢lpyrazin-6-one(3y> ¥ 7
34’ 22)3 1,2-dihydropyrido[3,4-blpyrazineTH(4)=
Ad o] el Zhzt Rarsle] QIoH(Chart 1).

B A7l AEHH PE TR AR
23 gEe] YA A3 ATE F pyri-

dopyrazinefi7t THeF3) SFEE Uehiici AbAle) He}
8l 2,3-diaminopyridineS- dimethyl acetylenedicar-
boxylate(DMAD)?} HH-AlA A2 lactam typed] 2-
methoxycarbonylmethylene-1,2-dihydro-4H-pyrido{2,3-
blpyrazin-3-one(5)& ZLEAR 3l YB3 AAS
71 A2 7|dEe 2L pyrido[2,3-blpyrazineF
2 Psign). 222 AT IUEE SoilM EEA
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Chart 1.

E AP A3 Aok BEFFES AAEA 43
A3 0w, Salle BPEFE 2 AMSIY. 54
£ Haake BuchlerAl®] ©R|gl 3 AR 2H
AT BAL 1A iith R 2 EFL Mattson
Polaris FLIR ¥345=A4& AM8-3l4 $19len, 'H
NMR 2~ EZ-2 Varian Gemini-20(200 MHz) 2%
AE A3} dgie): 2] Mass 298 E]]-2 Shimadz
GC/MS QP-5000 & QP-5050 #3348 AHgsled
et
aigrEel By
2-Methoxycarbonylmethylene-1,2-dihydro-4H-pyrido-

[23Ipyrazin-3-one(5)2] BHY. £ FFHEL FH B

JEle} Y wHeE Aside
2-Hydrazinocarbonyhnethylene-1,2-dihydro-4H-pyrido-
[2,3-b]pyrazin-3-one(6)2] £, B747717} F-4€
500mL Zelxzel 3HE 5(10g, 45.7 mmol)¥
hydrazine hydrate(68.6 g, 1.4 mol), 2|3l ol|&t-&
200 mLE 932 BSEIA 447t 3FAIZE vheE
S Ao YAl F AAE ITAE 3P 3
oS NN R E S ol SpfElgE sl =3
A AARe IAFE 67.14g T1%)S> 4otk mp:
300°C(dec); IR(KBr, cm™): 3350, 1691, 1626, 1547,
ms(m/z): 2190MY); 'H NMR(DMSO-d;, & ppm): 11.82
(s, 1H, NH), 1154, 1H, NH), 921(s, 1H, NH),
785(d, J=46 Hz, 1H, pyridine CeH), 7.59d, J=6.7
Hz, 1H, pyridine CeH), 7.02(dd, J=49, 127 Hz, 1H,
pyridine C,-H), 5.65(s, 4/5H, vinylic H), 4.35(br, 2H,
NH,), 3.64(s, 1/5H, CH)). -
2-Aminoethylcarbamoylmethylene-1,2-dihydro-4H-
pyrido[2,3-b]pyrazin-3-one(7)2| BH. ¥FY%47)7}

225 250 mL FEekaAe)] HFE 5(5g, 22.8 mmi)
3} o) o}n1(27.45 g, 457 mmol), Ze)I kS
150 mLE W3 EFEelA X7 AFA3H. iSE
+ Ao YRR F ALY AE A T
o NNTEERolu| Eplehes A AR S it
| A" JFE 7471 g, 4% AU mp:
254-255°C; IR(KBr, cm™): 3271, 1646, 1561,
1432; ms(m/z): 247(M*); 'H NMR(CD,COOD, & ppmy):
7.86(d, J=5.0 Hz, 1H, pyridine Cs-H), 7.66(d, J=6.8
Hz, 1H, pyridine CyH), 7.13(dd, J=50, 13.1 Hz,
IH, pyridine C,-H), 5.86(s, 1/2H, vinylic H), 3.64
(t, J=48 Hz, 2H, NHCH,CH,NH,), 3.54(s, 12H, CH,),
3.32(, 24, J=53 Hz, NHCH,CH,NH,). The NH,
proton signals were not observed.

2-(Substituted benzylidenchydrazinocarbonylmethylene)-
1,2-dihydro-4H-pyridof2,3-b}pyrazin-3-oneT7(8)2| &4.
7B B3E 100 mL Sekesel SRME 61
g, 4.56 mmol)7} W=YHF)=(0.73 g, 6.85 mmol), L
B2 oebE 30mLE Y2 EFHIAM 222 874
e}
BB AL0® YA F AAd IAE A”E
of=} & o NNCHEESo| EplebgE AEA
3] o}F- x2HY HAAQ) 2:(benzylidenehydrazino-
carbonylmethylene-1,2-dihydro-4H-pyrido[2,3-b]-
pyrazin-3-one(8ayS 1.20 g(86%)AI}. mp: 288-280°C;
IR(KBr, cm™): 1689, 1637, 1373, 756; ms(m/z):
3070M); 'H NMROMSO-d,, 8 ppm): 817, 5/12H,
hydrazone CH), 8.08(s, 7/12H, hydrazone CH), 8.02-
6.98(m, 8H, aromatic and pyridine H), 6.60(s, 7/
12H, vinylic H), 5.84(s, 5/12H, vinylic H). NH protons
were observed at 12.08(s), 12.01(s), 11.96(s), 11.76(s),
11.60(s), 11.29(s) ppm.

o]} Z& wpgoz W= 3= tjile] p-anisalde-
hyde, p-tolualdehyde, p-ZE2H=YG = I m]
Ezfi=gd 3= 47 whAIA AE 8b-eE §
Asiedct. 1=l 3 35S 8bel 8d9 A= BRFAIZ
& A= Y.

2-(p-Methoxybenzylidenehydrazinocarbonylmethylene)-
1,2-dihydro-4H-pyrido[2,3-b]pyrazin-3-one(8b)> %18t
XA ARO= 121 g80%) AXTE mp: 247-248°C;
IRKBz, cmi™): 1690, 1611, 1380, 755; ms(mvz): 337QM*);
'H NMR(MDMSO-d,, & ppm): 8.10(s, 2/5H, hydrazone

Journal of the Korean Chemical Society



Pyrido(2,3-blpyrazineF2] 3g5 EEr2} WAt 437

CH), 8.00(s, 3/5H, hydrazone CH), 7.97-6.9&m, 7H,
aromatic and pyridine H), 6.56(s, 3/5H vinylic H),
5.80(s, 2/5H, vinylic H), 3.80(s, 3H, OCH;). NH protons
were observed at 12.04(s), 11.95(s), 11.74(s), 11.46(s),
11.15(s) ppm.
2-(p-Methylbenzylidenehydrazinocarbonylmethylene)-
1,2-dihydro-4H-pyrido{2,3-b]pyrazin-3-one(Bcy> 53
A AH SR 127g85%) Ut mp: 294-295°C,
IR(KBr, cm™'): 1691, 1643, 1375, 1294, 953, 754;
msm/z): 21(M*); '"H NMROMSO-ds, 8 ppm): 8.10
(s, 2/5H, hydrazone CH), 8.02(s, 3/5H, hydrazone
CH), 7.98-695(m, 7H, aromatic and pyridine H),
6.56(s, 3/5H, vinylic H), 5.81(s, 2/SH, vinylic H),
234G, 1H, CHy). NH protons were observed at 12.07(s),
12.00(s), 11.94(s), 11.73(s}, 11.53(s), 11.22(s) ppm.
2-(p-Chlorobenzylidenchydrazinocarbonylmethylene)-
1,2-dihydro-4H-pyrido[2,3-blpyrazin-3-one(8d) > -t
A Ao 2 154g98%) VU mp: 291-292°C;
IR(KBr, cm™). 1689, 1643, 1371; ms(m/z): 3420M9),
344(M*+2);, 'H NMRDMSO-d;, d ppm): 8.72(s,
1H, hydrazone CH), 8.19-7.00(m, 7H, arompatic and
pyridine H), 6.55(s, 3/5H, vinylic H), 5.82(s, 2/5H,
vinylic H). NH protons were observed at 12.09(s),
12.02{(s), 11.94(s), 11.73(s), 11.65(s), 11.34(s) ppm.
2-(m-Nitrobenzylidenehydrazinocafbonylmethylene)-
1,2-dihydro-4H-pyrido[2,3-blpyrazin-3-one(8e)}& =3}
A AARSZ 1.45g90%) ART mp: 291-292°C;
IR(KBr, cm™): 1680, 1616, 1535, 1352; ms(m/z):
352(M*Y); 'H NMR(DMSO-ds, & ppm): 8.55(s, 1/2H,
hydrazone CH), 8.53(s, L/2H, hydrazone CH), 8.35-7.00
(m, 7H, aromatic and pyridine H), 6.58(s, 1/2H, vinylic
H), 5.85(s, 1/2H, vinylic H). NH protons were
observed at 12.10(s), 12.04(s), 11.94(s), 11.83(s),
11.77(s), 11.51(s) ppm.
2{(@-Pyridyhnethylidenejydrazinocarbonykmethylene]-
1,2-diydro4H-pyrido[23-b jpyrazin-3one(9)] BHAM, 3
F34717 #3239 100mL Sekxae] S3HE 605
g, 228mmol)3 4-pyridinecarboxaldehyde(0.37 g, 343
mmol), 2] ojghg 20mLE W1 BF8elA] 54|
T BFAAS HRES e oE I F AR
IANE A & o VN EFoln] Eefet
<2 AAAS =Y FAHA A¥E 90678,
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9%6%)8 LT mp: 271273°C; IR(KBr, cm™):
1695, 1612, 1373, 754; ms(m/z): 308(M"); 'H -NMR
(DMSO-ds, 8 ppm): 864(d, J=38 Hz, 2H, pyridine
CrH and CeH), 809, 14H, hydrazone CH), 8.03
(s, 3/4H, hydrazone CH), 8.00-7.70(m, 2H, pyridine
C-H and Cs-H), 7.62(d, J=4.4 Hz, 2H, C+H and
Ce-H), 7.09(dd, J=4.6, 12.8 Hz, 1H, CH), 6.57(s,
4/TH, vinylic H), 5.84(s, 3/7H, vinylic H). NH
protons were observed at 12.15(s), 12.13(s), 11.92(s),
11.87(s), 11.74(s), 11.59(s) ppm.
2{(Heteroaryimethylidenejlrydeazinocarbonyhmethylene}-
12-dihydvo-4H-pyrido[23-blpyrazin-3-one W (102 & 4.
BRI Y 100wl Setaaed 33}E

6(1 g, 4.56 mmol)@} -furfurak0.66 g, 6.85 mmol); L

A3 oghE 30mLE I EFHIM 5AZE BFA
At MBS Ao R WAzl F A wAE
Yol & oHe NN ES ol S el s A
AA st Ag =W ARl 22 furylmethylidene)
hydrazinocarbonylmethylene}-1,2-dihydro-4H-pyrido
{2,3-blpyrazin-3-one(10ay& 1.21 g(90%) A4}, mp:
277278 °C; IR(KBr, cm™): 1693, 1643, 1371, 754;
ms(mfz): 297(M*); 'H NMR(MDMSO-d, & ppm):
8.04(s, 1/4H; hydrazone CH), 7.93(s, 3/4H, hydra-
zone CH), 7.83(brs, 1H, furan Cs-H), 7.806-7.00(m,
3H, pyridine H), 6.86(brs, 1H, furan C;-H),
6.63(brs, 1H, furan C,-H), 6.49(s, 8/11H, vinylic
H), 578(s, 3/11H, vinylic H). NH protons were
observed at 12.09(s), 12.02(s), 11.91(s), 11.64(s),
11.53(s), 11.24(s) ppm. - .

2-[(2-Thienylmethylidene}hydrazinccarbonylmethylene]-
12-dihydro-4H-pyrido[2,3-b]pyrazin-3-one(10b)> 15
$ =3k 4AoE 133g93%) U}l mp: 295-
206°C; IR(KBr, cm™). 1686, 1637, 1616, 1373, 787;
ms(vzy: 313", 'H NMR(DMSO<d;, Sppm): 836
(s, 1/2H, hydrazone CH), 8.23(s, 1/2H, hydrazone
CH), 7.94(brs, 1H, pyridiene Ce-H), 7.73(d, J=5.2
Hz, 1H, pyridiene Gs-H), 7.63 (d, J=5.0 Hz, 1H,
thiophene Cs-H), 7.41(brs, IH, thiophene Cs-H),
7.15(m, 2H, pyridne Cr-H and thiophene C.H),
6.47(s, 1/2H, vinylic H), 5.78(s, 1/2H, vinylic H).
NH protons were observed at 12.08(s), 12.02(s),
11.93(s), 11.73(s), 11.56(s), 11.27(s) ppm.
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2(Substitirted benzylideneaminoethylcarbamoyimethylene)-
1,2-dihydro4H-pyrido[23-b}pyrazin-3-one B (11)2]  £4d.
FR7P AR 100mL Sk BRME T g, 405
mmol)?} W=E) ) 2065 g, 607 mmol), 28} oeke
30 mLE 9 BEEelA) 3117 AR,

HREEE AR YZZ F AAE aullE st
7} & o NNEEEEZo]| SpisheE 2134
3] % vl AAq 2-(benzylideneaminoethylcar-
bamoylmethylene)-1,2-dihydro-4H-pyrido[2,3-b]-
pyrazin-3-one(11a)S 1.27 g(93%) 4%}t mp: 238-
239°C; IR(KBr, cm™): 3363, 1626, 1540, 1425; ms(m/
z): 335M*); 'H NMRDMSO-ds,  ppm): 11.73(s,
NH), 11.68(br, NH), 8.35(s, 1H, benzylidene CH),
8.23-6.88(m, 8H, aromatic and pyridine H), 5.75(s,
IH, vinylic H), 3.68(t, /=5.8 Hz, 2H, CH,), 3.48
(t, J=5.8 Hz, 2H, CH,).

ojg} 7k WY oR WY F=. thAaleh p-anis-
aldehyde, p-tolualdehyde, p-E2 223 = g
mIESHIZAH S| 28 27t HhAIA ARME 11b-e
< ¥k

2-(p-Methoxybenzylideneaminoethylcarbamoylmethylene)-
1,2-dihydro4H-pyrido[2,3-blpyrazin-3-one(11b)y> A3k
vld Aoz 1.31g98%) VTt mp: 247-248°C;
R(KBr, om™): 3358, 1675, 1635, 1545, 1337, 1257,
825; ms(m/z): 365(M"); 'H NMR(MDOMSO-<, & ppm):
11.72(s, NH), 825(s, 1H, benzylidene CH), 8.19692
(m, 7H, aromatic-and pyrdine H), 5.73(s, 1H, vinylic
H), 3.7%s, 3H, OCHy), 3.65¢ J=88 Hz, 2H, CH,),
3.42(t, J=5.6 Hz, 2H, CH,). .

2(p-Methylbenzylideneaminoethylcarbamoylmethylene)-
1,2-dihydro-4H-pyrido[2,3-blpyrazin-3-one(11c)S <%t
uld) AR o= 1.39 g(99%) YT} mp: 258-260°C;
IR(KBr, -em™): 3361, 1678, 1637, 1547, 1336; ms(m/
7): 349M*); 'H NMR(DMSO-ds, § ppm): 11.72(s,
NH), 830(s, 1H, benzylidene CH), 8.21-6.98(m,
TH, aromatic and pyridine H), 5.74(s, 1H, vinylic H),
3.66(t, /=4.0 Hz, 2H, CH,) 3.45(t, /=40 Hz, 2H,
CH,), 2.34(s, 3H, CH,).

2~(p-Chlorobenzylideneaminoethylcarbamoylmethylene)-
1,2-dihydro-4H-pyrido[2,3-b]pyrazin-3-one(11d)2- &t
uld) AAo= 143 g(96%) AN mp: 256-258 °C;
IR(KBr, cm™): 3371, 1682, 1628, 1545, 1342, 798;

ms(m/z): 370(M*), 372(M*+2); 'H NMR(DMSO-d;,
dppm) 11.71(s, NH), 8.34(s, 1H, benzylidene CH),
8.22-6.98(m, 7H, aromatic and pyridine H), 5.73(s,
1H, vinylic H), 3.67(t, /=5.0 Hz, 2H, CH,), 342
(t, J/=5.8 Hz, 2H, CH,).

2-(m-Nitrobenzylideneaminoethylcarbamoylmethylene)-
1,2-dihydro-4H-pyrido[2,3-b]pyrazin-3-one(11e} 13t
=3b) A OB 147996%) QT mp: 232:234°C;
IR(KBr, cm™): 3363, 1674, 1628, 1531; ms(m/z):
380(M*); 'H NMR(DMSO-ds, 8 ppm): 11.72(s, NH),
8.60(s, 1H, benzylidene CH), 855-698(m, 7H,
aromatic and pyridine H), 5.75(s, 1H, vinylic H),
3.76(t, J=5.0 Hz, 2H, CH,), 3.52(t, J=5.8 Hz, 2H,
CH).

2@ Pyridylmethylidenc)aminoethylcarbamoyimethylenc]-
12-ditydro-4Hpyrido23 b jpyrazin-3one(12)2] £H. 35
W47 5349 100 mL =36 3R 71 g,
4.05 mmol)¥}  4-pyridinecarboxaldehyde(0.65 g, 6.07
mmol), 22} T o|ghg 30 mLE W1 EFuejA] 34
7 B RS Alee® YA F ARl
IAE 7ok & O NNHEZSol Eelgk
2 AFEAs |43 v A REE 12013 ¢,
9%%)S ATt mp: 248-250°C; IR(KBr, cm™):
3352, 1677, 1634, 1545, 1340, 1232, 799; ros(w/z):
336(M*"); 'H NMR(DMSO-ds, & ppm): . 11.85(br,
NH), 11.70(s, NH), 8.68(d, J=1.6 Hz, 2H,. pyridine
C-H and C¢-H), 8.38(s, 1H, pyridylmethylene H),
8.14(d, /=60 Hz, 2H, pyrdine C-H and Ci-H),
785, J=14 Hz, 1H, CeH), 765d, /=82 Hz, 1H,
CeH), 7.00(dd, /=48, 126 Hz, 1H, C-H), 5.73(s, IH,
vinylic H), 3.74(t, J=62 Hz, 2H, CH,), 3.50(t,
J=5.8 Hz, 2H, CH,).

2{(Heteroaryimethylidenejaminoethrylcarbamoylmethylencl
1,2-dihydro-4H-pyrido[2,3-b]pyrazin-3-one £ (13) 2|
B, stl47171 238 100 mL SkiTe)] HRHE
71 g, 4.05mmol)3} furfural(0.58 g, 6.07 mmol), L
23 ojlgkg 30mLE 932 EFEIA 3417 3[4
ek WhE & Aoz Yzl F AR A E
A & g3 NNOHREZoln) SplekER A
AR sl A% mA HAQ 2-[(2-furylmethylidene)-
aminoethylcarbamoylmethylene}-1,2-dihydro-4H-
pyrido[2,3-blpyrazin-3-one(13a)S 1.12 g(86%) Y+t
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mp: 237-239°C; IR(KBr, con™): 3361, 1674, 1629, 1540;
ms(m/z); 325M*); '"H NMR(OMSO-ds, 3 ppm): 1172
(s, NH), 8.14(s, 2H, furylmethylene H and furan
Cs-H), 7.92-7.00(m, 3H, pyridine H), 6.92(d, J=34
Hz, 1H, furan C;-H), 6.61(brs,- 1H, furan C.-H),
573, 1H, vinylic H), 360t J=64 Hz, 2H, CHy),
3.43(t, J=5.8 Hz, 2H, CH,).
2-{(2-Thienyhnethylidene)aminoethylcarbamoylimethylene]-

1,2-dihydro-4H-pyrido[2,3-b]pyrazin-3-one(13b)2- ‘%'Fé‘}_»
) A7 135g98%) AU mp: 243-245°C;

IR(KBr, cm™): 3362, 1673, 1630, 1538; ms(m/z):
341(M*); 'H NMRMDMSO-s, & ppm): 1172, NH),
1090br, NH), 845(s, 1H, thienylmethylene H), 8.15(brs,
1H, thiophene Cs-H), 7.92-6.92(m, 5H, pyridine H,
thiophene G,H and CH), 5.74(s, 1H, vinylic H), 3.62
(t, J=62 Hz, 2H, CHy),. 342(t, J=5.8 Hz, 2H, CH,).

2 % g

2 AelrE AENH o] 7IdEH: A2y
Pyrido[2,3-blpyrazineF2] S A= s, olF
9 $4AR2E g3 . 2-methoxycarbonylme-
thylene-1,2-dihydro-4H-pyrido[2,3-b]pyrazin-3-one(5)’
& ollgbE 8ulldlolA] hydrazine hydrates} ¥hE-A1A
2-hydrazinocarbonylmethylene-1,2-dihydro-4H-pyrido-
[2,3-blpyrazin-3-one(6)S FAIFI v, H3HE 58
dida@ic]elulz} uk-g-AlA 2-aminoethylcarbamoylme-
thylene-1,2-dihydro-4H-pyrido{2,3-b]pyrazin-3-one(7)<
Bl Scheme 1).

o5 31jHE-2 IR 29 ERellA} 3350, 3271 cm o]
A ehd opu)xr]e] ASAF Fwe) 1691-1626
cm oA Ve k2R G719 AFAF F50) 9 'H

O NHNH;
H
NHNH; H,0 @ N 7
—————————
in EtOH \N = 0
H

]
oM
" N TNH,
e (UL
L T,
in EtOH Sy N o
H
7

Scheme 1.

Oy OMe
H
Ll —
< |
N 0
H
&
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Scheme 2.

Oy NHNH;
N H
o
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NS0
H
" "
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R ™ O N ™~m,
/I/H Z "
N
X — QO
NN S0 NS0
H b

A B
Enamine Form Msthylene Imine Form

Scheme 3.

Enamine Form

NHNH,

0,
B
|
NI:\IO
H

NMR, MS 29| ES] 508 733330}

a9 HFE 6, 7 2 FEE M 3RIES
enamine®d (A)=} methylene imine®(B)2] E¥HZ 7+
7t EAF o2 NI (Schemes 2.3).

3RME 6AS) wd7] A3} 9ol A= 5.65 ppm, 3
FE 6B wWHd PR} Holz= 3.64 ppoeidd 1}
e, ol EEm2] H)7} 80%:20%2A) enamine®)
6A)°] methylene imine3j(6B) B} o 943l &
A= AL o4 4= dsich 22 3RAE 7A9) )
J7) Al Bola 5.86 ppm, SHEHE 7B WY
A} HolF 354 ppmell A LFERE O], o] 5 EE
wle] w7} 50% : 50%2A) enamine®(FA¥} methylene

imine¥ (7B)e] o] EAgR= AL & 5 MR

(Table 1).

@771 gl whel B B AJol7) &
Aoz o&=e] pyrido[2,3-blpyrazine 2|2 C, 914
of g7 7} 7}5o] X¥¥ pyridof2,3-blpyrazineF-=
Tt & 3RME 62 olske 4vislelr A&
Wiz g =52} ¥h$-AlA hydrazoneF-¢l BRHE 8%
A3, 28] /E 65 A2 E /A &
93 =59 vhEAIA BjHE 9, 105 A
(Scheme 4).

o]E BRIE-S 1695-1680 cmellA vEld FlER
9719 ASAF F4vst 'H NMR 24 EFojjA
8.72-7.93 ppmoll Al “eld hydrazone CHS] %A=}
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Table 1. NMR spectral data for the compounds 6 and 7

B35HH - BHCE - Yoshihisa Kurasawa

Compound

Tautomer Ratio®

Chemical Shift(3 ppm)

A B Vinyl Methylene
6 80 20 5.65(s, 0.80H) 3.64(s, 0.20H)
7 50 50 5.86(s, 0.50H) 3.54¢(s, 0.50H)

*Calculated from the integral curves of the vinylic H and methylene proton signals.

o

H S OR
I
NN

c4
Enamine Form

i
SN H o
—— N H —_— /N ra
—_— P H —-—— N
R H
D C-2
Methyiene imine Form Enamine Form
\% "
1

O
1
/N\’)\H

E
Enaminol Form
Scheme 5.

Table 2. NMR spectral data for compounds 8-10

¥ola, 223l MS A ER] 50 = #lsglt).

HRHE 8-105% 22 33122 79 enamine® (C-
1 22 C-2), methylene imine3(D) 22]3 enaminol®
EpR EE7L SAE A2 F1H sl (Scheme 5).

33HE- 8109 7% 'H NMRelA enamine33(C-1
22 C-2)9] vpdr] PAA Fol=71 6.60-6.47 ppm,
enaminol3 (E)2} u]d7] <FAA} w]ol=7} 5.85-5.78
ppreilA] - 22k VP2, 4.0-3.5 ppm AbelellA] v]e}
= methylene imine3) ()] w4l °FAR} wjoj=z
 Ush ] it 28|31 o] EENE AR
enamine® (C-1 52 C-2)0] o AIsH 3=
A& & UK (Table 2).

a4 o] EEMS] ¥l 8.72-7.93 ppmolld
et hydrazone CHO} oAl slojma s &A 7)%
3lARE 8.0 ppm N4 YEl )= hydrazone CHSJ
F3A Flolasd W Ex Hu2 e ARt
glelzs} FH S vehiA vd7]e] AL Flola
2 BEEM 8§ T3k A B A o] PoAud
HiA 31

ool JFHE 7& ouhE SuislolM Xjt Wi
G Bl=frel wheAl A 3RME 118 819 a9
3 3RME 78 #El R E R Qs e vk

Tautorner Ratio®

Chemical Shift ( ppm)

Compound
C-l1orC-2 E Vinyl® Vinyl®

8a 58 42 6.60)s, 0.58H) 5.84(s, 0.42H)
8b 60 40 6.56(s, 0.60H} 5.80(s, 0.40H)
8c 60 40 6.56(s, 0.60H) 5.81(s, 0.40H)
8d 60 40 6.55(s, 0.60H) 5.82(s, 0.40H)
8e 50 50 6.58(s, 0.50H) 5.85(s, 0.50H)

9 57 43 6.57(s. 0.57H) 5.84(s, 0.43H)
10a 73 27 6.49(s, 0.73H) 5.78(s, 0.27H)
10b 50 50 6.47(s, 0.50H) 5.78(s, 0.50H)

*Calculated from the integral curves of the vinylic H signals. ® Signals due to the tautomer C-1 or C-2. ¢ Signals due
to the tautomer E.
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Scheme 6

XA T 12, 13% 22 PN Scheme 6).

o] 5 3B 1682-1626 cm™'el|A] viEbd 7Rk
719] A&AF F5uel 'H NMR 2% EF oA
8.60-8.14 ppmoll A} Yl benzylidene CHS} sie2
wedle) oFAdAt wol=, 575-5.73 ppmollA iEhd
uhdz) A sleja B MS A ER 507 Hal
st

ille% 11-132] 795 33E 8105} ZLo| enamine
(C-1 Z2 C2)7 enaminolB(E)2] EEME. 2%
ez 71%?%124 EEws} A4S vehiA] 4t
o} 2 'H NMR 29 E#|A methylene imined
D)) g AR Tolz= Jehlx] 4w, 5.75-
573 ppm FolA 3 A2 wid7) A Sel=
vehd A3 enamine® 9] 735 N, §1312] TR}
C, $142] carbamoyl7]9] AR} Alelo] BAPY 4
A24%e) 7Fs3e] enamine®(C-1 & C-2)22%
EAE Ao Az

ojA}e) Ao} o] AZE pyrido[2,3-blpyrazineT-
£ A9, EErE EAE W) 3RIESe
g EEn3] dAE Ao o2 4T
pyrido[2,3-b]pyrazinefroll th&t AAEIH &Ade] W&t

AFE A% AP AFBED 3 Aok A
Yol o] FNE A77} A4 Folok B Aolct,
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