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ABSTRACT

This paper describes the synthetic route to befzbfbindazolo[6,7-h][1,6]naphthyridine-7[6H]-onesfrom 2-
chloroquinoline-3-carbaldehydes. 2-chloroquinoligesarbaldehydes prove to be excellent starting nmedtéor the
synthetic sequence.2- chloroquinoline-3-carbaldelsydlere converted into 2-oxo quinoline-3- carbashybrides
from reported literature method. The carbonyl cidercondensed with 1H-Indazole-6-amine led to dheation of
3-(6'-amido-1'H-Indazolo)quinoline-2-[1H]-one. Theyclisation of 3-(6'-amido-1'H-Indazolo) quinolieflH]-

one with PPA resulted the cyclised benzo[b]-1H-tmla[6,7-h][1,6]naphthyridine-7[6H]-ones. The reaoh
sequence was generalized and was extended to sgntlerivatives. All the synthesized compounds were
unambiguously identified on the basis of their spé¢clata analyses.
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INTRODUCTION

The interest in the study of naphthyridine derivesiis due to the exceptionally broad spectrunheif thiological
activities [1-5]. Such naphthyridine systems namély4H-1,2,4-Triazol-3-yl) benza@][2,6]naphthyridines
[6],benzo[b]pyrazolo[4,3j][1,8]naphthyridine [7],1,6Naphthyridine -7-carbméa@te [8] also display enhanced
activity towards cancer cell lines,possess antitdyad properties and pim kinase inhibitors withtgrd cell
antiproliferative activity Figure 1-3). A number of fused (1,6) naphthyridines that hdween prepared in our
laboratory were screened against several bactepeties, and they display moderate cytotoxic agtif#]. In
present phase research, we report an efficienhegigt of benzol] Indazolo[6,7h][1,6]naphthyridine 7§H]-ones
7a-eusing 2- chloroquinoline-3-carbaldehydés-eas starting material.
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7-(4H-1,2,4-Triazol-3-yl)benzolc] benzo [b]pyrazolo [4,3-g] 1,6-Naphthyridine-7-carboximate [8]
[2,6]naphthyridines [6] [1,8]naphthyridine [7]
General structure and naphthyridine ring systemaéw analoguesF{gure 1-3)
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v. PPA 156C
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Scheme 1. Synthesis of benzb][Indazolo [6,7-][1,6] naphthyridine 7-[6H]-ones 7a-e

MATERIALS AND METHODS

Commercial solvents and reagents were used asveecelR spectra were recorded on a Shimadzu FT IR
8201PC(S) spectrometer in KBr pellets and repoiriecin-1."H NMR were measured on a Bruker AV- 400MHz
spectrometer using TMS as an internal standarddandthyl sulfoxide (DMSOY,s and chloroform-D (CDG) as
solvent.J values are in hertz (Hz) chemical shift are expréds parts per million down field from internahstiard
trimethylsilane. The ESI-MS were recorded in Ther@aentific mass spectrometer detector and elqutagys
ionization. Melting points were determined usindRraga melting point apparatus and were not correcibd
reactions were monitored by TLC performed usingsglplates coated with silica gel-G containing 13%eciam
sulphate as binder. 2-Chloroquinoline-3- carbaldelsywere prepared according to Otto-Meth Cethal procedure.
[10,11]

General procedure for synthesis of 3-(6'-amido Indzolo quinoline-2-[1H]-ones(6a-e)

To a solution of the corresponding acid chloridase(0.5g, 2 mmol) in dry benzene (10 mLlj-Indazole-6-amine
(0.3g, 2 mmol) and a few drops of pyridine wereeatldnd refluxed for 5 hour on water bath. The feaahixture
was poured into crushed ice, and neutralized withHCI filtered, dried, and purified on silica ggdlumn using
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petroleum ether — methanol 95:5, as eluent yielgtedvn yellow colored compound. The obtained prosiGete
were recrystallised from absolute Methanol.

3-(6'-amido Indazolo) quinoline-2-[1H]-one (6a).

Yield 51%; yellow brown solid; m.p 280-288; IR (KBr) vma/cm’: 3353,3200, 3196 (NH),1691, 1639(C=Cy
NMR (DMSO-d6) 8, ppm 11.00(1H, s, NH), 10.43(1H, s, NH), 8.27 ($HC7-H), 7.76-7.95 (5H, m, C4,C5,C6,C,7
&C8-H), 8.14(1H, d, C4-HJ=8.00 Hz, ), 9.01 (1H, d, C5-BE8.00 Hz, ArH), 9.21(1H, s, C3-H); ESI-MS [Found:
m/z 304.14 (M+ H);, calcd for G;H1,N,O,: M+H, 304.30]. Found: 409.0862; Anal. Calcd fog€,,N,O,: C,
67.10; H, 3.97; N, 18.41. Found: C, 67.44; H, 419318.54.

6-Methyl-3-(6'-amido Indazolo) quinoline-2-[1H]-one (6b).

Yield 62%; brown yellow solid; m.p 275-282; IR (KBr) vma/cm™ 3353,3210, 2919 (NH),1691, 1664(C=Ciy

NMR (DMSO-dg); 8, ppm 1.80(3H,s, Ck),14.40(1H, s,NH), 11.86(1H, s,NH), 9.85(1H, s, I@4-8.80 (1H, d,C5'-
H,J=8.00 Hz), 8.29(1H, s,C7"-H), 8.22(1H, d, C43#B.8 Hz), 7.63(1H, s,1H,C3"-H), 7.61(1H, d, C7d47.2 Hz
), 7.43 (1H, d,C8-HJ=8.00 Hz), 7.34(1H, s,C6-H); ESI-MS [Found: m/z Zm8(M+ H)', calcd for GgH14N,Ox:

M+H, 318.33]; Anal. Calcd for {gH14N4O,: C, 67.91; H, 4.43; N, 17.60. Found: C, 68.044t53; N, 17.35.

6-Methoxy-3-(6'-amido Indazolo) quinoline-2-[H]-one (6c).

Yield 57%; light yellow brown solid; m.p >316; IR (KBr) vma/cm™ 3344, 3237, 3053 (NH),1691, 1639(C=0);
'H NMR(DMSO4;) & ppm 3.94(3H, s, OCH10.90(1H,s,NH), 11.22(1H,s, 3H, NH), 6.72-8.38(8H
m,C4,C5,C6,C8,C3',C4',C5',C7'-H); ESI-MS [FoundzmBB84.98 (M+ H), calcd for GgH14N,O5:M+H, 334.33];
Anal. Calcd for GgH4N4O3: C, 64.66; H, 4.22; N, 16.76. Found: C, 64.95}.Bi3; N, 16.98

7- Methyl -3-(6'-amido Indazolo) quinoline-2-[1H]-one (6d).

Yield 60%; yellow solid; m.p 292-3£Q; IR (KBr) vma/cm™  3353,3200, (NH),1691, 1639(C=0% NMR
(DMSO-dg) 8, ppm 2.5(3H, s, CH,13.00(1H, s, NH), 11.43(1H, s, NH), 7.76-8.95H,/, C4,C5,C6,C8 and
Indazolo NH), 8.14(1H, d, C4-H=8.00 Hz ), 9.01 (1H, d, C5-H=8.00 Hz), 9.21(1H,s,C7'H); ESI-MS [Found:
m/z 318.01 (M+ H), calcd for GgH1N,O,: M+H, 318.33]; Anal. Calcd for GH.14N,O,: C, 67.91; H, 4.43; N,
17.60. Found: C, 68.10; H, 4.38; N, 17.52.

8-Methyl -3-(6'-amido Indazolo) quinoline-2-[1H]-one (6€).

Yield 65%; yellow solid; m.p 293-388; IR (KBr) vma/cm™ 3353, 3200, 3057 (NH), 1691, 1661(C=6;NMR
(DMSO-dg) 3,ppm 2.71(3H, s, CH), 12.00(s, 1H, NH), 10.43(s, 1H, NH), 6.92-8.38(8H, C3',C4',C5',C7',and
C4,C5,C6,C7-H), 9.31(1H,s, Indazolo NH); ESI-MS (iRd: m/z 318.38 (M+ H) calcd for GgH14N,Op M+H,
318.33]; Anal. Calcd for gH14N40,: C, 67.91; H,4.43;N, 17.60. Found: C, 68.04; 534N, 17.35.

General procedure for synthesis of benzd]-1H- indazolo[6,7H][1,6]naphthyridin-7-[6 H]-ones (7a-e)
3-(6'-amido indazolo quinoline-2H]-ones6a—e (0.5g, 1 mmol) was heated in polyphosphoric acigpred by
mixing P,.Os 6 g and HPQ, 3 mL) at 150°C for 5 hours. After the completiditioe reaction, the reaction mixture
was poured into crushed ice, filtered, and puriftedsilica gel column using ethyl acetate: methgB6t15) as
eluent. The productda—e were recrystallised from absolute ethanol.

Benzo p]-1H- indazolo[6,7H][1,6]naphthyridin-7-[6 H]-one (7a).

Yield 63%; light brown solid; m.p 195-28@; IR (KBr) vma/cmi; 3174, 3200 (NH), 1736 (C=O}H NMR
(DMSO-ds) 8, ppm 12.47(s, 1H, NH), 7.55-7.70(6H,m, C8,C9,C10,C12-H and Indazolo NH), 7.50 (1H, d, C5-
H, J=8.8 Hz), 7.43(1H, d, C4-H]=7.6 Hz), 7.02 (1H, s, C3-H); ESI-MS [Found: m/z 28 (M+ H), calcd for
Cy7H10N4O:M+H, 286.29]; Anal. Calcd for GH;oN4O: C, 71.32; H, 3.52; N, 19.57. Found: C, 71.653t8; N,
17.89.

10-Methyl benzop]-1H- indazolo[6,7+][1,6]naphthyridin-7-[6 H]-one (7b).

Yield 78%; brown solid; m.p 225-232; IR (KBr) vima/cm™ 3178,3210 (NH),1724(C=0); *H NMR (CDCk) §,
ppm 2.67(3H, s, C}), 10.8(1H,s, 1H), 9.17(1H,s,C8-H), 9.06(1H, s,CR-B.31(1H, d, C12-HJ=9.00 Hz),
8.00(1H, d, C5-H,J=8.5 Hz), 7.94(1H, s, C3-H), 7.84 (1H, dd,C11d48.5 Hz), 7.67(1H, dd, C4-HI=8.5 Hz);
ESI-MS [Found: m/z 299.95(M+ H)calcd for GgH1-N,O: M+H, 300.31]; Anal. Calcd for gH1,N,O: C, 71.99; H,
4.03; N, 18.66. Found: C, 71.90; H, 3.95; N, 18.59.
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10-Methoxy benzop]-1H- indazolo[6,7+h][1,6]naphthyridin-7-[6 H]-one (7c).

Yield 59%; dark brown solid; mp252-2®L IR (KBr) vma/cm™ 3179,3200 (NH),1724(C=0JH NMR (DMSO-
de) 8, ppm 3.97(3H, s, OCHl, 11.96(1H, s, NH), 8.32(1H, s,C8-H), 7.91(1H, @1,1-H,J=9.2 Hz), 7.71(1H, d,
C12-H,J=8.8 Hz), 7.67(1H, s, C3-H), 7.25-7.33 (2H, m, C4})5 6.56(1H, s,C9-H); ESI-MS [Found: m/z 316.04
(M+ H)", calcd for GgH1.N4O,: M+H, 316.31]; Anal. Calcd for gH1,N,O,: C, 72.72; H, 4.07; N, 7.07. Found: C,
73.00; H, 4.33; N, 7.35. C, 68.35; H, 3.82; N, 17.0, 10.12

11-Methyl benzop]-1H- indazolo[6,7h][1,6]naphthyridin-7-[6 H]-one (7d).

Yield 72%; brown solid; mp230-28C. IR (KBr) vma/cm™: 3167,3215 (NH),1723(C=0H NMR (CDCL) &, ppm
2.62(3H, s, CH), 10.03(1H, s, NH), 9.99(1H, s, NH), 9.26(1H, sJ@g 8.76 (1H, s, C12-H), 8.20(1H,d, C5-H,
J=8.5 Hz), 7.83(1H,s, C3-H), 7.76 (1H, d, C4-8:8.5 Hz,), 7.40(1H, d, C9-HJ=8.0 Hz), 7.23 (1H, t,C10-H,
J=8.00 Hz); ESI-MS [Found: m/z 300.06 (M+ H)calcd for GgH;-N,O: M+H, 300.31]; Anal. Calcd for
CigH1:N4O: C, 72.72; H, 4.07; N, 7.07. Found: C, 73.004t83; N, 7.35.

12-Methyl benzop]-1H- indazolo[6,7+][1,6]naphthyridin-7-[6 H]-one (7¢€).

Yield 76%; brown solid; mp220-236. IR (KBr) vma/cm™  3174,3200 (NH),1736(C=0)H NMR (CDC}) 8§,
ppm 2.7(3H,s, Ch), 10.03(1H, s, NH), 9.99(1H, s, NH), 9.26(1H, s)@8 8.76 (1H, s, C4-H), 8.20(1H, d, C5-H,
J=8.5 Hz), 7.83(1H, s, C4-H), 7.76 (1H,d, C9-}8.5 Hz,), 7.40(1H, t, C10-H]=8.0 Hz), 7.23 (1H, d,C11-H,
J=8.00 Hz); ESI-MS [Found: m/z 300.71 (M+Hjalcd for GgH1,N,O: M+H, 300.31]; Anal. Calcd for gH;,N,O:
C,72.72; H,4.07; N, 7.07. Found: C, 73.00; H, 41837.35.

RESULTS AND DISCUSSION

Synthesis of benzol] Indazolo[6,7-h][1,6] naphthyridine 7-[6H]-ones (9a-€)

The 2-oxoquinoline-3-carbonyl chlorid&a—ewhich was synthesized from 2-chloroquinoline-3-eddiehydesla-e
was reported previously [10-13]. The acid chlorid@swere reacted witt- Indazole-6-amine in dry benzene
containing a catalytic amount of pyridine undedueéd for 5 hours. After the completion of reactias indicated
by TLC spot change, the reaction mixture was poumea crushed ice, and neutralized with 1:1 HClntffiédlered,
dried and chromatographed over silica gel usingl etbetate-methanol (95:5) (v/v) as eluent whiakidéd yellow
brown colored compound. In this reaction 3-(6'-amrldH-indazolo) quinoline -

2-[1H]-one 6a were obtained in good yield 51%. The structureahpoundsba was assigned using spectroscopy
and analytical methods. For instance IR spectrugoafpoundsa showed two pairs of amide carbonyl group (NH-—
C=0) stretching at 1691 and 1639 cm-1 and aminopyat 3353 and 3196 cm—1. Th¢ NMR spectrum showed
the peculiar C7-H appeared as a singlét&R7. All the other 8 aromatic protons appearedav6-9.21 while two
broad singlets integrated &t10.43 and 11.00 and were assigned quinoline NH and anotheroait of NH proton.
And its mass spectrum showed the molecular ion fain/z 304.14. From these details, the structdréhe
compound was confirmed as 3-(6-amidoH-lhdazolo) quinoline-2[H]-one 6a. The reaction sequence was
extended to other intermediate derivatiéase To obtain the targeted hetero fused benzo[1,6]gpldines7a 3-
(6'-amido -1M-Indazolo) quinoline-2[H]-one 6a were heated in polyphosphoric acid at 150°C forobir on
heating mantle. After purification on column chrdography over silica gel using petroleum etheryletitetate
(85:15) (v/v) as eluent which vyielded light brownolared compound. benZgflH indazolo[6,7-
h][1,6]naphthyridine-7§H]-one 7a were obtained in good yield (63%). The structurdehzop]-1H-indazolo[6,7-
h][1,6] naphthyridine-7H]-one 7a were assigend using specrtoscopic and analyticshads. For instance IR
spectrum of compounda showed just one pair of amide carbonyl and amideigi(NH-C=0) stretching at 1720
and 3170 cm-1, respectively. The 1H NMR spectruntaripound7a still contains a resonance signal of the
integral intensity of aromatic signal is reducedeight, and only one NH group proton signal is pres The
disappearance of singlet&B8.27 ppm, which correspondence to C7 protofiapfconfirm that the cyclisation had
occurred, obtained to the expected prodiact herefore, another possible prod8atwas ruled out. Hence, based on
the above spectral data, it was confirmed #wtvas formed by benzd] Indazolo [6,7h][1,6] naphthyridine 7-
[6H]-one 7ayield 43%, mp 195-2030C. Its mass spectrum showeahtolecular ion peak at m/z 286.03. The above
reaction procedure was extended to the other der@dgof6a-e & 7a-e Scheme 1.
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CONCLUSION

In summary, we have new reported an efficient ssgsithofbenzop]-1H-indazolo [6,7k][1,6] naphthyridine-%H]-
onesthrough the condensation reaction of 2-oxo quirBrcarbonyl chlorides artH- Indazole-6-aminevith dry
benzene in the presence of pyridine asatalyst followed by cyclisation and dehydratiomeTstarting materials
were prepared fron2-chloro- 3-formylquinolines usin@tto-Meth Cohnet al procedure. This Efficient method
affords the desired products with good yields.
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