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Synthesis of Selected Novel Covalently Linked Flavoquinolones
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Abstract: The synthesis of novel covalently linked flavoquino-tlon at the 10-position of the flavin nucleus accounts for

lones via amide bond is described using mixed anhydride methmle difference in the antimalarial properties.

and their spectroscopic studies have been done by UV/Vid-aind The combination therapy is very useful for treatment of

NMR spectroscopic data. selected diseases; hence to study the biological activities
Key words: flavin, quinolone, flavoquinolone, spectroscopic studof flavin linked quinolones, selected novel covalently
ies linked flavoquinolone heterocycles have been synthesized

for the first time. Their further studies are in progress.

Quinolones are broad-spectrum antibiotics which act by

inhibiting bacterial deoxyhionucleic acid (DNA) gyrase Syntheses

required for the initiation and propagation of DNA syn-

thesis!™ The DNA gyrase is composed of A and B subSynthesis of Flavins

unit, the inhibitory effect of quinolones is mediated Viath%ynthesis of 10-substituted flavins by acidic cyclocon-
catalytic A subunit. Quinolones develop their pharmam(?j'ensation of 2-substituted aminoanilines with alloxan

logical action via specific inhibition of subunit A of themonohydrate is an important and widely used mefhiéd
bacterial gyrase. The hydrophobic, electronic and stefe ' . ion of diamino compougdvith 1-chloro-2-ni- '

parameters qf quinolones play important roles in their bi’r'obenzene]() gives a mixture of two compoundss(1-
ological activity. aminoalkyl)-2-nitroanilines3 and N,N-alkylbis(2-nitro-
Flavins substituted at position 10 are found to possess afilines) 4. The required N-(1-aminoalkyl)-2-nitroa-
timalarial activity both in vivo against rodent malarialsilines3 have been separated by column chromatography
and in vitro againd®lasmodiumfalciparum.® The antima-  over silica gel (60-120 mesh) using chloroform—methanol
larial effects of riboflavin are due to its effect on thes the eluent in 45-51% vyields. Synthesis of 1G(i-
change in the structural and/or functional integrity of refloalkyl)flavins6 have been done by the acidic cyclocon-
blood cell membranésThe riboflavin deﬂmency reduces densation of 2-(2aminoalkyl)aminoanilines, generated
the level of polyunsaturated fatty acids in membrang@ sijtu by the reduction @ with Pd/C-H, with alloxan
phospholipids and this influences fluidity, permeabilitynonohydrateg) in 32—40% yields (Schenid. The struc-
and binding properties in membranes. These agents @ifes of the flavins have been confirmed by different spec-
potent inhibitors of both human and plasmodium gluroscopic data including UV/Vis, IRH NMR and mass
tathione reductasginhibition of the later may account for spectroscopy.

the anti-malarial properties of these agéritbe substitu-
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Scheme 1 Synthesis of flavin
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Synthesis of Quinolones CHy(CH,), NH, 0

Nalidixic  acid (1-ethyl-7-methyl-4-oxo-1,4-dihy- YL /NYO = >
dro[1,8]naphthyridine-3-carboxylic acid) and related qui@[ /jiﬂ/NH + | « |
nolonesl2 have been synthesized by the modification ¢ N W™ O
Gold-Jacob methddl by the reaction of appropriate 6 CH,CH;
aniline 7a or aminopyridineZb with diethyl ethoxymeth- EtOC(O)Cl l 12
ylenemalonate8) and subsequent cyclization (Schem
2). The reaction of 3-methylanilin@4) with 8 in reflux-

ing ethanol gives diethyl 2-{[(3-methylphenyl)ami- = |

|
. . ; N_ N_ 0O |
no]methylene}propane-1,3-dioat@d) in 85% yield. C[ ~ Y B S S
N/ NH
(0]

a9
CHy(CHy) N ——C

The cyclization of substituted propane-1,3-dio@&ein Seen

diphenyl ether gives ethyl 4-hydroxy-7-methylquinoline:

3-carboxylate 108 in 81% yields. The reaction df0a 13 a X=ClLn=2 14 a X=CH.n=6 15 a X=CH.n=12

with ethyl bromide in the presence of potassium carbone PX=N. n=2  bX=N, n=6  bX=N, n=12

in DMF gives ethyl 1-ethyl-7-methyl-4-oxo-1,4-dihydro- . .

quinoline-3-carboxylatel(lg), that on alkaline hydrolysis Scheme 3 Synthess of flavaquinolones

affords 1-ethyl-7-methyl-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid £2g). Similarly, nalidixic acid 12b) has = 335 nm whose absorbance is larger than that of flavins.

also been synthesized. The structures of the quinolongs, shape of the absorption bands at 260 nm is slightly

have been confirmed lby different spectroscopic data igroadened. These broadening of the absorption bands of

cluding UV-visible, IR,"H NMR and mass spectroscopy|ayoquinolones may be due to the close proximity of the

(Experimental section). two chromophores. Similar results have also been ob-
served in the case of flavin-linked porphytfand qui-

Synthesis of Covalently Linked Flavoquinolones none-linked porphyrin&

Mixed anhydride method is an important method for

amide bond formation by the reaction of substituted acidd NMR Spectra of Flavoquinolones

to amines/aniline$!* The reaction of 3-carboxy group of\n contrast to the UV-Visible spectitd NMR data pro-

quinolone12 with ethyl chloroformate forms a mixed an-yige ‘information about the geometry of the flavogquino-

hydride, which on subsequent reaction vtigives the |5nes 14 NMR data for the flavoquinolones are listed in

covalently linked flavoquinoloned3-15 in 29-37% Tgpjes 2 and 3. These data show a significant upfield shift

yields (Scheme 3). of the 7-methyl, 1-ethyl and H-2 signals by a shielding ef-
fect of the ring current of the closely linked flavin ring
system. The shielding effect of flavin nucleus has already

Spectroscopic Properties of Flavin-Linked Quino-  paen studied in the case of flavin linked porphyHrighe

lones (Flavoquinolones) ring current of quinolones is not so effective in changing
) ) the signal positions of flavin protons. Thé NMR spec-

UV/Vis Spectra of Flavoquinolones tra of the flavoquinolone provide inconclusive but sugges-

The UV/Vis spectra of the flavins, quinolones and flative data about the stereochemical nature of these
voquinolones are listed in Table 1. These data indicag@mpounds. Due to the upfield shift of the quinolone pro-
that the UV/Visible spectra of flavoquinolon&3-15are tons, the flavin ring system seems to be located closely
very similar to that of flavin§ except for a band at 330—above the quinolone ring system.

OIl
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Scheme 2 Synthesis of quinolones
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Table 1 UV/Vis Spectral Data of Flaving, Quinolonesl2 and Flavoquinolonet3-15

Product Amax NM €, MM) (MeOH)
6a 217 (16.12) 260 (18.02) 332.5 (1.98) 432 (5.12)
6b 217 (16.02) 259 (19.12) 331 (3.12) 432 (6.41)
6¢c 217 (15.91) 265 (18.02) 332 (2.42) 431 (4.45)
12a - 255 (17.12) 328 (8.12) -
12b - 260 (22.87) 330 (10.11) -
13a 216 (16.00) 260 (22.02) 331 (7.15) 433 (5.13)
13b 218 (12.21) 265 (19.32) 329 (5.12) 436 (5.66)
14a 216 (15.99) 259 (19.01) 332 (3.98) 434 (4.18)
14b 217 (14.12) 259 (21.12) 331(8.21) 432 (6.11)
15a 217 (14.14) 263 (16.62) 333(7.12) 431 (5.18)
15b 217 (15.00) 261 (17.42) 334 (8.31) 432 (7.65)

Table 2 Comparison ofH NMR Chemical Shifts of Flavoquino-  were recorded on a Perkin-Elmer 1710 FTIR spectrophotometer

lones13a-15aand Quinolond2a and thev,,,, are expressed in cfn'H NMR was recorded on a
Bruker Avance 300 spectrophotometer (300 MHz) and Perkin-El-
Product 1-CH CH,CH, 7-CH, H-2 mer spectrophotometer (60 MHz) and the chemical shifts were ex-

pressed in ppm. EIMS spectra were recorded on a Joel SX 102/DA-
6000 (6 kV, 10 mA) spectrophotometer.

13a 3.99 (a) 113 (1) 2.58(s) 8.63(s)  Alloxan monohydrate was obtained from Acros (Belgium), 2-ami-
no-6-methylpyridine, diethyl ethoxymethylenemalonate and 3-
14a 4.19 (@) 1.20 (1) 259 (s) 8.73(S)  methylaniline was obtained from Fluka and used without further pu-
15a 4.39 1.37 (t 260 (s 8.74 (s rificatipn. The Qiamino compounds were obta_ined from s.d. F?ne
@ ® ) ©) Chemicals, India. All the solvents were obtained from s.d. Fine
Chemicals and were used after simple distillation.
Table 3 Comparison ofH NMR Chemical Shifts for Flavoquino-

12a 4.45 (q) 1.37 (1) 2.63 (s) 8.88 (s)

lones13b-15b and Quinolond 2b N-(1’-Aminoalkyl)-2-nitroanilines 3; General Procedure

A mixture consisting of 1-chloro-2-nitrobenzerte 0.425 g, 2.7
Product 1-CH CH,CH, 7-CH; H-2 mmol) and diaminoalkan2 (17.3 mmol) was heated at 120 °C for

24 h and cooled to r.t. The brown syrup was dissolved in CHCI
12b 4.61 (a) 1.55 (1) 2.74 () 8.90(s) (250 mL) and washed with® (2x 100 mL). The CHGllayer was

_ dried (NgSQ,) and the solvent was evaporated. The residue was

13b 417 @) 1250 2.66 (s) chromatographed on silica gel (60-120 mesh). The column was
14b 4.48 (q) 1.25 (1) 2.66 (s) 8.87 (s) eluted successively with a mixture of CH@hd MeOH (4:1). The

fraction from the second large red band was collected.
15b 4.50 (q) 1.28 (1) 2.69 (s) 8.75 (s)

N-(1’-Aminoethyl)-2-nitroaniline (3a)
_ : Yield: 0.22 g (45%); mp 98 °C.
The synthesis of selected novel covalently linked flavin KBr): 350(2 33)12 2928 2856, 1623, 1575. 1520. 1444. 1410
linked qumt_)lones has been a_chleve_d by the condensath 6, 1310, 1262, 1220, 1140, 1062, 1030, 740.cm : ’
of the quinolone-3-carboxylic acid and 10-gni- | o
noalkyl)flavin via mixed anhydride method. The spectroé"| N'\C/:'E)(CZD%?S%Q"("&)';Q 15’)? ((Sbég’_é ';'5'2‘2* g'aSﬁfSH(TS')
scopic data of flavoquinolones revealed that the flavin ajd;2 ~ = (;n 1H H-5)’ 8.13 @ 1 H HEB-8.12 Hz)’ ' '
quinolone moieties are in close proximity. The ring cur-~ R T '
rent of flavin strongly affects the position of quinoloney-(1-Aminohexyl)-2-nitroaniline (3b)
protons when n = 2 in comparison to n = 6 or 12. Furthejeld: 0.326 g (51%); mp 92 °C.
the ring current of quinolones is not strong enough to giyR (kBr): 3400, 3316, 2930, 2855, 1620, 1560, 1500, 1480, 1400,
a change in flavin protons. 1345, 1252, 1140, 1060, 720 Tm

H NMR (CDCL, 300 MHz):5 = 1.25-1.76 [m, 10 H, N5I(CH,),],
Melting points were determined on a Thomas Hoover Unimelt cag-24-3.33 (M, 4 H, B,NH,, CH,NH), 6.64 (dt, 1 H, H-4) =8.21,
illary melting apparatus and are uncorrected. Electronic specte30 Hz), 6.84 (d, 1 H, H-61=8.60 Hz), 7.43 (dt, 1 H, H-§ =
were recorded on a Shimadzu UV-260 spectrophotometer and 820, 1.32 Hz), 8.17 (dd, 1 H, H-3= 8.6, 1.5 Hz).
sorption maxima have been expressed in nanometers. IR spectra
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N-(1’-Aminododecyl)-2-nitroaniline (3c) IR (KBr): 3280, 3179, 2924, 2855, 1689, 1643, 1614, 1458, 1409,
Yield: 0.425 g (49%); mp 73 °C. 1381, 1256, 1166, 1097, 1031, 805, 764, 57¢.cm

IR (KBr): 3387, 3313, 2925, 2853, 1626, 1573, 1514, 1470, 14184 NMR (CDCl;, 60 MHz):8 = 1.33-1.40 (m, 6 H, 2 G} 2.35 (s,
1356, 1263, 1230, 1158, 1036, 735, 601, 51#.cm 3 H, CH,), 4.26-4.33 (m, 4 H, 2 OG} 6.90-7.50 (m, 4 H, ArH),

H NMR (CDCL): § = 1.12-2.01 [m, 22 H, NH (CH,),g, 3.24— 860 (d, 1 H, CH=C) =14 Hz).
3.35 (m, 4H, @,NH,, CH,NH), 6.64 (t, 1 H, H-4] = 8.31 Hz), . . .
6.86 (d, 1 H, H-62J _ 28.60 IZ-IZ), 7.43(t, 1 H, H-5,= 8.35 Hz), 8.12 Diethyl 2-{[(6-Methyl-2-pyridyl)aminoJmethylene}propane-
(dd, 1 H, H-3)=8.4, 2.1 Hz). L,3-dioate (9b):

Yield: 5.00 g (90%; mp 109-111 °C (I%tmp 113-114 °C).
10-(T-Aminoalkyl)flavins 6; General Procedure IR (KBr): 3270, 3082, 2981, 2925, 2852, 1689, 1646, 1612, 1560,
Pd/C (10%, 0.075 g) was added to a solutiod @024 mol) in abs 1464, 1425, 1374, 1336, 1254, 1231, 1158, 1097, 1035, 784 cm

EtOH (70 mL), and the mixture was hydrogenated with vigoroug, \yvr (CDCL, 60 MHZ):5 = 1.37-1.43 (m, 6 H, 2 G} 2.55 (s

stirring at r.t. and at 60 psi pressure for a time period when a AU 6.CH). 4.39-4 .44 4H 2 OCH 6.65—7.60 3H. ArH
titative amount of Hihad been absorbed and the mixture changed 5, 5 «d T;)H CH:C..J _ (1r2'Hz)., Ghie. 60 (m. 3H, ArH),

color from yellow to colorless. When the solution became almost

colorless, aq 1 N HCI (20 mL) was added to the mixture and the cBS: Mz (%) = 277 (M, 23), 232 (37), 204 (100), 177 (59), 158
alyst was removed by filtration. The alloxan monohydfa(e.03  (98), 132 (50), 92 (100), 65 (42), 53 (12), 43 (21).

mol) was added to the filtrate and the mixture was refluxed for 1 h. o o

The mixture was allowed to cool to r.t. and kept overnight in a ré&thyl 4-Hydroxy-7-methylquinoline/naphthyridine-3-carbox-
frigerator. The resulting brown precipitate was filtered and wash&¢ftes 12; General Procedure

with cold EtOH (5 mL) to give a yellowish green solid that was re® mixture of diphenyl ether (100 mL) and compouh(5 mmol)

crystallized from EtOH. The filtrate on concentration gave a secoM¢@s heated to reflux and maintained at reflux for 30 min. After cool-
crop of the product. ing the mixture to r.t., it was diluted with an equal voluma-béx-

ane. The precipitate was collected, washed mtiexane and dried.
10-(2-Aminoethyl)flavin (6a)

Yield: 2.34 g (38%); mp 294 °C (Li.mp 290-293 °C). Ethlxg 4-HydrOXy-7-methquuinoline?f-)?’-carboxylate (10a)
ield: 4.66 g (81%); mp 270 °C (L#. mp 272-273 °C).
IR (KBr): 3437, 2932, 2885, 1729, 1682, 1642, 1584, 1546, 1500 ° g (81%); mp (L#t.mp )
1460, 1406, 1385, 1288, 1222, 1184, 1107, 819, 768 cm IR (KBr): 3133, 3056, 2924, 2854, 1699, 1615, 1553, 1465, 1377,

!H NMR (DMSO-ds, 300 MHZz):8 = 2.57 (m, 2 H, €I,NH,), 4.88 1262, 1201, 1096, 1027, 938, 894, 795%cm

(t, 2 H, N°-CH,, J = 6.9 Hz), 7.64 (t, 1 H, H-7 = 8.15 Hz), 7.92 'H NMR (CDCl;, 300 MHz):5 = 1.20 (t, 3 H, CBCHj, J=7.29

(t, 1 H, H-8,J = 8.21 Hz), 8.02 (d, 1 H, H-9,= 7.72 Hz), 8.21 (d, H2z),2.17 (s, 3 H, 7-C}}, 4.03 (q, 2 H, €I,CH,, J= 7.30 Hz), 6.89

1 H, H-6,J= 7.59 Hz). (d, 1 H, H-6,J=8.29 Hz), 6.93 (s, 1 H, H-8), 8.02 (d, 1 H, H-5,
J=8.18 Hz), 8.14 (s, 1 H, H-2).

10-(6-Aminohexyl)flavin (6b) o

Yield: 2.40 g (32%); mp >290 °C. Ethyl 4-Hydroxy-7-methyl-1,8-naphthyridine-3-carboxylate

Ob
IR (KBr): 3425, 2933, 2867, 1722, 1662, 1622, 1583, 1544, 15 ield): 4.10 g (71%); mp 279 °C (LI mp 278280 °C).

1462, 1406, 1385, 1288, 1223, 1166, 1108, 820 and 776 cm
IR (KBr): 3450, 3144, 3021, 2910, 1720, 1688, 1604, 1545, 1454,

'H NMR (DMSO<4,, 300 MHz):5 = 1.10-1.86 [m, 10 H, NH 1391 1355 1329, 1308, 1242, 1181, 1146, 1098, 1026, 933, 857
(CHy).], 3.07-3.14 (m, 2 H, B,NH,), 4.67 (t, 2H, N-CH,, J=6.4 70003 ’ ’ : ' ’ ’ » 999 90

Hz), 7.65 (t, L H, H-7)=7.79 Hz), 7.72 (br s, L H;*N), 7.86 (d,
1H, H-9,J=8.55Hz),7.96 (t, 1 H, H-8,= 7.81 Hz), 8.18 (d, 1 H, "H NMR (CDCk, 60 MH2):5 = 1.25 (t, 3 H, CHCH5, J=7.11 Hz),

H-6,J= 7.6 Hz). 2.37(s,3H,7-CH,4.13(q, 2H, 6,CH;,J=7.11 Hz), 7.12 (d, 1
H, H-6,J=8.08 Hz), 8.12 (d, 1 H, H-5,=8.21 Hz), 8.22 (s, 1 H,
10-(12-Aminododecyl)flavin (6c) H-2).

Yield: 3.81 g (40%); mp >290 °C. . o )
IR (KBr): 3425, 2929, 2881, 1710, 1650, 1610, 1580, 1542, 151 :2[)’1' Q]E;hy' 7-methyl-4-oxo-1,4-dihydroquinoline/L,4-diny

, phthyridine-3-carboxylates 11; General Procedure
1460, 1280, 1170, 1180, 1040, 940¢m A mixture of compound.0 (20 mmol), ethyl bromide (100 mmol)
IH NMR (DMSO-d,, 300 MHz):8 = 0.97-1.89 [m, 22 H, NjI  and K,CO; (6.90 g, 50 mmol) was suspended in DMF (100 mL) and
(CHp)1ql, 2.87-3.01 (M, 2 H, B,NH,), 4.47 (t, 2 H, N°-CH,, J =  heated at 90-100 °C for 20-22 h. The DMF was evaporated on the
5.81Hz), 7.63 (t, 1 H, H-3,=7.89 Hz), 7.76 (d, 1 H, H-9,= 8.12  rotary evaporator under reduced pressure. The residue was parti-
Hz), 7.91 (t, 1 H, H-8) = 7.91 Hz), 8.01 (br s, 1 H,2N), 8.17 (d, tioned between CHgland HO. The CHC] extract was washed

1H, H-6,J=7.6 Hz). with H,O and brine. The solution was dried (88),) and filtered.
The solvent was removed under reduced pressure to afford product
Diethyl 2-{[(Substituted)amino]methylene}propane-1,3-dio- 11

ates 9; General Procedure

A mixture of amino compound (20 mmol) and diesté¥ (4.32 g, 4  Ethyl 1-Ethyl-7-methyl-4-oxo0-1,4-dihydroquinoline-3-carbox-
mL, 20 mmol) were refluxed in EtOH (40 mL) for 16 hours. The/late (11a)

EtOH was removed under reduced pressure and the residue Wasd: 4.12 g (80%); mp 150 °C.

washed with cold kD. The product was dried and recrystallizeqR (KB): 3044, 2985, 2885, 1677, 1634, 1612, 1547, 1471, 1367

from EtOH to give fine needle shaped white crystals. 1311, 1246, 1192, 1099, 1023, 935, 796, 538-cm

Diethyl 2-{[(3-Methylphenyl)amino]methylene}propane-1,3- 'H NMR (CDCl;, 300 MHz):3 = 1.42 (t, 3 H, CBCH,, J=7.05
dioate (9a) Hz), 1.54 (t, 3 H, CKCH,, J= 7.22 Hz), 2.52 (s, 3 H, 7-G} 4.24
Yield: 11.74 g (85%); mp 39—-40 °C (Uftred brown oil). (9, 2 H, G1,CH;, J=7.08 Hz), 4.39 (q, 2 H,IE,CH,, J = 7.23 Hz),
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7.21(d, 1 H, H-6) = 8.20 Hz), 7.27 (s, 1 H, H-8), 8.43 (d, 1 H, H-MS: m/z (%) = 470 (M, 28), 283 (23), 228 (100), 215 (11), 187
(55).

5,J=8.23 Hz), 8.47 (s, 1 H, H-2).

Ethyl 1-Ethyl-7-methyl-4-oxo-1,4-dihydro[1,8]naphthyridine-
3-carboxylate (11b)
Yield: 3.74 g (72%); mp 122 °C (L} mp 120.8-121.6 °C).

IH NMR (CDCl, 300 MHz):8 = 1.45 (t, 3 H, CKCH,, J = 7.20
Hz), 1.54 (t, 3 H, CKCH,, J = 7.33 Hz), 2.68 (s, 3 H, 7-G}H 3.99
(@, 2 H, GH,CH,, J = 7.23 Hz), 4.08 (q, 2 H,K,CH,, J = 7.33 Hz),
7.14 (d, 1 H, H-6) = 8.20 Hz), 8.04 (d, 1 H, H-5,= 8.12 Hz), 8.19
(s, 1 H, H-2).

1-Ethyl-7-methyl-4-oxo-1,4-dihydroquinoline/1,4-dihy-
dro[1,8]naphthyridine-3-carboxylic Acids (12); General Proce-
dure

A mixture of compound1 (5 mmol) and ag 1 M NaOH (6 mL) in

Anal. Calcd for GsH,,NgO,: C, 63.82; H, 4.71; N, 17.86. Found: C,
63.79; H, 4.59; N, 17.89.

1-Ethyl-N-(10-hexylisoalloxazinyl)-7-methyl-4-oxo-1,4-dihy-
droquinoline-3-carboxamide (14a)
Yield: 0.061 g (29%); mp 189 °C.

IR (KBr): 3422, 2921, 2828, 1709, 1657, 1610, 1581, 1547, 1451,
1510, 1406, 1287, 1248, 1092, 957, 885, 774.cm

IH NMR (CDCl, 300 MHz):5 = 1.20 (t, 3 H, CKCH,, J = 7.09
Hz), 1.34-1.75 [m, 8 H, (CBl], 2.59 (s, 3 H, CH), 3.27 (q, 2 H,
CH,CH,NH, J = 6.89 Hz), 4.19 (q, 2 H, 1-GHJ = 7.10 Hz), 4.70
(t, 2 H, N°CH,, J = 6.73 Hz), 7.15 (t, 1 H, H%7J = 8.19 Hz), 7.28
(d, 1H, H-9,J = 8.65 Hz), 7.46 (s, 1 H, H-8), 7.73 (t, 1 H, HB=

THF (60 mL) was heated to reflux and maintained at reflux for 8 §:20 Hz)), 8.12 (d, 1 H, H-6]1=8.95 Hz), 8.21 (d, 1 H, H-5,
The THF was removed on the rotary evaporator at reduced presstre8.35 Hz), 8.38 (d, 1 H, H-3] = 7.43 Hz), 8.73 (s, 1 H, H-2).

H,O was added to the residue and the mixture was filtered. The fis: vz (%) = 526 (M, 21), 339 (12), 228 (77), 215 (100), 187
trate was acidified with aq 6 M HCl and the precipitate was collec{ss).

ed, washed and dried. The product was recrystallized from DMF

1-Ethyl-7-methyl-4-oxo-1,4-dihydroquinoline-3-carboxylic
Acid (12a)
Yield: 1.097 g (95%); mp 280 °C (Li.mp 280-282 °C).

IR (KBr): 3047, 2926, 1712, 1660, 1620, 1525, 1466, 1378, 12
976, 801, 685 cm.

IH NMR (CDCl, 300 MHz):8 = 1.37 (t, 3 H, CKCH,, J = 7.10
Hz), 2.63 (s, 3 H, 7-CH), 4.45 (g, 2 H, €,CH,, J = 7.11 Hz), 6.59
(d, 1 H, H-6,J=8.25 Hz), 7.31 (d, 1 H, H-5,= 8.25 Hz), 7.62 (s,
1H, H-8), 8.88 (s, 1 H, H-2), 13.91 (s, 1 H, &

1-Ethyl-7-methyl-4-oxo-1,4-dihydro[1,8]naphthylridine-3-
carboxylic Acid (12b)
Yield: 1.055 g (91%); mp 232 °C (Li.mp 226.8-230.2 °C).

IR (KBr): 3045, 2924, 2362, 1714, 1627, 1519, 1474, 1442, 13
1295, 1228, 1130, 972, 805 Tm

IH NMR (CDCl, 300 MHz):8 = 1.55 (t, 3 H, CKCH,, J = 7.04
Hz), 2.74 (s, 3 H, 7-Ch), 4.61 (q, 2 H, €l,CH,, J = 7.08 Hz), 7.39
(d, 1 H, H-6,J=8.19 Hz), 8.68 (d, 1 H, H-5,= 8.22 Hz), 8.90 (s,
1H, H-2), 14.67 (s, 1 H, C@I).

Flavoquinolones 13-15; General Procedure
Ethyl chloroformate (1.1 g, 0.96 mL, 10.1 mmol) was added
small portions to a solution of anhyd;Nt(0.2 mL) and12 (0.2

Anal. Calcd for GHzNgO,: C, 66.14; H, 5.74; N, 15.96. Found: C,
66.21; H, 5.69; N, 15.89.

1-Ethyl-N-(10-dodecylisoalloxazinyl)-7-methyl-4-oxo-1,4-dihy-
droquinoline-3-carboxamide (15a)
4dield: 0.081 g (33%); mp 185 °C.

IR (KBr): 3425, 2958, 2885, 1712, 1675, 1645, 1614, 1580, 1547,
1500, 1421, 1285, 1248, 1093, 957, 778%tm

IH NMR (CDCl, 300 MHz):8 = 1.37 (t, 3 H, CKCH,, J = 6.95
Hz), 1.40-1.65 [m, 20 H, (CHiJ, 2.60 (s, 3 H, CH), 3.17 (q, 2 H,
CH,CH,NH, J = 7.00 Hz), 4.39 (q, 2 H, 1-GHJ = 6.96 Hz), 4.69
(t, 2 H, N°CH,, J = 6.79 Hz), 7.25 (t, 1 H, H%7J = 8.09 Hz), 7.29
(d, 1 H, H-9, J=8.75 Hz), 7.38 (s, 1 H, H-8), 7.62 (t, 1 H, H-8
J=8.09 Hz), 8.19 (d, 1 H, H-61=8.15 Hz), 8.20 (d, 1 H, H-5,
J=8.36 Hz), 8.29 (d, 1 H, H6] = 7.44 Hz), 8.74 (s, 1 H, H-2).

OMs: miz (%) = 610 (M, 38), 423 (18), 228 (18), 215 (55), 187
(100).
Anal. Calcd for G:H,,NeO,: C, 68.83; H, 6.93; N, 13.76. Found: C,
68.81; H, 7.01; N, 13.89.

1-Ethyl-N-(10-ethylisoalloxazinyl)-7-methyl-4-oxo-1,4-dihy-
dro[1,8]naphthyridine-3-carboxamide (13b)
iXield: 0.062 g (33%); mp 230 °C (dec.).

IR (KBr): & = 3449, 2926, 1710, 1657, 1614, 1580, 1546, 1459,

mmol) in anhyd CHGI (50 mL) maintaining the temperature at1504, 1406, 1281, 1244, 1092, 774tm

0 °C. The CHC}-MeOH (1:1) solution of flavi® (0.2 mmol) was

added dropwise to the above mixture at 0 °C. The mixture w

IH NMR (CDCl, 300 MHz):5 = 1.25 (t, 3 H, CKCH,, J = 6.91
#7), 2.66 (s, 3 H, 7-CH), 3.66 (q, 2 H, CKCH,NH, J = 6.71 Hz),

stirred for 30 min at r.t. The solvent was removed under reducgd,’; (@, 2 H, 1-CH J=6.91 Hz), 4.88 (t, 2 H, NCH,, J = 6.73 Hz)
pressure and the residue was redissolved in MeOH (15 mL) and gl7 (b’r s 1H NH), 7.68 (t 1H H-2=814 Hé) 7.99 (t, 1 H

rified by preparative TLC using MeOH as mobile phase.

1-Ethyl-N-(10-ethylisoalloxazinyl)-7-methyl-4-oxo-1,4-dihy-
droquinoline-3-carboxamide (13a)
Yield: 0.055 g (30%); mp 198 °C.

IR (KBr): 3425, 2927, 1708, 1669, 1656, 1614, 1580, 1546, 14
1500, 1406, 1285, 1248, 1092, 957, 774cm

IH NMR (CDCl, 300 MHz):8 = 1.13 (t, 3 H, CKCH,, J = 6.99
Hz), 2.58 (s, 3 H, CY), 3.57 (q, 2 H, CKCH,NH, J = 6.71 Hz), 3.99
(@, 2 H, 1-CH, J=7.01 Hz), 4.79 (t, 2 H,}CH,, J= 6.73 Hz), 7.05
(t, 1H, H-7,J=8.11 Hz), 7.28 (d, 1 H, H:Q = 8.65 Hz), 7.42 (s,
1H, H-8), 7.63 (t, 1 H, H‘8J = 8.11 Hz), 8.04 (d, 1 H, H-8 = 8.95
Hz), 8.19 (d, 1 H, H-5)=8.35 Hz), 8.28 (d, 1 H, H:9J=7.43
Hz), 8.63 (s, 1 H, H-2).

H-8,J=8.15Hz),8.17 (d,1 H,=7.44 Hz),8.33 (d, L HI=7.91
Hz), 8.48 (br s, 1 H, KH), 8.65 (d, 1 H J = 7.93 Hz), 8.90 (s, 1 H,
H-2).

MS: m/z (%) = 471 (M, 28), 284 (20), 228 (12), 215 (49), 187
5(3100).

Anal. Calcd for GH,:N;O,: C, 61.14; H, 4.49; N, 20.80. Found: C,
61.21; H, 4.29; N, 20.89.

1-Ethyl-N-(10-hexylisoalloxazinyl)-7-methyl-4-oxo-1,4-dihy-
dro[1,8]naphthyridin-3-carboxamide (14b)

Yield: 0.078 g (37%); mp 202—-204 °C.

IR (KBr): 3432, 2926, 2918, 2362, 1714, 1670, 1550, 1458, 1102,
725, 669 crmt.
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IH NMR (CDCl, 300 MHz):5 = 1.25 (t, 3 H, CKCH,, J = 7.10 References
Hz), 1.48-1.85 [m, 8 H, (CHl], 2.66 (s, 3 H, 7-CH), 3.18 (q, 2 H, N
CHZCHZNH, J=6.85 HZ), 4.48 (q’ 2 H, 1'QH] =7.10 HZ), 4.70 (1) Anacona, J. R.; TO|€dO, Cransition Met. Chem. 2001, 26,

(t, 2 H, N°CH,, J = 6.83 Hz), 4.83 (br s, 1 H, NH), 7.24 (d, 1 H, H- 228. o

6,J=8.21 Hz), 7.66 (t, 1 H, H-7,= 8.11 Hz), 7.94 (t, 1 H, H8  (2) Oliphant, C. M.; Green, G. M\m. Fam. Physician 2002 65,
J=8.09 Hz), 8.34 (d, 1 H, H:6J = 7.65 Hz), 8.65 (d, 1 H, H-5, 455. _

J=Hz), 8.73 (br s, 1 H, KH), 8.87 (s, 1 H, H-2). (3) 2P(;1(|)I|pz ?45A Matowe, W. GCurr. Opin. Invest. Drugs
MS:mz (%) = 527 (M, 28), 340 (52), 228 (12), 215 (83), 187 (21), (4 Rublinétein, EChemother apy 2001, 47 (Suppl. 3), 3.

137 (100). (5) Cowden, W. B.; Halladay, P. K.; Cunningham, R. B.; Clark,
Anal. Calcd for GgH,N,O,: C, 63.74; H, 5.54; N, 18.58. Found: C, I. A.; Hunt, N. H.J. Med. Chem. 1991, 34, 1818.

63.81; H, 5.49; N, 18.89. (6) Thurnham, D. I.; Oppenheimer, S. J.; BullTRans. R. Soc.

Trop. Med. Hyg. 1983 77, 423.
1-Ethyl-N-(10-dodecylisoalloxazinyl)-7-methyl-4-oxo-1,4-dihy- (7) Cowden, W. B.; Butcher, G. A,; Clark, I. A.; Hunt, N. H.;
dro[1,8]naphthyridine-3-carboxamide (15b) Yoneda, FAm. J. Trop. Med. Hyg. 1987, 37, 495.
Yield: 0.078 g (32%); mp 196 °C. (8) Becker, K.; Christopherson, R. I.; Cowden, W. B.; Hunt, N.

. H.; Schirmer, HBiochem. Pharmacol. 199Q 39, 59.
g‘\;7(K;32r)5 2223(’:[;956’ 2828, 1711, 1671, 1555, 1451, 1103, 998’(9) Singh, R.; Geetanjali, ; Chauhan, S. MB®org. Chem.

2004 32, 140.
'H NMR (CDCk): § = 1.28 (t, 3 H, CHCH;, J = 6.91 Hz), 1.38—  (10) Geetanjali, ; Singh, R.; Chauhan, S. MS@th. Commun.
1.95 [m, 20 H, (CH)yl, 2.69 (s, 3 H, 7-Ch), 3.37 (g, 2 H, 2003 33, 613.
CH,CH,NH, J = 6.80 Hz), 4.50 (0, 2 H, 1-GHI = 6.91 Hz), 471  (11) Chauhan, S. M. S.; Singh, R.; Geetanjajinth. Commun.
(t, 2 H, N°CH,, J = 6.81 Hz), 4.84 (br s, 1 H, NH), 7.28 (d, 1 H, H- 2003 33, 1179.
6,J=7.99 Hz), 7.56 (t, L H, H/7J=8.21 Hz), 7.98 (t, 1 H, H*8  (12) Chauhan, S. M. S.; Geetanjali; Singh|riRlian J.
J =8.22 Hz), 8.24 (d, 1 H, H-6J=7.65 Hz), 8.65 (d, 1 H, H-5, Heterocycl. Chem. 200Q 10, 157.
J=Hz), 8.75 (s, 1 H, H-2), 8.83 (br s, 1 HTH). (13) Gould, R. J.; Jacobs, W. A.Am. Chem. Soc. 1939 61,
MS: miz (%) = 611 (M, 28), 424 (62), 228 (12), 215 (89), 187 2890.
(100). (14) Jencks, W. RChem. Rev. 1972 72, 705.

15) Takeda, J.; Ohta, S.; Hirobe, 8 Am. Chem. Soc. 1987,
Anal. Calcd for GH,,N;O;: C, 66.76; H, 6.76; N, 16.03. Found: C, ) 100 gpgs = THODE: oM. S0C. 2984
66.81; H, 6.69; N, 15.91. (16) Lindsey, J. S.; Mauzerall, D. C.; Linschitz,JHAm. Chem.

Soc. 1983 105, 6528.
(17) Awasthi, V.; Awasthi, A.; Chauhan, S. M.I8dian J.
Heterocycl. Chem. 1992 2, 11.
R.S. is grateful tdepartment of Science and Technology, New (18) Mapara, R. K.; Desai, C. M. Indian Chem. Soc. 1954 31,
Delhi, India for a grant of fund under SERC Fast Track Proposals 951.
under Young Scientists Scheme. (19) Lappin, G. RJ. Chem. Soc. 1948 3348.
(20) Agui, H.; Komatsu, T.; Nakagoma, J Heterocycl. Chem.
1975 12, 557.
(21) Lesher, G. Y.; Froelich, E. J.; Gruett, M. D.; Bailey, J. H.;
Brundage, R. Rl. Med. Chem. 1962 5, 1063.

Acknowledgment

Synthesis 2005, No. 14, 2315-2320 © Thieme Stuttgart - New York

Downloaded by: University of North Carolina - Chapel Hill. Copyrighted material.



