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Abstract A series of 5-methyl-4-oxo-l,8-naphthyridine-3-carboxylic acids was 

prepared in which the N1 position was substituted by various aryl groups. S%Ven 

wmpounds showed excellent in vifro antibacterial activity against Gram-positive and 

Gram-negative strains. 

During the last decade, a new class of 7-substituted amino-l-aryl-6-fluoro-l,4dihydro-4-oxo-quinoline- 

or 1 $8-naphthyridine-3-carboxylic acid antibacterials has been developed.1-20 Recently a par- 
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titularly potent member of this dass of compounds tosufloxacin. 7-(3-aminopyrroiidin-1-yl)-1-(2.4- 

dittuor0phenyl)-I -4-dihydro-4~x0-1 ,B-naphthyridine-3carboxylic acid (1) has emerged as outstanding 

example. 

In prepaling new 5-methyl-I-aryl-1.8-naphmyridone candidates for biological evaluation, we have selected 

compound (2) with a (3s)-3-aminopyrrolidine appendage at C-7. 21 In the mntinuation of our search for 

more potent analogues, our interest was directed to other MI-aryl substituents. In this paper, we report the 

synthesis and in vifroantibacterial activity of a series of novel 1-aryl-5-methyl-4-naphihyridones. 

Chemlsby 

The general method used for the preparation of Nfluoroaryl naphthyridones, involving an 

Scheme I 

intramolecular nucleophilic cydization, has been previously described, starting from 2,6-dichioro-5-fluoro4- 

methylnicotinic acid (3).21.22 The synthetic sequence of these naphthyridones is outlined in Scheme I. The 

anilines or aminopyridines were either commerdal or prepared as reported in iiterature.23,24 Some of the N 

1 -methoxyfiUoroaniline were deprotected at the last step (Scheme 11). 
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9 RI = F, RZ = OMe 

10 R, = H. Rz = OMe 

Scheme I1 

The 2-fluoro-4-methoxyaniline (17) was prepared from 3-fluorophenol(l4) via 3-fluoro-4-nitrophenol (15), 

followed by methylation with dimethyl sulfate and finally hydrogenation over 10 % Pd on C (Scheme 111).23 

Using the same route, the 5-fluoro-2-nitrophenol gave the corresponding 4-fluoro-2-methoxyaniiine 

Scheme 111 

From 4-nitroaniline, the 4-methylsulfonylamidoaniline was obtained by sunonation with methanesulfonyl 

chloride, followed by metallic reduction with iron in presence of ferric chloride.24 

Physical properties of Nt-aryl substituted 1.8-naphthyridone-3-carboxylic adds (2). (11)<13) and (18)-(25) 

are showed in Table I. 



2304 HETEROCYCLES. Vol. 34, No. 12. 1992 

Table ll. Physical properties of N-l-Aryl-6-fluoro-5-methyl-1&naphthyridlne-3-carboxylic 
acids (7). 

No R1 yield" m p  Formula Caled Found 
'C % C H N C H N  

C&j$$I,Ofl. HCL 1.5 H20  
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Biology 

Table If contains a summary of the in viho antibacterial data, for the compounds synthesized, against three 

Gram-positive and four Gram-negative organisms. For comparison, the activity of 1 (tosufloxaan) is shown. 

Table 11. I n  vitm antibacterial activity of N-l-aryl-5-metbyl-6-flnoro-1,8-naphthyridlne-3- 
carboxylic acids (7) (MIC, pglml).* 

N~ S.  pneumoniae 8. fnccolis S. auraus E .  eoli E. cloacae P.osruginoso 
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The elfecl of substituents on the N1-alyl ring of the 7-aminopminyl-64luoro-5-methyl-4-naphthyddone on 

the in vitm antibacterial potency is displayed in Table It. The position of the aromatic nilrogen on N1- 

pyddinyl derivatives seemed to be uitical to keep interesting in vitro potency. The N1-(4pyddinyl) derivative 

(24) was twice to four times as a&e as the N1-(3-pyridinyl) analogue (25). Methyl sunonation of the N1-(4- 

aminophenyl) appendage led lo a dramatic loss of in vim adivity (22 vs 21). 

Good Gram-positive adi i ly was observed for the Nl-(4-hydmxyphenyl) derivatives (12) and (13). 

CMpound (13) showed also very good Gram-negative aniibaderial acliviiy. The enect of the 4-hydroay 

group was already observed by Chu et aL1 Despite these p a d  aclivitii in vilro, the NI<Chydmxyphenyl) 

derivatives were not seleded for further studies because their bad in viva adivities (data not shown). The 

best overall aniibacterial profile was seen with the N1-(4dwm- and 2.4dillwrophenyl) compounds (2) and 

(18). flnally 2, a 5methyl analogue of tosulloxaan with a chiral (3s)-3-aminopyrrolidine appendage at C-7 

was chosen as a promising candidate for preclinical studies. 

E X P E R I M E N T A L  S E C T I O N  

Unless otherwise noted, materials w6fe obtained from canmercial suppliers and were used w i h u t  further 

purification. Melting points were taken with a BOchi 510 capillary apparatus and are unconected. Infrared 

spectra were recorded on a Nicolet FT-IR 20 SXC spectrophotometer. 'H nmr spectra were recorded on a 

B ~ k e r  AC 200 apparatus. Chembl shins are expressed in ppm (6)  relative to internal tebamethylsilane. 

flash column chromatography was pertormed with Merck silica gel BOF. 70-230 mesh ASTM. Hemental 

analysis was pertormed by the Bristol-Myers Squibb Analyl i i  Department. 

Micmblology. General procedures of in vitm studies: 

The in vilro antibacterial activity was studied by a side-byside comparison with tosulloxacin ( I )  and 

determined by a serial 2-fold dilution technique using nutrient broth. The inoculum size was adjusted to 106 

CFU-ml and the concentration of the mmpounds ranged hom 0.0005 to 250 (rglml. Minimum inhibitory 

concentrations (MICs) were delined as the lowest concentration of the compound that prevented visible 

growth of bacteria aner incubation at 37 *C for 18 h. 
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7- [(3S )-3-Arnln~l-pymlldlnyl]-B-flu0r0-1i4-hydronlph~ny~l,4-dlhyd~~mahylJ-ox~ 

l.Bnaphthyridlne3-carboryllc acld, hydrochloride aak (13): 

To a soltilion 01 4.5 g (12 mnwl) 01 ethyl 3-(2.6di~loro4-t1~~0-4-rnethyl-5pyridinyl)-3- 

oxopmpionate ( 4 p  in 20 ml ot absolute ethanol was added In one porlbn 1.5 g (12 mmol) of 4- 

methoxyaniline. The reaction mixture was stined a1 room temperature tor 2 h and evaporated to 

dryness in vacuo to W d  5.5 g of ethyl 2-[((4methoxyphenyl )dm)-  methylene]-3-(2,WiiIoro3- 

Iluoro-4-methyl-5-p~dinyl)-3-0xopropionate as an oil which was used without tufther purirmtion. 

A nr;pension of 5.5 g of the above oil and I .8 g (13 mmol) of anhydrous K&03 In 40 ml of 

acetonitfile was refluxed for 2 h, evaporated to dryness in vacuo and the residue was aystallized 

trwn water, the predpitate was colleded and washed with water to give 4.1 g (82%) of 5 (RI= 4- 

methoxyphenyl); mp 234-235 "C. IH Nmr (DMSOdB) 6: 1.26 (1, J= 7.0 Hz, 3H, CH3 ester); 2.83 

(d, &.F = 3.2 Hz. 3H. Me-5): 3.85 (s, 3H. 0-Me ar.):4.21 (q. J =  7.0 HZ. 2H. CH2 ester); 7.11 and 

7.47(2d. J=9Hz. 4H.Ar.):8.46(s8 1H. H-2). 

A mixture of 3.52 g (9 mmol) of the above ester (5. RI= 4methoxyphenyl). 0.86 g (10 rnmol) of 3- 

(3s)-aminopyrrolidine and 1.3 ml(9 mmol) of DBU in 40 ml of dry acetonilrile was stirred at room 

temperature overnight. The solvent was evaporated to dryness in vaan, and the reddue was 

crystallized horn water to ponde 3.88 g (98 %)of the e6l6f (lo). IH Nm (DMSO-dd 6: 1.24 (1. J= 

7.0 Hz. 3H. CH3 ester); 1.57-2.09 (m, 3H. CH2 pynol.): 2.65 (d,&.~ =3 Hz. 3H. Me-5): 3.31-3.45 

(m, 4H, CH2 pyrrol.): 3.83 (s, 3H, 0-Me ar.):4.17(q, J =  7.0 Hz, 2H, CH2ester): 7.05 and 7.41 

(2d. J =  9 Hz. 4H. Ar.);8.23(sV 1H. H-2). 

The suspension of 3.45 g (7.8 mmol) of the ester (10) in 33 ml of 48 % HBr in acetic add was 

refluxed tor 4 h. The solvent was evaporated in vaan, and the residue was d i i l v e d  in 1W ml of 

water at 50 "C, the pH was adjusted to 7 with 2N NaOH. The resulting pedpitate was collected. 

washed with water and dried in vacuo at 40 C to give 2 g of the base which was transformed into 

its hydrochloride salt in a refluxing mixture of ethanol1 water1 hydrochloric acid (20/2013). Finally 

the solution was cooled and the resulting precipitate was collected and recrystallized from 

ethanol/water to give 1.4 g (43 %)of the desired compound (13): mp 250 "C. Ir (KBr): 3406.1702, 

1627 cm.l .I H Nmr (DMSO-d6) a: 1.97-2.1 7 (2m. 2H. CH2 pyrrol.); 2.73 (d. &.F =3 Hz. 3H. Me- 
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5); 3.36-3.78 (2m, 5H, CH2 pynol.); 6.91 and 7.32 (2d, J = 8.6 Hz, 4H, Ar.); 8.47 (s, IH, H-2). 

[a]gZ5 = + 16.3 ' (C = 0.5. W H .  0.1 N HCI 50: 50). 

Using a similar melhodology the folbwing derivatives were prepared : 

7- [ ( 3 S ) - S A m l n + l - p y m o l l d l n y ~ 8 f l u 0 r 0 1 < 4 - f l w e 2 - h ~ ~ p h y ~ l ~ d l h y d n S m ~ y C  

4-0xel,BnaphthyridIne3avboxyfic acld. Ctduene8uWonde d ( l 1 ) :  mp 245 *C. Ir (KB): 

3429,3063.1712.1626.1498~m.~. H Nmr (Dh!S@d6) a: 1.952.14 ( h ,  2H. CH2 pyml.); 2.26 

(Me, tcdate); 2.69(d, JH-F = 3 Hz, 3H, Me-5); 3.41-3.78 (2m. 5H, W pynd.); 6.82 (m, 2H, AJ); 

7.12and7.48(2d, J=8.Hz,4H,tosylate);7.42(m,1H,Ar.);8.47(s,l~H-2).~alD25=+13.5D(c 

= 0.5. W H I  0.1 N HCI 50: 50). 

7- [ ( 3 S ~ - A m l n + l - p y n o l l d l n y ~ - l < 2 - R ~ o r o - 4 - h y d p h - f l l M l h y d ~ 5 m e m y C  

Coxel.8-naphthyrldlna9sarboxylic acid, hydmbromlde (lan(12): mp 260 'C (decamp.). Ir 

(KBr): 3359,3172,3057,2948,1694, 1625. 1466 cWf. H Mnr(DMS0-dd 0:l .%-2.19 ( h ,  2H, 

C& pynol.); 2.73 (d, J H.F= 3 Hz, 3H, Me-5); 3.663.98 (2m, W, C& pynol.); 6.76 (m, 2H, 

Ar.); 7.43(m,2H.Ar.);8.62(s.lH.H-2). [a]$5=+23.55"(c=0.25.MeOH). 

7- [ ( 3S ) -SAmlne l -pyml id inyWf lu0r0 l~Cf luorophenyb l ,Cd l~~~~oxe l . 8 -  

naphthyrid1noScarboxylic acld, hydrochloride d l  (18): mp 228 Y: (deawnp.). Ir (KB): 3434. 

3059.2948. 1715, 1627 cm-I. H Nmr (DMSOds) 0: 2.02-2.21 ( h .  2H. CH2 pynol.); 2.74 (d, J 

H.F= 3 Hz. 3H. Me-5); 3.47-3.90 (a. 5H. CH2 pynol.); 7.39 and 7.62 (2d. J =  8.6Hz. 4H. AJ.); 

8.61 (6, lH, H-2). [a]025=+ 18.8D(c=0.5, MeOHIO.l N HCI 60:40). 

7- [(3S)-SAmin~1-pyrrolMlny+l<2,4,~MRuwophenyr)9-nu~l,Cdlhydr&~y~-0x~ 

l,&naphthyridlneScarboxyIk acid. 4-toluenesulfonale sail (19): mp > 260 'C (decamp.). Ir 

(K&): 3349,3057,2948,1710,1625 an'(. H Nnv(DMS0-ad: 1.682.14 (2m,2H, CH2 

pynol.); 2.72 (d, JH.F=~ Hz, 3H, Me-5);3.29-3.45 (2177, 5H, CH2pynd.); 7.52 (m, 2H, ArJt8.55 

(S. 1H. H-2). [a]D25=+ 18.8'(c=0.5. VdH).  

7- [(3S)-+Amln+l-pyrrolldlnyl]-l<4-MRuorom&ylphenyl)8fluonl,4dlhydreCm&yl4- 

oxel,&naphthyridlne3-carboxyllc acld, hydrochloride salt (20): mp 230 'C (decamp.). Ir 

(KBr): 3420,2939,2890, 1710.1628, 1445.1323 an-l. H Nmr (DMSOdd b 2.04-2.16(2m. 2H. 
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CH;!pyrrol.); 2.76(d, J H . F = ~ H ~ , ~ H ,  Me-5);3.57-3.83(2m, 5H, C& pynol.); 7.Eland7.96 

(2m. 4H. Ar.); 8.67 (s. 1H. H-2). = + 285' (c = 0.5, MeOH). 

1i4-Aminopheny&7- ~(3S~-smln~ l -~no l id lnu l l -6 - f1uor~ i ,~ -d ihydr~5 -  methyl-4-0x0. 

l,&naphlhyridine-3-carboxylic acid, hydrochlorlde salt (21): mp 260 "C (dewmp.). 

Ir (KBr): 3421,2889, 1720, 1631. 1443 cm-I. H Nmr (DMSO-d6) b: 2.09-2.16 (2m, 2H, 

CH2 PYITOl.); 2.75 (d, JH.F = 3 Hz. 3H. Me-5); 3.45-3.81 (2171, 5H, CH2 pyrrol.); 7.21 and 7.46 

(2d, J=8.6Hz,4H,Ar.);8.57(s,1H,H-2).[al~2~=+12.4'(C=O.5,0.1NHU). - 
7- I(3S ~ A m l n ~ l - p y r r o l l d i n y l ] d - f l u a ~ l k d l h y d ~ l < ~ m e t h y l ~ u I f o n ~ ~ l n o p h e n y ~ 5  

methyH-ox~l8-naphthyridlne9carboxy& acid, hydmchloride d t ( 2 2 ) :  mp 240 'C 

(damp.). Ir (KBr): 3418,2921,1706,1835,1439,1328,1150 cm-1.1 H Nmr ( D M S O ~ ~ )  6 : 

2.09-2.16 (2m. 2H. CH2 pyrrol.); 2.75 (d, J+F = 3 k. 3H. Me-5); 3.07 (s.3H. Me sunonylam.): 

3.45-3.81 (2m. 5H. CH2 pyrml.); 7.37 and 7.52 (2d. .I= 8.4 Hz. 4H. Ar.); 8.57 (s. 1H. H-2). [a]D25 

= + 13.4" (c = 0.25. MeOH/O.lN HU 50: 50). 

7- [ ( 3 S ) - 3 - A m l n ~ l g y n o l i d i n y f l - 1 ~ 4 - ~ m l ~ I t o y c p h ~ f l u ~ l , C d l h y d w ~ m e t h y l 4  

o x e l  ,Enaphhyridlne3-carboxyIlc acld, hydmch lde  d ( 2 3 ) :  mp >280 'C (decomp.). Ir 

(KBr): 3379,3161.3055.1710. 1624 m-l. H Nm(DMS(M6) h 2.08-2.14 (a. 2H. CH;, pyrml.); 

2.75 (d. J WF = 3 HZ 3H. Me-5); 3.62-3.80 (2m 5H. CH2 pynol.); 7.92 and 8.93 (2d, J= 5.0 Hz. 

4H, Ar.); 8.73 (s, IH, K2). [a ]d5  = + 8.4'(c= 0.12, MeOHlO.1N HC150: 50). 

7- [(3S ) - 3 - A m i n ~ l - p y r r o l i d i n y l ~ 8 f l ~ o 1 ~ 1 k d l h y d ~ ~ ~ y ~ l < & p y ~ d l n y ~ x ~ l , E  

naphlhyrldlnabcatboxyllc acld, hydrochloride odt(24): mp >260 "C (demp.). Ir (KBr): 

3510,3429, 1705, 1635 cm-I. 1 H Nmr (DMSO-d6) 0: 2.W-2.16 (2m, 2H, CH2 pynol.); 2.74 (d. J 

+F = 3 Hz, 3H, Me-5);3.45-3.81 (2m, 5H, CH;, pynd.); 7.62 and 8.75 (2d, J= 6 Hz, 4H, Ar.); 8.71 

(s.1H.H-2). [a]~5=+13.2D(c=0.25.0.1NHCI).  

7- M3S)-SAmln~l-pyrrolidinyfl6fl~a~l,Cdlhydr~Cmethyl-l~3-pyrldinyl~40~~l,E 

naphthyrldina3-carboxylic add, hydrochloride dt (25) :  mp >260 "C (decomp.). Ir (KBr): 

3570.3428.2880.1702.1626.1458. 1421 -1. H Nmr(DMSQdd &: 2.07-2.15 (2m. 2H, CH2 

pyrml.); 2.75 (d, JH.F=~ Hz, 3H. Me-5);3.60-3.96(21n, 5H, CH2 pynul.); 7.72 (m, IH, Ar.); 6.14 

(m.1H.Ar.);8.70(s.1H.H-2):6.76(m.2H.Ar.).[alD25=+26.4"(c=0.45.MeOH). 
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