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Abstract A series of 5-methyl-4-0x0-1,8-naphthyridine-3-carboxylic acids was
prepared in which the N-1 position was substituted by varicus aryl groups. Seven

compounds showed excallent in vitro antibacterial activity against Gram-positive and

Gram-negative strains.

During the last decade, a new class of 7-substituted amino-1-aryl-6-fluoro-1,4-dihydro-4-oxo-quinoline-
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ticularly potent member of this class of compounds tosutloxacin, 7-(3-aminopyrrolidin-1-yl)-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid (1) has smerged as outstanding
example,

In preparing new 5-methyl-1-aryi-1,8-naphthyridone candidates for biological evaluation, we have selectad
compound (2) with a {38)-3-aminopyrrolidine appendage at C-7. 21 11 the continuation of our search for
more potent analoguss, our interest was directed to other A-1-aryi substituents. In this paper, we report the

synthesis and in vitro antibacterial activity of a series of novel 1-aryl-5-methyl-4-naphthyridones.

Chemistry

The general method used for the preparation of Mfluorocary! naphthyridones, involving an
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intramolecular nucleophilic cydization, has been previously described, starting from 2,8-dichioro-5-fluoro-4-
methylnicotinic acid {3).21:22 The synthetic sequence of these naphthyridones is outlined in Schema |. The
anilines or aminopyridines were either commercial or prepared as reported in literature 23,24 Some of the N

1-methoxyflucroaniline were deprotected at the last step (Scheme 11).
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The 2-fluorc-4-methoxyaniline (17) was prepared from 3-fluorophenal (14) via 3-fluoro-4-nitrophenal (15},
followed by methylation with dimethyi sulfate and finally hydrogenation over 10 % Pd on C (Scheme I11).23

Using the same routs, the 5-fluora-2-nitrophenol gave the corresponding 4-fluore-2-methoxyaniline.

OH OH OMe OMe
NaNO3 Me,S0, 10%Pd/C
. H,50, F F F
NO, NG, NH2
14 15 16 17
Scheme II1

From 4-nitroaniline, the 4-methylsulfonylamidoaniline was obtained by sullonation with methanesuifonyl
chloride, followed by metallic reduction with iron in presence of ferric chioride 24
Physical properties of A-1-aryl substituled 1,8-naphthyridene-3-carboxylic acids (2), (11) 13) and (18)-(25)

are showed in Table |.
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Table I1. Physical properties of N-1-Aryl-6-fluoro-5-methyl-1,8-naphthyridine-3-carboxylic

acids (7).
No Ry Yield" mp Formula Caled Found
% °C ' ¢ H N ¢ H N
2 F 68 =260 CyHpN,O5F, HOl 5281399 1232 5275 402 1218
F
n? F 40 245 CygH gN4O4F;. 53.46 465 9.24 53.25 471 9.05
P-MeCgH,SOH. H0
OH
12» WQ 23 260 CaoH gNO5F;. HBr 4830 3.85 11.26 4802 3.86 1095
F

CagH, N0, F. HCL. 2 H,0

13 HO —Q— 42 250
182 F _©~ 54 228

199 F 56

20 Fac‘©— 7 230
2 HN —@_ 65 260
2% Mesozm@— ) 240

CooH N 405F;. HOL H,O

>260  CyllyN,O5F,

P-MeCH,S0,H. HyO
CyiHisNO3F, HCL 2,5 H;0
CagHgNSO4F. 2 HCI

CHypNOFS. HCL 1,5 H;0

23 HNO,S —Q— 35 >260  CyHyNsOWFS. HCL 1.5 B0
249 N\ 5 > 260 CyoH N O5F. 2 HCL Hy0
28% Q— 65 >260 C1gH1gN<OF. 2 HC

N

1) Yields are those obtained from the final step (hydrolysis), including the salt formation.
2) The starting anilines are commercially available.

3) Starting material was 4-acetylaminoaniline, which was deprotected at the final stage.
4) Starting matetial was 4-nitroaniline. %

5) 3-Aminopyridine was purified over silica gel prior use,

51.01 514 11.9

52.81 4.65 12.32

51.76 4.18 8.94

47.42 4.55 10.53

51.07 471 14.89

46,80 4.86 12.99

45,76 4.60 1334

48.07 4.63 14.75

50.01 4.42 1535

51.23 503 11.85

5248 4.54 12.00

51.87 4.08 885

4725 4.52 1022

50.87 4.55 14.53

4648 4.68 12.66

45.40 4.56 13.05

47.74 447 1473

4968 4.5] 15.05
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Biology

Table It contains a summary of the in vitro antibacterial data, for the compounds synthesized, against three

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

Table II . In vifro antibacterial activity of N-i-aryl-5-methyl-6-fluoro-1,8-naphthyridine-3-
carboxylic acids (7) (MIC, pg/ml).*

No S. pneumoniae E. faecalis S. aureus E. coli E. cloacae P.aeruginosa
1%* 0.06 025 0016 0.004 0.03 025
2 0.03 0.06 0.002 0.002 0.002 0.5

11 0.5 1 0.06 0.06 0.13 1

12 G008 0.13 0.016 0.016 0.06 03

13 G.03 0.06 0.01 0.001 0.02 0.25

18 0.03 0.06 0.004 0.002 0.002 0.25

19 05 1 0.13 0.03 025 05

20 2 2 1 0.03 0.03 1

21 0.25 8 0.13 0.03 0.03 0.5

22 64 128 16 2 16 128

23 8 4 1 0125 025 32

24 1 Q.25 0.06 G003 0.003 1

25 2 2 2 0.03 0.03 1

* Organisms selected for the table are as follows : Strepiocoecus p iae, Enter faecalis, Ssaphyl aureus, Escherichia

coli, Enterobacter cloacae, and Pseudomonas aeruginosa.
** tosufloxacin.
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Tha etfect of substituents on the A-1-aryl ring of the 7-aminopyrrodinyl-6-flucro-5-methyl-4-naphthyridones ¢n
tha in vitro antibacterial potency is displayed in Table Ii. The position of the aromatic nitrogen on N-1-
pyridinyt derivalives seemed ta be crilical to keep interesting in vilro potency. The N-1-(4-pyridinyl) derivative
(24) was twice to four times as active as the N-1-(3-pyridinyl) analogue (25). Methyl sulfgnation of the A-1-(4-
.aminophenyl) appendage led to a dramatic loss of in vitro activity (22 vs 21).

Good Gram-positive activity was obsarved for the A-1-(4-hydroxyphenyl) derivatives (12) and (13).
Compound {13) showed also very good Gram-negative antibacterial activity. The effect of the 4-hydroxy
group was already observed by Chu af al.l Despite these good activities in vitro, the N-1-{4-hydroxyphenyl)
derivatives were not selected for further studies because their bad in vivo activities (data not shown). The
best overall antibacterial profile was seen with the N-1~(4-luoro- and 2.4-difluorophenyl) compounds (2) and
(18}. Finally 2, a 5-methyl analogue of tosufloxacin with a chiral (35)-3-aminopyrrofidine appendage at C-7

was chosen as a promising candidate for preclinical studies.

EXPERIMENTAL SECTION

Unless otherwise noted, materials wera obtained from commerdal suppliers and were used without further
purification. Melting points were taken with a Bichi 510 capillary apparatus and are uncorrected. Infrared
spectra werae racorded on a Nicolet FT-IR 20 SXC spectrophotometsr. TH nmr specira were recorded on a
Bruker AC 200 apparatus. Chemical shifts are expressed in ppm () relative to internal tetramethyisitana.
Flash column chi’omatography was performed with Merck silica gel 60F, 70-230 mesh ASTM. Elemental

analysis was performed by the Bristol-Myers Squibb Analytical Department.

Microblology. General procedures of in vitro studies:

The in vifro antibacterial activity was studied by a side-by-side comparison with tosufloxacin (1) and
determined by a sarial 2-fold dilution technique using nutrient broth. The inoculum size was adjusted te 106
CFU-ml and the concentration of the compounds ranged from 0.0005 to 250 ug/ml. Minimum inhibitory
concentrations (MICs) were defined as the lowest concentration of the compound ihat preventad visible

growth of bactaria after incubation at 37 *C for 18 h.
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7- [(3§ }-3-Amino-1-pyrrolidinyl}-8-fluore-1{4-hydroxyphenyl-1,4-dihydro-5-methyl-4-oxo-
1,8-naphthyridine-3-carboxylic acid, hydrochloride saft (13):

To a solution of 4.5 g (12 mmol) of ethyl 3-(2,6-dichloro-3-fluoro-4-methyl-5-pyridinyt)-3-
oxopropionate (4)22 in 20 mi of absolute ethanol was added in one portion 1.5 g (12 mmol) of 4-
methoxyaniline. The reaction mixture was stirred at room temperature for 2 h and evaporated to
dryness in vacuo lo yield 5.5 g of ethyl 2-[((4-methoxyphenyl Jamino)- methylena]-3-(2,6-dichloro-3-
fluora-4-methyl-5-pyridinyl)-3-oxo-propicnate as an oil which was used without turther purification.
A suspension of 5.5 g of the above oil and 1.8 g (13 mmol) of anhydrous K2COg in 40 ml of
acefonitrile was refluxed for 2 h, evaporated to dryness in vacuo and the residue was crystallized
from water, the precipitate was collected and washed with water to give 4.1 g (82%%) of 5 (Ry=4-
meathoxyphenyl); mp 234-235 °C. 1H Nmr (DMSO-dg) 5: 1.26 {1, J= 7.0 Hz, 3H, CHg3 ester); 2.83

{d. M.F = 3.2 Hz, 3H, Me-5); 3.85 (s, 3H, O-Me ar.); 4.21 (q, J= 7.0 Hz, 2H, CH> ester); 7.11 and
7.47 (2d, J=9 Hz, 4H, Ar); 8.46 (s, 1H, H-2).

A mixture of 3.52 g (9 mmol) of the above ester (5, R{= 4-methoxyphenyl), 0.86 g (10 mmol) of 3-
{3.5)-aminopyrmrolidine and 1.3 mi (9 mmol) of DBU in 40 mi of dry acetonitrile was stirred at room
temperature ovemight. The solvent was evaporated to dryness in vacuo and the residue was
crystallized from water 1o provide 3.88 g (S8 %) of the ester (10). TH Nmr (DMSO-dg) 8:1.24 (t, J=
7.0 Hz, 3H, CH3j ester); 1.57-2.09 {m, 3H, CH2 pyrrol.); 2.65 {d,JH.F =3 Hz, 3H, Me-5); 3.31-3.45
{m, 4H, CHo pyrrol.}; 3.83 (s, 3H, O-Me ar.); 4.17 (g, J=7.0 Hz, 2H, CHz ester); 7.05 and 7.41
(2d, J=9 Hz, 44, Ar.); 8.23 {s, 1H, H-2).

The suspension of 3.45 g (7.8 mmgl) of the ester (10) in 33 m! of 48 % HBr in acetic acid was
refluxed for 4 h. The solvent was aevaporated in vacue and the residue was dissolved in 100 mi of
watar at 50 °C, the pH was adjusted to 7 with 2N NaOH. The resulting precipitate was collected,
washed with water and dried in vacuo at 40 °C to give 2 g of the base which was Iransformed into
its hydrochloride salt in & refluxing mixture of ethanol/ water/ hydrochloric acid {20/ 20/ 3). Finally
the solution was cooled and the resulting precipitate was collected and recrystallized from
sthanol/water to give 1.4 g (43 %) of the desired compound (13); mp 250 °C. Ir {KBr). 34086, 1702,
1627 e 1.1 H Nmr (DMSO-dg) &: 1.97-2.17 (2m, 2H, CHa pyrrol.); 2.73 (d. Jh.F =3 Hz, 3H, Me-
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5); 3.36-3.78 {2m, 5H, CHp pyrrol.); 6.91 and 7.32 {2d, J = 8.6 Hz, 4H, Ar.); 8.47 (s, 1H, H-2).
[a]D25 = + 16.3 ° {c = 0.5, MeOH, 0.1 N HCI 50: 50).

Using a similar methodology the following derivatives were prepared :

7- [(35}-3-Amino-1-pyrrolidinyl}-8-fluoro-1{4-fluoro-2-hydroxyphenyl)-1,4-dihydro-5-methyl-
4-oxo-1,8-naphthyridine-3-carboxyfic acid, 4-toluenesulfonate saft (11): mp 245 °C. Ir (KBr}):
3429, 3063, 1712, 1626, 1498 cm™1. 1 H Nmr (DMSO-dg) &: 1.95-2.14 (2m, 2H, CH2 pyrrol.); 2.26
(Me, tosylate); 2.69 (d, J H.F = 3 Hz, 3H, Me-5); 3.41-3.78 (2m, 5H, CHg pyrrol.); 6.82 (m, 2H, Ar);
7.12 and 7.48 (2d, J= B.Hz, 4H, tosylate) ; 7.42 (m, 1H, Ar.); .47 (s, 1H, H-2). [a]p25 = + 13.5° (¢
= 0.5, MeOH/ 0.1 N HCI 50: 50).

7- [(3$)-3-Amino-1-pyrrolidinyl]-14(2-fluoro-4-hydroxyphenyi)-8-fluoro-1,4-dihydro-5-methyl-
4-ox0-1,8-naphthyridine-3-carboxylic acid, hydrobromide salt(12): mp 260 °C (decomp.). Ir
(KBr): 3359, 3172, 3057, 2948, 1694, 1625, 1466 cm™1. 1 H Nmr (DMSO-dg) 5:1 .98-2.19 (2m, 2H,
CHg pymrol.); 2.73{d, JH.F= 3 Hz, 3H, Me-5); 3.66-3.98 {2m, 5H, CHo pyrmol.); 6.76 (m, 2H,
Ar); 7.43 (m, 2H, Ar.}; 8.62 {s. 1H, H-2). [a]p25 = + 23.5 ° (c = 0.25, MeOH).

7- (38 )-3-Amino-1-pyrrolidinyl}-6-fluoro-1-{4-fiuorophenyl)-1,4-dihydro-5-methyl-4-0x0-1,8-
naphthyridine-3-carboxylic acid, hydrochloride salt {18): mp 228 °C {decomp.). !r (KBr): 3434,
3059, 2948, 1715, 1627 cm1. 1 H Nmr (DMSO-dg) 6: 2.02-2.21 (2m, 2H, CH2 pyrrol.); 2.74 (d, J
H-F = 3 Hz, 3H, Me-5); 3.47-3.90 (2m, 5H, CHg pyrrol.); 7.39 and 7.62 (2d, J/= 8.6 Hz, 4H, Ar.);
8.61 (5, TH, H-2). [oJp25 = + 18.8 ° (c = 0.5, MeOH/ 0.1 N HC! 60: 40).

7- [(38)-3-Amino-1-pyrrolidinyl]-1-{2,4,6-triflucrophenyl)-8-fluoro-1,4-dihydro-5-methyl-4-oxo-
1,8-naphthyridine-3-carboxylic acld, 4-toluenesulfonate salt(18): mp > 260 °C (decomp.). Ir
(KBr): 3349, 3057, 2048, 1710, 1625 cm~1. 1 H Nmv (DMSO-dg) d: 1.68-2.14 (2m, 2H, CH2

pymol.); 2.72{d, J H.F =3 Hz, 3H, Me-5); 3.29-3.45 (2m, 5H, CHa pytrol.); 7.52 (m, 2H, Ar.); 8.55
{s, 1H, H-2). [o]p25 = + 18.8 ° {c = 0.5, MeOH).

7- {(38)-3-Amino-1-pyrrolidinyl}-1-{4-trifuoromethyiphenyl}-6-fluoro-1,4-dihydro-5-methyl-4-
oxo-1,8-naphthyridine-3-carboxylic acid, hydrochloride salt{20): mp 230 °C (decomp.). Ir
{KBr): 3420, 2939, 2890, 1710, 1628, 1445, 1323 cm™1. 1 H Nmr (DMSO-dg) 8: 2.04-2.16 (2m, 2H,
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CHo pyrrol.); 2.76 (d, J H.F = 3 Hz, 3H, Me-5); 3.57-3.83 (2m, 5H, GH2 pymol.); 7.64 and 7.96
(2m, 4H, Ar.); B.67 (s, 1H, H-2). [a]p2 = + 26.5 * (¢ = 0.5, MeOH).

1-{4-Aminophenyl)-7- [(3 §)-3-amino-1-pyrrolidinyl}-6-fluoro-1,4-dihydro-5- methyl-4-oxo-
1,8-naphthyridine-3-carboxylic acid, hydrochloride salt (21): mp 260 °C  (decomp.).

Ir (KBr): 3421, 2889, 1720, 1631, 1443 cm™1. 1 H Nmr (DMSO-dg) &: 2.08-2.16 (2m, 2H,

CHz pyrrol.); 2.75 (d, J H.F = 3 Hz, 3H, Me-5); 3.45-3.81 (2m, 5H, CHa pyrrol); 7.21 and 7.46
(2d, J= 8.6 Hz, 4H, Ar.); 8.57 (s, 1H, H-2). [o]p?5 = + 12.4° (¢ = 0.5, 0.1N HCJ).

7- [(38 }-3-Amino-1-pyrrofidinyl]-8-fluoro-1 ,4-dihydro-1-(4-methylsulfonylaminophenyf)--5-
methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid, hydrochloride salt (22): mp 240 °C
{decomp.). Ir (KBr}: 3418, 2821, 17086, 1635, 1439, 1326, 1150 cm™1. 1 H Nmr (DMSO-dg) 3 :
2.09-2.18 (2m, 2H, CHa pyrrol.); 2.75 (d, J1F = 3 Hz, 3H, Ma-5); 3.07 (s, 3H, Me sulionylam.);
3.45-3.81 (2m, 5H, CHg pyrrol.); 7.37 and 7.52 (2d, 4= 8.4 Hz, 4H, Ar.); 8.57 (s, 1H, H-2). [a]p2>
=+ 13.4° (c = 0.25, MeOH/ 0.1N HCI 50: 50).

7- [(35)3-Amino-1-pyrrolidinyl]-1{4-aminosulfonytphenyi}-6-fluoro-1,4-dihydro-5-methyl-4-
oxo-1 ,&-nnphlhyrldlné-s-carboxyllc acid, hydrochloride salt (23): mp 260 °C (decomp.}. Ir
(KBr): 3379, 3161, 3055,1710, 1624 cm™1. 1 H Nmr (DMSO-dg) &: 2.08-2.14 (2m, 2H, CHa pyrrol.);
2.75 (d, J 4-F = 3 Hz, 3H, Me-5); 3.62-3.80 (2m, 5H, CHz pyrrol.); 7.92 and 8.93 (2d, J= 5.0 Hz,
4H, Ar.); 8.73 (s, 1H, H-2). [a][325 =+ 8.4° (¢ =0.12, MeOH/0.1N HCI 50: 50).

7- [(3S }3-Amino-1-pyrrolidinyl]-8-fluoro-1,4-dihydro-5-methyl-1<{4-pyridinyl)-4-oxo-1,8-
naphthyridine-3-carboxylic acld, hydrochloride salt(24): mp >260 °C (decomp.). Ir (KBr}):
3510, 3429, 1705, 1835 cm-1. 1 H Nmr (DMSO-dg) &: 2.09-2.16 (2&1. 2H, CH2 pyrrol.); 2.74 (d, J
H-F = 3 Hz, 3H, Ma-5), 3.45-3.81 (2m, 5H, CHg pyrrol.); 7.62 and 8.75 (2d, J= 6 Hz, 4H, Ar.}; 8.71
(s, 1H, H-2). [a)p25 =+ 13.2° (c = 0.25, 0.1N HCJ).

7- [(35)-3-Amino-1-pytrolidinyl]-6-fluoro-1,4-dthydro-§-methyl-1-{3-pyridinyl)-4-oxo-1,8-
naphthyridine-3-carboxylic acid, hydrochloride salt (25): mp >260 °C (decomp.). Ir (KBr}:
3570, 3428, 2880,1702, 1626, 1458, 1421 em-1. 1 H Nmr {OMSO-dg) 6: 2.07-2.15 (2m, 2H, CHo
pyrol.y; 2.75 (d, J 4. =3 Hz, 3H, Me-5); 3.60-3.96 (2m, 5H, CH2 pyrrol.); 7.72 (m, 1H, Ar.); 8.14

(m, 1H, Ar.); B.70 (s, 1H, H-2); 8.76 (m. 2H, Ar.). [o]p25 = + 26.4 ° (¢ = 0.45, MeOH).
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