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   The influence of the chirality of the 7-acyl side chain and of various N-acyl moieties (A-
CO-) on the in vitro activity of 7(3-[2-acylamino-2-(4-hydroxyphenyl)acetamido]-3-[(1-methyl-
1 H-tetrazol-5-yl)thiomethyl]ceph-3-em-4-carboxylic acids (6) was investigated. A cephalosporin 
having a 7-acyl side chain of S-configuration (6r) was only weakly active against Staphylococcus 
aureus and Klebsiella pneumoniae and was inactive against the other species tested. Among the 
various N-acyl moieties in the cephalosporins having a 7-acyl side chain of the R-configuration, 
the 4-hydroxypyridine-3-carbonyl moiety, unsubstituted or substituted with 5-bromo and/or 
6-alkyl groups and the 4-hydroxy-l,5-naphthyridine-3-carbonyl moiety, unsubstituted or 
substituted with a 6-methyl and a 6-methoxy group gave the most active compounds. N-
Ethylation of the 4-hydroxy-l,5-naphthyridine-3-carbonyl derivative and the 4-hydroxypyridine-
3-carbonyl derivative (6p, 6q) resulted in a decrease of the in vitro activity.

   In the preceding paper'', we reported the synthesis and the antibacterial activity of 7j3-[D-2-[(4 

hydroxy-1,5-naphthyridine-3-carbonylamino)- and (4-hydroxypyridine-3-carbonylamino)]-2-(4-hydroxy-

phenyl)acetamido]cephalosporins. The compounds showed high antibacterial activity against a variety 
of Gram-positive and Gram-negative bacteria including Pseudomonas aeruginosa and Enterobacter aero 

genes. The results showed that the N-acyl moieties (A-CO-, see general formulas 6) and the 3-substi-

tuents of the cephalosporins had important effects on the antibacterial activity, spectrum, and pharma-

cokinetic characteristics of the compounds. 

   We report here the synthesis and the antibacterial activity of cephalosporins having acyl moieties 

other than 4-hydroxy-1,5-naphthyridine-3-carbonyl and 4-hydroxypyridine-3-carbonyl residues. In 

this study, we selected the 1-methyl-IH-tetrazol-5-ylthiomethyl group as the 3-substituent because in the 

preceding study it was the most effective one in increasing the in vitro activity of the compounds.

                                   Chemistry 

   The cephalosporins listed in Table 1 were prepared by one of the methods outlined in Scheme 1. 

A general procedure for the acylation of 5R with N-hydroxysuccinimide esters (Method A) was described 

in our preceding paper.') The procedure for the acylation of 5R with p-nitrophenyl esters (Method B) 

was the same as Method A except for using p-nitrophenyl esters instead of N-hydroxysuccinimide esters. 

The acylation of 5R with acid chloride (Method C) was performed as described in the experimental 

section.
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Scheme 1.

Scheme 2.

   Active esters used were prepared from N-hydroxysuccinimide trifluoroacetate or p-nitrophenyl tri-

fluoroacetate3> and the appropriate carboxylic acids by the general procedure described in previous 

papers.',') 
   Compound 5R used for the preparation of 6a - q was prepared by the method described in the pre-

ceding paper.') Compound 5S used for the preparation of 6r was similarly prepared from (S) p-hydro-

xyphenylglycine. A different synthesis of 5S has been reported by BREUER et a1.2> It was confirmed by 

HPLC that 6r was free from contamination by its R-epimer 6i. 

   Carboxylic acids, lj - I and 1p, are new compounds and their methods of preparation are outlined 

in Scheme 2. 6-Ethyl-4-(1H)-pyridone-3-carboxylic acid, 1j, was prepared in a similar way as the 6-

methyl-4-(IH)-pyridone-3-carboxylic acid, 1i.6 5-Bromo-6-methyl-4-(1H)-pyridone-3-carboxylic acid,
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1k, and 6-methyl-5-nitro-4-(1H)-pyridone-3-carboxylic acid, 11, were prepared by bromination and 

nitration respectively, of 6-methyl-4-(1H)-pyridone-3-carboxylic acid, li. N-Ethyl-1,4-dihydro-4-oxo-

1,5-naphthyridine-3-carboxylic acid, ip, was prepared by ethylation of 1,4-dihydro-4-oxo-l,5-naphthyri-

dine-3-carboxylic acid, 1m7), with ethyl iodide in the presence of potassium hydroxide.

Biological Results and Discussion

   The minimum inhibitory concentration (MIC) values of the cephalosporins against three species of 

Gram-positive bacteria and seven species of Gram-negative bacteria were determined by the serial two-

fold agar dilution method. The results are listed in Table 1. 

   The following structure-activity relationships are derived from Table 1. 

   Compound 6a, which has no hydroxyl substituent at a pyridine-3-carbonyl moiety, had low activity 

against Streptococcus faecalis, E. aerogenes, P. aeruginosa, and Serratia marcescens. Comparison of 

the MIC values of 6a with those of 6f indicates that the hydroxyl group or the oxo group on a pyridine 

ring is essential for significant antibacterial activity against these bacteria. The influence of the posi-

tion of the hydroxyl group and the carbonyl group on the pyridine ring on in vitro activity can be seen by 

 Table 1. In vitro antibacterial activity of 7~-[2-acylamino-2-(4-hydroxyphenyl)acetamido]cephalosporins.

Com-
pound 

No. 

6a 

6b 

6c 

6d 

6e 

6f 

6g 

6h 

6i

A
MIC (jig/ml)')

S. a. S. e. S. f. E. c. K. p. P. 117. P. v. E. a. P. a. S. M. 

0.78 12.5 100 3.13 0.39 50 0.10 >100 > 100 >100 

0.78 6.25 25 3.13 0.20 25 <_ 0.025 25 3.13 > 100 

0.20 3.13 12.5 0.78 0.05 6.25 <_ 0.025 25 3.13 6.25 

0.39 1.56 6.25 1.56 :0.025 25 <_ 0.025 12.5 6.25 100 

0.39 3.13 12.5 1.56 0.20 12.5 0.05 12.5 3.13 12.5 

0.20 1.56 3.13 1.56 <0.025 6.25 <0.025 1.56 1.56 12.5 

3.13 12.5 > 100 6.25 0.20 6.25 <0.025 3.13 1.56 25 

0.39 3.13 25 1.56 0.10 12.5 0.10 6.25 6.25 25 

0.39 3.13 6.25 0.39 0.05 3.13 0.05 1.56 0.78 6.25
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Table. 1. (Continued).

Com-
pound 
No. 

6j 

6k 

61 

6m 

6n 

6o H, 

6p 

6q 

6rb)

A
MIC (tig/ml)a)

S. a. S. e. S. f. E. c. K. p. P. m. P. v. E. a. P. a. S. M. 

0.39 3.13 12.5 0.39 :!0.025 3.13 <0.025 1.56 0.78 3.13 

0.39 1.56 3.13 0.20 _< 0.025 3.13 :0.025 3.13 1.56 3.13 

0.39 6.25 6.25 0.78 <_ 0.025 3.13 <0.025 6.25 3.13 12.5 

0.39 1.56 6.25 0.025 :0.025 1.56 _< 0.025 0.39 0.20 0.39 

0.78 3.13 12.5 0.025 :0.025 0.78 :0.025 0.39 0.39 0.78 

1.56 3.13 12.5 0.025 < 0.025 3.13 :0.025 0.39 0.39 3.13 

0.78 3.13 6.25 0.05 _< 0.025 6.25 <0.025 1.56 0.78 1.56 

0.78 3.13 6.25 1.56 0.20 50 0.20 25 1.56 100 

6.25 50 > 100 > 100 6.25 >100 >100 >100 > 100 > 100

a~ The MIC's were determined by the serial two-fold agar dilution method .") 
   Test organisms and abbreviations: S. a., Staphylococcus aureus 209 P; S. e., Staphylococcus epidermidis 

   IAM 1296; S. f., Streptococcusfaecalis NCTC 8213; E. c., Escherichia coli NIHJ JC-2; K. p., Klebsiella 

   pnecanoniae ATCC 10031; P. m., Proteus mirabilis GN 2425; P. v., Proteus vulgaris OX-19; E. a., Entero-
   bacter aerogenes ATCC 13048; P. a., Pseudomonas aeruginosa IFO 3451; S. m., Serratia marcescens X100. 
b) The chirality of the asymmetric carbon of 7-acyl side chain in 6r is S-configuration .

the comparison of MIC values of 6d, 6e and 6f. It appears that the 4-hydroxypyridine-3-carbonyl 

derivative, 6f, was more active than the 3-hydroxypyridine-2-carbonyl derivative, 6d, as well as the 

2-hydroxypyridine-3-carbonyl derivative 6e. Similarly, the 4-hydroxy-6-methylpyridine-3-carbonyl 

derivative, 6i, was more active than its 2-hydroxyl isomer, 6h. 

   The in vitro activity of the 4-hydroxypyrimidine-3-carbonyl derivative 6b was clearly inferior, and 

that of the 3-hydroxypyridazine-4-carbonyl derivative, 6c, except for E. aerogenes, of the same order as 

that of the 4-hydroxypyridine-3-carbonyl derivative, 6f. 

   Introduction of a 6-methyl (6i) and a 6-ethyl substituent (6j) into the 4-hydroxypyridine-3-carbonyl 

moiety exerted no significant influence on the activity, whereas a 6-hydroxyl substituent (6g) resulted in a 

significant decrease in activity against Gram-positive bacteria. The influence of a 5-substituent on the
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4-hydroxy-6-methylpyridine-3-carbonyl moiety on the in vitro activity was also investigated. Introduc-

tion of a 5-bromo substituent (6k) did not significantly influence the activity, but a 5-nitro substituent 

(61) slightly decreased the activity against E. aerogenes and P. aeruginosa. 
   In the 4-hydroxy-1,5-naphthyridine-3-carbonyl derivative (6m), introduction of a 6-methyl substi-

tuent (6n) exerted no significant influence on the activity, while introduction of a 6-methoxy substituent 

(6o) slightly decreased it against Staphylococcus aureus and S. marcescens. 

   N-Ethylation of the 4-hydroxy-1,5-naphthyridine-3-carbonyl moiety and the 4-hydroxypyridine-3-

carbonyl moiety leads to compounds, 6p and 6q, with lower activities than those of the parent compounds 

(6m and 6f). 

   Compound 6r, the epimer of 6i, was only weakly active against S. aureus, Staphylococcus epidermidis, 

and Klebsiella pneumoniae and was inactive against the other species tested. 

   Of the cephalosporins described in this study, eight compounds (6f, 6i, 6j, 6k, 6m, 6n, 6o and 6p) 

emerged as those tentatively worthy of further consideration because of their high activity against a 

variety of Gram-positive and Gram-negative bacteria. 

                                    Experimental 

   Infrared spectra were recorded on a Hitachi model EPI-G3 spectrophotometer. NMR spectra were 
recorded on a JEOL FX-90Q (90 MHz) spectrometer or a Varian T-60 (60 MHz) spectrometer using 
TMS as an internal standard; all chemical shifts are reported in o values. Melting points were deter-
mined in open capillary tubes using a Thomas-Hoover Uni-Melt apparatus and are uncorrected. Em-

pirical formulas and IR data, and NMR data of the cephalosporins synthesized are shown in Tables 2 and 
3, respectively. 

   Materials 
   Compounds la, ld and 1h were obtained commercially. 

    Compounds 1b8), 1c°), 1e10>, 1f11>, Ig'2>, IF), 1m7), 1n'), 102) and Ig13) were prepared as reported in 
the reference. 
   Compounds 6f and 6m were reported in the preceding paper.') 

          Table 2. Synthetic methods, empirical formulas, and IR data of the cephalosporins.

Com-
pound 
 No. 

 6a 

 6b 

 6c 

 6d 

 6e 

 6f 

 6g 

 6h 

 6i

Method 

B 

B 

B 

C 

A 

A 

A 

C 

A

Formula,)

C2,H22N80°S2.2.5 H2O b> 

C21H21N°O,S2.2.5H20 

C23HY1N°0752.1.5H20e) 

C2,H22N8O7S2.1.5H20 

C2,H2YN8O,S2 • H2O 

C2,HY2N807S2.1.5H20 

C2,H22N,O8S2.2.5 H2O d> 

C23H2,N807S2.2H2Oe) 

C23H2,N807S2.2.51-120

IR(KBr) 
~-lactam  (

cm-1) 

 1778 
 1773 

 1775 

 1778 
 1778 

 1770 

 1775 
 1780 

 1770

Com-
pound 
 No. 

 6j 

 6k 
 61 

 6m 

 6n 
 6o 

 6p 

 6q 
 6r

Method 

A 

A 

A 

A 

A 

A 

A 

B 

A

Formula,)

C28H28N807S2.1.5H20 f ) 

C23H23BrN807S2.3.5H2Og) 

C221-123N°O°S2. 3H20 

C27H23N907S2.3H20 

C28H22N°0752 2H20 

C23H23N°08S2.2H20h> 

C2AH27N°07S2.2H20 

C28H2ON807S2 . I .5H20 

C29H2,N807S2.3H20

IR(KBr) 
(3-lactam  (

cm-1) 

 1775 
 1773 

 1779 

 1777 
 1772 

 1775 

 1774 
 1778 

 1775

a) Compounds were analyzed for C, H and N. Unless otherwise indicated, analyses are within +0.4% 
   of the theoretical values. 
b) N: calcd . 17.85; found 17.14. 1) N: calcd. 20.12; found 19.05. 
d> N: calcd . 16.99; found 16.21. e) N: calcd. 17.28; found 16.49. 
1) N: calcd . 17.14; found 16.44. g) H: calcd. 4.01; found 3.38. 
h> N: calcd . 17.61 ; found 16.71.
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   General Procedure for the Acylation of Cephalosporin 5R with an Acid Chloride (Method C) 
   Synthesis of Cephalosporins 6d and 6h: To an ice-cooled solution of 3-hydroxypicolinic acid (3.38 

mmole) or 2-hydroxy-6-methylnicotinic acid (3.38 mmole) and triethylamine (3.72 mmole) in 10 ml of 
dichloromethane, thionyl chloride (3.51 mmole) was added dropwise, and the mixture was stirred at 0°C 
to 3°C for 1 hour. Compound 5R (trifluoroacetic acid salt) (3.38 mmole) and triethylamine (10.1 m-
mole) were added to the reaction mixture at 0°C to 3°C. After stirring for 1.5 hours at the same tempera-
ture and for 1 hour without external cooling, the dichloromethane was evaporated in vacuo and the 
residue was dissolved in 30 ml of water containing 0.6 g of sodium bicarbonate. After removal of in-
soluble material by filtration, the solution was cooled in an ice-bath and adjusted to pH 2 - 3 by addition 
of 2 N HCI. The precipitate formed was collected, washed with water and dried in vacuo over phospho-
rus pentoxide. 
   The crude products were purified by preparative liquid chromatography on a reverse phase column 

of LiChroprep RP-8 with a mobile phase consisting of 0.01 M phosphate buffer (pH 6.8) and MeOH 
(6d, 67 % Buffer - 33 % MeOH ; 6h, 77 % Buffer - 23 % MeOH by volume). 
   The fractions containing the product were concentrated in vacuo to a small volume and adjusted to 

pH 2 at 0 - 5°C. The precipitate was collected, washed with water, and dried in vacuo over phosphorus 
pentoxide. 

   7(3-[L-2-Amino- 2 -(4-hydroxyphenyl)acetamido]- 3 -[(1-methyl-lH-tetrazol-5-yl) thiomethyl]ceph-3-
em-4-carboxylic Acid Trifluoroacetic Acid Salt (5S) 

    1. L-2-(4-Methoxybenzyloxycarbonylamino)-2-(4-hydroxyphenyl)acetic acid was prepared in a 
manner similar to that described for the preparation of D-isomer.') 

   mp 136- 137°C (dec.); [a]D+105.1° (c 1, DMF); IR (Nujol) 1740, 1665, 1615, 1520 cm-1; NMR 
(DMSO-d,) 5 3.68 (s, 3H, OCH3), 4.93 (s, 2H, CH,), 5.02 (d, 1H, J=8Hz, CH), 6.60 7.28 (m, 8H, phenyl 
protons), 7.66 (d, 1H, J=8Hz, NH). 
     Anal. Calcd. for C17H17NOO: C 61.63, H 5.17, N 4.23. 
          Found: C 61.57, H 5.14, N 4.16. 

   2. 7-[L- 2 -(4-Methoxybenzyloxycarbonylamino)-2-(4-hydroxyphenyl)acetamido]- 3 -[(1-methyl-1 H-
tetrazol-5-yl)thiomethyl]ceph-3-em-4-carboxylic acid was prepared as discribed for the D isomer" and 

purified as the diethylamine salt from dimethylformamide - acetone. 
   mp 128 .132°C (dec.); IR (Nujol) 1770, 1690, 1650, 1615, 1580, 1520 cm-1; NMR (DMSO-d,) 8 
1.17 [t, 6H, (-CH,-CH,),}, 2.87 [q, 4H, (-CH,-CH,),], 3.53 (broad s, 2H, C,-H,), 3.73 (s, 3H, OCH3), 
3.90 (s, 3H, N-CH,), 4.32 (broad s, 2H, C3-CH,), 4.95 (s, 2H, -CH,Ph), 4.90' 5.62[m, 3H, CO-H, 
C,-H, -CH(NH)-], 6.68, 7.22 (each d, 4H, J=9Hz, phenyl protons), 6.85, 7.27 (each d, 4H, J=9Hz, 

phenyl protons), 7.52 (d, 1H, -CONH-), 9.02 (d, 1H, -CONH-). 
     Anal. Calcd. for C31H33N,O,S2 • H2O: C 50.81, H 5.50, N 15.29. 
          Found: C 51.14, H 5.60, N 14.89. 

    3. Preparation of 5S. 
   A solution of 3 g of the diethylamine salt described above in trifluoroacetic acid (15 ml) and anisole 

(3 ml) was stirred at room temperature for 20 minutes. The solution was added to ethyl ether (200 ml) 
with stirring. The resulting precipitate was filtered off and washed with ethyl ether to give 2.43 g of 5S. 
IR (Nujol) 1775, 1675, 1615, 1525 cm-1; NMR (CF,COOH) 6 3.80 (broad s, 2H, C,-H2), 4.13 (s, 3H, 
N-CH,), 4.34, 4.68 (ABq, 2H, J=14Hz, C,-CH2), 5.23 (d, 1H, J=5Hz, C,-H), 5.43 ~ 5.82 [m, 211, C,-
H & -CH(NH)-], 7.02, 7.42 (each d, 4H, phenyl protons). 
    The product was used in subsequent steps without further purification. 

    3-(Dimethylaminomethylene)-4-oxo-6-ethyl-2-pyrone (8) 
    To a solution of N,N-dimethylformamide dimethyl acetal (20 g, 0.168 mole) in 25 ml of dioxane was 

added 4-hydroxy-6-ethyl-2-pyrone"> (8.4 g, 0.06 mole). After stirring at room temperature for 30 
minutes, the reaction mixture was cooled in an ice-water bath and stirred for 1 hour. The precipitate 
was collected, washed with cold dioxane, and dried in vacaro: yield 6.60 g (56.3 %). An analytical 
sample was recrystallized from 2-propanol. 

   mp 109-j 111°C; IR (KBr) 1700, 1655, 1613, 1575 cm-1; NMR (DMSO-d,) 5 1.10 (t, 3H, C-CH,),



Table 3. 'H NMR data of the cephalosporins 6a).

Compound 
  No. 

 6a 

 6b 

 6c 

 6d 

 6e 

 6g 

 6h 

 6i

A

NMR 6 value (DMSO-de)

-CONH*- -CONH**-

  1H, d 1H, d 
J=7-8 Hz J=8-9 Hz 

   9.08 9.08-
   9.370°) 9.370°) 

   9.94 9.29 

  10.31 9.31 

   9.40 or 8.94 

  10.51 9.29 

   9.27 or 8.98 

  10.42 9.26 

  11.06 9.27

C7-H, -CH+-
   2H, m 

 5.575.80 

5.595.74 

5.54-5.77 

5.60-5.80 

5.605.77 

5.575.79 

5.605.76 

5.605.75

 C,-H 
 I H, d 

J=5 Hz 

 5.00 

 4.96 

 4.97 

 5.00 

 4.97 

 4.99 

 4.94 

 4.98

C,-CH, 
2H, ABq 
J=13 Hz 

  4.20 
  4.32 

 4.18 
 4.30 

 4.20 
 4.31 

 4.26 
  (br) 

 4.20 
 4.31 

 4.20 
 4.31 

 4.20 
 4.31 

 4.20 
 4.31

C2-H2 
2H, br 

  b) 

3.56 

3.57 

3.60 

3.60 

3.60 

3.57 

3.59

>N-CH3 
 3H, s 

 3.90 

 3.90 

 3.89 

 3.89 

 3.91 

 3.91 

 3.91 

 3.92

        A ring proton 

7.61 (dd, 1H, J=8.6, 5.7 Hz, 5-H) 
8.39 (m, 1 H, 4-H) 
8.74 (dd, 1H, 6-H) 
9.06 (d, 1 H, 2-H) 
8.56 (s, 1 H) 
8.39 (s, I H) 

8.00 (d, 1H) 
8.11 (d, 1H) 

7.49 (m, 2H, 4-H, 5-H) 
8.15 (m, 1 H, 6-H) 

6.43 (t, I H, 5-H) 
7.69 (m, 1 H, 6-H) 
8.29 (dd, 1H, 4-H) 

5.60 (s, 1 H, 5-H) 
8.05 (s, 1 H, 2-H) 

2.29 (s, 3H, CH3), 6.24 (d, 1H, 5-H) 
8.14 (d, 1 H, 4-H) 

2.25 (s, 3H, CH,), 6.25 (s, 1H, 5-H) 
8.28 (br, 1H, 2-H)

 Phenyl 
 proton 

J=8-9 Hz 

  6.40 
 (d, 2H) 
   7.27 
 (d, 2H) 

   6.66 
  7.17 

   6.69 
   7.22 

   6.69 
  7.26 

  6.69 
  7.20 

  6.69 
  7.20 

  6.66 
  7.17 

  6.69 
  7.22



6 

6k 

61 

6n 

6o 

6p 

6q 

6r

11.07 

10.83 

10.42 

10.91 

10.97 

10.80 

11.06 

11 .03

9.25 

9.26 

9.31 

9.33 

9.31 

9.37 

9.29 

9.26

5.605.83 

5.57-5.77 

5.635.80 

5.665.83 

5.665.77 

5.705.86 

5.635.80 

5.515.64

4.96 

4.97 

5.00 

5.00 

5.00 

5.01 

4.97 

5.03

4.30 
(br) 

4.20 
4.31 

4.29 
(br) 

4.23 
4.33 

4.22 
4.33 

4.29 
(br) 

4.21 
4.31 

4.24 
4.35

3.62 

3.57 

3.57 

3.60 

3.60 

3.63 

3.60 

3.67

3.93 

3.91 

3.91 

3.91 

3.91 

3.91 

3.91 

3.93

6.72 
7.27 

6.69 
7.20 

6.69 
7.20 

6.71 
7.31 

6.71 
7.20-
7.31 

6.74 
7.29 

6.70 
7.23 

6.70 
7.23

1.19 (t, 3H, CH3), 2.57 (q, -CH2) 
6.27 (s, 1H, 5-H), 8.28 (s, 1H, 2-H) 

2.46 (s, CH3) 
8.29 (s, 1H, 2-H) 

2.36 (s, 3H, CH3) 
8.45 (s, 1 H, 2-H) 

2.63 (s, 3H, CH3), 7.63 (d, IH, 7-H) 
8.04 (d, 1 H, 8-H), 8.69 (s, 1 H, 2-H) 

3.97 (s, 3H, OCH3), 7.207.31 
(m, 7-H) 
8.06 (d, 1H, 8-H), 8.65 (s, 1H, 2-H) 

1.37 (t, 3H, CHs), 4.54 (q, 2H, CH2) 
7.86(dd,IH,7-H), 8.46 (dd,1H,8-H) 
8.83-8.91 (m, 2H, 2-H, 6-H) 

1.31 (t, 3H, CH3), 4.06 (q, 2H, CH2) 
6.43 (d,1H,5-H), 7.89 (dd,IH,6-H) 
8.49 (d, 1 H, 2-H) 

2.25 (s,3H,CH3), 6.24 (s,IH,5-H) 
8.23 (m, 1 H, 2-H)

°> In NMR descriptions
, s=singlet, d=doublet, dd=double doublet, m=multiplet, q=quartet, t=triplet, ABq-AB quartet, br-broad singlet, OV) signals 

   overlapped each other. 
b) It was difficult to read the 6 value because the signals overlapped with those of water .
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2.35 (q, 2H, C-CH,), 3.22 (s, 3H, N-CH3), 3.48 (s, 3H, N-CH,), 5.55 (s, IH, olefinic proton) and 8.22

(s, I H, olefinic proton).
Anal. Calcd. for C10H13N03: C 61.53, H 6.71, N 7.18.

Found: C 61.23, H 6.85, N 6.99.

6-Ethyl-4-(1H)-pyridone-3-carboxylic Acid (19)

mp 262-265°C (dec.); IR (Nuiol) 1657, 1590 cm-1; NMR (CFCOOH) 5 1.48 (t, 3H, CHs), 3.11

   To a solution of 3-(dimethylaminomethylene)-4-oxo-6-methyl-2-pyrone (6.00 g, 0.0307 mole) in 
44 ml of water was added 19 g of ammonia water (28 %), causing rapid crystallization. After stirring at 
room temperature for 30 minutes dimethylamine (50% aqueous; 2.77 g, 0.0307 mole) was added to give 
a clear solution which was heated at 50°C for 30 minutes and then cooled to 20°C. Acidification to pH 
2 by the addition of 50 % aqueous sulfuric acid and stirring for 1 hour in an ice-water bath gave a precipi-
tate, which was collected, washed with cold water, and dried in vacuo: yield 3.29 g (64.1 %). An analyti-
cal sample was recrystallized from EtOH - H,O.

(q, 2H, CH,), 7.31 (s, IH, pyridine 5-H), 9.03 (b, IH, pyridine 2-H).
Anal. Calcd. for CsHONO;,: C 57.45, H 5.42, N 8.42.

Found: C 57.31, H 5.53, N 8.20.

5-Bromo-6-methyl-4-(IH)-pyridone-3-carboxylic Acid (1k)

   To a solution of 6-methyl-4-(1H)-pyridone-3-carboxylic acid, 1i (15.3g, 0.1 mole) in 300 ml of acetic 

acid was added dropwise a solution of bromine (17.6 g) in 50 ml of acetic acid at 90- 100°C for 2 hours. 
The reaction mixture was further stirred at 90 95°C for 1 hour and allowed to cool to room tempera-

ture. The precipitate was collected, washed with 30 ml of acetic acid, then with 50 ml of ethanol and 
dried in vacuo: yield 12.5 g (53.9 %). An analytical sample was recrystallized from water.

mp 283-285°C (dec.); IR (KBr) 1700, 1630, 1485 cm-1; NMR (CF,COOD) 6 2.98 (s, 3H, CH,),
9.08 (s, IH, pyridine 2-H).

Anal. Calcd. for C7H,BrNO3: C 36.23, H 2.61, Br 34.44, N 6.04.

Found: C 36.47, H 2.35, Br 34.16, N 6.11.

   6-Methyl-5-nitro-4-(1H)-pyridone- 3-carboxylic Acid (11) 
   To an ice-cold solution of 6-methyl-4-(1 H)-pyridone-3-carboxylic acid, 1i (76.5g, 0.5 mole) in 190 ml 

of concentrated sulfuric acid was added fuming nitric acid (37.8 g). The reaction mixture was heated to 
70- 75°C and maintained at that temperature for 7 hours. The resulting mixture was poured into 1 kg 
of ice-water. The precipitate was collected, washed with water, then with acetone, and dried in vacuo at 
60°C: yield 65.1 g (65.7%).

   nip 242244°C (dec.); IR (KBr) 1700, 1650, 1620, 1545, 1500 cm-1; NMR (CF,COOH) 6 2.87 (3H, 
s, CHs), 9.13 (1H, s, pyridine 2-H). 
     Anal. Calcd. for C7HON205: C 42.43, H 3.05, N 14.14. 
          Found: C 42.44, H 2.96, N 14.28.

1-Ethyl-l,4-dihydro-4-oxo-l,5-naphthyridine-3-carboxyl ic Acid (1p)

    To a solution of 1,4-dihydro-4-oxo-1,5-naphthyridine-3-carboxylic acid, 1m (9.50g, 0.05 mole) and 

potassium hydroxide (85 %, 9.88 g, 0.15 mole) in a mixture of 70 ml of water and 60 ml of ethanol was 
added ethyl iodide (35.1 g, 0.225 mole). The mixture was refluxed with stirring for 3.5 hours and then 
cooled to 40°C. The reaction mixture was acidified to pH 2 by the addition of 6 N HCl and then heated 
to 90°C to remove excess ethyl iodide. The resulting mixture was cooled to room temperature and filter-
ed to remove unreacted starting material (1.76 g). Concentration of the filtrate to half of its original 
volume in vacuo gave 4.4 g (49.5 % yield) of the product which was purified by recrystallization from 
ethanol. 

   mp 251-253°C (dec.); IR (KBr) 1730, 1620, 1595 cm-1; NMR (CF,COOD) 6 1.78 (t, 3H, CH,), 
4.89 (q, 2H, -CH,-), 8.68 (dd, I H, naphthyridine 7-H), 9.33-9.43 (m, 3H, naphthyridine 2-H, 5-H, and 
S-H). 
     Anal. Calcd. for C,,H,,N203: C 60.54, H 4.62, N 12.84. 
          Found: C 60.60, H 4.42, N 12.90.
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   Active Esters (2, 3) 
    The following N-hydroxysuccinimide esters andp-nitrophenyl esters were prepared by methods pre-

viously described 4,1). 
   3a: mp 167-168.5'C; NMR (CF3COOH) 8 7.58 (d, 2H, J=9.6 Hz, phenyl protons), 8.42(d, 2H, 

phenyl protons), 8.30-j 8.50 (m, 1H, pyridine 5-H), 9.23 (d, 1H, J=6 Hz, pyridine 4-H), 9.47 (d, 1H, J= 
8 Hz, pyridine 6-H), 9.72 (broad s, 1H, pyridine 2-H). 

   2e: mp 235242°C (dec.); NMR (DMSO-d,) 8 2.83 (s, 4H, succinimide protons), 6.37 (t, IH, 
pyridine 5-H), 7.83 (dd, IH, pyridine 4-H), 8.31 (dd, 1H, pyridine 6-H). 
   2g: mp 224225°C (dec.); NMR (CF3000D) 8 3.10 (s, 4H, succinimide protons), 6.60 (s, IH, 

pyridine 5-H), 8.87 (s, 1H, pyridine 2-H). 
   2i: mp 220234°C (dec.); NMR (CF3COOH) 8 2.88 (s, 3H, CHs), 3.17 (s, 4H, succinimide pro-

tons), 7.47 (s, 1H, pyridine 5-H), 9.28 (s, 1H, pyridine 2-H). 
   2j: mp 214215.5°C; NMR (DMSO-d,) 8 1.17 (t, 3H, CH3), 2.51 (q, 2H, CH,), 2.84 (s, 4H, suc-

•cinimide protons) , 6.18 (s, 1H, pyridine 5-H), 8.41 (s, IH, pyridine 2-H). 
   2k: mp 247252°C (dec.); NMR (DMSO-de) 8 2.46 (s, 3H, CH,), 2.86 (s, 4H, succinimide pro-

tons), 8.46 (s, 1H, pyridine 2-H). 
   21: mp 183-185'C (dec.); NMR (CF3000H) 6 2.80(s, 3H, CH3), 3.15 (s, 4H, succinimide pro-
tons), 9.13 (s, 1H, pyridine 2-H). 
   2n: mp 250257°C (dec.); NMR (CF3000D) 6 3.17 (s, 4H, succinimide protons), 3.23 (s, 3H, 

CH,), 8.37 (d, 1H, J=9Hz, naphthyridine 7-H), 9.10 (d, IH, J=9Hz, naphthyridine 8-H), 9.33 (s, 1H, 
naphthyridine 2-H). 
   2p: mp 215225°C (dec.); NMR (CF3000H) 8 1.75 (t, 3H, CH,), 3.15 (s, 4H, succinimide pro-

tons), 4.78 (q, 2H, -CH,), 8.63 (dd, I H, naphthyridine 7-H), 9.23 " 9.35 (m, 3H, naphthyridine 2-H, 6-H, 
and 8-H). 
   3q: mp 177-179°C; NMR (CF3000H) 6 1.78 (t, 3H, J=7 Hz, CH3), 4.70 (q, 2H, J=7 Hz,-CH2), 

7.55 (d, 2H, J=9Hz, phenyl protons), 7.67 (d, 1 H, J=8 Hz, pyridone 5-H), 8.47 (d, 2H, J=9Hz, phenyl 

protons), 8.75 (dd, IH, J=8, 2Hz, pyridone 6-H), 9.47 (d, 1H, J=2Hz, pyridone 2-H). 3b5), 3c5>, 
2f'), 2m15°, and 2o') were prepared as previously reported. 
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