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Several five-membered heterocycles having a phenylazo substituent, 3-phenylazotetronic
acids (2a—n), 3-phenylazotetramic acids (4a—i), 4-phenylazo-5-isoxazolinones (6a—g, 8a—f)
and 5-phenylazo-4-thiazolidinones (10a—f, 12a—e), were synthesized and tested for anti-
microbial activities. Tetronic acid and tetramic acid derivatives (2 and 4) inhibited the growth of
gram-positive bacteria. 5-Isoxazolinone and 4-thiazolidinone derivatives (8 and 10) showed
inhibitory activities against fungi as well as bacteria.

Keywords——substituted phenylazo group; tetronic acid; tetramic acid; S-isoxazolinone; 4-
thiazolidinone; antimicrobial activity

In the previous papers,>*® we reported the antimicrobial activities of 3-acyltetronic acids
and 3-acyltetramic acids, and concluded that the tricarbonylmethane structure was essential
for the actitivites. We therefore planned to synthesize tetronic acids and tetramic acids having
a phenylazo substituent at the 3-position, in which one of the tricarbonyl groups is replaced
by the electron-withdrawing azo group, and also to synthesize 4-phenylazo-5(4H)-
isoxazolinone and 5-phenylazo-4-thiazolidinone derivatives as related five-membered com-
pounds. The antimicrobial activities of these compounds were tested and the structure-
activity relationships were considered.

Chemistry

3-Phenylazotetronic Acid Derivatives

Tetronic acid (1a) and 5-methyltetronic acid (1b) were prepared by the method reported
in the previous paper.? Compounds 1a and 1b were each coupled with diazonium salts
derived from substituted anilines to yield various 3-phenylazotetronic acid derivatives (2a—
n, Chart, Table I). The structures of these compounds were confirmed by elemental analyses,

and infrared (IR) and nuclear magnetic resonance (NMR) spectral data.

3-Phenylazotetramic Acid Derivatives

5-Methyltetramic acid (3) prepared by the known method,** was converted to 5-methyl-
3-phenylazotetramic acids (4a—i) by means of the azo-coupling reaction as shown in the
Chart and Table II.

4-Phenylazo-5(4 H)-isoxazolinone Derivatives

Condensation of ethyl benzoylacetate with hydroxylamine provided 3-phenyl-5(4H)-
isoxazolinone (5),% from which 3-phenyl-4-phenylazo-5(4H )-isoxazolinone derivatives (6a—
g) were obtained by means of the azo-coupling reaction. On the other hand, as 3-methyl-
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5(4H )-isoxazolinone was difficult to isolate from the condensation products of ethyl
acetoacetate and hydroxylamine, 3-methyl-4-phenylazo-5(4H )-isoxazolinone derivatives
(8a—f) were synthesized by condensation of ethyl 2-phenylazo-3-oxobutyrate derivatives
(7a—f)® with hydroxylamine (Chart, Table III).” These compounds (6a—ga, 8a—fa) were
presumed to have the tautomeric structures (6a—gp, 8a—fp) from their NMR spectra.®® The
NMR spectrum of 6a, for example, showed a singlet peak at 13.30 ppm, which is consistent
with the proton of =N-NH-.

5-Phenylazo-4-thiazolidinone Derivatives
5-Phenylazo-2-thioxo-4-thiazolidinone derivatives (10a—f) were prepared from 2-
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TaBLe I. Physical Properties of 3-Phenylazotetronic Acid Derivatives

Analysis (%)

C .
ompour;i < Appearance mp (°C) Yield Formula Found (Calcd)

(%)

C H N

2a H H Orange needles 207—208 41.7 C,HgN,O, 58.80 3.99 14.00
(58.82 395 13.72)
2b CH, H Orange prisms 153—155 732 C,;H;(N,O, 60.55 4.62 12.84
(60.26 4.55 12.79)
2c CH, 2-Cl Yellow powder 174—177  79.5 C,H,CIN,0, 52.39 343 10.89
(52.29 359 11.09)
2d CH; 4-Cl Yellow powder 190—192  61.3 C,;H,CIN,0; 52.03 366 11.32
(52.29  3.59 11.09)
2e CH, 24-Cl, Yellow powder 184—188  20.5 CHgC,N,0, 4576 2.65 10.02
(46.02 281 9.76)
2f CH, 34-Cl, Yellow powder 177—180 544 C;HgC,N,0; 4584 276 10.23
(46.02 2.81 9.76)
2g CH; 2-NO, Orange powder 187—191  57.8 C,;;HgN;O, 4993  3.14 15.89
(50.19 3.45 15.96)
2h CH; 3-NO, Yellow powder 207--211 619 C,;HgN;0, 50.39 3.56 16.27
(50.19  3.45 15.96)
2i H 4-NO, Orange plates 236—238 62.5 C,oH;N,O0, 47.86 3.69 16.71
(48.20 3.83 16.86)
2j CH; 4-NO, Red powder 217—222  69.5 C,;;HgN;O; 50.01 3.39 16.24

(50.19 3.45 15.96)
2k CH; 2,6-(CH;), Orange prisms 140—142 475 C3H,N,O, 63.14 535 11.59
(63.40 573 11.37)

2l CH, 3-CF, Yellow powder ~ 139—143 700 C,H,F,N,0, 50.06 2388  9.78
(50.36  3.17  9.79)
2m CH, 4-COOH Yellow powder  251—255  38.3 C,H,;)N,O, 5475 3.74 10.86

(5497 3.84  10.68)
21 CH, 4-COOC,H, Yellowpowder  143—144 683 C,H,,N,Os 5798 470 9.44
(57.93 486  9.65)

thioxo-4-thiazolidinone (rhodanine) (9)'? by means of the azo-coupling reaction and 3-
methyl-2-methylimino-5-phenylazo-4-thiazolidinone derivatives (12a—e) were similarly syn-
thesized from 3-methyl-2-methylimino-4-thiazolidinone (11).!?) These compounds were also
presumed to have the tautomeric structures (10a—fp, 12a—ep) from their NMR spectra
(Chart, Table IV).

Biology

The synthesized compounds were tested for growth inhibitory activities against gram-
positive and negative bacteria and fungi. Several 3-phenylazotetronic acids (2) inhibited the
growth of B. subtilis and S. aureus, but did not exhibited any activities against other
microorganisms (Table V). Most of the 3-phenylazotetramic acids (4) inhibited the growth of
B. subtilis, but they did not show inhibitory activity against other microorganisms (Table VI).
Although none of the 3-phenyl-4-phenylazo-5(4H )-isoxazolinone derivatives (6a—g) in-
hibited the growth of the microorganisms tested, most of the 3-methyl-4-phenylazo-5(4H )-
isoxazolinone derivatives (8a—f) showed inhibitory activities against bacteria as well as fungi
(Table VII). It has already been reported that 8b has antifungal activity.'® The 5-phenylazo-2-
thioxo-4-thiazolidinone derivatives (10a—f) showed broad antimicrobial spectra, but 3-
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TaBrLe II. Physical Properties of 3-Phenylazotetramic Acid Derivatives
Analysis (%)
Compoun;l Appearance mp (°C) Yield Formula Found (Caled)
C H N
4a H Yellow needles 153—155 18.8 C,;H,;N;0, 6096 516 19.14
(60.82  5.10 19.34)
4b 2-Cl Yellow needles 187—192 23.7 C,;H,,CIN;0, 5244 392 16.57
(52.50 4.01 16.70)
4c 2-F Brown powder 203206 48.5 C1H,(FN;0, 56.22 4.16  17.65
(56.17 428  17.86)
4d 2-NO, Orange powder 229—231 7.5 C,H;(,N,O, 50.15  3.53 2097
(50.38 3.84 21.37)
de 4-NO, Yellow powder 255--258 27.5 C,;H(N,O, 50.21 378 21.11
(50.38  3.84 21.37)
af 2-CH, Yellow powder 151—154 7.0 C,H5N;0, 62.17 549 18.13
(62.23 567 18.17)
4g 2-CF, Orange powder 173—175 48.2 C,H,0F3N;0, 50.53 343 14.70
(50.53  3.53 14.73)
4h 3-CF; Yellow powder 189—193 43.8 C,,H,,F;N50, 50.55  3.45 14.51
(50.53  3.53 14.73)
4i 2-OCH, Orange powder 203—206 71.7 C,H,3N,0, 58.17 517  17.02
(58.29 530 17.00)
TasLe III. Physical Properties of 4-Phenylazo-5(4H )-isoxazolinone Derivatives
Analysis (%)
Compound Appearance mp (°C) Y(i)eld Formula Found (Calcd)
X %) ,
C H N

6a H Orange prisms 169—172 26.2 CysH,N;0, 67.81 4.16 15.45
(lit.> 166) (67.92 418 15.84)

6b 2-Cl Orange needles 157—160 34.7 C,sH,,CIN,0, 60.30  3.31 13.92
(60.11 336  14.02)

6¢ 4-Cl Yellow flocks 234—237 55 C,5H,,CIN,0O, 59.84 322 14.15
(60.11 3.06 14.02)

6d 2-NO,  Orange powder 179—180 32.2 CisH,(N,O, 5824 3.12 17.95
(58.07 3.25 18.06)

6e 4-NO, Yellow flocks 265—268 77.4 C,sH,,N,O, 58.18  3.13 17.96
(58.07  3.25 18.06)

6f 2-CF, Yellow needles 138—142 55.3 C,6H,oF3N50, 57.75 296  12.52
(57.66  3.02 12.61)

6g 3-CF, Yellow flocks 195—199 37.5 C,6H,oF3N;0, 57.86 296  12.46
(57.66  3.02 12.61)

8a H Yellow plates 192—194 64.6 C,oH,N;0, 59.23 434 20.53
(1it.*) 192) (59.11 446  20.68)

8b 2-Cl Yellow prisms 167—168 34.7 C;0HgCIN;O, 50.33 324 17.74
(lit.** 164—166) (50.54 339  17.68)

8c 4-Cl Yellow flocks 183—184 66.6 C,oHgCIN;0, 50.34 323 17.61
(lit.” 186) (50.54  3.39 17.68)

8d 2-F Yellow prisms 145—148 71.2 C,0HgFN,;0, 5452 386 18.95
(54.30  3.65 19.00)

8e 4-NO, Yellow powder 196—200 41.2 C,oHgN, O, 48.16 3.61 22.10
(48.39 325  22.57)

8f 3-CF; Yellow plates 204—208 36.4 C,;HgF;N;0, 48.66  3.04 15.50
48.72 297 1549
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TaBLE IV. Physical Properties of 5-Phenylazo-4-thiazolidinone Derivatives

Analysis (%)

Compound Appearance mp (°C) Yield Formula Found (Calcd)
X (%)
C H N
10a H Brown needles 243247 59.6 CyH,N;08, 4566 2.89 17.49
(45.55 297 17.71)
10p 2-Cl Orange needles 240—243 240 CyH(CIN;OS, 39.46 2.08 15.26
(39.78 223 15.46)
10c  4-Cl Orange granulus >250 25.7 CyHgCIN;OS, 3991 224 1560
(39.78 223 15.46)
10d 2-F Orange needles 225228 232 Cy.HgFN;08, 4225 232 1648
(4234 237  16.46)
10e  2-NO, Orange needles 224—228 642 CyHgN,O,S, 3822 205 20.03
(3829 2.14 19.85)
10f  4-NO,  Orange needles >250 455 CyH¢N,0,S,-1/2H,0 3750  2.44  19.19
(37.11 242  19.23)
12 H Yellow needles 218—221 329 C,;;H;;N,0OS 5330 483 2257
(53.21 4.87 22.56)
12b  2-Cl Orange needles 188—191 37.6 C;;H,,CIN,OS 46.89 395  19.58
(46.73 392 19.82)
12¢ 4-Cl Yellow needles 236—240 30.7 C,;H;;CIN,OS 46.83  3.83  19.65
(46.73 392 19.82)
12d 2-NO,  Orange needles 217219 78.8 C,H;{N;O;8 44.99 3.48 23.77
(45.05 3.78  23.88)
12¢ 4-NO, Yellow powder >250 649 C,;;H,;N;O,8 45.13  3.75  23.81

(45.05 3.78  23.88)

TaBLE V. Antimicrobial Activities of 3-Phenylazotetronic
Acid Derivatives (MIC: ug/ml)

Compound
Microorganism
2a 2b 2c 2d 2e 2f 2g
B. subtilis
. . . 50 6.25 50 3.12
IFO-3513 12.5 3.12 1.56
S. aureus ;
10 50 25
[FO-3061 >100 100 50 100 0
Compound
Microorganism
2h 2i 2j 2k 21 2m 2n
B. subtilis
’ . 1.56 100 0.78
[FO-3513 6.25 12.5 0.78 > 100 5 >
S. aureus
100 50 > 100 100
IFO-3061 100 > 100 50 >

methyl-2-methylimino-4-thiazolidinone derivatives (12a—e) were inactive (Table VIII).
The above mentioned results led us to conclude that the nature of the five-membered
heterocycle in phenylazo derivatives has a significant effect on the antimicrobial activities; the
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TABLE VI. Antimicrobial Activities of 3-Phenylazotetramic Acid Derivatives (MIC: ug/ml)

Compound
Microorganism
4a 4b 4c 4d 4e 4f 4g 4h 4i
B. subtilis
IFO-3513 100 3.12 3.12 0.39 1.56 100 6.25 12.5 > 100
S. aureus
IFO-3061 >100 >100 > 100 > 100 >100 >100 >100 > 100 >100

activity spectra of isoxazolinone and thiazolidinone derivatives (8 and 10) were broader than
those of tetronic acid and tetramic acid derivatives (2 and 4). In addition, substituents on the
heterocycles also affected the activity; that is, in contrast to 3-methyl-4-phenylazo-5(4H )-
isoxazolinone and 5-phenylazo-2-thioxo-4-thiazolidinone derivatives (8 and 10), which
showed remarkable inhibitory activities, 3-phenyl-5(4H)-isoxazolinone and 3-methyl-2-
methylimino-4-thiazolidinone derivatives (6 and 12) were all inactive. On the other hand, it is
noteworthy that the inhibitory activity was enhanced by chloro and nitro substituents on the
benzene nucleus of the phenylazo group.

Experimental

Melting points were determined on a Yanagimoto micro-melting point apparatus, model MP-S3, and are
uncorrected. IR spectra were measured in Nujol mulls with a Hitachi infrared spectrophotometer, model 260-30, and
NMR spectra were measured with a JEOL JNM-FX 200 (200 MHz) spectrometer using tetramethylsilane as an
internal standard.

3-Phenylazotetronic Acid (2a)——A solution of aniline (0.7 g, 2mmol) in 6.5ml of 1N HCl was cooled to 0°C
and diazotized with NaNO, (0.16 g, in 2ml H,0). Tetronic acid (1a) (0.2g, 2mmol) dissolved in 2ml of H,0
containing K,CO; (0.28 g, 2.02 mmol) was added dropwise to the diazotized solution with stirring and ice-cooling.
The mixture was allowed to stand for 1h, then the orange-colored precipitates were filtered off, washed well with
water, and recrystallized from glacial acetic acid to yield 2a as orange plates. 0.17 g (41.7%). mp 207—208°C. IR
vNulolem ~1: 3295 (OH), 1780 (CO), 1690 (C=C), 1605, 1555 (aromatic). NMR (DMSO-d;) é: 4.67 (2H, s, CH,),
7.28—7.64 (SH, m, aromatic), 13.1 (1H, brs, OH). Other derivatives (2b—n) were prepared similarly and are listed in
Table L.

5-Methyl-3-phenylazotetramic Acid (4a)——5-Methyltetramic acid (3) (0.5g, 4.42mmol) dissolved in Sml of
H,O containing K,COj; (0.62 g, 4.47 mmol) was slowly added to a solution of benzenediazonium chloride (prepared
from 0.41 g aniline) with stirring and ice-cooling. The mixture was allowed to stand for several hours, then the
separated oil was extracted with CHCI,. The organic layer was washed with saturated brine and dried over Na,SO,.
The solvent was removed in vacuo to yield a gummy residue (0.8 g), which was purified by silica gel column
chromatography using CHCl; as an eluent and by recrystallization from AcOEt. Yellow needles, 0.18 g (18.8%;). mp
153—155°C. IR vYuiclem =1 3100 (OH, NH), 1670 (CONH), 1590, 1525 (aromatic). NMR (CDCl;) 6: 1.46 (3H, d,
J=8Hz, CH,), 4.03 (1H, q, J=8Hz, CH), 7.2—7.4 (6H, aromatic, CONH), 13.4 (1H, s, OH). Other derivatives
(4b—i) were similarly synthesized and are listed in Table II.

3-Phenyl-4-phenylazo-5(4 H )-isoxazolinone (6a) 3-Phenyl-5(4 H )-isoxazolinone (5) (0.32 g, 2 mmol) dissolved
in 2ml! of 1~ NaOH solution was added to the diazotized solution [prepared from aniline (0.2 g, 2 mmol)] with
stirring and ice-cooling. The mixture was allowed to stand for half an hour, then the yellow precipitates were filtered
off, washed with water and recrystallized from EtOH to yield yellow prisms. 0.14 g (26.2%;). mp 169—172°C. IR
yRujelem =1: 3170 (= N-NH-), 1704 (CO), 1660 (C=N), 1595, 1580, 1545 (aromatic). NMR (CDCl;) é: 7.28—38.12
(10H, m, aromatic), 13.30 (1H, s, = N-NH-). Other derivatives (6b—g) were similarly synthesized and are listed in
Table III.

3-Methyl-4-phenylazo-5(4 H )-isoxazolinone (8a)——A solution of benzenediazonium chloride prepared from
aniline (5.72g, 61 mmol) was added dropwise to a solution containing ethyl acetoacetate (8 g, 61 mmol in EtOH
180 ml) and NaOAc (27.2 g in H,0 48 ml) with stirring and ice-cooling to yield ethyl 3-oxo-2-phenylazobutyrate (7a,
7.65g, 53.6%). NH,OH - HCl (2.34 g, 33.7 mmol) and NaOAc (4.43 g, 54 mmol) dissolved in H,O (63 ml) were added
dropwise to a boiling solution of 7a (7.65g, 32.7mmol) in EtOH (63 ml) with stirring and heating. Refluxing was
continued for half an hour, then the reaction mixture was cooled, yielding yellow precipitates which were filtered off,
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washed with 409, EtOH and recrystallized from AcOEt. Yellow plates, 4.29g (64.6%). mp 198—201°C. IR
yNuolem =1: 3200 (= N-NH), 1710 (CO), 1675 (C=N), 1595, 1565 (aromatic). NMR (CDCl,) §: 2.32 (3H, s, CH,),
7.28—7.42 (5H, m, aromatic), 12.65 (1H, s, =N-NH-). Other derivatives (8b—f) were similarly synthesized and are
listed in Table III.

5-Phenylazo-2-thioxo-4-thiazolidinone (10a) An aqueous solution containing rhodanine (9) (1.0 g, 7.52 mmol)
and K,CO; (1.05g, 7.6 mmol) was added to the diazotized solution prepared from aniline (0.7 g, 7.52mmol) with
stirring and ice-cooling to yield precipitates, which were recrystallized from MeOH. Brown needles, 2.12 g (59.6%,).
mp 242-—247°C. IR vNuelem~1: 3400 (CONH), 3240 (=N-NH-), 1700 (CONH), 1600, 1520 (aromatic). NMR
(DMSO-d,) §: 7.00—7.28 (5H, m, aromatic), 10.8 (1H, s, =N-NH-), 13.6 (1H, brs, CONH). Other derivatives
(10b—f) were similarly synthesized and are listed in Table IV.

3-Methyl-2-methylimino-5-phenylazo-4-thiazolidinone (12a)——A solution of 3-methyl-2-methylimino-4-
thiazolidinone (11) (1 g, 6.94mmol) and K,CO; (0.97g, 7.01 mmol) in H,O was added dropwise with stirring to a
solution of benzenediazonium chloride prepared from aniline (0.65 g, 6.94 mmol), and the whole was kept for 1 h at
0°C. The product was filtered off, washed well with H,O and recrystallized from EtOH. Yellow needles, 0.57 g
(32.9%). mp 218—221°C. IR yNuelem~1: 3250 (=N-NH-), 1690 (CONH), 1660 (C=N-), 1605, 1560 (aromatic).
NMR (DMSO-dy) é: 3.12 and 3.13 (each 3H, s, CH;NCO and CH;N =C), 6.95—7.24 (5H, m, aromatic), 10.32 (1H,
s, =N-NH-). Other derivatives (12b—e) were similarly synthesized and are listed in Table IV.

Antimicrobial Activity Test The minimum inhibitory concentration (MIC, ug/ml) was measured as follows;
bouillon agar (9 ml) was mixed with 1 ml of an aqueous solution containing a test compound (dissolved in small
amounts of N,N-dimethylformamide and acetone) at various concentrations. The agar was then poured into a Petri
dish. After solidification, the agar was streaked with test organism suspension and incubated at 33°C for 18—20h.
The MIC for each compound was defined as the lowest concentration inhibiting the growth of the test organisms.
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