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Formations and Reactions of Aromatic Furazan Compounds
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A reaction from various kinds of nitroquinoline with hydroxylamine in potassium hydroxide alkalinity produced a
novel product, furazanoquinoline, besides the known amino derivatives. The products obtained were furazano (3,4-f)
quinoline (5) from 5-nitroquinoline (1) and 6-nitroquinoline (6), and furazano (3,4-h) quinoline (10) from 7-nitro-
quinoline (8) and 8-nitroquinoline (11). The reaction mechanism was believed to be as shown in Figs. 2 and 3. The pho-
toreaction of benzofuroxan (19) in acetonitrile containing a little water, under a high pressure mercury lamp, produced
1H-azepine-2,7-dione (20), while under irradiation using a low pressure lamp, 6 H-furazano (4,5-c) carbazole-3-oxide
(21) and compound 20 were obtained. Then the photoproduct 20 produced photodimer 22 by irradiation in acetoni-
trile : water (9 : 1, v/v) using a high or low pressure mercury lamp, while photolysis with alkali proceeded as in the pho-
toreaction of N-alkylimide to give 7-hydroxy-1H-azepine-2-one (23). When pyrido (2,3-c) furoxan (24) was irradiated
in acetonitrile containing a little water with a low pressure mercury lamp, 3-nitro-2-pyridone (25) was obtained. When
compound 24 was irradiated in the presence of morpholine with a low pressure mercury lamp in an argon atmosphere, 6-
morpholinopyridine 2,3-dioxime (26) was produced. Quinoxaline 1,4-dioxide derivatives (31, 33), phenazine 5,10-di-
oxide derivatives (36, 37) and pyrido (2,3-b) pyrazine derivatives (38, 39) were synthesized from the corresponding
furoxan catalyzed by silica gel or molecular sieves, and their antibacterial properties were evaluated. The results of an-
tibacterial screening tests in vitro, revealed strong activity against Bacteroides fragilis.

Key words——aromatic furazan derivatives; photochemical reaction; antibacterial activity; quinoxaline 1,4-dioxide
derivatives; phenazine 5,10-dioxide derivatives; pyrido (2,3-b) pyrazine 1,4-dioxide derivatives
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Fig. 5. Photoreactions of Benzofuroxan (19)

WRLEEDICHEIN TS 8 ZNSDRIET

37 5 BON-O & C-CHREANHAL TV,
KXoy 70F5 > (19 OKIETIE, HOHEIC
o THRMM AL >/~ (Fig. 5). 365nm DY} T

Z ~C=N
= —

o}
O

Reaction Mechanism of 5-Nitroquinoline (1) with NH,OH

Q
=

xC=N

hv

Z “N=C=0
xC=N
¢CH30H
q
7 “NH—C—OCHjs
x C=N

18

/C5H5

17

Photoreactions of Benzofurazan (15)

Fig. 6. X-Ray Crystal Structure of Compound 21
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Table 1. Yields of Products on Photolysis of Compound 19
in an Immersion Unit Type Apparatus at 254 nm

Yield of products (%)

Additive Conversion (%)
21 20
— 13.6 3.3 39
Fluorene trace 16.7 39

a) Yields based on consumed 19.
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(Fig. 8).
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Fig. 7. Variation of the Fluorescence of Photosensitizer with Compound 19
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Fig. 17. Reactions of Compound 19 with Carbonyl Compounds 30 on the Surface of Solid Catalysts

Table 2. Comparison of Various Silica Gel in the Reaction of Table 3. Comparison of Various Molecular Sieves in the
Benzofuroxan (19) and Benzoylacetone (30a) Reaction of Benzofuroxan (19) and Ethyl 4-Nitrobenzoyl-
acetone (30c)

Poresize pHY Particle size Yield of 31a

ili a) N
Silica gel (A) ) (%) Molecular sieve Yield of 31¢ (%)
A 40 3.6 63-200 6 3A (powder) 83
B 60 5.8 63-200 57 4A (powder) 79
C 80 5.4 74-149 88 5A (powder) 37
D 100 4.2 60-200 19 13X (powder) 68

a) A, B, D: Silica gel 40, 60, 100 (Merck); C: Wakogel C-200 (Wako
Pure Chemical Industries) .

b) The pH of surface of silica gel was obtained by a colorimetric method
with the acid-base indicator solutions (bromophenol blue, bromocresol

green and methylred) prepared by ‘‘JIS K 8006-1961 7177}1/, 7)1/3 ﬂ_ %%ﬁi Kﬁﬁ (/37"\1&)1{5{5’1]75\%&%3 h
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Table 4. Comparison of Various Reaction Condition in the Reaction of Benzofuroxan (19) and
Carbonyl Compounds (30)
Yield of 31 (%)
30 R! R2 Silica gel Molecular sieves 3A
(at r.t.) (at r.t.) (at 90°C)
a CH; CsH; 1 (w) 88 1 (d) 82 2 (h) 80
b C¢H; NHC¢H; 2 (w) 90 1 (d) 71 0.75 (h) 80
[ C¢HNO, (4) OC,H; 2 (w) 81 1(d) 83 0.75 (h) 78
d CH,CO,CHj3; OCH; 2 (w) 48 5 (d) 50 1 (h) 78
Table 5. Reactions of Benzofuroxan Derivatives 32 with Benzoylacetone
R! R! o}
R2 R2 ﬁ CH
/N\O H.C—C—C C—@ Molecular Sieves Z I 3
+ HyC—C—Cm— —_—
4 I H, |l 90°C
RS \31 020 A3 SN ﬁ‘@
R* o R? é o}
32 33
Entry 32 33 Time (hr) Yield (%)
V
N
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.0 N _CHj
Y 3 N co—@
o Y
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(o]
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=N Ny -CHs
2 b <N I 2 18
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y o)
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3 ¢ <\ — 24 0
CHy ¥
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4 d NO CHa‘@[ I + I
L
) \? co—@ CHy N co—@ 24 26
o ¥
(o]
1
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5 e N g @[ I 2 2
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0 Y
(o]
(0]
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Alkaline Medium 1629
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Reactions of Compound 19 with Various Dihydroxybenzenes Catalyzed by Molecular Sieves
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T5HbDEEZS5NS (Fig. 18). F£7=, 5-CH,;0 N5 EPEXINTNWS (Entry 6).29
B (32e) M 513 6-CH;0- F / FH U D aF#Ek 32. Roy7OFHLET /- IILEEDR
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Fig. 20. Reactions of Compound 19 with Various Dihydroxybenzene Derivatives Catalyzed by Molecular Sieves
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Fig. 21. Reaction Mechanism of Compound 19 with Various Dihydroxybenzene Derivatives Catalyzed by Molecular Sieves
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7, 1,3-TPE ROFIXROEIN51E90°C THT
MOINFHE (1%) TIlLEW 4 NERL . —7,
12-e ROF I XR>OEEFKIELEND 2
(Fig. 19).

L,4- P ROFIRNUY U FHEKRDEHILD R
X, BTG HETITENET 2,3- &K (36)
NS, BEBTHRLIEETIE, KIETI2-
BAR BT BNESNZ. NS ERYORHEEDE
Wi, 'H-NMR IZX D8 SNz (Fig. 20). Ih
5RO R ORI, TNTNOE LR
CkabDEEZSN, Fig. 2L IR LEEDRE
FASHE I HEE SN 5.

33. EUER 23-¢] 7O0FH&1,3-2H b
LR EUR (2,3¢c) 7oFH> (24
13- M EEKGLTEY R (2,3-b) B

D214 DFFTREK 38) LEU R (2,3-b) B
YU I-FFTRIK (39) nESNT. ERY
(39) 1, &t (38) 76 KISDK: E[F USHET
BT D EMS, ROGHAERRY) 38 D —E A+
TIAHEBDOEZEZOND. KInEHEL T, &
FEEkELZEZA, S UNS IV B (90°C, 2h)
MNE D EMMNo7z (Table 6).

34, N>/ 70FHLE) R (2,3-¢) 70F
HLORGHORE 13-P7 k&L TT7EF
W7 hr2HAN X>y7oFH> (19) LY
R (2,3-¢) 7OoFH > (24) ORIENEZE KT S
&, Table 7IRL72&DIC, BY R7OFH > 24
@&ﬁﬁi#@@ﬁm RONEREE, MFFRCELD

WHETT 20 THA50, EY RyOFH> 2413
4 DM THARMEL TS ZEE, KEFED
MBEIZED 1IN D 1,3- D4 b 0T D3RR

Table 6. Reactions of Pyrido[2,3-c] Furoxan (24) and Carbonyl Compounds

0]
4
(TN\O R‘—ﬁ—-—CHz—Ci—HZ SlllcageIB (\//L I @ I
~ * |
NN © © go°c 2h N~ ~COR? COR?
v
o}
2 30 38 39
Yield (9
Compound No. R, R, ield (%)
38 39
30a CH; OCH; 10 0.1
30b CH; OC,Hj; 10 1
30c CH, CH, 50 5
30d CH; CeH3s 65 1
30e CeHs CsH; 49 3

Table 7. Comparison of Reaction Activity between Benzofuroxan (19) and Pyrido[2,3-c]

Furoxan (24)

0
X
CH
+  CHy-COCH,CO CHy ——» (j:/ I 3
X ’I‘ Sy~ X~ " COCHg
o )

19 (X=C)
24 (X=N)
Compound No. X Catalyst Reaction time (h) Temp. (°C) Yield (%)
19 C Silica gel 1 90 91
24 N Silica gel 1 90 10
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Fig. 22. Reaction Mechanism of Compound 24 with Carbonyl Compounds Catalyzed by Silica Gel

IENFED SN TSI LD EEDNS
(Fig. 22).
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k7= (Table 8).
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7=, UCLA Christopher S. Foote Z{% D Z{g& T—
HIHMRFAICET A2 1TV, —F, EEFIX
HEANFEFHBELRO CRE T BRI 0—7
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Table 8(1). Antimicrobial Activity of Pyrazine Derivatives
Quinoxaline 1,4-Dioxide Derivatives
0O
R1 ‘ (0]
R, N Rg
S
Rs l;l Rs
R
40
Compound
R1 R2 R3 R4 R5 R6
No.
31a H H H H CeH; NHCH;
31b H H H H CcH4NO, OC,H;
31d H H H H CH, NHCH;
3le H H H H CH, NHC,H,0CH;(2)
31f H H H H CH, NHC,H,0CH;(4)
31g H H H H CH, NHCH,CI(4)
31h H H H H CH, NHC,H,CH,(2)
31i H CH, CH, H CH, CeH;
31§ H H H CH, CH, C¢H;
31k H H OCH, H CH, OC,H,
311 H H CH; CH; CH; CH;
31m CH3 CH3 H H CH3 CH3
31n H H CH3 CH3 CH3 C6H5
310 CH3 CH3 H H CH3 C6H5
MIC (ug/ml)
Compounds/organism
3la 31b 31c 31d 3le 31f 31g 31h 31i 315 31k 31 31m 31n 310
Staphylococcus aureus KB34 250 250 125 >1000 1000 500 1000 1000 > 1000 1000 > 1000 500 1000  >1000 > 1000
Micrococcus luteus KB40 500 250 250 >1000 >1000 1000 >1000 >1000 > 1000 500 >1000 250 500 125 125
Bacillus subtilis KB27 16 60 8 60 125 30 30 500 30 125 30 125 125 >1000 >1000
Bacillus subtilis KB27 (synthetic medium) 250 30 8 250 250 250  >1000 500 >1000 125 1000 250 250 >1000 >1000
Mpycobacterium smegmatis KB46 250 60 15 125 60 60 125 60 250 60 250 250 60 > 1000 500
Escherichia coli KB8 60 250 8 60 125 125 250 125 >1000 125 125 125 125 >1000 >1000
Escherichia coli KB176 >1000 > 1000 250 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000
Pseudomonas aeruginosa KB105 >1000 > 1000 250 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000
Xanthomanas oryzae KB88 250 >1000 >1000 125 >1000 125 >1000 >1000 >1000 > 1000 500 500 >1000 >1000 > 1000
Bacteroides fragilis KB169* 8 8 2 4 8 2 4 8 2 8 2 30 8 60 125
Candida albicans KF-1 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 > 1000
Saccharomyces sake KF-26 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 > 1000
Aspergillus niger KF103 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 > 1000
Piricularia orvzae KF180 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 > 1000
Mucor racemosus KF129 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 > 1000
Acholeplasma laidlawii PG-8 250 60 8 >1000 >1000 125 >1000 250  >1000 125 >1000 >1000 >1000 >1000 > 1000
* Anaerobic culture
7) Hasegawa M., Takabatake T., J. Heterocycl. 38, 531-534 (2001).
Chem., 28, 1079-1082 (1991). 12) KanaokaY., J. Synth. Org. Chem., Japan, 33,
8) Mukai T., Nitta M., J. Chem. Soc., Chem. 949-959 (1975).
Commun., 1970, 1192. 13) Miyazawa T., Takabatake T., Hasegawa M.,
9) Georgarakis M., Rosenkranz H., Schmid H., J. Heterocycl. Chem., 32, 387-390 (1995).
Helv. Chim. Acta, 54, 819-826 (1971). 14) Kotovskaya S. K., Mokrushina G. A., Postov-
10) Takabatake T., Hasegawa M., J. Heterocycl. skii I. Ya., Polyakova M. V., Chem. Hetero-
Chem., 31, 215-217 (1994). cyclic Comp., 5, 654-657 (1981).
11) Fukai Y., Miyazawa T., Kojoh M., Takabata- 15) Issidorides C. H., Haddadin M. J., J. Org.

ke T., Hasegawa M., J. Heterocycl. Chem.,

Chem., 31, 40674068 (1966) .
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Table 8(2).

Antimicrobial Activity of Pyrazine Derivatives

Phenazine 5,10-Dioxide Derivatives

Pyrido[2,3-b] pyrazine Derivatives

(o) o o o)
) b} R A )
N\ R4 N\ OH N N\ R4 N N\ Ry
) ) (L e
l*\l OH ? N I;J Ry NN Ry
o) 36a~c fo) 37d~f fe} o 38a-~e (0] 39a-~e
Compound Compound Compound
No. R, R, 1 2 1 R,
No. No. No.
36a H 37d CHO 38a CH; OCH, 39a CH, OCH,
36b CH; 37e COCH; 38b CH; OC,H; 39b CH; OC,H;
36¢ OCH; 37f COCH,CHj; 38¢ CH; CH; 39c¢ CH; CH;
38d CH; C¢Hs 39d CH; C¢H;s
38e CeH; C4H; 39¢ CH; C4H;
MIC (ug/ml)
36a 36b 36¢ 37d 37e 37t 38a 38b 38¢ 38d 38e 39a~e

Staphylococcus aureus KB34 >1000 >1000 60 250 60 30 60 125 >1000 >1000

Micrococeus luteus KB40 > 1000 500 500 —  >1000 — 250 250 >1000 500 >1000 >1000

Bacillus subtilis KB27 250 >1000 30 10 500 10 15 15 30 30 15 >1000

Bacillus subtilis KB27 (synthetic medium) 125 >1000 15 10 250 10 15 15 60 30 30 >1000

Mycobacterium smegmatis KB46 500 >1000 250 125 60 125 60 250  >1000 >1000

Escherichia coli KBS 500 >1000 30 250 15 15 30 60 250 >1000

Escherichia coli KB176 >1000 >1000 >1000 —  >1000 — 7 30 15 500 >1000 >1000

Pseudomonas aeruginosa KB105 >1000 >1000 >1000 — 2 — >1000 >1000 >1000 >1000 >1000 >1000

Xanthomanas oryzae KB8S >1000 >1000 >1000 —  >1000 — 125 60 >1000 >1000 >1000 >1000

Bacteroides fragilis KB169* 2 2 2 10 15 10 60 15 8 8 15 >1000

Candida albicans KF-1 >1000 >1000 >1000 —  >1000 —  >1000 >1000 >1000 >1000 >1000 > 1000

Saccharomyces sake KF-26 >1000 >1000 >1000 — 60 —  >1000 250 >1000 250 >1000 >1000

Aspergillus niger KF103 >1000 >1000 >1000 —  >1000 —  >1000 >1000 >1000 >1000 >1000 > 1000

Piricularia orvzae KF180 >1000 >1000 >1000 — 125 — 500 125 >1000 >1000 >1000 > 1000

Mucor racemosus KF129 >1000 >1000 > 1000 60 >1000 >1000 >1000 >1000 >1000 > 1000

Acholeplasma laidlawii PG-8 >1000  >1000 30 15 > 1000 15 >1000 >1000 30 >1000

* Anaerobic culture

16) Kasubick R. V., Robertson R. L., German 24) Takabatake T., Miyazawa T., Hasegawa M.,
Patent (DBP) 2215320 (1972), Pfizer Inc., J. Heterocycl. Chem., 33, 1057-1061 (1996) .
(Chem. Abstr., 78, 4280 (1973) ). 25) Duerckheimer W., Liebigs Ann. Chem., 756,

17) Ley K., Seng F., Synthesis, 1975, 415-422. 145-154 (1972).

18) Dirlam J. P., German Patent (DBP) 2624923 26) Takabatake T., Miyazawa T., Kojo M.,
(1977), Pfizer Inc. (Chem. Abstr., 86, Hasegawa M., Heterocycles, 53, 2151-2162
189740 (1977)]). (2000) .

19) Hojo M., Masuda R., J. Synth. Org. Chem., 27) Takabatake T., Miyazawa T., Hasegawa M.,
Japan, 37, 557-567 (1979) . Heterocycles, 45, 107-118 (1997).

20) Hojo M., Masuda R., J. Synth. Org. Chem., 28) Takabatake T., Takabatake Y., Miyazawa T.,
Japan, 37, 689-700 (1979). Hasegawa M., Yakugaku Zasshi, 116, 491-496

21) Hasegawa M., Takabatake T., Synthesis, (1996) .

1985, 938. 29) Takabatake T., Miyazawa T., Takei A.,

22) Takabatake T., Hasegawa M., J. Heterocycl. Hasegawa M., Medicine and Biology, 142, 5-9
Chem., 34, 529-530 (1987). (2001) .

23) Takabatake T., Hasegawa Y., Hasegawa M., 30) Miyazawa T., Takabatake T., Hasegawa M.,

J. Heterocycl. Chem., 30, 1477-1479 (1993).
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