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2 o seAAd WFA, Y, oMY R UESAE A chASEAE FVEAE B
6-substituted benzofuroxan F-EA & FA 3, ©o]| 57 4-olu| L vlLAH 7—substitutéd 2-
aminophenazine-5, 10-dioxide §-& A3t} 22 2 benzofuroxan 3} 4-o}u) k3L g4 A
2-aminophenazine-5, 10-dioxide £ ¥4 3%t} ] & phenazine F59 FFA4L P o3}
o Hi H8AA FE2A 2ARIEEH, AAF F= A#71E 71 phenazine dioxide A&
o] AAE BE AR E 7 phenazine dioxide =4S nrt FF4ol o Aot o A=
%8 phenazine dioxide EAAA ABA9) AARAS FEAAIANE A7l dqol ke
A€ Lot

ABSTRACT. 7-Substituted 2-aminophenazine-5, 10-dioxides were synthesized by the reaction
of 4-aminophenol with 6:substituted benzofuroxan derivatives which had been obtained from
aniline derivatives bearing methoxy, methyl, acetyl, and nitro group at the para position. 2-
Aminophenazine-5, 10-dioxide was also prepared by the reaction of 4-aminophenol with
benzofuroxan. The antimicrobial activities of these phenazine dioxide derivatives were investigated
in terms of minimum inhibitory concentration by the common twofold dilution technique. It was
observed that the antimicrobial activity of the phenazine dioxides bearing electron releasing
substituents was stronger than that of those bearing electron withdrawing substituents. From this
result, it was concluded that the antimicrobial activity of phenazine dioxide derivative has a direct
relationship with the electronic effect of the substituents.
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Fig. 1. Structures of (A) pyocyanine, (B) oxychlorora-
phine, (C) iodinin, and (D) phenazine-1-carboxylic
acid.
528 Pseudomonas chlororaphis o] &3 A A=
+ =3 4£9) oxychlororaphine & Fx7}
phenazine-1-carboxamide ¢} - &¢to v, Clemo
538 Pseudomonas iodina @] AFA Al
iodinin o] 1, 6-dihydroxyphenazine-5, 10-dioxi-
de ol A& 4t} =27 3 Haynes 54& Pseudo-
monas aureofaciens & 2+ A2+ phenazine-
1-carboxylic acid 2}= A& dget(Fig.1).

Pseudomonas 40} 2] A+ X 3E phe-
nazine - "] £ A3tee] FulFr] A Fo
A A-E-L phenazine 28 & 713 FEAEL §
4 ez Axsg

A A5 3-nitroalkylbenzene F% anthranilic
acid 9} ¥l A A A 7-alkyl-1-carboxyphenazine
< A3t AR FFALY FRAAE
z2A%d B 25 6l glen, dubHe
2 3% ol FFAol A glwl wdte 4
A AR FERL FTAol ke Aol A<t}
o] phenazine Z&lo] &= ALUAE 47 4=
¥95 2o F29 HPEL P4 w3
qg GTAL D Aoz d st T-alkylo-
hydroxyphenazine-5, 10-dioxide &}  7-alkyl-2-
aminophenazine-5, 10-dioxide & 343t &
719 Ffel & E3q 424 FEA Y
HAE A EAA A4 235w o
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Fig. 2. Structures of (A) 7-alkyl-1-carboxyphenazine,
(B) 7-alkyl-2-hydroxyphenazine-5, 10-dioxide, and
(C) 7-alkyl-2-aminophenazine-5, 10-dioxide.
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Fig.3. Structures of 7-substituted 2-aminophenazin-
e-5, 10-dioxide.

(Fig.2).

o] 5 B o A A AE-L phenazine dioxide &+ o
ubH Q] phenazine 28 & ZE FEARHGE o
73 73 & el s, phenazine f-%.4 9
Fige AR AHAA Aol dohE
RE& Fsteh,

2 qdFdHE 9 wasiEe HE L B
2 odAFEAES 2UEZE 3o oA
uhg, JE23utS, sheid € Heotzduby
2 AA benzofuroxan FEANES FAE &
4-olu| ¥ T3} HhSAA ArtA A3Vt =
gl A 2% phenazine dioxide FEHQ 7-
substituted 2-aminophenazine-5, 10-dioxide &
g3y onl, w3l benzofuroxan 7 4-o}v] =¥
=S ul2A4A 2-aminophenazine-5, 10-dioxide
F A FAA(Fig.3).

23] 2 FA 3} phenazine dioxide §-= 4] ]| A
A g9 FhHol & FFAE 2ATIY AR
719 AAastet 4z A% #AE v
A B3z g

4 #
Alek W 7171, & AFelA AEF AT 4-
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AREFL5), AL YEF, oA =g YE
£, A 7p4 (Wakogel C-200) & Wako, Shin-
yo, Junsei(d¥)A EFFE A3t e,
g, oetg, B, S22 X 5F5L Rots(¥
ADA SFEL A48 292 4ok x
¥ &, o) EA 3 }EF, benzofuroxan -& Aldrich
() A EFFE A&

TG ESE FUsted A JUle
Melting point apparatus(Haake Buchler Co.),
IR spectrophotometer (Perkin ~ Elmer 753 B),
NMR spectrometer (Varian EM 360 L) @ Ele-
mental analyzer (Perkin-Elmer Model 283) & A}
433,

SEHES| B, obdUfEAE FWEAR
3] 54 & A benzofuroxan =3 5L &
Astz, o]l F FEA S 4-otv] ol HE WHEAA
7-substituted 2-aminophenazine-5, 10-dioxide
F2 FA3l9ct. F43 3 phenazine dioxide -
EAEY A3 H5AY, Fl"E7], ofAE
2 YEZIE A4 A=z Jed, & =i
Ae 4 EANold oz AT AL B3
2 Aedqd, 2z 4-vgoldd, 4-opAd
obdd R 4 HEZoPdAS AL F 4+ F
Aopd Ao -9 e FPu 2 e, §
AW E old £33t P33k, =F benzofuro-
xan 7} 4-o}n] 9 E g kg4 AA 2-aminophe-
nazine-5, 10-dioxide = %43} t}.

(1) 4-Acetylaminomethoxybenzene 8] A4 :
Fanta §70] A|4d wyoz FYsged =
$4e st 2k,

kAR o} LA E Fe @ 300ml Fehaa
o} 4-v] 5-Aolda] 24.6g(0.2mole), =4 60ml
(1. 05mole) & FF< 43.4ml & 713tz Aeod
A 4 EAobdoe] S3g = 7089 d==
AN e 27 0~5°CEH 24
F4E 20.6ml(0. 22mole) & 7Hate] Ao FY
& 49 2471 AUt HEd 3AE
FQ9H4E F otz AHA3 4-acetyla-
minomethoxybenzene 27g(+5 % 88%)% 94
o9, m.p. £ 126~127°C F o},

IR(KBr, cm™): 3240, 1650, 1460, 820; NMR

(CDCls, ): 2.06 (s, 3H), 3.75(s, 3H), 7.02
(d, 2H), 7.53(d, 2H), 7.88(b, 1H).
(2) 3-Nitro—4-acetylaminomethoxybenzene 2]
4 : Lothropo] A|<td wWwjoz 439}
2], x4 2 AHIEHIE e
300mi Zetxz=0] ol A {4 gl 4-acetylamino-
methoxybenzene 25g(0.152mole)oll ZA4F 55mi
(0.96mole), ZAF-4F 18.8mi(0.2mole), =
23 7T 86.2ml & Fp3ta dgEY &5 &
45°C 2 -4 314 A Wl 4k 15. 2mi (0. 34mole)
£ AP 2 AA3] AAstge. 2dALE
7he F 45°C & A A 143059 484
7 B Aoz A3y @A zA} 4 &
Hth 3" zAE FUddHAt dSER
R AL F olet&z AH A3 3-nitro4-
acetylaminomethoxybenzene 23.9g (5§ 75%)
£ 94209, m.p. £ 116~117°C g},
IR(KBr, cm™): 3360, 1695, 1520, 1315,
855; NMR(CDCl;, d): 2.25(s, 3H), 3.88(s,
3H), 7.45(d, 1H), 7.90(s, 1H), 8.87(d, 1H),
10.45(b, 1H).
(3) 3-Nitro-4-aminomethoxybenzene & 34
: Fanta 5-70] A3 W o2 433,
5947, x4 9 ankAAE HE
200ml Ztxze) YelfA FAFE 3-nitro4-
acetylaminomethoxybenzene  22g(0. 11mole) <]
Claisen’s alkali 34.4ml & 713l AAFY H
24 A7 AZ2HAch o] ZAE FUddHAR
2stn 4LE2 AL o v AAF
3}e] 3-nitro-4-aminomethoxybenzene 16.8g (S
58 95%)% 94428, mp. £ 123~124°CH
=},
IR(KBr, em™): 3475, 3355, 1600, 1510, 1320,
840; NMR(CDCl;, 8): 4.02(s, 3H), 5.85(b,
2H), 6.92(d, 1H), 7.25(d, 1H), 7.72(s, 1H).
(4) 4-Methoxy-2-nitrophenylazide 8] 34 :
Smith 5] gt oz FA43H
2ukAR, x4 9 ApAAslE G
200ml Zeta=0] Yol A4 §A4 3 3-nitro-4-ami-
nomethoxybenxene 15g(0. 09mole)e] ZHF{4
36ml, A& A(35%) 20.1ml & 73l &5
Journal of the Korean Chemical Society
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gl A AewA 0~5°CE #A}AF. =%
Hx gz Fg vlo]Ad oA YEF 6.21g
FR4 204ml & old BE 8¢ 99
Bl AomA AzpFer|E 4H 73t
0~5°Cell A 1A 753t Ao FHA o otzghlt
3¢ Azd HEES FUAAF F AR S U
vlo] Aol Y AFEEA Hlo]AY FE
ZAA7 A et 3t YEF 5.8g& FHT
22.5mlo G A FEFE FHFY FEA
A8 &3 v gl A4 A7 A
A2 A wge] Bt F ZAE FUAdAHS)
I v ek &2 A A3t ‘4-methoxy-2-nitrophe-
nylazide 10.74g(#58 72%) & 2929, m.
p. £ 74~75°C gl o},
IR(KBr, em™): 2125,1520, 1325; NMR(CDCl;,
0): 4.21(s, 3H),7.42(s, 2H), 7.60(s, 1H).

(5) 6-Methoxybenzofuroxan & %4 : Smith
5] A3 Wy oz TS

#7947, gas trap ¥ IbAAE T
100m! Fehaze] ol A A 4-methoxy-2-
nitrophenylazide 10g(0.052mole)e] EF<l 15.
6ml(0. 15mole) & 7Fsfo] A om A 2047t 3
A A&xA S wAe]l FAHAJG, wEE
€ ALz YA g EFAE FLAA
3y A9 A A FAAHE F
et 224 AAA3te 6-methoxybenzofuroxan
6.98(F5E 80%) % A or, mp £ 116~
117°C g ok,
IR(KBr, cm™): 1615, 1320, 1002:
(CDCl;, d): 4.42(s. 3H), 7.94(m, 3H).

(6) 7-Methoxy-2-aminophenazine-5, 10-di-
oxide 8 4 : FF 47, ubFA B 22A
£ T § 300ml ezl YA FAE 6-
methoxybenzofuroxan 16. 6g (0. 1mole) 3} 4-o}u]
=33 10.9g(0. Imole) & ol & 120ml o] 54l
g 0.25M NaOH &9 75ml & 7}8lx Ao
A AL A 2447 uEAIR L, o] wEEE
300ml EEFo] AomA A HAE]
A& H9s. 4E" =3 6M HCl §4 & 7}
3] FolodHAg o dYe 6M NaOH &9 &
7hete AW zA L A=A FA49
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39 e % 2zobEad s (47) o), EOH:
CHCl;=1:20)2 AAsld A& AFHe 7-
methoxy-2-aminophenazine-5, 10-dioxide 10. 3g
(5% 48%)% 9928, m.p. £ 172~174°C
(dec. )3+,
IR(KBr, cm™): 3395, 3305, 2910, 1615, 1478,
1340, 1080, 835; NMR(DMSO-ds, 8): 3.92(s,
3H), 6.74(b, 2H), 6.96~7.80(m, 2H), 7.92
~8.66(m, 4H); Anal. Caled. for C;3H;;N3O5:
C,60.70; H,4.28; N,16.34. Found: C,60.94;
H,4.31; N, 16.28.

(7) 2-Aminophenazine-5, 10-dioxide & A4
t 977\ wAdA S TG 200ml Eehaz
o] benzofuroxan 3.26g(0.024mole) 3} 4-o}n] =
¥ = 2.62g(0.024mole) & Bl E}3| = 2 Fab 30
ml ¢} vlet g 30ml & Lo Hql oL o
543t Y EE 1.3g(0.024mole) & 715tz Ao
A Ao A 2447 wbgAF S5 79t
FHAY F AN EESE F2rEon F239
o 2R2XEE FT AAAD F duig=
AAA3Y FAM3A 9  2-aminophenazine-5,
10-dioxide 3.42g(T5% 62.8%) & gleon,
m. p. & 220~221°C(dec. ) o},
IR(KBr, cm™): 3310, 3170, 1608, 1340, 1078,
824; NMR(DMSO-d¢, 8): 6.72(b, 2H), 7.10~
8.53(m, 7H); Anal. Caled. for C;HoN;O, :
C,63.44; H,3.96; N,18.50. Found: C,#63.53;
H, 3.98; N, 18.32.

$rMd AE. FdA Ade dE 559 F
F &, Staphylococcus aureus ATCC 25923,
Bacillus subtilis, Escherichia coli ATCC 25922,
Salmonella  typhi, Pseudomonas aeruginosa
ATCC 29853& AH8-3t5iom, 4% 1847 A
of Brain heart infusion broth o] wjj 9k3}g] o},
A4 &k phenazine dioxide x4 o] o] 5 FF
of H FF44L BA5H] 93kl Brain heart
infusion broth 38g & ZF%4 1] L:HAHA 7
Hu] R 2 AF231% v}, 28 3 phenazine dioxide
FEAEL Fo] E8oj2z 7 Img & e
1mi o] 83 A# Brain heart infusion broth 4=
4oz W34 & g
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T4 AL AdA Ao FaigEd,
A @] w3 4oz Brain heart infusion

broth =& 1mld| 3359 Fx=s} 22 200,
100, 50, 25, 12.5, 6.25, 3.13, 1.56, 0.78ug/
m! H 7] §}3 o 7)o Brain heart infusion broth
oAl A o) F3t vl FTFH & 1 loop ¥ A F3He] 37°C
A 1847 WAL e Sdkoz T 2%
£ AA" F e Axd FE F Hx WS
A A FE(minimum inhibitory concentration;

MIC) & #3stsl.
Hat % D

M. 74 gAY FHARE Schemeldl

bl g
Scheme 1] 23} 4-substituted 2-nitroaniline
o 2 2¥ benzofuroxan §-EA]9 FHA oA = o}
v 7] g dotzdAdxz, ofAr=3dt YEES
A-&-3t Sandmeyer uh-g-0. 24 ofA E3}A 7] o
+ EFUA LA dES e S 93
t}, 22y o] Yo Fo] TP LAIEE
22 433k w0 glont o] Hhy g w3t
olfFE TET A&Vt o A AIE
ot opu 2t WAl o] AP X Fr|Fo] 4sld
7HeA & T3] AEel et

benzofuroxan 53] 58 A4 ~% E7 A
N-O A2 Ew3%1E 1300~1350cm™ © 1002
~1015cm™ F-Zo| A & 4 glle}.

phenazine dioxide %42 F4-&

H2
(5 {CH3C0),0
—s,

X

benzofu-

NHCOCHs NHCOCH> NH2

Q 1-HNO3 Qﬂm XoH QNOI
MeOH
X
MNO: Q"m Nay | Q/n ﬁ"\
)(:g:Ij X OCHs , CHa , COCHs , NO3)

Scheme 1. Overll scheme for synthesis of 7-substituted
2-aminophenazine — 5,10-dioxide.

roxan =4 9} 4-olv] vl Hg A LA ukS
AAA FAGE, o= Y59 = oA
HEEE FUdAAE wabgE 4-ofv| vl =
< Aoz Hol Yo Hof glomz AAH
o 283 FoddA" zA S 6M HCl LY
200ml o] 7}3}l9 phenazine dioxide X3 = o
o2 Ho] Yo HolglA sz, F4Ed
S %L vlub-$-E<q] benzofuroxan $EA= &
Atz AAE + At 294 o ddg
6M NaOH 8oz F3AA zA4 & d& g
% azszadnz RAsd HAE44%q
phenazine dioxide §-%4 & gt}

phenazine dioxide frE49 HIA A#EH
ol A= 3390~3430 2 3305~3340cm™! H-Zoj| A
2719 N-H A%A %9} 1340~1360cm™ 2
1060~1090cm™ F-Zoj A1 N—-O A &2 5o & 2
T A9 on, 813~835ecm™! Lo A phenazine
A9 EAAF H B3 2% FAF
AR et

EA. 7-substituted 2-aminophenazine-5,
10-dioxide 2 2-aminophenazine-5, 10-dioxide
9 oFFEH 27T g MICE
Table 1] el $it,

Table 1] )3}l phenazine dioxide §=.30|
A A7} 54, HE, okdd 2 YE =Y
2 Fo we} o] 59 MICE 23947l Sta-
phylococcus  aureus ATCC 25923 0] o)A
12.5, 25, 50 2 100pg/ml o) 3, Bacillus subtilis
o A E 6.25 25 50 L 50pg/mi = }e}

Table 1. Minimum inhibitory concentrations(ug/mi)
of 7-substituted 2-aminophenazine-5, 10-dioxide

sample g Sil(l):) dl%;::gzmophenazme—

organisms OCH; CHy H COCH; NO,

Se. aureus Ags‘é%( +ye [125 25 50 50 100

B. subtils(+) 6.2525 25 50 50

E. coli ATCC 12.5 50 50 50 100
25922(—)*

Sal. typhi(—) 12.5 50 50 50 100

P. aeruginosa ATCC 25 25 50 50 >200
29853(—)

*Gram positive. *Gram negative.
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ot zeElm 2B-SAEQ Escherichia coli
ATCC 25922 8} Salmonella typhio] w3l A=
Z7} 12.5, 50, 50 @ 100pg/mi, Pseudomonas
aeruginosa ATCC 29853 o sl A= 25, 25, 50
9 >200pg/ml 2 Vekket

A 8717} ¢l phenazine dioxide FE3 &9
MIC & X377} 9= 2-aminophenazine-5, 10-
dioxide &) MIC ¢} ¥ 2% # AAE F= A%
e 377 g€ ASu Gl A3
Yehen, AAE 3l AE AR/
AL AS$ug FFyo] FapA vEse 23
3 Staphylococcus aureus o ™3t 1-aminophena-
zine ] MIC 7} 78ug/mi ql A4 9} 2 A
A 43 2-aminophenazine-5, 10-dioxide 2|
MIC 7} 50ug/mi ¢l 7 $& vl ¥ # phenazine
2219 AzPAte] AxQA7t WA 43
oty 7e F2E& #E phenazine dioxide
S %A= AubAQl phenazine 22| & ZE FE
Auct FFel o Fdhs AHE ¢+ 3
9, w3 o]A-& 1,6-dihydroxyphenazine 3}
1, 6-dihydroxyphenazine-5, 10-dioxide & 7%
Escherichia coli &) 93k MIC 7} >75 2 >2ug/
mlQl ByUete A JA st o]HIT AR
u] 2o0] Xu| phenazine dioxide XA A5
N-O Ag33o] FFAd & 9&& o=
A7 9 v} 6 wpeta] A4 phenazine dioxide
245 T4 AQdAE 12FSA TR
a2eFA el #FFo| o A veEerd,
X 877} ¢l 2-aminophenazine-5, 10-dioxide
£ JFoz W AAE FE ARV A%"
A$7F dFel o AIer, AAE e
AF{A 7 A8E Aol FEHol oF3iA
ehytet, 28]z AZA 7 v EA, dErld A
A AAE H ol FE wFAFEAN
T BEd e Mz, oY, YERIA AF
dAE AAE o go| e UE2FEA}
g FFH L AUz d&= d¢t 2=
phenazine dioxide =419 A% A &7]q @&
ARaHs} FFAAY FAAAE MR AAE
wol F& W54/ AFHNE AU G
go| A s, 7t AAE Bo| e Y
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E2Ot AER & A7 FEHol HF &
Stebe AMLE @tk ol AYAFANA
dioxide 553 &= N-OAZHRe
Ax9AY AALESL 2H F5E5 FFAol
v Fstos g7s Qo

2 £

o AREAES FLEAR 3 6dAE
# % 7-methoxy-2-aminophenazine-5, 10-dioxi-

phenazine

de, 7-methyl-2-aminophenazine-5, 10-dioxide,
7-acetyl-2-aminophenazine-5, 10-dioxide 2 7-
nitro-2-aminophenazine-5, 10-dioxide & #7}
%4 5l3, benzofuroxan 3 4-ojv| k-3 &2 HH
2-aminophenazine-5, 10-dioxide & ¥4 3l &
o] £ phenazine dioxide f-x.A oA 23719 A
Aazet GFA e FAE w2 ARG

phenazine dioxide =3 &9 a4 & =4
& A 2R TR 2R FH ol A I
F & Vet 28 m AARE Fe ARE
7}2 phenazine dioxide §%3| &5 AAE 3]
= #3712 714 phenazine dioxide FEHE
Bt ol o A3 ed, o N-0 2
FREY Ax9AY AALEs =7 gl
Az ol & FFd F o=z AT F
T3 & Mtz 4454 23 =2 phena-
zine dioxide §-EAelA 378 AREFH9}
FFAL AH A dRAAo] dhe AAE F
o35t

ol EgEH
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