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Abstract—7-Substituted 2, 3-dihydroxyphenazine 5, 10-dioxides were synthesized by the reaction
of 1,2, 4-trihydroxybenzene with 6-substituted benzofuroxan derivatives which had been obtained
from aniline derivativies bearing methoxy, methyl, acetyl and nitro group at the para position.
2, 3-Dihydroxyphenazine 5, 10-dioxide was also prepared by the reaction of 1,2, 4-trihydroxyben-
zene with benzofuroxan. The antimicrobial activities of these phenazine dioxide 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 substi-
tuents was stronger than that of those bearing electron withdrawing substitutents. From this result,
it was concluded that the antimicrobial activity of phenazine dioxide derivatives has a direct relatio-
nship with the electronic effect of the substituents.

Keywords [] 7-Substituted 2, 3-dihydroxyphenazine-5, 10-dioxides, 2, 3-dihydroxyphenazine-5, 10-
dioxide, antimicrobial activity, electronic effect.
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Junsei Chem. Co. 8] M ES AASHA 3 AhE
Neshgeh 2eln 4 HPEE RS A
43} 71713 Melting point apparatus(Haake Buchler
Co), IR spectrophotometer(Perkin-Elmer 753B),
NMR spectrometer(Varian EM 360L) 2 Elemental
analyzer(Perkin-Elmer Model 283)5 Al-&3}%it}

siEiEel B ol SEASS BLEAL o
of 551AE 71X benzofuroxan FEAE §AET,
o5 FxA 2} 1,2, 4-trihydroxybenzeneg H¥H-§-A]7
7-substituted 2, 3-dihydroxyphenazine 5, 10-dioxide
2 ¥Astett 343 phenazine - X452 me-
thoxy”], methyl?], acetyl”] & nitro7}e} Z& X3t
7158 7242 AR Y], B =T A= 4-acetyla-
niline 2 AT 7S dEHo g AMgsgch 1
2] 3 4-methoxyaniline, 4-methylaniline % 4-nitroa-
nilines A48 W% 4-acetylanilined] A$9 7e
FE R sl o, AR ol Fdted skl
T3} benzofuroxan} 1, 2, 4-trihydroxybenzene-2- Ht
$A|#A A 2, 3-dihydroxyphenazine 5, 10-dioxideXx.
Ashich

4-Acetylacetanilide(2)2]  $Md —4-acetylaniline(1)
S dubdql AR opAds} ke A|Fth

55 | 29.20g(83%)

mp 165~166T (lit.*® 166-167C)

IRKBr) cm™!: 3280(NH), 1680(C=0)

'H-NMR(CDCly) 8 : 2.20(3H, s, NHCOCH,), 2.60
(BH, s, ArCOCHy), 7.50~8.05(4H, m, arom.).

4-Acetyl-2-nitroacetanilide(3)2f M- ZAFT%
(40 m) 7} LAAAMF 150, 20 ml, 0.22 mol)S &
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g ohg Hhg-E9 X8 5~10C HA3lA g}
FE(2)(20.00g, 0.11 mo)E <F 1A7HE<t HA3F 7}
stek 5~10C & FAshHA 2085 WX & oS
o] HH-E& Ho7taA LB sEiFy 9%
A9 o] &=} o] AL FAHH I
o F2 NaCOsr8-d o2 AHsle w2 )
25t 3] £HZL AAL Aok

455 1 18.89g(81%)

mp 126~127C

IR(KBr) cm ™! : 3340(NH), 1715, 1675(C=0), 1510,
1340(NOy)

IH-NMR(CDCly) & : 3.35(3H, s, NHCOCH,), 3.65
(3H, s, ArCOCH,), 9.10~10.00(3H, m, arom.), 11.55
(1H, b, ArNH).

4-Acetyl-2-nitroaniline(4)2] £ — 3}5HE(3)(23.00
g 0.1mol)e olEh2{300 m)el £3j417) e A
B4H42 m) g JFEtE 3AIZHES BFART WeE
S Aoz A3 the NaOH(0.5 M)4-9 1/e] Ao}
7hdA Zlsh zg A Hde] HE=Hl
ARAES Fd993ln B2 e F vk Ad

Aslode}.
TE-E : 12.58g(86%)
mp 124~125TC

IR(KBr) cm™! : 3340, 3320(NH,), 1665(C=0), 1520,
1340(NOy)

'H-NMR(CDCl3) & : 2.60(3H, s, ArCOCHj), 6.55
(2H, b, ArNH,), 6.80~8.75(3H, m, arom.).

4-Acetyl-2-nitrophenylazide(5)9] & — 33-E24)
(18.00g, 0.10 mol)ell E(36 m)7} A7t F4H24 ml)S
7b8ta 0~5C 2 W22 e ME 2 F1)% NaNO;
(6.90g)°] E(22ml)e go} 3 £Ldg Pz
7|2 24 713 ohs 0~5C F-A18A 147 71k
B33 A9 goe] YAt FAH9HAIY 4
A& dx 2 Fug d-EW)E&2E A 7}
313 NaNy(6.50g)8 3225 m)ol] =l &L ¢
2] AZ7|A7) A kA AAe] HE
Hlol o] ZAE FA9Hstn WkEE AAAs)
ek

$EE  15.00(70%)

mp 69~70T

IR(KBr) cm™' : 2120(Ns), 1670(C=0), 1525, 1355
(NOy)

H-NMR(CDCly) & : 2.80(3H, s, ArCOCH,), 7.95~
8.70(3H, m, arom.).

6-Acetylbenzofuroxan(6)_-l B —gas trapS A

EelaTe)] 33HE(5)X15.00g, 0.07 mo)E Y3
%-r%‘l(32 m)& 7k 3 AomA 18417 #FA7IY
o)A e dAo] FAFA WEES HR7R|
WA g EFAS S8 Az 29 A7}
AAEReH, WeE2 AAA st

T5-E © 9.92(80%)

mp 89~90T

IR(KBr) cm™!:
(N—0)

'H-NMR(CDCly) & : 2.65(3H, s, ArCOCHs), 7.55~
8.55(3H, m, arom.).

7-Acetyl-2, 3-dihydroxyphenazine = 5. 10-dioxide(7)
o BtM — 513-5(6)(1.78g, 0.01 mol)#} 1, 2, 4-trihyd-
roxybenzene(1.26g, 0.01 mol)-& ol &+-E80 mi)dl) <)
o5 NaOH(025 M) F8-4@ m)E 715k AodA
AL 24A17F dRgA R o} WHEES d5-F
(300 mi)%rol| AojdA] 7}tz HCH6 M)&-<42 AHA
o] Buj7}A] 7}ste] FAAQAAZ oh§ F ABWIED
Aot e F2R2EE=1: 2002 AA sl 234
9] AA& dqch

$EF : 1.329(46%)

mp 202~203C

IR(KBr) cm™!: 3400(0H), 1660(C=0), 1610(C=
N), 1460(CH;), 1360, 1260(N—>Q), 820(phenazine
ring)

'H-NMR(DMSO-ds) & : 2.60(3H, s, COCH,), 3.60
(2H, b, OH), 7.40~8.60(5H, m, phenazine ring)

Anal. Caled for Cy4HioN:Os

Calcd(%) C: 58.74 H: 350 N: 9.80

Found(%) C: 58.76 H: 3.52 N: 9.79.

2, 3-Dihydroxyphenazine 5, 10-dioxide2| £}
benzofurxan(1.63g 0.01 mol)-2- THF(15 m/)$} = &t-g-
(15m)2] E3H&vlel L3121 ohg Aol A 244
U Z T o] HR-ES FAI M2 A e A1A
FAdIRt F E2 <9 4L dF ¢ A=NE
TR SREEEE=1 ! 2002 AFAIEA Y
e AXE At

TEE | 1.31g(45%)

mp 188~189°C

1675(C=0), 1480(CHj), 1355, 1255
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IR(KBr) cm™! . 3350(0H), 1615(C=N), 1340, 1050
(N—0), 805(phenazine ring)

'H-NMR(DMSO-ds) & : 7.55~860(6H, m, phena-
zine ring)

Anal. Caled for Cp,HgN:0,

Caled(%) C: 59.02 H: 3.28 N: 1148

Found(%) C: 59.07 H: 3.25 N: 1151

RN M#E —Staphylococcus aureus ATCC 25923,

Bacillus substilis, Escherichia coli ATCC 25922, Sal-
monella typhi, Pseudomonas aeruginosa ATCC 29853
S AH83lglom, #AHE 1847t Ao Brain heart
infusion brothell =] Fslg]c}. A%t phenazine dio-
xide FEAEC] o] 5ol ¥t d#zah4-& A3
3}7] $13}e] Brain heart infusion broth 38g& Z#H<5
1iel 2sA1A 7|82 A3tk 233 phe-
nazine dioxide F=AEL Fd} g0z 7 1
mgE ogk2- 1mloll 3§47 Brain heart infusion
broth 8402 wWFHAE sldch 374 AP
AR BH ] F3kA e, A wpIYoR
Brain heart infusion broth 4~8<§ 1m/ej 359
=71 22 200, 100, 50, 25, 12.5, 6.25, 3.13, 1.56,
0.78 yg/mi=E A 3} od7]e]| Brain heart infusion
brothell 4] wj<k3t wibFY-L 1loopd HEsle] 37
TellA 18217 WA o §to g Fo] WS
WY F gle 29 F= F Ha: wE AR 3=
(minimum inhibitory concentration; MIC)S #%3}

ek
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Scheme 19 2]3}H 4-substituted 2-nitroaniline.S.
Z 2 benzofuroxan F+EA]8] Ao A= olv|7]
Z t]o}x3}14)7) 1, sodium azide3 AH4-3F Sandme-
yerih-$ o284 o}x =3} Al oy EFA &uf 3ol
Al dEsiske WS Hekdoh

a2 o] Wi ele = Fle| ZPAXEF R AL
gshe W] glont o] WS 7 ojf:
Ao A A#r|Ee] A3t FHAAS Ti’%f‘}
A7) WEeisieh

benzofuroxan+ %A 52 IR 2" e N-O
A&=21%0) 1320~1380cm™ ¥ 1220~1285cm™?
HIqA velgtenz sl & ¢ gigdch

=3} phenazine dioxide#%=4¢] A& benzofu-
roxan4-EA4 9} 1, 2, 4-trihydroxybenzeneS 4-2oll
HRSAIAA A sk old AAHES EEle 4
HCI6 M)F8-4& 7lste] £0& Ao 2 3t &
Qe 73 vy NaOH(6 M)F8-d o2 i) dvlelAd
L8 whEo] Fqlods} 3P phenoli2} phenazine
dioxide FE=AE G2 Hol s =olglA
53, NaOHFEdo) A%+ 7H-&E4l benzofu-
roxan FEAE AAZ F UNch A o] Hfq
oAl HCHE M) 713l Aoz 2kE o 28
B2XZor F&3ly B ol AT oS 2
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Table I—Minimum Inhibitory Concentration(ug/mi) of 7-substituted 2, 3-dihydroxyphenazine 5, 10-dioxides

sample 7-substituted 2, 3-dihydroxyphenazine 5, 10-dioxides
organisms OCH; CH; H COCH; NO,
St. aureus ATCC 25923(+) 6.25 125 125 25 50
B. subtilis (+) 6.25 6.25 125 25 50
E. coli ATCC 25922(—)" 125 125 25 50 100
Sal. typhi (—) 6.25 125 125 25 50
P. aeruginosa ATCC 29853(—)° 12.5 25 25 50 100

a; Gram positive b; Gram negative

2XEL FUAA AV # A=RslEIHARE A
A sle] 2 E£E-#<ql phenazine dioxide FE=AE 4
9lt}. o]& phenazine dioxide = A12] IR spectra
o4& 3300~3400 cm™! H-ZelA $£42%% O-H
A&AE5E B F ddes, 53] 800~830cm™" F
ZolA phenazine e|A2] FAAF Adste F
FH®E Haq & 4 sl

#HtM — 7-substituted 2, 3-dihydroxyphenazine 5,
10-dioxide ¥ 2, 3-dihydroxyphenazine 5, 10-dioxide
9] Gram AF3 Gram 443l th§ MICE Ta-
ble Iel] vjehligich

Table I¢ll ¢J3l8 phenazine dioxide =40l
%8717} methoxy, methyl, hydrogen, acetyl & ni-
tro7|2 gl we} o] &2 MICE Gram ¥A4< St
phylococcus aureus ATCC 25923¢)) =) 3} 4] 6.25, 12.5,
12,5, 25 R 50 pg/mi, Bacillus substilisll W3l A&
6.25, 625, 125, 25 R 50 pg/ml= vepgtch. 1)
Gram $4F3 Escherichia coli ATCC 259224 ¢l
A 125 125, 25, 50 2 100 pg/ml, Saimoneila
typhid) AN 625, 125 125, 25 B 50 pg/miE
vl o, Pseudomonas aeruginosa ATCC 29853
fislx 125, 25, 25, 50 ¢ 100 pg/mi 2 vERdT)

28717} 9lE phenazine dioxide FEAEE]
MICs} x8717} $l+ 2, 3-dihydroxyphenazine 5, 10-
dioxide®) MICE wlm¥ w #AE F& Al
A #7)7) gl AR 7o) FahA vebden,
ARE 371e A7) A7) e AR §
8ol oFslA vebdry. 22l Escherichia coliol
)3} 1, 6-dihydroxyphenazine2] MIC7} >75 pg/mi<)
3499 =gA7le X7t 2F g2 £ A
oA §A%§ 343HE 2, 3-dihydroxyphenazine 5, 10-
dioxide2] MIC7} 25 pg/m/¢]l 7-$-& v]x¥ o phe-

nazine dioxide7} «¢4¥t¥<l phenazine 1E]& zZte
HfEA R dFHe] o Fiithe AHIE ¢ 5 3
Atk

o]2]gt AAZE w]Fo] B o] phenazine dioxide
FEA 9 74 N>O0 ZAgo] aAdol 98¢
geba AzbE9lehl® wlelba §4% phenazine %
AEe FFA AReAe Gram SA4FE Gram
Al FEyel ol ZAsA Jehom, A&7t
%1+ 2, 3-dihydroxyphenazine 5, 10-dioxide S 7]&2
2 & v AzE FE AL 89 A9t ARE
37)e A#7)7) AP A dFHe) o A
velstch

8|3 X E7]7} methoxy, methyl7]Q] 735 <l
o]x] AAE vl ®Wo] F= methoxy FEA7} 73
8-S 71327, acetyl, nitro7] <l 7Z-F-oll= AAHE
o ol B7]& nitro F=A7} 43 F4HE AL
g)e-% <gir}. 18] 22 phenazine dioxide FE42)
AS A7) o AxEIe} dwAdzte] FA
AE 71 AAE o] == methoxy”|7F A V=R
7457} o] s Ase, 71 AAE gel 7
71 nitro7)7} ABEHAL A7 FFHel M
oFsithe AMN-S dorh

o)ate] 2@ o)A phenazine dioxide FEA&
N->O ZAge] Atadale Axpder) 718 %
giAe] Aelthe £o) Hug I gFAe] AAE
o} WS Bolx gloka A 4 9l AHolh

duty o IFAE zZhe IFPEY JFHTE
< Avud, (1) AZE FARN 072 (2) Azt
£ 3) AEAY A FHAGAZ? 4) o
Ab A}e] 2] 25450 (5) QAFAAGA® 5L F F 3
o

slebge FFAHEe el Aol deiAA 9l
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=d| o]% oW wlzh]Zo] phenazine =49
T2H8-o HEFHo e e AYs) & F gk

I} 2E phenazine §EHE-& Al7le] Hwnt
¥5 elF2E 713l 33HEad, °|5 phenazine
A& FlA phenazine 1-carboxylic acid, phe-
nazine 1-carboxamide, pyocyanin, 1,6-dihydroxy-
phenazine, iodinin 53 7+ 33EE-LS polynuc-
leotideol] wi$1A}2 zh&-3le] B3hAE ubEo] 7

< 7HAcl® &, DNAC| intercalation =Hg-0 2
DNA template-controlled RNA $4& A5t
RNA polymeraset} ribonucleoside 5'-triphosphate]]
Z§3le] DNA §4& APy d7ye et
Aoty B asex 9leh nheb 34433 BE phe-
nazine dioxide $EAEE A74e HdulgE 3g]
TZE /A3 9oer 2 o3& polynucleotide] =}
43le] DNA AL AAge 2R 723 PF7dEs
yeldicka A=)

£ Q7oA 3A43E phenazine dioxide §E=AE
A XFrie| wet AFHe] thEA Jehd Ze
Hr} we AaE F+= X377} X35 phenazine
dioxide =419 7 =}k w28E 7} phe-
nazine F7e] fEAFel FHEI 23 N-O
Ao Atafdate] ARLEES Fo] F7) fEd] A
a9 HrAel B} fo)slA Agtste] gArAQ)
AT8ES Wejgtezy v 3 Fa3e Je
2R phenazine dioxide FEANAE 2572
AAkEF e} e APHQ A¢Ae) Utk A
ZtE gie)

4 £

oldad feAE FLEAE 3o 6AE AH
A 28 phenazine FXAQ! 7-methoxy-2, 3-dihydro-
xyphenazine 5, 10-dioxide, 7-methyl-2, 3-dihydroxy-
phenazine 5, 10-dioxide, 7-acetyl-2, 3-dihydroxyphe-
nazine 5, 10-dioxide, 7-nitro-2, 3-dihydroxyphena-
zine 5, 10-dioxide & Ztz} §A)8}¢] 2, benzofuroxan
3} 1,2, 4-trihydroxybenzene2 ¥F3-A]# 2, 3-dihyd-
roxyphenazine 5, 10-dioxideX. ¥Hd3tith

4% phenazine dioxide F=AE9 IFAHL
ZARE 23} Gram TR Gram FFel A7
373-& Jelliglen, phenazine 3189 A£A}
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AEL AxE @7l 2% E 714 phenazine dio-
xide F=AE B} sFde] o 3ok

o]9}7+e. A3l phenazine dioxide =49 N
-0 g9 AtadAlel AU Es) F71EE ¥ 5
745t skg-g spAlddm AztEig]cth

Z2 22 phenazine dioxide fE=A A X&7]¢]
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