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2 o, oMEcopde=el REhrd, Hapxdd, SEl-Ur]E 71A p-acyl chloride BEZEE 6
-acylbenzofuroxan & ¥A43kx, o[E3 d=2E 9 4-olulxsl g 9HSA|A 8-acyl-2-hydroxy-
phenazine-5, 10-dioxide 2} 8-acyl-2-aminophenazine-5, 10-dioxide %% #4l5t9r}. ©]5 phen-
azine dioxide F+EAM 9 FFAL s Yol oelo] 2z LgAA] Ty zAIGEd, ek T
4 §Ek=%7]% 714 phenazine dioxide FE#5 0] RElx U} A7 S StAl SEA= B} g
T4ol o Ao, adEAFolME FFAR oMl rhadels AAs gicke R Aok @
A4 (0;7) 449] FE49 xanthine oxidase 2] ¥4% phenazine dioxide =4 Zjsiol ] 27
<« 8-acyl-2-hydroxyphenazine-5, 10-dioxide #9] &4 84 Aazt8-& olilr]e] Bhass} Z}at
o wet Skl

.ABSTRACT. 8-Acyl-2-hydroxyphenazine-5, 10-dioxides and 8-acyl-2-aminophenazine-5,
10-dioxides were synthesized by the reaction of hydroquinone and 4-aminophenol with 6-acyl-
benzofuroxans which had been obtained from acetanilide and n-acyl chlorides bearing butanoyl,
hexanoyl and octanoyl groups. 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 dioxide derivatives bear-
ing octanoyl group was stronger than that of those bearing butanoyl and hexanoy! groups in gram
positive microorgamisms, but it was observed that the antimicrobial activity and the number of the
carbon atom of acyl groups did not have any relation in gram negative microorganisms. When the
activity of xanthine oxidase which is the key enzyme in the generation of superoxide anion radical
(0,7), was measured in the presence of phenazine dioxide derivatives, the inhibitory action of the en-
zyme activity of 8-acyl-2-hydroxyphenazine-5, 10-dioxides was increased in accordance with
the number of the carbon atom of acyl groups.
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cm'ell bt azide o] N, A1%x 5wz o)z
%tt, z2)v 4-hexanoyl-2-nitrophenylazide o
4-octanoyl-2-nitrophenylazide 9] 7-%-oll&= 1.4
2 HEEHR] Yol Efoloz 223 oo 3Lz
Az,

Benzofuroxan #4152 A A= ezl
A N = O Al&3%°] 1010~1018 cm™' ¥ 1300~
1346cm™" §-ZollA] velyto m g #eld 4 glgl
o},

8-acyl-2-hydroxyphenazine-5, 10-dioxide &
9] 342 benzofuroxan HEH#¢} FczHA=e
A4 wRAIAAN  FAEch, o5 phen-
azine dioxide F=A1¢] HA AZE zlolr] =
3330~3400cm! ol FAATE O-H A=A
HE £ 4 d%led, 1070~1076cmt o
1338~1344cm™! F2ol N— O A&EA5E
2 2 9)oich

&3 8-acyl-2-aminophenazine-5, 10-dioxide
2 4% benzofuroxan F-5A|9} 4- oju]x 3
T AN WRSAA FAEAEd, oF
phenazine dioxide FE=419] oA A Ealo)
A= 3170~3318cm! % 3310~3405cm™! =
oA F e N-H A&A599} 1074~1078
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Table 1. Antimicrobial spectrum of 8-acyl-2-hydroxy-
phenazine-5,10-dioxides

8-acyl-2-hydroxy-
phenazine-5,10-dioxide
9 Q Q
CHA- CsHY,C- CHeC-

St. aureus ATCC 25923(+ ¥  100¢ 25 6.25

Sample

Organisms

B. subtilis(+) 50 25 125
E. coli ATCC 25922(-y 100 100 100
P. aeruginosa(-) 100 100 100
Sal. typhi H 901(-) 50 50 50

Table 2. Antimicrobial spectrum of 8-acyl-2-amino-
phenazine -5,10-dioxides

8-acyl-2-amino-

Sample  phenazine-5,10-dioxide
9 9 Q
Organisms CHrC- CoHyC- CH el
St. aureus ATCC 25923(+ ¥  50¢ 25 6.25
B. subtilis(+) 50 25 12,5
E. coli ATCC 25922(-p 100 100 100
P. aeruginosa(-) 100 100 100
Sal. typhi H 901(-) 50 50 50

9Gram positive, *Gram negative, ‘MIC(minimum inhi-
bitory concentration); ug /m/.

m~' 3 1330~1340cm~! 224 N0 A=

- & 4 Uitk 53 phenazine dioxide
EHE2 810~840 cm-! EZo|| 4] Azl za] A
FAAF sl F4une slgld 4 q)

]

OHT

;9.12:100‘“

+

874, Phenazine dioxide 5S¢ =3t
FATH 2% AFN A MICE Tuble 17 2
o 2tz Jehigl

Table 191 “epbd ZAa 8-acyl-2-hydroxy-
phenazine-5, 10-dioxide FollA] o}Al7]7} Hely
o, e 9 SElcArZ wlHol o] wle)
ol MICY a#}4FQ  Staphyiococcus
aureus ATCC 25923+ ohsix+ 100, 25 2
6.25ug/ml o|3, Bacillus subtilis o wHajA]=
50, 25 % 12.5ug/m/ 2 el zeln og
AT Escherichia coli ATCC 259229} Pseu-
domonas aeruginosa | HAAE ZF 100 g/
m! o3, Salmonella typhi H901o| thairls 5
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Fig. 1. Effect of phenazine dioxide derivatives on the
hepatic xanthine oxidase activities in vitro. Each points
represent the mean of 3 experiments. 8-butanoyl-2-hy-
droxyphenazine-~5,10-dioxide, o - & ; 8-hexanoyl-2-
hydroxyphenazine -5,10-dioxide, © — o ; 8-octanoyl-2-
hydroxyphenazine-5,10-dioxide,® - @.

T 50ug/ml 2 JERtEd, adekddoas
o718 B4t eSS o] A
e & F Aot g FelME oMsY
Bhiaeoh e Fabsiohe g dgic), g
o GEREL 2RLHTAA _m gk ol
A 7FaHA ‘4‘4‘4& &4 AN

o|9} zte AAE 8-acyl- 2 amlnophenazme
-5, 10—d10x1de 7o Afolx vlstAl wAE
<ul, Table 2 93}9d olA~)7} Repxdd, 3
Al %W ZERedr|2 wlpo| Aol ule} °l%
9] MIC 7} z2gkekigal Staphylococcus aureus
ATCC 25923+ oH#lx& 50, 25 = 6,25ug/
mi Bacillus subtiliso| hsix& 50, 25 =
12.5ug/ml 2 Jeptel, z28ln ag-eAwal
Escherichia coli ATCC 25922 % Pseudomonas
aeruginosa | AN+ 2T 100 gg/ml o]z,
Salmonella typhi H901ol dlalAE =% 50 ug/
m/ 2 Ve, aEkekd ol disiie oAl
o] elhgr) ke 42 FgrEo] Zla Aol AL

o F g3, aTSAT HAAHE ops)e
a9t giate-g Fasichs HE Agkth o
2lal ghfE e gtk ol aEdAdEEct 7
A vEbGS o 4 itk

FA8AM, 343 phenazine dioxide =)
£ Aol T8 dhEA A Hoss
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Fig. 2. Effect of phenazine dioxide derivatives on the
hepatic xanthine oxidase activities in vitro. Each points
represent the mean of 3 experiments. 8-butanoyl-2-
aminophenazine -5,10-dioxide, & - &; 8-hexanoyl-2-
aminophenazine -5,10-dioxide, o - o ; 8-octanoyl -2-
aminophenazine -5,10-dioxide, ¢ — o.
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Bl At} Fig, 13 2o 722 Yehgiglc,
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a2 Fig, 29} 3o] olulir|7} 8hx]e] gl
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v x| 2] oFoket,

»41°ﬂ *“Zﬂ‘*ﬂwl 0431 7P1 Aelsiete dabe

A A

7

i

rlr o,

e

o

o -
oxidase ¢ FAHEL Ards uw I
phenazine dioxide #SA5o] fF2i4d30A oA
=g FAgh 4 3104;}.
¥ g
Alek o 217]
¥ Ao AgR Aot F B 2zotEadss

Journal of the Korean Chemical Society



vt f=Ale] $AS §FA] BF A7 (A 28) 193

Al2}714 (Wakogel C-200)% o] £35tgow, xan-
thine sodium salt+= Nakarai Chem. Co. =2
2]2  hydroxyapatite = Sigma Chem, Co,
9 AFE Agsidch o wie] Aerse
Aldrich, Wako, Shinyo, Junsei Chem, Co,
9 AEE HASA g a2 ARgsieo)
AT APEE FAsigledl AT e

melting point apparatus(Haake Buchler

Co., 2x=%Aglo] AM831918), IR spectro-
photometer (Perkin-Elmer 753B), NMR
spectrometer (Bruker WP-80) = elemental
analyzer (Perkin-Elmer 240B)% AR2-3}git},
aeja ofe)ag Adol= UV spectrophotome-
ter(Hitachi Model 200-20), refrigerated
centrifuge(Hitachi 20PP-52D), ultracentri-

fuge (Hitachi 70P-72) % fraction collector
(Korea Manhatan)$ A5k},

sigtEe| g

obd|Eold =9} y-acyl chloride F2 ZH-2
AR 3] 554 % AH 6-acylbenzofuroxan &
= AL o5 e, 4-olujrHHS
742t w3417 8-acyl-2-hydroxyphenazine-5, 10

-dioxide & % 8-acyl-2-aminophenazine-5, 10

-dioxide #& #4433k, #4438 phenazine
dioxide =59 ol7E n- BElxdd, 5-d
AP, n-SEedrE A7 sixla gled B

=FolA+= n-butanoyl chloride 2 343 7L
HEHo 2 x&sigdnr, aglm n-hexanoyl
chloride Y} n-octanoyl chloride & A& wix

n-butanoyl chloride & 7-%-9} & wlegulz 3}
oo, FAUE oo Falod Py,

(1) 4-Acylacetanilide 52| #A. Leiser-
son®® 5o oz FAIAA, BFYAss}
72" 17 Eelase] ofdEshdiz 8l.1g
(0.6mol), CS; 350m/ = x-butanoyl chlo-
ride 85,2g(0,8mol)& Y1 HeomA st
ulE 260g(2mol)& 20~30% Fk A3 s}
g o ldsidct, kgl Ad ol W)
A2 HCL 71AI7F wEsEled, 2447 A=
44171 7]Ale] Bbgo) %‘45]"44. s
Agog Yzl F ARl (C§,=2 ulz)n 3}
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Stod 3t ¥ wllele2 A Asled 4-butanoylace-
tanilide 115g(F5% 93.5%)% <929, mp
< 123~124°Citt,

IR(KBr, cm™): 3335, 2955, 1686,
1598, 1512, 1460, 1364, 1245, 825;'H NMR
(CDCl,, ) :0.98(t, 3H), 1. 73(sext, 2H),
2.20(s, 3H), 2,92(t, 2H), 7. 63(d, 2H), 7.92
(d, 2H), 8.48(br, 1H),

(2) 4-Acyl-2-nitroacetanilide &2 B,

Lothrop®e] wWo2 4sieict, mupalx, &
A o Asgulzl e 22A70 500mi w)o]H ol
SollA 4438 4-butanoylacetanilide 69,7 g(0,
34mol) S Wi 2AFSE 300m/E slele] &
sHA1Zt, A2FHolA w2Ee] 252 5C o
3k2. fRIsEA HedAAl 50, 4m/(1, 2mol) &
M43 7HE & 247 Bt whSA ALt o] upg
=8 AoewM dEE 170 713 BATast A
£ e, #AstedAste] E 100mi = 3k A
A o2 dEE gAAse 4 butanoyl 2
-nitroacetanilide 80,24g(+5% 94.4%)S
%o, mpE 94~95°Ceic},
IR(KBr, cm™): 3330, 2958, 2930, 2870,
1710, 1670, 1605, 1575, 1502, 1440, 1370,
1340, 1278, 842 ;'H NMR(CDCl,, ¢) : 1,03
(t, 3H), 1,78(sext, 2H), 2. 35(s, 3H), 2,96
(t, 2H), 8.18(d, 1H), 8.80(d, 1H), 8.95
(s, 1H), 10.48(br, 1H),

(3) 4-Acyl-2-nitroaniline §°| #4. Fanta
o] wnlo g FAsgich, FEYzr|E Halg
%1500 m/ Fehx 3ol ol A 343 7 4-butanoyl
-2-nitroacetanilide 75g(0.3mol) & ¥ et
< 300m! & 73] S3AA L AF A
40m! & 7}3led 54170 dFAAct uwLEL
Aoz YzA7 £ 0,5M NaOH £ 300
ml/el Aowld sleFEy RAuAsl HzE
Aot 2AE At g o2 2 100m/ = 3
2 AH st et g2 A4 A3 4-butanoyl
-Z-nitroaniline 59.4g(F5% 95.29%)& o9

1644,
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o, mp+ 111~113 CH =

IR(KBr, cm™): 3458, 3310, 2930, 2870,
1662, 1618, 1554, 1520, 1480, 1370, 1344,
838 ; '"H NMR(CDCl,, ¢) : 1.02(t, 3H), 1.76
(sext, 2H), 2.90(t, 2H), 6.53(br, 2H),

6.88(d, 1H), 7.96(d, 1H), 8.75(s, 1H),
(4) 6-Acylbenzofuroxan #2| #M. Smith
230 wiyo g ghAsioict, adbga, =A%
Al 7] & 500m!{ vulo]Ael <FollA
4-butanoyl-2-nitroaniline 50g(0, 24
l R 96ml, AF G4 54m/ 5 7tst
051%%‘ ol 4 A emr 0~5CE FAIFFA.
HE 2 Fu|gk wlo]Aol opHA YEF 17.4
Om/ % Ljop(-] ulE -2al8 9o
g Rl "apAare £k
o} sl /L]air,}. uheE-g 7}alod
B2 1/ w]o]#o] Y AdgEE ¥
o HE WPrkAlgjmlA] olx| =8t JEE 15, 6¢
Z54 60m/ol A2 FLAE el
&7|A7p whAdsluiA s T A”]
-nitrophenylazide 7} &=t #skeidd &
534717 B 200m! Sekaded ¥ E
Foll 60ml % 7HeE the 10412 3FA17IW AL
71dle] whfo] FAEAUL, EFAAE T AAA
7l & vlelg-2 AAZHA3le] 6-butanoylbenzofur-
oxan 37.2g(+5% 75.3%)% 2%2n, mpe
55~56 C % ch,
IR(KBr, cm™):3090, 2960, 2930,
1675, 1602, 1580, 1528, 1480, 1445, 1365,
1305, 1018 ;'H NMR(CDCl;, &) :1.03(t, 3
H), 1.80(sext, 2H), 3.00(t, 2H), 7.10~
8.72(m, 3H).
(5) Phenazine dioxide +=2| &M
8-Acyl-2-hydroxyphenazine-5, 10-dioxide &
o| gtM, mubabrle} W7br1E A4zl 100m!
Zagladel ool A& 6-butanoylbenzofur-
oxan 3.3g(0,016mol) 3 3=23= 1.76g(0,
016mol) % “el% 60m/l el =al b =543}
VEE 0.86g(0.016mol) S 7}skal AHemixd 4
ol 24417k AT}, WS-l 1N HCl &
o 30m/ & hetel AEE oA E AAskeiAEt

.
Saka )

E

o}
st
T
id)

s
&

)
2
==
5ol
> o
el

g o Moo ® IR
ook ok 2 =
dle
2
&

4-butanoyl-2

2870,

+ 100m/ 2 33 AAE oS P 280tE 2
3 (AL ; EtOH : CHCL,=1: 20)2 & A&}
o] =z} 8-butanoyl-2-hydroxyphen-
azine-5, 10-dioxide 3,1g(5-5% 65%)% <
oo, mp+ 187~188C4%
IR(KBr, cm™!) : 3330,
1076, 822;'H NMR(DMSO-d;, &) :1,00(t,
3H), 1.73(sext, 2H), 2.95~3.85(m, 2H),
7.32~7,87(m, 2H),8,05~8.82(m, 3H), 8,96
(s, 1H), 11,33(br, 1H) ; Anal, Calcd. for
CisHi N,O, 0 C, 64,43, H, 4.70. N, 9,40,
Found: C, 64,11, H, 4,72 ; N, 9,45,

8-Acyl-2-aminophenazine-5, 10-dioxide & 2|
g, mepEE et WS a7 100m! &
2kA~ 3ol 6-butanoylbenzofuroxan 3.3g(0.016
mol) 3 4-otv] s E 1, 75¢(0. 016 mol) S =&}
% 60m/ol =9l ohg =IEA]3 VEE 0,86g
(0,016 mol)& 7}alx AHomir Agold 2447}k
vk A7k, o] WhEEE 200m/ ] HEE el
Aowa ZelFy AAFe] HFE U, o7l
1IN HCl &< 30m! & 7lstod Zdednat o2
ojollo] 1IN NaOH &8 30m/ & 7}stod F314]
71V nAl7} &=, 2AlE Ateing ok
I zZ=EetE o s (A4l EtOH | CHCl,=
1:20)2 AAsle] A A 8-butanoyl-2
-aminophenazine-5, 10-dioxide 2.58g(+ 5 &
54,2%)% 2o, mp+ 168~169°CAtt,
IR(KBr, cm™): 3405, 3310, 1674, 1612,
1590, 1330, 1074, 825,'H NMR(DMSO-d,
4) :0,98(t, 3H), 1.15~1,96(m, 2H), 2.95
~3.76(m, 2H), 6.88(br, 2H), 7.22~7.66
(m, 2H), 7.93~8.86(m, 3H), 8,96(s, 1H)
; Anal, Caled, for C,¢H:N;O; . C, 64.65
H, 5.05.N, 14,14, Found:C, 64,31,
H, 5.88; N, 12,85,

ofa|= 24 E

(1) 74 AIE.
shdct,

(2) 548 AE. I =7z A5E
250g Hele] SDA 4 rat & AHE3lgien Al

2
g A 447 Bt BANAS, AEEEE ol

Al

1682, 1602, 1344,

Aureest $U% Wyoz
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23 7HA =37l ERAFAE uet ZA
3 ¥ 0,9% FHEF §AoR AFAZ]
£ AEdgeor, HEG AL AeAdsrE &
abd AAG o R S5 AARE
Rowe 59 uldlo] Z3}o] xanthine oxidase
Z AAE o2, Stirpe 5329 W o2 xanth-
ine oxidase o] 4L A3t zEn o
WwAe Fx ¥ Lowry 5382 o] 2o3lo
bovin serum albumin & T TFEFL 2 sl =

Aarteh,

=
d g8 & #
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