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& ©F Aniline 3 z-alkyl alcohol FHZ ¥-¥ 6-alkylbenzofuroxan & 91 ©)Z 3} 4-aminophenol
L REAA butyl, hexyl, octyl 7] & 7}2 7-alkyl-2-aminophenazine-5, 10-dioxide & &3l v},
22| = benzofuroxan 3} 4-aminophenol & JKEEAl# 2-aminophenazine-5, 10-dioxide & #K3}H o
o, 445 IR, NMR, TE5HEo2 #Aslgdch, o F phenazine FHMLO] S g &
EEHE HEFR e alkyl 7| 8] ©taF7t FAETS REED ETES 43eh =3 5t
S HEpd st ME}G el alkyl 719 ghaFrt 4789 butyl FEH A9 71 HEol
73 er, alkyl~]7} §4 2-aminophenazine-5, 10-dioxide ®.v}= alkyl 7|7 Bi#%H 2-aminophena-
zine-5, 10~dioxide 9] Hiigel v ZAstcte A& &gt

ABSTRACT. 7-Alkyl-2-aminophenazine-5, 10-dioxides bearing butyl, hexyl and octyl group
were synthesized by the reaction of 4-aminophenol with 6-alkylbenzofuroxans which had been
obtained from aniline and r-alkyl alcohols. And 2-aminophenazine-5, 10-dioxide was prepared by
the reaction of 4-aminophenol with benzofuroxan. Infrared, nuclear magnetic resonance spectropho-
tometers, and elemental analyzer were employed to identify the products concerned with the synthetic
processes. Surface tension of aqueous solutions of these phenazine derivatives was determined by
surface tensiometer and it was found that the surface tension decreased with an increase of the number
of carbon in the alkyl group. Antimicrobial activities were evaluated in terms of minimum inhibitory
concentration by a dilution method. The butyl derivative showed the highest activity among these
derivatives. It was observed that the antimicrobial activity of these alkyl substituted 2-aminophe-
nazine-5, 10~dioxides was stronger than that of 2-aminophenazine-5, 10~dioxide.
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Fig.1. Structure and numbering system of the phe-
nazine nucleus.
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Fig.2. Structures of (A) pyocyanine, (B) phenazine-
1-carboxylic acid, and (C) oxychlororaphine.
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Fig. 3. Structures of (A) 2-hydroxyphenazine and (B)
iodinin.

pyocyanine, phenazine-1-carboxylic acid, oxy-
chlororaphine & P.acruginosa o] 2Js] A o]
Z] £4l®, E3] pyocyanine & 18905E9) Gessard*
o A& Helsglen, =i 1 Bl B
':’*'ESEI‘?-,‘JI @ el phenazine FFH#| V] EEA
o2 A7ZaA =HR}A,
1#— MHEES 713 30997 o] 49 phenazine
HigEol #EHE FEH EesHded, P
aureofactens ol o8 A& 2-hydroxyphenazine ¢]
Aol onb P.iodina o) 95 A= iadinin o] &
o] 3 2 7(Fig.3).
2.8l o] 5 phenazine 3] EARA 3
3 AR ®el @& v
phenazine 2] & &Hdte v d8A4A4 ¥
#:0] 914, (1) catechol ¢ 1} benzoguinone 32}
HEE diamine 249 A& FE®, (2) B aniline
el BiA nitrobenzene 2] Wohl-Aue HEK
FE®,  (3) e-nitrodiphenylamine ©]1} diamino-
diphenylamine 38¢] 2] SHFE,
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Fig. 4. Structures of (A) 7-alkyl-1-carboxyphenazine
and (B) 7-alkyl-2-hydroxyphenazine-5, 10-dioxide,
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Fig.5. Structure of 7-alkyl-2-aminophenazine-5, 10-
dioxide.

lenediamine &) 1} aminodiphenylamine $i2) #1t
2 (5) benzofuroxan 389} phenol i 2 1,2
~cyclohexanedione 31%}2] KIERFo] gt

o] 5 [KFEZ o-phenylenediamine o]} F&E ik
diamine & X3t alkyl 7|7l ®igs  dia-
mine FHEEE IFAA g FEEEH7] =
ol EHI-0 3-nitroalkylbenzene ¥{E- anthra.
nilic acid ¢ FEAA A 7-alkyl-1-carboxyphe-
nazine & 43t ARiEd] &MU ul glod,

3}l phenazine ¥ldl A= A4LAE 434 ¢
2EEst e 29 LihE ARE 2y
Zag HEkEe M Aoz d3dst 7-alkyl-

2-hydroxyphenazine-5, 10~dioxide &  {yE 3l
Al f#ESeg o (Fig.4).
EEET [V o]e] aniline 7 n-alkyl

alcohol % FWREAHE o] LWL, obAl
23S, HERIES, slrdd R oclobzd
882 A G-alkylbenzofuroxan & 43 o
£ 4-aminophenol 7 FFHEA A 7-alkyl-2-amino-
phenazine-5, 10-dioxide & &mslgor, =3
benzofouroxan 3} 4~aminophenol -2 FHEA# 2-
aminophenazine-5, 10-dioxide & &Rk
(Fig. 5).

2.8 3 &% phenazine FEMAN A alkyl 7|
Ffol o2 Y HET HERDS 4
A E FEANG oA, WEH YA BT &

10



128 SHX - W BEE

REF vz AEstzA s}

2% B

2.1 K% M3

A BBAA HRT REF aniline, n-butyl
aleohol, n-hexyl aleohol, n-octyl alcohol,
n-hexane, hydrochloric acid, acetic acid, acetic
fuming nitric acid (®)3 1.5),
sodium nitrite, sodium azide,
(Wakogel. C-200) 52 Wako, Shinyo, Junsei
(BR)E HE&DS FAstg .25, methyl alco-
hol, ethyl alcohol, benzene, toluene, chloro-
form G2 Rots( 7|1} #P2S FRSG )
28] 4-aminophenol, benzofuroxan, sodium
methoxide & Aldrich(EB) % #E RS B
At ARG LA SR80 HAET BE
- Melting point apparatus(Haake Buchler Co.),
Refractometer (Abbe Refractomer Type 1), IR
spectrophotometer (Perkin-Elmer 753B), NMR
spectrophotometer(Varian EM  360L), Surface
tensiometer(Fisher Model 20) 2@ Elemental
analyzer (Perkin-Elmer Model 283) & {#/53}4
4,

2.2 {L&H2 &

aniline &} n-alkyl alcohol & ¥4 7 3}
o 5 BEE AA 6-alkylbenzofuroxan & &H3}
32 6-alkylbenzofuroxan 3} 4-aminophenol < FRE
A A 7-alkyl-2-aminophenazine-5, 10-dioxide &
ARG, BB phenazine XIS 9} alkyl 7)
£ n-butyl 7], a-hexyl 7|, n-octyl /| & 7} al-
cohol & B 4, & Brel e n-octyl
aleohol 2 BRF AT HFalgdrh =gz »-
butyl alcohol ©]13} n-hexyl alcohol & HiF S =)
X n-octyl alcohol 8 399 2o ERaHEE 3}
forl, FRET old Fdo Faigch w3
benzofuroxan 3} 4-aminophenol & A A A
2-amineophenazine-5, 10-dioxide & &R &+ v},
2.2.1 4-Aminoalkylbenzene 2] &K

Rinkes?, #&IR-35'7¢] aniline 3} alcohol =
FB GRS Hikd FE31dch

Dean-Stark trap 3} SRHGHR7 25 500

anhydride,
silica gel

ml Fekazel  p-octyl aleohol 60.2¢(0. 462
mole), aniline 43g(0.462mole), aniline hydro-
chloride (&8 methyl aleohol & A5 % )
18g(0.14mole) 3 ZnCl, 44g(0.323mole) &
SLALRA AFFRAA ik g
48 AAE ¢ BREEE 240~250°C =
3 10417 7Hdd F ol sl g A&
At o] A= 4-aminooctylbenzene hydro-
chloride $} ZnCl, ©] #Eio) =2 40% NaOH 4=
49 E 200m? 7}ate] Ao 70°Col 4 44
7 14 gt REHES ooz Fag
e E¥aa AAEYS 500m! ¥ 2w o] &
13 LRSS ether 2 Fhialgivh
a2}z o] ether&o] F4o] ¥u7tx] S22 &
2 AL g T FAIEEE dol4 87 o
AZART, AzAE Bo3la ether 3 24 A
A% F 439 ofdEe e A HERKES
¢ 4-aminooctylbenzene 56.2g(FE%F 59.2%)
< 235 b.p. & 136~138°C/10mmHg (L&)
A1 170~172/17) 0] 32 TAEF (nF) & 1.49624 7,

JR(neat, em™) : 3410, 3340, 3010, 2945,
2910, 2845, 1616, 1510, 1460, 1375, 1268, 820;
NMR(neat, &) :0.93¢, 3H), 1.08~1.87(m,
12H), 2.46(¢, 2H), 3.35(s, 2H), 6.35(d, 2H),
6.88(d, 2H).
2.2.2 4-Acetylaminoatkylbenzene &) &<

R A EREE 4-aminoalkylbenzene € <l vl
t FHikel 2AF4ELE MHSt] amino Y| &
otAl g8t At

BEAHRIL T3 200ml Eopxa=e] 4~
aminooctylbenzene 50g(0.243mole) o] 2 AFF4=
£ 40ml(0.424mole) & 713l 4 A 7} fagh EiR
AR, Aoz 4 v9g 42F 200ml 59
Ao d REWE 7HEh 4499 AAe] vty
qek PiHE ZAE FA9A3 £ Hege o
AsHA 7R n~hexane 0 & <izlul T
3t 4-acetylaminooctylbenzene 359.5g(4&E &
65.8%)€ 4R 2™, m.p. & 88~00°C<lr},
IR(KBr, em™) : 3290, 3120, 3050, 2958, 2915,
2848, 1650, 1600, 1510, 1460, 1368, 1265, 825;
NMR(CDCl;, 8) : 0.87(t, 3H), 1.05~1.72(m,
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12H), 2.12¢s, 3H), 2.53(, 2H), 6.98(d, 2H),
7.82(d, 2H), 7.75(, 1H).
2.2.3 3-Nitro-4-acetylaminoalkylbenzene 2]
AR :
BERRE ST 2 BTZ9E R
500ml ZgkxaFel ol A EpLE 4-acetylami-
noectylbenzene 34g{(0.138mole) & 2B 213
i)‘]""?'")ﬁ%a Z}7Zt 180mié 2 7h3ke] MRSt
ZF2g o] &3k —5°C & BHE + KIEH
9 25§ 5°C ol3t2 FA=EF g A WA
Ab 17mi (0. 405mole) B 1A Z+Fek A A3 7}
Ak A3 JFE F 5°CE FAAIREA 14
ZFE B £ 3 o] RERAH S 48
5 Ak eFge] AL sk ol
ZAE FUqAS F2 2AA NS F
methyl alcohol 24 HWHHEI}Y HU.72(F55
86.1%) 4 3—n1tr0-4~acetylamlnooctylbenzen L
AR es, m.p. & 58~59°C g},
IR(KBr, em™b) : 3352, 2940, 2908, 2840, 1690,
1620, 1575, 1510, 1450, 1364, 1336, 1275, 838;
NMR(CDCl;, 3) : 0.86(t, 3H), 1.06~1.90(m,
12H), 2.25(s, 3H), 2.62(, 2H), 7.13~7.53(m,
1H), 7.90(s, 1H) 8.50(d, 1H), 10.26(, 1H).
2.2.4 3~Nitro~4—aminoalkylbenzene9—] BR _
BRSHBE L3I 500m Fepxze] &
Al & 3-nitro-4-acetylaminooctylbenzene
50g (0. 171mole) & ¥ 3 ethyl aleohol 250mi 2 7}
ste] BEAD g A7 443 oml § Jhse
2417k g RBEA A, KEhe ez 4
g g 0.5M NaOH 589§ 200ml of #] 2514
g 249 zAC HHEAddE FAdo3}
€ & 22 A5t methyl alcohol 24 Eihfk
she]  36.5¢(FFE 85.4%)9 3-nitro-4-ami-
nooctylbenzene & #¢l o5, m.p. & 46~47°C
At
IR(KBr, cm™) : 3478, 3360, 2914, 2840, 1628,
1560, 1508, 1460, 1332, 818 ; NMR(CDCL,, 9):
0.86(, 3H), 1.06~1.86(m, 12H), 2.53(, 2H),
5.85(b, 2H), 6.66(d, 1H), 7.15(d, 1H), 7.86
(s, 1H). _
2.2.5 6-Alkylbenzofuroxan 8] &8
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Smith®® o] Akt Hkew SRHFIA #
BER, BEH T WTr2H9sE #3% 500ml
Zalaad gl A &g 3-nitro-4-aminooctyl-
benzene 70.81g(0.283mole)s} B 112m!, A
A (35%) 63.1m & 73tz LL&FRAA A
oA 0~5°CE fAEH, =3 EER £
)%} NaNO, 19.52g ¢ & 67.2ml & ¥e{A =t
E FL9¢ 99 94 BWTFRHAR &84
7hete] 0~5°Cell A 1AM Addd wF
Ao g4 g 2L 5 YRk EESE FU
Aotz AY g ILER IFE FAAZ 20 v
o] A @o} WzA7 >, NaN; 18.33g% 71.3
ml 9 2o BN FE4E AedA T
Y Ax7| A5t wAddch ALr|AS 3ol
2 F a9 ]¢] Qo] toluene o2 FE3}
T 5 FAIEEFS B4 5 % A2AR
t}, AZAL L3e BBt X"
ghazo ¥z 1047 shdsh] AxsAe]
Qo) FAHAG, REHE Aoz ¥4A7
t}8- toluene & F A AR AFH ] 44 6-
octylbenzofuroxan 60.8g(F=5 & 86.6%)%
At EAE GBS 1.39800) G
IR (neat, em™): 2925, 2852, 1618, 1590, 1525,
1484, 1460, 1370, 1348, 1008; NMR(CDCl;, 6}
0.83(¢, 3H), 1.03~2.000m, 12H), 2.70(¢, 2H),
6.80~7.83(m, 3H).

2.2.6 7-Alkyl-2-aminophenazine-5, 10~dioxide
o B

At EiEEs Td 100ml Foa=
o ol &3 6-octylbenzofuroxan 3.97g
(0. 016mole) =} 4-aminophenol 1.75g{0.016mole)
£ 50mi methyl alcohol ol #EHEA & 0.862
(0.016mole) 9] sodium methoxide & 7}st= A
od A AedA 2447 KENZ ¥ RKEHS
272 £A44 chloroform .22 s
) chloroform & FwA]7] thS column chro-
matography (2B, EtOH : CHCl;=1: 2002
BAsEY 2§ AF88 7-octyl-2-aminophena-
zine-5, 10-dioxide 2.43g(F5 & 44.8%) & 44
o, m.pE 110~111°C{dec. )9},

IR(KBr, em™) : 3310, 3200, 2910, 2845, 1598,
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1335, 1074, 805; NMR(DMSO-ds, 8): 0.83(z,
3H), 0.93~1.67(m, 12H), 2.78(;, 2H), 6.73
(s, 2H), 6.97~7.82(m, 2H), 7.93~8.65(m,
4H); Anal. Caled. for CyxHaNzOs: C, 70.803
H, 7.37; N, 12.39. Found: C, 70.58; H, 7.
39; N, 12.43.
2.2.7 2-Aminophenazine-5, 10-dioxide & &
SH%E BREEE T 100m! Feha=
ol benzofuroxan 1.63g(0.012mole) 7} 4-amino-
phenol 1.31g(0.012mole) < tetrahydrofuran 15
mé ¢} methyl alcohol 15mi 8] RAFHR <l
2 0.65g(0.012mole) 2] sodium methoxide &
Asky AomlA ALl 244 7k KREAF o
KEHS Luzd 7] 82 &7 chloroform & 2
WiiEg . chloroform & S A A7 L
ethyl alcoho! & Fihdkdted ZA Aol 2-ami-
nophenazize-5, 10-dioxide 1. 43g (5§ 52.5%)
€ 9929, m.p. ¥ 220~221°C(dec. )% o},
IR(KBr, em™): 3310, 3170, 1608, 1340, 1078,
824; NMR (DMSO-ds, 8): 6.72(5, 2H), 7.10
~8.53(0n, TH); Anal. Caled. for C;3HgN3O,:
C, 63.44; H, 3.96; N, 18.50. Found: C, 63.
53; H, 3.98; N, 18.32.

2.3 HieAE
2.3.1 ZEENHY WME

HIEE phenazine FHH-EL Eo %A @7
o £l @3oqlele] oistd BEENS ME
R 234 FHFFE FASI 1072~1078

FHTE
[~3
s

mole/l 8] & 248 nlE . Fitel

7] 98 sz g Ao P oF 3083} B8
9 IWE5E RECAL 9G¢ RERDS A
(P72 RE 27°C)3tei v,

2.3.2 Kt A%

il RS oS 589 Wik 3, Ste-
phylococcus aurens ATCC 25923, Bacillus sub-
tilis, Escherickia coli ATCC 25922, Pseudo-
monas aeruginosa ATCC 29853, Salmonella
typhi & (ERSI o, iz 184 7+ A o] Brain
heart infusion broth ol B:R At A phe-

nazine FHHEE ol ol F Wil WY WAL
348ty $1%44 Brain heart infusion broth 38g

& FFF Vel BWAA EAxEws #Rsd
v} 22]x phenazine M S o Rgola
2 3 1mg-E ethyl aloohol 1mio| HMAA
Brain heart infusion broth X BE# o 2 EMER
% 3t

Hinkt: A% tube dilution method o 359
€dl, Aol MBS 2 Brain heart in-
fusion broth £ 1ml <) {L & Fx 7t 22+
200, 100, 50, 25, 12.5, 6.25, 3.13,1.56,0.78 ug
fml =] A 8t o] 7)o Brain heart infusion broth
o A FEER HEREMKS 1 loop X RSt 37°C
ol 4 184 7t B#EA b $qoz W PE
< AdAY F g BP9 8% F, minimum
inhibitory concentration (MIC)& &3}¢ v}

3. &R 9 =R

3.1 4%

7 B SRR Scheme 19) Vel Lo
Scheme 1014  4-aminoalkylbenzene 8] A&
aniline 3} alcohol ¥ R Lewis acid ¢l ZnCl, &
FRI$E Lucas reagent 2 #19] 0|, Dean-Stark
trap . 24 o) #fTHl v} ks = B2

Hy NHe mgcm
~ ] ROH, CaMs NHe¥CI {CHsCO) 0
™ InCla
R R
Hécn; He
- HNGs NaNOr
“Crcoon

C}m

2O ety
O

{R=CaHs, CoHiz, Corbr §

ee

Scheme 1. Qverall scheme for synthesis of 7-alkyl-
2-aminophenazine-5, 10~dioxide.
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Bk 7Y) KERR LR, HAR 29
EZdAE 820~823cm™! 2ol A B
C-H ms ke o2& ¥ 5 et
735~770cm™ F-ol A vehte o-RikgES C-
H mstsmiEd solat ¥ & dded, M
#Ee 2 EF A 6.28~6.36ppm 3 6.82
~6.88ppm #ZolA AA’BB’ typed A%
ol2E U ¥ 4 AU
3-nitro-4-aminoalkylbenzene . & #¥] §-alkyl-
benzofuroxan 8] ARMA & o]l £Q LA EFR
o2 b HEPe| glort o] FHikd alkyl
A7k el sl Jdz BHEHES d271M
AT A% A8 EA JE K & ok
A% dopz2BAQ & NaNy 24 Sandmeyer
RES AR #amsts HEd 439,
6-alkylbenzofuroxan 8] #HiH§E AQERdA =
N-O fiEiRE) 9]o]=2"3E 1348~1350cm™ ¥-
ZolA ¥ 4 AR EE{EAEHA phenazine
FEBAANE A 4+ AR, ZF phena-
zine MR M = 3305~3310em™ B 3170~
3200cm™t 2ol Al 2709] N-H fiigiRgy o]
H2E ¥ F 4909, 805~824cm ! F-Zoj Al
phenazine 2] %% FRiRE I3t o)
32 FAY & AR/ ¥z BREE, F
benzofuroxan = ¥ phenazine FEBS] &
ol g dk-Sof ThgEFL ofelof o] o Fo
Aotz §igPes o] lok(Scheme 2).

3.2 XE&N

&5t phenazine FEREE] Eol ¥A @7
W Foll g3tolnigge] A Sl sk vl
Fig.6 ) phenazine HEES) KEERN BE

o o
i, HO@—OR ke
™ Qs
(o]
2 =8 oR
i
(o)

¢
iy OH

80

—y

=8 ;1\/\0R
L

?
N?
=, T
N
'T oR
8

Scheme2. A proposed mechanism for the formation of
phenazine-5, 10-dioxide derivative from benzofuroxan
and phenolic compound.
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¢t9] FAE el

Fig.6° <3P butyl FH##e) 8 107
molefZ &4 44.6dynefem 714 EEEHES ETF
Al R e} critical micelle concentration (CMC) £
Vel = BlES ¥4 ¢ ¢ fidw 29
RS EmmeR Y JxAdE unAFmel
olFelAHZ FF3glEdl, ©] A2 buryl Hilf
f87} hexyl o)1} octyl a8 el 7 9-u ot Bk
of &3t7) wigolztz A}t hexyl B
octyl HHES -4 10*mole/Iof4 CMCE
Vet = Eiifie]l FZE (AN w AR o]
FoizArtz 4489},  phenazine FHME ]
KEEN ETHENS 10 mole/l o) A butyl 7] =
50.2dyne/cm, hexyl>]& 38.2dyne/cm, octyl
7]1%& 32.5dynefem 24 alkyl 719] €}x47} =
A& REEN KTHEN ade Ag ¢
T AJ9, 283 2-aminophenazine5, 10-di-
oxide 2] 7-9-o]& Were] o EWRHY ETF
£ A8 Rt £ 4 Q9

3.3 HithtE

7-alkyl-2-aminophenazine-5, 10-dioxide 2@ 2-
aminophenazine-5, 10~dioxide ¢] gram B4 #i
gram BE#E B A3 MICE Table 1] v}ehy
et

70+ °  CiHg
Z& x GHg
~ 60- > CoHa
§ | 9
@ !
£ o
5 so
> T~
(]
n
2w
-
Wi
Q i
= 30k
[v4 i
2
a |
20
L
S L 1 L I
i I 04 10’ 0%

CONCENTRATION(M)

Fig.6. Correlation between concentration and surface
tension of 7-alkyl-2-aminophenazine-5, 10-dioxide hy-
drochloride.
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Table 1. Minimum inhibit_ory_ concentrations(ug/mi)
of 7-alkyl-2-amimophenazine-5, 10-dioxide

' 7-alkyl-2-aminophena-
) Sample zine-5, 10-dioxides
Organisme. | H [ Cat | Cebs | Cabt

St. aureus ATCC 25923 | 50 125|125/ 25

B subtitis(+) =t 25 | 625 125/| 25
E. coli ATCC 25922(—)<| 50 |125|25 | 25
P. aeruginosa ATCC | 50 |12.5] 52 25
Sal. typhi(=)y - . 50 [125]125( 25 -

-¢alkyl group=H, CiHy, CeHys, CeHiz *Gram po-
“sitive. ¢ Gram negative, . .

* Table 1°) 2]E phenazine FiEifge] A alkyl
717} butyl, hexyl, octyl 7] = ulxjo} Ao we}
o] 2] MIC = gram BB - Staphylococcus
aureus ATCC 25923°] A& A& 12.5, 12.5 &
5ugiml o)z, Bacillus subtilisol  dHAE
6.25, 12.5 ¥ 25pg/mi® eyt zEx
gram [SH&EEQ] Escherichia coli ATCC 25922 9}
Pseudomonas aeruginosa ATCC 29853 &} o} 5 A4
© 22} 12.5, 252 25ug/mi 28] 3 Salmonella
typhio] WA HE 12.5, 12.5 ¥ Bug/ml 21}
it erl, alkyl 19 gt 42545 HiEH
o] At AL ¢ ¢ AT = o9
MIC §- alkyl 7|7} gl 2-aminophenazine-5, 10
—dioxide £] MIC ¢} 8] 2% ) alkyl 7)7} sl& 7
47t alkyl 717} §l& A2} gl FsA)
debtEd RS 1M BES AT —
3]t el = Staphylococcus aureus o) o) &k
1-aminophenazine ] MIC 7} 78ug/mi Q] #A$-2
S} amino 719 937} ZEFHEAT K EHol
A &HE  2-aminophenazine-5, 10-dioxide <]
MIC 7} 50ug/ml <l 9% ¥ 2% =] phenazine
228 AaQA) AxQATE BEfrsle]l 4%
G2 F@T e FRE 2E phenazine dioxide
£ Qul44ql phepazine =¥l E - FHHEPRC
BTl B3 FRE ¢ 4 9 =3
o] AL 1,6-dihydroxyphenazine 7} 1, 6-dihy-
droxyphenazine-5, 10-dioxide &] 73  Escheri-
chia coli ) 9 MIC7F >75 % >2ug/mi gl

g Uls F —FgS, o A= d
°l &9 phenazine FHEMS) 739 N-O &4
ol HiEHe 2 4¢¢ =z AFHY
wzbq SlR3E 7-alkyl-2-aminophenazine-5, 10~
dioxide 9} 2-aminophenazine-5, 10-dioxide & #{
B R AT gram BB R gram BEE
o HEHe) FsA vtebes, alkyl)sb @l
€ AFEHE alkylslzk e 434 Highel
¥ A3 et zels alkyl 2)7F butyl, hexyl,.
octyl 719l %ol 4] "raF7t A2 butyl FHke
AR A AL Adn ge¢ ¢ 4 o
et ,

53 FZEEHN ETEDT MEk=re A4
AE REFHC] 2 octyl Huged] 397} HEs
Jrol o3k wbddel RmiEtke] L butyl FHig
7k A AR fENS AT RS, Q4
Aoz HEEd FHSE BFe MEHeolu
MRESES HE®, T3R8 B 2 v
REEel EE%, M3 ASRS HEYS o
7t BFECl fomz REiEkel =chz 8
of Bl=A HEDel Zshthz & &+ g4& Aol
L= o
98] BBSEREE 43 G FE%0 v Mala-
chite green®ol] Wldte] REFHA MEkS 2
AL HRT $5IE & —Ksdt -

4. # B

aniline ¥} n-alkyl alcohol S 29Ex = 3}
4 623 & 73  7-butyl-2-aminophenazine-5,
10-dioxide, 7-hexyl-2-aminophenazine-5, 10-di-
oxide ¥ 7-octyl-2-aminophenazine-5, 10~dioxide
g Zt7t AEEx, benzofuroxan & 4-amino-
phenol 2 ¥ 2-aminophenazine-5, 10-dioxide
£ AT 98 ©)E phenazine HHMol dldk
RERL HEEAY W4 E vz =489
o},

7-alkyl-2-aminophenazine-5, 10~dioxide ]
Zolul @] Aol XEENS HET SR 10
mole/Z oll A butyl 3535828 = 50. 2dynefcm, hexyl
HEEE  38.2dynefem, 2E 3 octyl HEBE
32.5dynefem 717 EREENS ETARL=z
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Phenazine Ring & 7b3) REGHEMSl Sl = HgkG 3 1) 133

7-alkyl-2-aminophenazine-5; 1D*di0xide = RiE
Ee G E A & F gdad

phenazine FHWES] HEHS =AY &R
o AFe] dA AL gramEEEER YT gram (B
ol 23 MEH S e en, alkyl 77t gl
£ A$29E alkyl7)7t Q& 447t HEHe
q Zstgrt zela alkylZ]7} butyl, hexyl,
octyl 711 Aol A ®hArb AL butyl F5HEEE
7t g AR REHE A AeE dsh
utebA] o] & phenazine FEMA A KERD E
THEHE octyl g Aot a9 HEHS
butyl &gl 2397t 7B Adde FEAA
EEEH ETEDN LS BEM HEEE
o] ¢lvh: BRS BRRst
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