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2 ¢k Aniline2. 238 ZU3te 5%AE A A alkyl benzofuroxaned 92 ©] A=} hydroquinon
3 w34 A 7-alkyl-2-hydroxyphenazine-5, 10-dioxided 4H3IA v, 4Hpe IR, NMR spectrum,
FTFEIN T2 AN, ol F BT TLAS N HEEHS WEINAT, o2 Gram
FATH Gram ST AT HEHES BEIQAY alkylz]7} X 8= phenazine §-5.3 = alkyl
717} 94+ 1-cahboxyphenazineR v} -FA o] 8t:, E3 phenazine 229 AL YA A2 g
At AR ShghEel bR ] A% Aol B E At

ABSTRACT. 7-Alkyl-2-hydroxyphenazine-5, 10-dioxides were synthesized from hydroquinone,
and alkyl benzofuroxanes which were previously obtained through five reaction steps starting from
aniline. Infrsred, nuclear mangnetic resonance spectrometry and elemental analysis were employed
to identify the products concerned in the synthetic processes. It was observed that these alkylated
phenazine oxides lowered the surface tension of water substantially. These derivatives showed
stronger antimicrobial activity against both gram positive and negative micobes than 1-carboxyp-
henazine which had no alkyl side chain. It was also found that the antimicrobial activity of the
phenazine compound increased when the nitrogen of the ring was bound to the oxygen atom.

B4 3viel pyoeyanine

L o} F22¢ & phenazine ring
A2 F SFE) FoktEd ok alkyl o 10 1
A% 740 REEERE BEs 449 A% @ )2
Wasl S M) (FRS] WEHIA B ( 7@‘?,?3 )

e AR AE0]

o #ckste] phenazine ringg 2He A 2.¢-
ANEL KBS ookl A AmEE Hdd | Fok3le] phenazine ringd e A 28 RF

TEHEE AR g,
of wreis] AEK-L 19201 4] Wredes}t Stracksl]

( @:1:;5 ) 9|8l 1-hydroxyphenazineg 3} &pisid =,
‘LLHS 195010 Hegedusoll &#" 2, 6-dinitroanilines} o-



458 A0 - B8

iodonitrobenzeneo 2 9 A] 1-hydroxyphenazine
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AA-F-E 1981 ARILBEIE 3ol LR
3} [Phenazine Ring % 713 REGHEES] &8
3 2 HiEkE G 18) ] A9 2o, S. Suzuki
9] &mE 1-carboxyphenazine(Turbmicine)}?
o gl ke, 79A) BAEQ alkyl?
(CiHo-, CeHp—)& =13 FEEHS 7-alkyl-
I-carboxyphenazine

o0oH
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o] ¥t Z Hiftke] Eohe A& B}

F BRAAE, Aoz 33 okl
PUEEC] gledl vt 43 GRS EFALE H
o] 2the HE%] A¢kste Phenazine Ring
o P A AAE 44 drEddt e F
Z9 FPEL PA4d 2 FHI kS
1R Ao g o Ado 7-alkyl-2-hydroxyphena-
zine-5, 10-dioxide- ¢ A st=, alkyl7]E butyl
7), hexyl?] @ octylA1¢8 374A =2 3o, ol &
o) HEM WHE HEETY 4 34 E =44
Stz 3o

2 X %W

2.1. B#E % 8.

& EEol 2}2-3 HZFES aniline, benzene,
ethyl alcohol, chloroform, acetic acide E.
Merck (5-) A E¥5& AHE-3t49 29, sodium
azide, r-alkyl alcohol, hydrochloric acid, sod-
ium nitritet= Hayashi(® 2)A EFE£& 435
gt =8 =, nitric acid fuming (8] F 1.52),
silicagel (Wako gel C-200)& Wako, Kanto(
2) A SFEE A8 AT ket E
Foldtod AT B{ET Melting point Ap-
paratus (Fisher-Johns), IR Spectrophotometer-
{Perkin-Elmer 735B), NMR Spectrophotometer
(Varian model HA-60), Refractometer(Bausch
& Lomb Co), Surfacetensiometer{Simaz model
ST-1) ¥ Elemental Analyzer (Perkin-Elmer
Co) & AH&3tq .

2.2. {L&%el &8

Anilines} alcohol 3 222 =2 dlod o4l
RS A3 7-alkyl-2-hydroxyphenazine-5, 10~
dioxided 31435t v},

EEE 7-alkyl-2-hydroxyphenazine-5, 10~di-
oxide®] alkyl”]+= butyl>] hexyl?], octyls] &
7HA alecoboliF 24 ZR3lA vl A=
A 7R alcoholZF o) 4] octyl alcoholZ &3 A
kg <39k =g butyl aleoholrt hexyl-
alcohol& A}-&&d % octyl alcoholwf s}t e &
BRE o, AREE old F3q S8t
ot

4~Aminalkylbenzene2l &m. Asahara%-o]
anilinee)| 4] 4-aminchutylhenzene & &3 #
el F3hd o

Dean stark trape] 28 7 QY247 & 244
2 500m! Eet2=0) octyl aleohol 60g (0. 462
mole), aniline 43g(0.462 mole), anilinehydro-
chloride 18g(0. 140 mole} 9 ZnCl, (7}9-23) 3t
o F71F B3 nAstg AL EH3 A)
44¢(0.323 mole) & ¥ 1 Fl Eebgof A s 3}
g,

EHES 1047 7MY (FFEE 240~250°C)
3 F d2sle] o ZAE i

4-Aminooctylbenzene hydrochloride$} ZnCl,
9 B9l zAE2Eel 40% NaOH§4 S 200
mivtete] Aoy 70°Col A 227 7l ¥
stget, bSEE ARk WS F uSEY
E2 ether 30mlZ o)y 543, F, o} ether
Fol F40°] d #7A E2 L7 F5Eiht
EFS A 33y Az A2AE ¥
2|3 ¥, etherg % AAT H 39| otd P
g s RMEHEEE st 22 = 4-ami-
nooctylbenzene 51.8g(55 & 51%)2 43+t

IR Spectrumo] A 1620cm™'o] —NH(N-H
ZF&-E), 3450~3350cm™el] —NH,(N-H A&z
E), 2900cm™1o] —CH,~— (alkyl”|®] C-H4 &
AE) 2 825emtol) p-AHA(C-H B H 43
29 Hol=zE et

o] £49 bpe 136~138°C/10.0mmHg (%8
A 145~149/14) 101 1 T F (#%p) 2 1.4962(1.
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4950) ¢ 51+,

%3 4-aminohexylbenzene®| bp= 122~125°C
/10.0mmHg(139~143/14) ol = 24 F(3e 1
5261(1.5220)°18 FE5§L 46%°12 . 4-am-
inobutylbenzeneg] b.p.¥ 113~114°C/10.0mm
Hg(133~136/14)°1 2 A& (B 1.5370
(1.5350) 0l +5F-& 48% ol %ith.

4~Acetylaminoalkylbenzenes) &t. %
A71% 235 100ml Fetazel Q)M 4
%t 4-aminooctylbenzene 13.2g(0.64mole) s} =
T A4 FT24 9.8ml0.103mole) F £
Bted 1 A7 7t SFatgdo

HEFEFE YA dg—F 200midel A
em A qheES Fon FM Yo &3
Aok 4% 3 AAFL &l o3 2T F
Aol 4AF w717 (88.0~90.0°C) n-hexane
2% Sy ARG PAE 10.97¢(F5F
69%)& AR

IR(KBr), 3270(—NH-), 2940~2840(CH),
1655(C=0), 830cm*(paraz] 3)). NMR(CDCl,,
é), 0.85(¢+, 3H), 1.05~1.80 (s, 12H), 2.10
(s,3H), 2.32~2.80 (¢, 2H), 6.90~7.60(m,
4H), 8.75(s, 1H).

5 5

& ook

L}

3-Nitro-4-acetylaminoalkylbenzene?| & 5.

AR, SR, EA, Z2ErE
H)3te] 300m! ZebAe () A ST 4-ace-
tylaminooctylbenzene 10g(0. 04 mole)2 @ = 1l
24 50ml, FzA 50mi% dndlte B
LEFTRE o] &3t —5°CZ Y43 F ub3E
8 £ & 5°Colta A gAY E
1.52) 7.5g(0.120 mole) & 1 A7 A= 2 A4 4|
Zbetd ek s A% F 5°CE FAATRA
147 &< WRiEste] F obg o 9§ E%E
& EEES ¥od =34 A E Hiiks
o o] Fol gt ER N T HE &
3 o] {Efgol oletZ2  dmdted ML I
F AAol Agd FAnA 4 A3t HiLh
Sl ot Fo] € HG9C) R 2] HWER &
g wEIP L, 7.328(r5F 62%)¢ 4%
t}é,

IR(KBr), 3360, 2920 2850, 1700, 1590(N-0),
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1350, 860cm~L. NMR(CDCl,, ), 0.90(, 3H),

1.10~1.90(s, 12H), 2.3(s,3H), 2.45~2.90
(t, 3H), 7.30~8.85(m, 3H).

3-Nitro-4-aminoalkylbenzene2] & 5
WA E A9 300ml Exkaze] (3)el A
T A 3-nitro-4-acetylaminooctylbenzene 103
(0.0342mole) 2 @32 ethyl aleohol 100mi2 1
ted ggelgch, o7lel AF Fa 10miE
nE F o] REHE 1.5 ¥ ERste
Bs A%t B4 F AE—F S T2
nriv] e AdEe] dejFHeh oA g Fl o
spetel B2 AR FHl QAT oA v
AL 2 MRS 5. g (FFF 67%)9) A4
5 A9

IR(KBr), 3470~3360(—NH.), 2910~2850
(CH), 1620, 1590cm'(N—Q)NMR(CDCl,, 8),
0.90z, 3H), 1.10~1.80 (5,12H), 2.20~2.80
(¢, 2H), 6.60(s,2H), 6.70~8.00(m, 3H).
6-Alkylbenzofuroxane| &g =<-A43 A7}

ZA 5 500ml FEtzze] 34, 88g(0. 139mole)
€] 3-nitro-4-aminooctylbenzene, 55mi9] &
3ml(35%)9 A F3E Yz dLFES
A AewdA 0~5°CE etk =& o
Fu) g 9.59g9] NaNO.e| 33mie] 2& do] =l
T A s FAA g A3 AHasle v
obz Bk g2 A7 2] gAg vy
FAdS e g gNS W F
HlojFe Y LM JRE
WA A 9ge] NaNgg 35ml9) Fo &
HE FE&A L P o] Nyl sty 7
H Aol gt F FAAg vje] 2ol toluenes
2 $%%xr T3 MEFeR AxAY g
g 3477 AR EFetszel Y 647
793 Np7|#i e wA8e] F3]5 4lv}, toluene
€ FEARD g AFENY BYE dAE
Column Chromatography 2. & | 8}e], LR 17.
Hg(FSE 1 50%) 8 dArs

IR{neat), 2920~2840(CH), 1620(C=N),
1260em~1{(N—Q). NMR{(CDCl,, §), 0.90(¢, 3H),
1.10~1.90(s, 12H), 2.30~2.90(¢, 2H), 6.70~
8.20(m, 3H).

o o
HEES
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7-Alkyl-2-hydroxyphenazine-5, 10-dioxide
ol . 7424 4 AARAE FHE 500
m! £} 279 23. 3g(0. 094mole) 2] 6-alkylben-
zofuroxan®  10). 34g (0. 094mole) 2] hydroquin-
oned 117m! ethyl alcohole] %91 ©}2S- 0.25M
N2OH =89 70miE 715tz Aowiy .2
A 1847k W-gAZTh 6M HCIE pH=47}
A7AA ek R Rdqrlel &7 ¥, ethyl
ether2 #3333}z £2 AN &£ Az T4
4 JEFo 2 &g FrA%H F4 0
EfS 43 Fesha etherd: 23t =4
9 4pg4<¢ Column Chromatography (A A&
of, CHCls: EtOH=20:1) 2 AAste] 19.45g
(T5F 61%) S 48t

IR(KBr), 3450(—OH), 1610(C=N), 1280~

1260cm~ (N—Q)1°,
NMR(DMSO-dg, 8), 0.95(t,3H), 1.15~1.70
(s,12H), 2.6(t,2H), 7.20~8.70(m,6H).
¥4 1 CeHgN:O; : C, 67.94(68.08) : H, 5.00
(5.01) = N, 19.99(16.99). CygHoN,0; 1 C, 69.04
(69.11) - H, 6.44(6.45) : N, 15.34(15.37) Ca
HpNO;: C, 70.41(70.56) : H, 7.09(7.11) :
N, 14.08(14.10). ( )%& o] £

2.3 PRAE

FEENL Ak, 3ZF9 7-alkyl-2-hydroxy-
phenazine-5, 10-dioxide®] YE=Fdd o sty
FHERDS WESE) 23 ZH54E AL
o} 1072~107%mol /i8] 7ZE 42N L ubE3 £
e} S =7l 918k sEF QA Y=,
o 308 AAY FAEL G,
Wilhemyd FERE kel ZMEHS WES
Fx, FEERHF BRESY A (ALx 25°
C)E Fig.1el Vel gict,

e BB 9498 3% 79 phenazine §
EAE BHARGHR UBTEE Foz,
| A& BEmEEA kdlo ooz 3438
et 7 FA4Y ImidE BB wlEe] A
FEST 08 =Yg WET heart infusion
agar(Difco) & 45°CE3le] 7z g Mol 4l
sl Eg] QAo 20mid JlEln FUsA A
70 ohg- Fitol S nsA kol o] gkl 3

NH2 NHECHg,
noa%mz HCl @ (CHaC0)20 @
ZnClz n i}
lHNO3
N2Cl NHCCH3
©—N02 Naho Koz _H20 NOz
HCl
R {iv] R (]
NaNz
Nz q
@N"Z a Ny HO-O-0H N A~ OH
o Oy
R * [vil

Fig. 1. Synthetic route of 7-alkyl-2-hydroxyphe-
nazine-5, 10-dioxide.

9 Gram &H:E> Gram MBS JFZ3)=z
37°Coll A 24p5R] Wl st RABEHE L BE
MIC)E Aastgdrt, Tablelol REEEZ
g ok o},

3. /R Y ER

3.1 &l

7 B R
o}

4-Aminoalkylbenzene( | }¢] &B-2 anilinest}
alcohol 5 2 Lewis acid¢l ZnCl,E & Lucas
reagent 24 3}%l oo Kol #ETH wal y
A5)E B Dean Stark trap2 84 fats) 8
o] BWA I Rflle] H AT vzt FREE
Ert RS BESREE 250°C2 39 10
Wefal In#hdd RER 42 £ IR spectrume
825cm™1o] p-A| GA| (C—Hele] HAaE)a ¥
o Ao, REEES 250°C LTFLW = o
A Fol=zel 770~735ecm™I(C—Hw 9]
Z4AEIE B9 A webq A8 alkyly
< 27} %%‘ﬂ'c'ﬂ utet o-X) B2 7} p-X 54 2
BB Jog &85t

6-alkylbenzofuraxane(V)8] &gl A= o}u}
=718 fota#A7| 3, NaNgE A-£% Sand-
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Phenazine Ring& 713 REFEMS 453 2 Mg A2 2) 451

meyer 4o A ofx =& A 71 )L toluene £-
o toll A SgAReted o2 S HEe) o
FEHAE A2 gt Solxdaileagoesn
FETHe wh Yol Ak, AAETE FA9 wy
& 9% o4E

Rﬁ:’(’; + NoOC!

HES 44729 Ao 9g gwiRatoly
2} 235 alkyl”) 7}-2d] benezenedllo] A ¥m
methylene”| 7t 4tsbd g4 & - sdds]
ol

3.2 EE®EAN

F4 & pbenazine FEH &S HEEHS A
E7} Fo ¥x goenmz JeFHo Pt
22319 v}, 7-butyl-2-hydroxyphenazine-5, 10-
dioxidew F9q A A S (CMC)E olE
T o, 107%mol/ldl Al 38dyne/em7tRA] RH
BNE ETAR2H, hexyl7|H octyl?| 7} X1 %
H FEAQ A$ 107molefl B4 BEFEsH
RAAFES Fol B ¢ YAk Fig.2), &
7o FEERNE TS 10 mol/l=] A butyl7|
= 42.5dyne/cm, hexylrl¥- 32.5dyne/em 2
octylZl & 26.8dyne/cm3 A alkyly] &) €zal&
o] A4E ActE AL ¢ 4 Uk

3.3 REH

Alkyl7] 7} phenazine™.#]dll %4 =] RiETE
e AWA 2 f2als AATd #HI BRED
8] F7t& lEte alkyl’| & A GERL 5
#hel ARYdE AAL ojn] A 1HeA AN
et

olm] B3 upoll od}nl, REEMES A 2

KOH KIN\O 4
—_— . NaoCl + H20
ROV
0

4t Q] phenazine §%41Q) 7-alkyl-1-carboxy-
phenazineo] A alkyl?] 7} octylZ?} 7% Bacilius
subtilis PCI-21991 o ¥ /I 5 EBLIE B BE (MIC)
7¢ 26pg/mlel™], Gram K@il E.coli NIH]
8} Pseudomonas aeruginosa IFO-308¢] tf3d}o]
= 50~100pg/mig]-& <otk (Tablel).

4 BREBAA &3 7-alkyl-2-hydroxyphe-
nazine-5, 10~-dioxide®] alkyl~]7} 471§ 23t
2L octylZ] g Gram Bkl 3 MIC

—CO— P-C4
— —H—P-Cs
=] .
“§. T paCy
s
NS
=
S 40T
v
=4
(]
+ 4——o———
8 30r
o
e
= « -
o]
[7p}
20 [
}\ b J 1 1 5
10° 10 10t 10 10

Concentration (M)

Fig. 2. Correlation between concentration and surface
tension of 7-alkyl-2-hydroxyphenazine-5, 10-dioxide
sodium salt.

Table 1. Minimum inhibitory concentration (MIC) of 7-alkyl-2-hydroxyphenazine-5, 10-dioxide.

Organisms 1 _f’ arboxy ’{ﬁ: l—x y 7-alkyl-2-hydroxyphenazine-5, 10-dioxide

PRenazing | phenazine | (VII-CHy | (VII-CoHia | (VI)-CoHy
Staphylococcus aurens 209PJC-1(+) >50 25 10 10 25
Bacilius subtilis PCI-219(+) >50 25 10 25 25
E. coli NIHJ(—) >>50 50 2 5 10
Vibrio parahamolti cus(—) — — 2 5 25
Pseudomonas acruginosa 1F0-3080(—) - >100 5 10 25
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€ 25pg/mi2A 718 H{ES ZAAd Gram
gl ol AE 10,250/ mie 24 B} 4
HEHE el S ¢ 5 sk

3 7-alkyl-2-hydroxyphenazine-5, 10-dio-
xide€ A# ®ul, alkyl”] 7} octyl”], hexyl?] 2
butvly) 2 upito] Aol wet o] Ho] MICE Gram
BRIE S Staphylococcus aurens 209PJC-14 ¥4
#H| A ZF2 25 10 2 10pg/micl=, Bacilius
subtilis PCI-2194 ¥ A& 25, 25 2 10ug/mi
2 vety, 3k3 Gram BHHEI]l E. coli NIH]
of A 10, 5 % 2ug/ml, Vibrio parcha-
molticuso] = 25, 5 9 2ug/mi, L Pseudomo-
nas aeruginosa IFO-308071 ¥+ 25 10
R Sug/mig viebsier, wheld Gram BRIEER
e Gram BaiEEECl ¥sted B} 83t HIEDH
& vEpiE, 3713 {b&HIHEE alkylr] o] &
247 4L butyl F2471 7HF B HBHE
ARE & 4= k. 28 o F 37MALEY
ZF REFBEEE butyl7]7) 713 Fewz HE
& atkyl?] 8] ©&Fr gedo]l A3 RE
BHEEE 2o Aads Fo| vt

dubd o2 AL E&®LY HEERAIIE
& AARY, ffRsge MibEEE OE,
WAL Ewke] E FRAEES HE E %
RES HESS &5 2ok

RiEmiGERel MEEA-S #iakmd Bt
of F4A<) MEEES W dojdoz
o REGEESR et 2394 E el
¢ A,z WEFRE $3E ATE
o2l slAlol me REEHke] 2ot sk k=4
HENe) Algtzes & ¢ g& Aol

B o Fell 42 7-alkyl-2-hydroxyphenazine-
5,10-dioxide®| 37bd {LEHES =T REGHE
< AV z HEEe] REEEST BTHESE B
ol @&, REEIEMN AT/ MEE o
ar 713 sfgolek Qs

REEKES 73 Malachite greeno 212 &

2 @FAe QFAFAANE BAKEA =9
% alkyl7} 9] &7 AL 9 fiEo] AdE
B F oded oo #g FAGF TAE oA
7] $18te] o @ dFrt goz Jdge

4. ¥ =&
MHES 2 REEEHQ 7-alkyl-2-hydr-

oxyphenaziné-5, 10-dioxider= anilines.2 -
st d RS A4 SHEe alkyl?)
= octyl7], hexyl?] 2 butyl”] 2 3t 2, 4B
FARN HFL EF- 50% e Aol Rk

£ EEEHE 107°mole/ld A 3744 =
H 7 2% 58dyne/em F-3Zo)v}, 10~*mole/lol) A
= octyl FEAE 26.8 dyne/cm, hexyl 53
+ 32.5 dyne/em H butyl F-Z4 & 42.5 dyne
fem72] EFAR 22 7-alky-2-hydroxy ph-
enazine-5, 10-dioxidet WREHHES 403 v}
B a3t

B ARE L& EES 24 R
phenazine 2] Azt AadA7t EELE
5o 424 EFFH 2-& F=¢ phenazine di-
oxider €43 ql phenazine Z¥ & ZE F=
ArcEs fHEHel &skel, =94 alkyl”] 7+
21 octylZj 1} hexyl”] 2.t} butylr] & e3¢
e MEIS NI =3 ) FTe] A8
A= Gram BHEHECHE Gram BB o %
Riyol At

wpeky o] {LEH RERNETHRNL octy I
g o] 2z, MEES butylllE 2
o] ¥ @itn= ;‘éﬁ%’EﬂET&} P Al I
Aolofl = wbe A FTFRA QAL goe A
o2 HBastg e

B AFE ERREEAT 29 BgoE
g rl, AREE FaYYIo] PHE =

At
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