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2 9k Anilineo 2H-8 &3t 55AE AH alkyl benzofuroxane: 9 22 o] 2 #} hydroquinon
3} 4b-g- A1 A 7-alkyl-2-hydroxyphenazine-5, 10~dioxide- 2 #E3A T}, 4542 IR, NMR spectrum,
THEST T2 FABA T ol F BHERES T894 g HEEHE WEHA T, o2 Gram
FA T Gram FA T A btk S FAENLUCY alkylr]7} X335 phenazine %1% alkyl
717} ¢l 1-cahboxyphenazineXd v} &-FAJ o] 7slar, =3 phenazine 49 AL YAo] Az ¢
A7y AFR SI3HEel s fuEke] A Zlo] A=

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. Infrared, 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.
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iodonitrobenzene2. 2 < A] 1-hydroxyphenazine
+ GHEHA R

AAEL 19819 K\ LEBEEE 3 4EEke] Hx
%t [Phenazine Ring-% 713 FE GRS &8
2 HEMEGE 18) el A9 2], S. Suzuki
Eo] &H3F 1-carboxyphenazine(Turbmicine)?
9 Bl Wb, 79 R Bk alkylr]
(CiHg-, CeHyp—)E =18 AmiEttel 7-alkyl-
1-carboxyphenazine

COOH
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PrEtke] et vdte] 4% GA(EFAL
Bitko] = tiE= HESH #elsle] Phenazine Ring
o e A& AAE 4% qrEdHt AL T
29 $UEL PAH B AL HEES
7}A Aoz o Aste] 7-alkyl-2-hydroxyphena-
zine-5, 10~dioxide$ 3-A38lz, alkyl’]& butyl
7], hexylZ] @ octyl7]e] 371#A & 3Fo, ol&
o] HEN WES EETY A3 dAE =24
B}z 3hed ok,

2R B

2.1. Rz U M

A HEol A28 HIFES aniline,
ethyl alcohol, chloroform, acetic acid= E
Merck (59) 4] EFFS AHg3tdoH,
azide, n-alkyl alcohol, hydrochloric acid, sod-
ium nitriter Hayashi(Q )4 EHFZ & A+L3}
Qb =8 3, nitric acid fuming (M]3 1.52),
silicagel (Wako gel C-200)% Wako, Kanto(d
) A EFFE AHEEsle. ARE LEmE
Zolsld AT ##E 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) =2 Elemental Analyzer (Perkin-Elmer
Co) & AH&3tsi et

benzene,

sodium

2.2. k&Pl &,

Aniline?} alcoholf-& ZwlEd 8 3t o4l
BfES A4 7-alkyl-2-hydroxyphenazine-5, 10~
dioxide% ¥4 3tH H.

483k 7-alkyl-2-hydroxyphenazine-5, 10-di-
oxided] alkyl’]:= butyl”] hexylr], octylr] &
747 alcoholir 24 Fubstgl=d] ALl A&
A 7FA] alcoholZ o] A octyl alcohol & &1k3F A
wtS M <sg et =3 butyl alcoholt} hexyl-
alcohold A}-g-8a] & octyl alcohol=j o} 7+-& %
BHZ tgov, AREE old £ito $93t
gt

4~-Aminalkylbenzene®] &p. AsaharaS-o]
anilinec] A 4-amincbutylbenzene & &REEF J
el Tt oM,

Dean stark trape] 23 3§ JA47] & $-34
71 500m! E2}~==9] octyl alcohol 60g (0.462
mole), aniline 43g(0.462 mole), anilinehydro-
chloride 18g(0.140 mole) ¥ ZnCl, (7}2-&-3) 3}
o FI1Fel wAse nAstd AL 4% 2D
44¢(0.323 mole) & 4 7 7| EZErSro) 4] 71 B}
et

?}gL 10417 7F (7= 240~250°C)

F yAste] g zAE Ay

4—Am1nooctylbenzene hydrochloride$} ZnCl,
2 B4gal AEZ 40% NaOHF49 S 200
mi7tate] A oml Al 70°Coll A 247 st B3
stk HbgE e AevtA WA F e EF
E-2 ether 30m/2. oz &3}, &, o] ether
Fol T4 & A7 £2 ALeF T3t
& Y2A AW A=zARY, A2AE ¥

T
ether &

_{

t Z AAG F 2] ohl i

< el REBAEE 3t Lo = 3hE 4-ami-
nooctylbenzene 51.8g(F5 & 51%)S dsith

IR Spectrumol] A 1520cm™1of] —NH,(N-H ¥
Z+-%), 3450~3350cm~Te] —NH,(N-H 4133
Z), 2900cm™ o] —CH,— (alkylZ]9] C—H A&
A%E) Z 825cm~o] p- A (C—H 3w 2=
%) #olag vehgith

o] £42 bp: 136~138°C/10.0mmHg (£&
2| 145~149/14)10] 52 ZH & (n¥p) -2 1.4962(1.
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4950) ©} 1 =,

&3] 4-aminohexylbenzene®] bp—‘& 122~125°C
/10.0mmHg(139~143/14) o} 7. ZA & (n)&
5261(1.5220) 0% +5EL 46%°l°“r+ 4-am-

inobutylbenzene®] b.p.¥ 113~114°C/10.0mm

Hg(133~136/10) 0132 4 E (L 1.5370
(1.5350) 0] =] 5 & 48%°| %
4-Acetylaminoalkylbenzene2| &5t 3543
71 % H2E 100ml ZebaAe (DolA &5
3t 4-aminooctylbenzene 13.2g(0.64mole) s} =
F AARE T4z 9.8ml0.103mole) & &3

el 142 D B

5] ) =] o] A 7—3]_
< Fal 95 pejE &
FA-o] AT w417 (88.0~90.0°C) a-hexane

AAsS AAE 10.97g(FEE
69%)E A,

IR(KBr), 3270(—NH-), 2940~2840(CH),
1655(C=0), 830cm~!(parax &). NMR(CDCl,,
d), 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).

3-Nitro-4-acetylaminoalkylbenzene2| &Rk,

kg, FEA7, 254, Z2-9sE £
H)dted 300ml Zehizo] (2)o A AT 4-ace-
tylaminooctylbenzene 10g(0. 04 mole) & ¥ = 1)
24 50ml, F424F 50mlE hpste] EERSH
%%‘%9’° °]—9‘3}°4 —5°C.‘r. W74e F oul

L

HE RS =4
1.52) 7.5g(0. 120 mole) & 1 ngg.;_ 243
7Vetgleh. bl Aigk F 5°CE {AAIRA
1AL B¢ MG E o ol

)
ol 4

st o] frkEel wlet&L nste] nzvge) gt
AAol AzdE AA7A E& sbsle] Wi
S &

#%

* 2

sttt gl dHGIOTE WA H
2g y 7.328(F5F 62%)% A
5}6

IR(KBr), 3360, 2920 2850, 1700, 1590(N-0O),
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1350, 860cm~'. NMR(CDCl,, &), 0.90(¢, 3H),
1.10~1.50(s, 12H), 2.3(s,3H), 2.45~2.90
(t, 3H), 7.30~8.85(m, 3H).
3-Nitro-4-aminoalkylbenzene2} Aﬁt 35
W27 % BFA7 300ml Sehaed (3)o] A
g AE 3—nitr0—4—acetylaminooctylbenzene 10g
(0.0342mole) & ¥ 31 ethyl alcohol 100ml= 1
L B 4 R S o K R R i () V=
gk & o) BEWE 15417 I &@iets K
S AAste B4 F A3—F Fol T8 4
AT B AAEC] 2ol oA g Fal o
spetel B2 AAHsz o] 94 Wi Wl
Aoz Gfiekstel 5. 74g(F5% 67%)9 A4
L A9
IR(KBr), 3470~3360(—NH,), 2910~2850
(CH), 1620, 1590cm™(N—O)NMR(CDClI;, §),
0.90(¢, 3H), 1.10~1.80 (s, 12H), 2.20~2.80
(t,2H), 6.60(s,2H), 6.70~8.00(m, 3H).
6-Alkylbenzofuroxane2| &g =43 A}
A3 % 500ml 216 34.88g(0. 139mole)
] 3-nitro-4-aminooctylbenzene, 55mle] & 2
3Iml(35%) 9 g AL P AdSFZEL)
A AemA 0~5°C FASAY. w3 wa
Zu)8k 9.50g9] NaNOge| 33mie] §& o] =t
£ pelge) sz A48 Astse] o
& A7 BH8Y gAS Al
A E HER £
23 QeEEA AR
NaN:& 35mle] Lo
HE gov] No7lA7b st et 7
Ha A 7)o Qo] toluenel.
THAGEFCZ A2 e
AAE Eotzmae] ¥ 6 A7
7t st Np7| A ¢ ‘%*B o] FX ). toluene
FAe Zrlge A E
Column Chromatography 2 A A e}, 454y 17.
MUg(FEE 1 50%)S AT
IR (neat), 2920~2840(CH), 1620(C=N),
1260cm~1(N—0O). NMR(CDCl;, ), 0.90(¢, 3H),
1.10~1.90(s, 12H), 2.30~2.90(z, 2H), 6.70~
8.20(m, 3H).
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7-Alkyl-2-hydroxyphenazine-5, 10-dioxide
ol &R FFEA7 2 AAAAE FulE 500
ml F2} 2270} 23. 3g(0. 094mole) 9] 6-alkylben-
zofuroxan¥} 10. 34g (0. 094mole) 2] hydroquin-
oned- 117ml ethyl alcohole] 91 th&- 0.25M
NaOH =89 70mlE 7}3tz AomA AL
A 184 7F Hk3-AHH 6M HCIE pH=47} 9
A7AA sl FAAdsle]l &7 ., ethyl
etherz #&3z F2 AHg & A=d T4
Fa JEFo2A dEu 27t 4 0
EfS A% £33k etherE st} wA| A
9 4pi#s Column Chromatography (A 718
v, CHCI;: EtOH=20:1)& AA|s}e] 19.45¢
(5 61%)2 At

IR(KBr), 3450(—OH), 1610(C=N), 1280~
1260cm~ (N—Q) 19,
NMR(DMSO-dq, 8), 0.95(t,3H), 1.15~1.70
(s, 12H), 2.6(t,2H), 7.20~8.70(m,6H). ¢
a2 84 1 CeHygNyO; : C, 67.94(68.08) : H, 5.00
(5.01) : N, 19.99(16.99). CisHN;0s : C, 69. 04
(69.11) : H, 6.44(6.45) : N, 15.34(15.37) Cy
HyN,O;: C, 70.41(70.56) : H, 7.09(7.11) :
N, 14.08(14.10). ( )& o] &x

2.3 BRRE

KEESHL AFE. 3%F9 7-alkyl-2-hydroxy-
phenazine-5, 10-dioxide®] }EFH st
EHEDE WESA . 23 2545 Ae3s

3
ok 3047 AA ] zwlES kA sEg )
Wilhemyd Mk Kl ZWETS BEst
Pz, KEENF BELS] FA (4L 25°
C) & Fig. 1o vehuoieh,

nEt 8% ¥4 3%5F9 phenazine §
A S BEAEAE K dAFEE Rolw,
ol A& BBk k3l dejrra 34e)
et 7 AN 1miRS WE sEZ] QA
SEst o FI# B2 WEESH heart infusion
agar(Difco) & 45°CE3}e] 7 3l o] Lzl
H 28 QAo 20miy rpslz FLEA EFHA
7 ohE B 3 A s el ol Heipe] 3

NH2 NH2 NHSCHg,
© ROH, CgHNH-HC! i.l (CHzC0)20 @
ZnCl ] !
HNOz
. J,CHBCOOH
N2Cl NH2 NHECHS
NO2 _NaNOp 02 Ho0 NO2
@ HCI HCl
R fiv] R [h1]
1NON3
N3
@NOZ a K:(/N\ HO-O-oH /z‘/ OH
R \N/ R’(I\N/\O/
R vl $ v

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

82l Gram BB Gram BBHBE S Lotz
37°Col A 24r5f Wl oF3te] RABEHEL-EE

MIC)%E #aAstArh Tablelol HERHEES
LoFstg e
3. mR A ER
3.1 &K
7 BHEE SR $) Scheme 17 2t
o}

4-Aminoalkylbenzene[ T )9 &H-& anilines}
alcoholF 2 Lewis acide] ZnCLE FJH3}F Lucas
reagent 24 3¢l 0w FfEC]l #EfTH ol wep A
A& 58 Dean Stark trape 24 prds s 8
st BIAZIW BEfide] el whel KER
Erl LR BEREEE 250°CE dho 10
WERT nZhet AR A2 Al IR spectrum
825cm™lo] p-A A (C—H=le] wza1%5)ar &
T A eu, BEIHEZ 250°C DTYHE o
2 ZA| 9] ¥ol=el 770~735cmI(C—H7 9] o
ZRAF) e B Addeh webq A8s alkyly)
T 227t A5l wet o-X A} p-A A 2
EWAELE S oz 48,

6-alkylbenzofuraxane[V]9] &go] A= o}y
=718 HotzE A7 2, NaNgE ARg8F Sand-
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meyer HF2 0 2] o}z ©3}A 7] t}2- toluene &
e toll A #o et 4 S Bty o]
TN E Az g Sl EgadtEFo R
fE(bate wite] Stk ARAELR TR 9Py
& A% ol fe

RJ:I:’;ZZ + NaOCI -K°_”>R \;jo + NaCl + Hp0
o}

BHES dart=9 AFl A3 fgEatoly
2} 285 alkyl”] 742t benezene® o] A &=
methylener| 7} Atstd 7154 & 93 8lgl7]
ol

3.2 REEA

§73% phenazine FE=A 59 BEEHS A
87 Bl 5A gomz JUEFFY ASdw
3 8l9 v}, 7-butyl-2-hydroxyphenazine-5, 10~
dioxidex F3 g A% 4 F % (CMC)+& ZolE
4 glort, 107%mol/lo| A 38dyne/cm7tA| EH
ENE ETAA 29, hexylr|vt octyl?| 7} X 3
2 F5AH9 A$ 10™*mole/l R A BERESE
AAAE=E ot B F YAt (Fig.2). 7
Z+e| KHEERHETHSL 104 mol /I A butyl~]
T 42.5dyne/em, hexylrlE 32.5dyne/em 2
octyl”] &= 26.8dyne/cmE 4] alkylr] o] gtAAls
ol AFE AT AL & F Atk

3.3 HmE

Alkyl7] 7} phenazinexglo] E<l=o] RERE
e AVA & FeAll= ATl HWI BED
8 F7tE Aste alkylr] & zbA| A Bt Hi
ol AAvs AMde on] A 184 AA
3t

olw] ¥ 3% upo] S3lel, REEMAES A Q

4k 2l phenazine F=4Q1 7-alkyl-1-carboxy-
phenazineo| A alkyl”| 7} octylZ?}Q 7% Bacilius
subtilis PCI-219°1 o 8t /N HRRLIE# B (MIC)
7} 25pg/mlol™], Gram Sl E.coli NIHJ
9} Pseudomonas aeruginosa IFO-308¢] dld}e
+ 50~100pg/mi%] & 4gktt (Tablel).

A EEBEANA &g 7-alkyl-2-hydroxyphe-
nazine-5, 10~dioxide®] alkyl”| 7} 44 ztgt=-
3} 7L octylZ]dw Gram BBitEEel %8 MIC

70 F

[oN]
o

—o— P-C4
——P-Cs
e p=Cs

W
[®]

Fay
(@]
T

~——> Surface tension {dyn/cm)

——o————p
30r
2
°l

] ) L 1

10° 10 10t 10 107

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‘ ae ;ba(;)i(x};e ’{:2;;:&; ; 7-alkyl-2-hydroxyphenazine-5, 10-dioxide
phenazine [VI] —C4H9 [VI] —C6H13 [VU —CgHr(
Staphylococcus aureus 200PJC-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 aeruginosa 1FO-3080(—) - >100 5 10 25
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£ 25pg/mi2A 4718 3MFE X9k Gram
Bl g3t A 10, 25ug/mlo 24 Bk A
WEHNE i $ & F Ak

&% 7-alkyl-2-hydroxyphenazine-5, 10-dio-
xideg A3 B9, alkyl”] 7} octyl”], hexylr] 2
butylr] & ulFo] Aol e} o] &9 MICE Gram
BRMEESl Staphylococcus aurens 209PJC-1¢l ¥}
A= 22 25 10 2 10pg/miol =z, Bacilius
subtilis PCI-219¢| ¥t&dlA] &= 25, 25 2 10ug/ml
2 vebgrh 89 Gram [B#EEQ E. coli NIH]
of ¥l A= 10, 5 % 2ug/ml, Vibrio paraha-
molticus o= 25, 5 4 2ug/ml, X Pseudomo-
nas aeruginosa IFO-30807 %34+ 25, 10
2 Spg/miZ et webA] Gram BiEER
b= Gram &gl ¥i3le]  wo} MRSl HIED
S YA, 37A k&t alkylr] 9o &
£47 AL butyl F5A 7 A \@E HE S
AYE & ¢ Ak 238 olF 37MLEY
Z REFHEEES butyl?] 7 714 domz

& alkyl?] 8] gharl gFesie] sk R
TEHEE S 716 0] agys Kol Fo

Adubd o 2 HiEEML &S BIEERY M &
S Amne, fifakEelt MRS D,
ol A R ARl BE, AR HE R R
HEY lHESS EF ook

R GRS PEER-S Mk &a5st
of AA4AQ MMEERHS dEiste deldoz
o REEEEST HiEdE JdAAE ek
T vk zEV MEERE E3dke RTE
st el mg REEe] Zrhst she] wh=A
WE ol Aotas & 4 g Aol

E o] Fofl 48] 7-alkyl-2-hydroxyphenazine-
5,10-dioxide®] 37bA] {b&#p> =¥ RENE
< A z HiEtke] REESES WS 2
o]x 8o, REEHAN BWF7T HiElkel o
2A 7)o 3k s Foleba A7

REENS 712 Malachite green® 3!2 )3t

2 7R o FAFNAE FEARREA =
2 alkyl?] 9 ga=Frh A8 ol Hipitkel AR S
B F gled oo e FAg TAE v
7] $18te] o we A7t ez s

4. & =R

S 2o REEERS 7-alkyl-2-hydr-
oxyphenaziné-5, 10~dioxide¥ anilinec.Z % ¥
HEste] e BEE Ax astd . alkyls)
= octylZ], hexylr] 2 butylr] & 39 32, %
FERI WAL 5 50% 0] Aol Arh

9 EEESHL 107°mole/lol Al 3747 F=
H 7% 25 58dyne/cm 2ol 10 *mole/lo) A
+= octyl fFEAH = 26.8 dyne/cm, hexyl F54
= 32.5 dyne/em ¥ butyl FE54 = 42.5 dyne
Jem7HA] BT AZ 0.2 2 7-alky-2-hydroxy ph-
enazine-5, l0-dioxide:™ WEEHS 583 vt
Bae dgeh

A GRS EEwe PiEES 24 /R
phenazine 28] A2 Ao A4LY A7} BAE
o] 4 A= FEs} 2L 7240 phenazine di-
oxider dutAq] phenazine 28] & ZE &
ARk HiEhel s, =919 alkyly] b
24 octyl”] 1} hexylr] 25} butylr] & 2t o]
ek MES s =g el HE)
A% Gram BHEE T Gram BEHERC o &
Firyol ot

whebA] o] (LA EKEENETHE S octyl
718 o) A, FEES butylr] &z
o] ¥ #slmz FMENETS HWHEHS A7
Alolo = wh= A FITHAN A= dos A

oz Fetgleh

2 QTE FRYGEAT 24N EgoE
ool Rl AREE FRYGTI] BAE E

= =
g 8 2 9
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