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I t  i s  known tha t  9 - a r y l a c r i d i n e  d e r i v a t i v e s  a r e  of ten  b i o l o g i c a l l y  m o r e  a c t i v e  t han  the u n s u b s t i t u t e d  
compounds  [1] .  Con t inu ing  o u r  s e a r c h  f o r  a l i nk  b e t w e e n  c h e m i c a l  s t r u c t u r e  and b i o l o g i c a l  a c t i v i t y  [2], we  
have  s y n t h e s i z e d  a n u m b e r  of 9 - a r y l a m i n o  d e r i v a t i v e s  of  7 - n i t r o a c r i d i n e  wi th  the  fo l lowing  s u b s t i t u e n t s :  
a n t h r a n i l i c ,  m e t a n i l i c ,  p - a m i n o b e n z o i c ,  s u l f a n i l i c  a c i d s ,  p - c a r b o m e t h o x y a m i a o b e n z c n e s u l f a m i d e ,  and a l s o  
n o v o c a i n a m i d .  I t  w a s  thought  t ha t  a m o n g  t h e s e  c o m p o u n d s  t h e r e  would  be  s o m e  wi th  both  a n t i b a c t e r i a l  and 
a n t i i n f l a m m a t o r y  p r o p e r t i e s  [3, 4]. 
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T A B L E  1. 9 - A r y l a m i n o s u b s f i t u t e d  7 - N i t r o a c r i d i n e s  

Com- 
pound 

18 
Ib 
lC 
Id 
Ie 
If 
Ig 

lla 
Ilb 
IIC 
lid 
lle 
llf 
Hg 

Illd 
Illb 
IVb 
Va 
Vb 
Ve 
Ve 
Vf 
vg 
Via 
Vlb 
VIe 
Vile 
VIII 

V 
)I 
~8 

$7 
T7 
79 
75 
91 
89 

76 
91 
87 
83 
96 
92 
52 
57 
66 
79 
59 
,56 
71 
92 
64 
82 
92 
54 

Melting point, ~:N d' Empil~cal fomaula 
"C 

193---4 
267 
271 

>300 (with decomp.) 
>300 (with decomp.) 
>300 (with decomp.) 

272 
>300 (with decomp.) 
>300 (with decomp.) 
>300 (with de~omp.) 
>300 (with de comp.) 
>300 (with decomp.) 
>300 (with decomp.) 
>300 (with decomp.) 

286 
303--5 

>300 (with decomp.) 
148 
2O5 
2O9 
238 
180 
167 
237 
132 
238 
238 
224 

10,31 
i 9 , 9 8  

10,11 
10,07 
10,50 
9,64 
9,80 
9,60 
9,28 
9,23 
8,96 
9,22 
9,28 
8,77 

I0,62 
9,60 
9,22 

12,96 
12,36 
12,21 
12,99 
12,47 
12,51 
12,27 
11,90 
il,83 
12,96 
11,24 

C~oHI~ 
C2,H. 
C,tH. 
C,IH. 
CzIHI~ 
C2oH,I 
C2oH,. 
CI,H,~ 

C,oH. 
C,oH,~ 
C,oH,, 
CI�HH 
CI�H,. 
C,,H,' ~ 
C,,H,~ 
C~oH,, 
C~6H,: 
CtTH, 
CtTH21 
C,THV 
C~6HV 
Cz,H~, 
C~:Hv 
C,,Hv 
CttH, 
CtoHII 
C,,H, 

NsO �9 HCI 
NsO �9 HCI 
NaO~ �9 HC1 
NaO .HCI 
NsO '. HCI 
N3C 04. HCI 
NsC] 04. HCI 
N~O ,S. HCI 
N sO ~S- HCI 
N30 ;S. HC1 
N~O S.HCI 
N.O S. HCI 
CfN O6S. }ICI 
CINI ObS. I-ICI 
N 3 ( '4" HCI 
N3OvHCI 
N~O ~S. HCI 
N60 ,.2HCI 
Ns0 t. 2HCI 
N6O L' 2HCI 
NsO ,.2HCI 
CIN O3.2HC1 
CINI O~. 2HCI 
N4OB 
N40; 
,N(06 
'N40, 
,N,O~ 

Calculated, 
%N 

10,61 
9,87 
9,87 

I0,25 
10,25 
9,76 
9,76 
9,73 
9,10 
9,10 
9 ,42  
9 ,42  
9,01 
9,01 

I0,25 
9,87 
9,10 

13,90 
12,49 
12,49 
12,86 
12,40 
12,40 
12,38 
II ,63 
12,01 
12,78 
I1,30 
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TABLE 2. 9 -Ary laminosubs t i tu t ed  7 -Aminoac r ld ines  

Com- 
pound 

IXa 
IXb 
IXc 
IXe 
IXf 
IXg 
Xa 
Xb 
Xc 
xd 
Xo 
Xf 

XIb 
XIe 
XId 
XI.e 
Xlf 
xIg 

XIIa 
XIIb 
XlIe 
XIId 
XIIe 
XIIf 
XIlg 
XIII 

65 
63 
67 
80 
67 
58 
68 
54 
59 
71 
72 
54 
64 
93 
54 
94 
96 
94 
57 
72 
72 
64 
53 
64 
59 
76 
5O 
71 

Mel~g point, 
~ 

74 
67 
71 
72 
66 
62 

243 
237 
131 
154--5 
265 
25O 
91 

201 
2OO 
2O5 
225--7 
202 
203--4 
159 
145 
191 
180--2 
142 
148 
230-- 1 
95 

271 

Found,%N ] Empirical formula 

11,12 
11,12 
10,80 
11 M2 
11,02 
11,09 
12,96 
12,t2 
9,87 
9,74 

12,20 
II ,80' 
11,62 
16,35 
15,41 
15,52 
16,21 
16,08 
15,77 
14,27 
I0,81 
10,12 
9,74 

I0,36 
9,88 
9,73 
9,98 

l1,76 

C~eHigNsO" 2C2H,O4 
C27H3xNsO~'2C~H~O4 
C~TH,1NsO2- 2C~H:O 4 
C~TH~IN~O'2C~H204 
C.sH~sN6CIO" 2CzH~O 4 
C~sH,sNsCIO" 2C~H~O 4 
CtgHleN4OzS.2HCI 
CzoHIsN403S .2HCI 
C~oHlsN403S" 2C~H204 
C2oHtsN40~S. 2C~H~O, 
C~oH~sN~O~S- 2HCI 
C~oH~sN~CIO~S. 2HCI 
C~gH~CINIOsS. 2HCI 
C~H~N~O~S. HCI 
CzoHziNoO~S. HC[ 
C~H~N~O~S. HCI 
C~Hz4NoO=S-HCI 
C~H=aNsO~S. HCI 
C~H~CIN~O~S- HCI 
Cz~Hz~CIN60~S. CzH=O~ 
C~oH~oN~O4.2HCI 
Cz=HesN40 ~ . 2HCI 
C~THzsN~O~ .2HCI 
CoCH,sN~O 4.2HC1 
C~HzsN404.2HCI 
C~sH~CIN~O~-2HCI 
Ce0H~CIN~O~- 2HCI 
C~oH~sN~O ~-2HCI 

Calculated 

!1.53 
I0,98 
10,98 
11,27 
I0,90 
10,90 
12,81 
11.99 
9,75 

10,03 
12,41 
11,87 
11,87 
16,57 
15,65 
15,65 
16,13 
16,13 
15,52 
14,12 
10,54 
9,98 
9,98 

l0,27 
I0,27 
9,90 
9,90 

I 1,48 

The compounds were  p r epa red  by the reac t ion  between 7 - n i t r o - 9 - c h l o r o a c r i d i n e  and i ts  2 -  and 4 - m e t h o x y -  
m e t h y l -  and c h l o r o - d e r i v a t i v e s  [5- 7] and the cor responding  acids in d imethy l fo rmamide ;  the following c o m -  
pounds were  p repa red :  7 - n i t r o - 9 - ( o - c a r b o x y p h e n y l a m i n o ) a c r i d i n e  hydrocblor ide  (Ia) and i ts  2 -  and 4 -methoxy- ,  
methyl - ,  and c h l o r o - d e r i v a t i v e s  (]b-g}; 7 - n i t r o - 9 - ( m - s u l f o p h e n y l a m i n o ) a c r i d i n e  hydrochlor ide  (IIa) and i ts  
2 - a n d  4 - m e t h o x y - ,  methyl - ,  and c h l o r o - d e r i v a t i v e s  (E]b-g) ;  the hydrochlor ides  of 2 -  me thoxy-  and 2 - m e t h y l -  
7 - n i t r o - 9 - ( p - c a r b o x y p h e n y l a m i n o ) a c r i d i n e  (IIIb and Hid); the hydrochlor ide  of 2 - m e t h o x y - 7 - n i t r o - 9 - ( p -  
sulfophenylamino)acr idine (IVb). The reac t ion  between 7 - n i t r o - 9 - c h l o r o a c r i d i n e  and i ts  substi tuted de r iva t ives  
with the base  of novocainamid in phenol gave 7 -n i t ro -9 - [p - (2 ' -d i e thy laminoe thy lca rboxyarn idopheny lamino) ] -  
acr id ine  dihydrochlor ide  (Va), i ts  2 -  and 4 - m e t h o x y  (Vb-c),  4 - m e t h y l -  (Ve), and 2 -  and 4 - c h l o r o d e r i v a t i v e s  
(Vf-g). 

The compound 7 -n i t r o -9 - [p - (me thoxyca rbony laminopheny l su l fonamido ) ] ac r id ine  (Via), and i ts  2 - m e t h o x y -  
(VIb), and 2 -  me thy l -  (VIc) der iva t ives ,  and 2 - m e t h y l -  7 - n i t r o -  9 - (p-n i t rophenylsu l famido)aor id ine  (VIIc) were  
obtained by  the reac t ion  of 7-  n i t r o -  9 -  aminoacr id ine  and its 2 -  me thoxy-  and 2 -  me thy l -  substi tuted de r iva t ives  
[8] with carbomethoxyaminobenzenesul fonylchlor ide  and p -n i t robenzenesu l foch lo r ide  in pyridine.  

NHz O~N H~N~P~ A~ '1.. 

~Ta-c ; I~c 

E: ~'~-O?_8~NHCOOOH3 ; ~r: 1 ~ ' - o z s ~ r 0 7  " 
~) l~=H b) B= Z-OH30 c) B:g~OH 3 

To de te rmine  the effect  of the methyl  group on the biological  act ivi ty,  2 - m e t h o x y - 7 - n i t r o - 9 - [ p - ( m c t h o x y -  
ca rbonylaminophenylsu l fonamidomethyDacr id ine  (VIII) was  synthesized by  reac t ing  2 - m e t h o x y - 7 - n i t r o - 9 -  
methy laminoacr id ine  [9] with ca rb~176176176176  

The c h a r a c t e r i s t i c s  of the 9 - a r y l a m i n o  de r iva t ives  of 7 -n i t roae r id ine  a r e  given in Table 1. 

The reduct ion of compounds V a -  c and e -  g with stannous chloride [10, 11] gave the dioxalate of 7-  a m i n o -  
9-  [p-(2' -d ie thylaminoethyl  carboxyaminophenylamino)]acr id ine  (IXa), and the cor responding  methoxy- ,  methyl- ,  
and c h l o r o - d e r i v a t i v e s  (IXb-c,  e - g ) .  
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The compounds 7 - amino - 9 - (p-sulfonamidophenylamino)acridine (Xa), 7 - amino-9-[p-(4' ,  6' -dimethyl- 
pyrimidino-2'  -sulfonamidophenylamino)] acridine (XIa), 7-amino-9-[p-(2 '  -diethylaminoethylcarboxylato- 
phenylamino)]acridine (Xiia) and their 2- and 4-methoxy-,  methyl-  and chloroderivatives (X-XIJb-g) were 
prepared by the reduction of the corresponding 7-nitrosubstituted compounds [2]. 

N 

X - ~  a-g 

a) R=H 
Z: R '=-~SOznHZ cH~ b; ~=Z-OH~O 

2/: N'= SOgNH dt I~=2-GH 3 
H3. e) H=4-OH 3 

.~= F,'= "(/  \)-O00CHzOHz~(Cz~)Z f) R=z-o] 
g) 1~=4- Ol 

The trihydrochloride of 2-  methyl-  7- amino- 9-(p-aminophenylsulfamido)acridine (XIII) was obtained 
by reduction of VHc. Character is t ics  of 9-arylamino derivatives of 7-aminoacridine are  given in Table 2. 

E X P E R I M E N T A L  

P h a r m a c o l o g i c a l  

The antibacterial activity of the test  compounds was determined by the method of double ser ial  dilutions 
in liquid nutrient medium (meat-peptone broth). The microorganisms used for the tests were 24-hour  agar 
cultures of gram-posi t ive  (Staphylococcus 209 and Bacillus subtilis) and gram-negat ive (Escherichia coli 
and Bacillus pyocyaneus) bacteria,  and these were introduced in quantities of fifty thousand microorganisms 
into test  tubes containing broth and a suitable amount of the test compound. After incubation for 18-20 hours 
at 37~ the minimum inhibiting concentration of the compounds was visually determined by the amount of 
turbidity in the test  tube. At the same time, the antibacterial activity of the pharmaceutical preparation 
ethodin (Table 3) was also determined. 

The most active compounds were those with a p-aminobenzoic or anthrauilic acid group in the 9-position 
and a methoxy group in the 2-position, and also those with a p-nitrobenzene suls group in the 9-position. 
Compound VII had the largest  antibacterial  action although the analogous compound VIb, without a methyl 
group in the 9-position, was inactive, which can be explained by the removal of substituents from the plane 
of the acridine ring in the 9-N-methyl  derivative VIII. Substituted 7-ni t roacridines with a novoeainamid 
residue in the 9-posit ion were less active than the corresponding novocain derivatives [2], and reduction of 
the 7-ni t ro  group did not lead to a decrease  in antibacterial action. The 9-ary lamino-7-aminoacr id ines  had 
a lower antibacterial activity than the corresponding 7-ni t ro  derivatives. In some cases reduction of the 
nitro group gave a compound which was active against Bacillus pyocyaneus, but it was less effective than 
ethodin. 

The antiinflammatory activity was determined by Strel 'nikov's method [12]. Antiinflammatory propert ies 
were displayed by compounds Id, lId, and Hid, which have, respectively, an anthranilic, metanilic, and p- 
aminobenzoic acid group in the 9 position. The decrease in edematous fl~_flammation 24 hours after the intro-  
duction of formalin was 37, 28, and 27% for compounds Id-IIId respectively (dose 0.15 g /kg) ;  the value for 
mephenamic acid under the same conditions was 30%. 

C h e m i c a l  

Derivatives of 7-Nitro-9-(o-carboxyphenylamino)acridine (Ia-g) and the Hydrochlorides of 2-Methoxy- 
and 2- Methyl-7-uitro-9-(p-carboxyphenylamino)acridine (IHb and d). To a solution of 0.01 mole of the ap- 
propriate 7-n i t ro-9-chloroacr id ine  in 50 ml of dimethylformamide, was added 0.01 mole of anthranilie or 
p-aminobenzoic acid, and the reaction mixture was heated on the water bath for  i hour. After cooling, the 
reaction mixture was poured into 350 ml of ice water and allowed to stand overnight. The precipitate was 
fil tered off and dissolved in a 10% solution of ammonia, filtered, and acidified to pH 3.0 with concentrated 
hydrochloric acid. The precipitated material  was washed with water and recrystai i ized from aqueous di-  
methylformamide. 
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T A B L E  3. A n t i b a c t e r i a l  A c t i v i t y  of 9 - A r y l a m i n o  D e r i v a t i v e s  of 
7 - N i t r o -  and 7 - A m i n o a e r i d i n e  

Micro.- I 
orgamsm Dilution Compound 

Staphy- 
lococcus 

I 
l:5OO 
1:2000 

1:4 000 
1:8 000 
1:16 000 
l:32 000 
1:256 OOO 

XIIb 
Id Ig, Ira, lib, IId, IIe, IIf, IIgi IVb, Via, VIc, IXa, IXb, IXf. 

IXg, Xa, Xb, Xc, Xd, Xe, Xf, XIc, XIc, XI,d, XIg 
Ie, I[c, IiId, VIb, Va, Vb, Ve, Vf, Vg, IXe, IRe, X~d, XIIc 
In, Vc, Xg, XIa XIId, XIIf- 
lb, I~ If, Xlf, XIIa, XIId, XIIg, XIII 
Ethodin, VIIe, VIII 
IIIb 

Bacillus 
subl~is 

1:500 
1:1 000 
1:2 000 

1:4 000 
1:8 000 
l:16 000 
1:32 000 
1:64 000 
1:128000 

Xllb 
Xle Xlg 
Ig, IIa, IIb~ IId, lie, IIg, Via Vie, IXa, IXg,,Xo. Xb, Xf, Xla, 

Xe, XIIc 
Id, Ie. Itf, IVb, VIb, Va IXb IXe, Xc, Xd, IXf. XIb, Xllf 
Ic, Ilc, IIId, Vb Vc. Vf V~g XIc, XId, XiId, XIIe, XIII 
la, IXe, Xg, XK XIIa 
If 
Ethodin~ Illb. Vc VIIc 
tb. VIII 

Escherichia 
coli 

Bacillus 
pyocy- 
a~eu$ 

1:I 000 
1:2 000 

1:4 000 

1:8 000 
l:16000 
1:32 000 

xIg., XlIb, XIIc 
IC, le, I , IIa, IIc, Ilct IIf, IIId IVb, IXa, IXb, IXd, IXg 

IX,4 ~'a, Xb, X& Xe, XIa, X'lh XI~, Xlf, XIIg 
In, Ib, Id, If, lib, lie, fig, IIIb, Via, Va, Yb, Ve, IXc, Xc, Xf, 

XIc, XId, XIIa, XIld, XIIe 
Vc, Vf, Vg, VIb, XIII 
VIIc, VIII:, Xg 
E/fiodin 

1:500 
i:I  000 
1:2 000 

1:4 000 

1:8 000 

XIIb, XIIc, XI~, XIIg 
Xlla 
Ig, If_d, IIld, IXb, IXe, IXf, IXg, Xa, Xc, Xe, X~, XIl> Xle, 

XVI, XI~, XIIl - ~. 
Ia, Ib, lc, ld, Ie, IIa, lib, Itc, lie, llf, IIg, Illb, IVbo Via, VIb, 

VIe, VIIc, Va, Vb, Vc Vf~ Ve, Vg , IXa,  XI~ Xf, XIa, Xlc, 
Xld, XII~ XlI,e 

Et_hodia If, VIII, IXc 

D e r i v a t i v e s  of  7 - N i t r o - 9 -  ( m - s u l f o p h e n y l a m i n o ) a c r i d i n e  ( H a - g )  and the  H y d r o c h l o r i d e  of 2 - M e t h o x y -  
7 - n i t r o - 9 - ( p - s u l f o p h e n y l a m i n o )  a c r i d i n e  (IVb). A so lu t i on  of 0.01 m o l e  of the  c o r r e s p o n d i n g  7 - n i t r o - 9 -  
e h l o r o a e r i d i n e  in 100 m l  of d i m e t h y l f o r m a m i d e ,  0.01 m o l e  of t r i e t h y l a m i n e ,  and 0.01 m o l e  of m e t l m a y l i e  a c i d  
o r  s u l f a n i l i c  a c i d  w e r e  h e a t e d  on a w a t e r  b a t h  f o r  2 h o u r s .  A f t e r  cool ing ,  500 m l  of  i c e  w a t e r  w a s  p o u r e d  into 
the  r e a c t i o n  m i x t u r e .  The  p r e c i p i t a t e  was  f i l t e r e d  off and d i s s o l v e d  in a 10% s o l u t i o n  of s o d i u m  h y d r o x i d e ,  
f i l t e r e d ,  and  the  f i l t r a t e  a c i d i f i e d  to  pH 3.0 wi th  c o n c e n t r a t e d  h y d r o c h l o r i c  ac id .  The  p r e c i p i t a t e  w a s  w a s h e d  
wi th  w a t e r  and r e c r y s t a l l i z e d  f r o m  aqueous  d i m e t h y l f o r m a m i d e .  

D e r i v a t i v e s  of  7 -  N i t r o -  9 -[p(21 - d i e t h y l a m m o e t h y l c a x b o x a m i d o p h e n y l a m i n o )  ] a c r i d i n e  (Va -  e, e -  g). A 
m i x t u r e  of  0.01 m o l e  of  t he  a p p r o p r i a t e  7 - n i t r o -  9 - c h l o r o a c r i d i n e ,  20 g of  pheno l  and 2.35 g (0.01 mole )  of 
the  b a s e  of n o v o c a i n a m i d  was  h e a t e d  a t  100~ fo r  3 h o u r s .  A f t e r  cool ing ,  the  m i x t u r e  w a s  t r e a t e d  wi th  e t h e r  
and the  h y d r o c h l o r i d e  c o n v e r t e d  to  the  b a s e  wi th  aqueous  a m m o n i a .  The  h y d r o c h l o r i d e  w a s  ob ta ined  b y  adding  
a s a t u r a t e d  a l c o h o l i c  s o l u t i o n  of h y d r o g e n  c h l o r i d e  to  an  a l c o h o l i c  s o l u t i o n  of the  b a s e .  

D__erivatives of 7 - N i t r o - 9 - [ p - ( m e t h o x y e a r b o n y l a m t n o p h e n y l s u l f o n a m i d 0 ) ] a c r i d i n e  ( V i a - c ) .  To a so lu t i on  
of 0.01 m o l e  of the  a p p r o p r i a t e  7 - n i t r o - 9 - a m i n o a e r i d i n e  in p y r i d i n e ,  w a s  added  0.015 m o l e  of e a r b o m e t h o x y -  
a m i n o b e n z e n e s u l f o n y l c h l o r i d e  and 0.01 m o l e  of  t r i e t h y l a m i n e ,  and the r e a c t i o n  m i x t u r e  h e a t e d  a t  125~ wi th  
m i x i n g  f o r  3 h o u r s .  A f t e r  cool ing ,  the  r e a c t i o n  m i x t u r e  w a s  d i lu t ed  wi th  w a t e r  and a c i d i f i e d  to  pH 2.0 wi th  
10% h y d r o c h l o r i c  a c i d .  The r e s i d u e  was  f i l t e r e d  off, w a s h e d  wi th  w a t e r  and 10% sod ium h y d r o x i d e  so lu t ion ,  
and r e e r y s t a l l i z e d  f r o m  aqueous  a c e t o n e .  The  s a m e  me thod  was  u sed  to p r e p a r e  compound  VIII  f r o m  2 - m e t h o x y -  
7 - n i t r o - 9 - m e t h y l a m i n o a c r i d i n e ,  and  compound  VIIc  f r o m  2 - m e t h y l - 7 - n i t r o - 9 - a m i n o a c r i d i n e  and p - n i t r o b e r m e n e -  
s u l f o c h l o r t d e .  C o m p o u n d s  VIIc  and VII I  w e r e  r e c r y s t a l l i z e d  f r o m  a que ous  a c e t o n e .  

C o m p o u n d s  I X a - c ,  e - g ,  X a - g ,  X I a - g ,  X I I a - g ,  and XIII .  The  r e d u c i n g  agent  w a s  f i r s t  p r e p a r e d  in t he  
fo l lowing  m a n n e r :  7 g a n h y d r o u s  s t a n n o u s  c h l o r i d e  and 7 m l  of a c e t i c  a n h y d r i d e  w e r e  d i lu t ed  to 30 m l  wi th  
g l a c i a l  a c e t i c  a c i d  and the  s o l u t i o n  s a t u r a t e d  wi th  d r y  h y d r o g e n  c h l o r i d e  un t i l  the  s t annous  c h l o r i d e  had  c o r n -  
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pletely dissolved. To this solution was added with mixing over a period of I hour, I g of 7-nitro-9-aryl-  
aminoacridine and the reaction mixture allowed to stand overnight. The precipitated material was filtered, 
washed with glacial acetic acid and the base liberated by the addition of 20% sodium bicarbonate solution. The 
final products were isolated as the hydrochloride s (for IXa-g, Xe and d, and XIg, as the oxalates since the 
hydrochlorides are hygroscopic). The hydrochlorides were obtained by adding a saturated alcoholic solution 
of hydrogen chloride to an alcoholic solution of the base. The oxalates were obtained by adding the calculated 
amount of oxalic acid dissolved in dry acetone to an alcoholic solution of the base. 
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