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“32. Attempts to f ind New Antimalarials. Part X X  V I I .  Derivatives 
of Various Benxacridines and Pyridoacridines. 

By JAMES DOBSON, WILLIAM C. HUTCHISON, and WILLIAM 0. KERMACK. 

In view of the pronounced antimalarial activity of derivatives of 3 : 4 : 2‘ : 3’-pyridoacridine 
containing a chlorine atom in position 8 and a basic side chain in position 5 of the acridine 
nucleus, analogous derivatives have been prepared of 3 : 4-benzacridine and 3 : 4 : 3’ : 2’- 
pyridoacridine. The benzacridine derivative was active whilst the new pyridoacridine was 
only doubtfully so. Corresponding derivatives of 1 : 2-benzacridine and of 1 : 2 : 3’ : 2‘- 
pyridoacridine have also been prepared, but these like the already known 1 : 2 : 2’ : 3‘ 
pyridoacridine derivatives were without significant an  timalarial activity. 



124 Dobsolkt, Hutchison, aPzd Kermack : 
IN a previous paper (Dobson and Kermack, I., 1946, 160) an account has been given of the 
preparation of derivatives of 1 : 2 : 2’ : 3’-pyridoacridine and 3 : 4 : 2’ : 3’-pyridoacridine 
carrying in position 5 of the acridine nucleus a basic side chain of the type present in mepacrine. 
It was reported that tests in chicks infected with P. galEinaceum had demonstrated that certain 
derivatives of 3 : 4 : 2’ : 3’-pyridoacridine such as 8-chloro-6- (y-diethylaminopropylamino)- 
3 : 4 : 2’ : S’-pyridoacridine (11, R = NH=[CH2],oNEt2) evinced considerable antimalarial activity 
in this test, but that the corresponding 1 : 2 : 2’ : 3’-pyridoacridine (I, R = NH-[CH,I,.NEt,) 
was inactive. Evidently the position of the additional pyridine ring has a great effect on the 
antimalarial activity. 

It seemed desirable in the light of these results to prepare the corresponding benzacridines. 
When this work was begun, no compounds of the type envisaged appeared to have been made, 

R R 

hut since its completion a paper has appeared by Bachman and Picha ( J .  Amer. Cheun. Soc., 
1946, 68, 1599) describing the synthesis of various benzacridines from a- and P-naphthylamine. 
Only three of our compounds happen to have been prepared by the American workers ; these are 
derived from a-naphthylamine and 2 : 4-dichlorobenzoic acid. None of the bases prepared by 
Bachman and Picha possessed antimalarial activity. 

As the chlorine atom in position 8 of the acridine nucleus appeared important, 2 : 4-dichloro- 
benzoic acid rather than o-chlorobenzoic acid was employed in our work. This acid was 
condensed with a-naphthylamine to yield 4-chloro-2-a-naphthylaminobenzoic acid which 
readily cyclised on boiling with phosphoryl chloride to 6 : 8-dichloro-1 : 2-benzacridine (111, 
R = C1) (cf. Bachman and Picha, Zoc. czt.). A similar series of reactions starting from 
p-naphthylamine and 2 : 4-dichlorobenzoic acid gave 4-chZoro-2-~-naphthylrxPninobenzoic acid 
and 5 : 8-dichloro-3 : 4-benzacridi~ze (IV, R = Cl). The condensation of the two dichloro- 
benzacridines with diethylaminoalkylamines was carried out in phenol solution, and in this 
way the two bases, 8-chloro-5-(y-diethyZanzinopropyla~nino)- 1 : 2-benzacridine (111, R 3 
NH*[CH,],*NEt,) and 8-chZoro-5- (6-diethyZamzno-a-~nethyZbutyZamino)-3 : 4-benzacridine (IV, 
R = NH-CHMe-[CH,I,.NEt,) were obtained. 

As shown in the table of biological results given below, the 3 : 4-benzacridine derivative was 
active, whilst the representative of the 1 : 2-benzacridine series was without antimalarial activity. 
This latter result agrees with that reported by Bachman and Picha (Zoc. cit.). It appeared that 
the position in which the extra ring was fused on was of greater importance than the nature of 
the ring whether pyridine or benzene. 

It seemed that further useful information on the relation between structure and chemo- 
therapeutic action in this group of compounds might be obtained by the preparation and 
biological testing of suitable derivatives of 1 : 2 : 3’ : 2’-pyridoacridine and 3 : 4 : 3’ : 2’- 
pyridoacridine. The simplest route for synthesising these appeared to be from 5- and 7-amino- 
quinoline respectively. The synthesis of 8-chZoro-5- (y-diethylaminopropylanzino)- 1 : 2 : 3’ : 2’- 
pyridoacridine (V, R = NH-[CHJ3*NEt,) from 5-aminoquinoline and 2 : 4-dichlorobenzoic acid 
went smoothly through 4-chZoro-6’-quinolyZanthran~lic acid and 5 : 8-dichloro-1 : 2 : 3‘ : 2‘- 
pyridoacridine (V, R = Cl), the condensation of the latter compound with y-diethylamino- 
propylamine yielding the crystalline base, From 7-aminoquinoline and 2 : 4-dichlorobenzoic 
acid, 4-chloro-7’-quinolylanthranilic acid, purified as its ethyl ester, was obtained, and cyclised 
with phosphoryl chloride containing phosphorus pentachloride to 5 : 8-dichloro-3 : 4 : 3’ : 2’- 
pyridoacridine. The product, which after repeated crystallisations contained some admixed 
8-chloro-3 : 4 : 3’ : 2’-pyridoacridone, was condensed with y-diethylaminopropylamine to yield 
a product which separated from ligroin as an apparently homogeneous crystalline base, m. p. 
99-looo, but was shown on analysis to possess the composition 3C,,H,,N,CI,C,,H,0N2CI,3H,O. 
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This product lost water on drying over anhydrone under reduced pressure at  room temperature. 
W-hen the dried product was recrystallised several times from dry heptane, a crystalline base, 
m. p. 69-70", was obtained, which analysed in accordance with the formula C23H2,N,Cl,H,0. 
It must be assumed that this compound has a high affinity for 1 molecule of water which was 
not lost on drying over anhydrone under reduced pressure. 

The two benzacridine bases fluoresced green in both alcohol and ether ; the new pyridoacridine 
bases, green in alcohol but blue in ether, the fluorescence of 8-chloro-5-(y-diethylaminopropyl- 
amino) - 1 : 2 : 3' : 2'-pyridoacridine in ether being a particularly vivid light blue. 

Antimalarial tests were carried out on P. gallinaceurn infections of chicks in the Biological 
Laboratories of Imperial Chemical Industries Ltd. Full details will be published elsewhere. 
The activities of the compounds prepared are shown in the Table, the activity of various doses 
being indicated as nil (-), doubtful (&), slight (+), or marked (+ +). For comparison the 
activities of the corresponding derivatives of 1 : 2 : 2' : 3'-pyridoacridine and of 3 : 4 : 2' : 3'- 
pyridoacridine prepared by Dobson and Kermack (Zoc. cit.) are also shown. 

Ref. No. Base. Dose, mg./kg. Activity. 
4574 (111) R = NH*[CHJ,*NEt2 320 Toxic 

160 - 

40 - 
5941 (V) R = NH*[CH,],*NEt2 160 Toxic 

80 -& (Toxic) 
6443 (VI) R = NH*[CH2],.NEt, 160 & (Toxic) 

80 - 

4377 (IV) R = NH*CHMefCH,],*NEt, 120 ++ 

3476 (I) R = NH*[CH,],.NEt., 125 - 
3652 (11) R = NH.[CH,],.NEt 120 ++ 

80 + 40 - 
- Mepacrine 40 ++ 

20 3- 
Of the two benzacridines and four pyridoacridines listed the most active base is that derived 

from 3 : 4 : 2' : 3'-pyridoacridine. The analogous 3 : 4-benzacridine has also considerable 
activity, but the base derived from 3 : 4 : 3' : 2'-pyridoacridine (in non-lethal doses) has only 
doubtful activity. The only 3 : 4-benzacridine base available contained the 5-diethylamino- 
a-methylbutylamino-side chain, but analogous results in the pyridoacridine series suggest that 
there would be little difference between this and the compound with the y-diethylaniinopropyl- 
amino-side chain. The benzacridine and the two pyridoacridines in which the extra ring is 
fused on to the 1 : 2 position of the acridine nucleus are all devoid of significant antimalarial 
activity. Compound No. 6443 [8-chloro-5- (y-diethylaminopropylamino) -3 : 4 : 3' : 2'-pyrido- 
acridine] was tested in the form of the hydrated crystals, m. p. 99-loo", which contained about 
25% of 8-chloro-3 : 4 : 3' : 2'-pyridoacridone ; the failure of the 3 : 4 : 3' : 2'-pyridoacridine base 
to be significantly active shows that the geometrical form of the heterocyclic nucleus, though 
evidently important, is only one factor out of several which determine the chemotherapeutic 
activity. All the compounds shown in the Table contain a chlorine atom in position 8 of the 
acridine nucleus ; without this substituent even the 3 : 4 : 2' : 3'-pyridoacridine base has only 
slight activity. 

EXPERIMENTAL. 
6 : 8-Dichlovo-l : 2-bensacridine.-Potassium 2 : 4-dichlorobenzoate (45.8 g.), a-naphthylamine 

(28.fi g . ) ,  a-my1 alcohol (50 c.c.), and copper bronze (0-3 g.) were refluxed at 150" for 6 hours. After 
cooling, the violet solid was filtered off, washed with acetone and dissolved in hot dilute ammonia, 
the solution filtered, and the filtrate made acid with acetic acid ; 4-chloro-2-a-naphthylaminobenzoic acid 
was then precipitated. (Bachman and Picha, 
Zoc. cit., give m. p. 236-237.5".) This acid (24 g.) and phosphoryl chloride (100 c.c.) were refluxed at 
150" for 4 hours. The excess of phosphoryl chloride was removed under reduced pressure, and the residue 
triturated with B~-sodium hydroxide and ice. The solid residue was separated, dried in a desiccator, and 
crystallised from dry benzene. Yield, 18 g.; m. p. 192-193". Further recrystallisation from dry 
benzene raised the m. p. to 201". Bachman and Picha (loc. cit.) give m. p. 201-202" (Found C, 68.5; 
H, 2.85; N, 4.7. Calc. for C1,H,NCI, : C, 68-45; H, 3.0; N, 4.7%). 

8-Chloro-5-( y-diethylaminopropylamino)-1 : 2-benzacridine.-This was prepared from 5 : 8-dichloro- 
1 : 2-benzacridine (6 g.) and y-diethylaminopropylamine (3.5 g.) in dry phenol (50 g.) at 100" for 2 hours. 
The base was isolated by pouring the phenol mixture into 2~-sodium hydroxide (300 c.c.), extracting the 
oily solid with ether, shaking the ethereal extract with 5% acetic acid, and reprecipitating with ammonia. 
The base was finally extracted with ether, the ether extract dried (KJO,), and the ether removed by 
distillation. The residual oily solid was boiled with dry ligroin and separated as a yellow crystalline solid 
on cooling. It was further purified from dry ligroin, and the yellow needles melted a t  113" (Found : 

Yield, 48.3 g. Pale violet needles from alcohol, m. p. 232". 
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C, 73.8; EX, 6-4; N, 10.6. C,,H,,N,CI requires C, 73-0; H, 6.6; N, 10.7%). 13achman and Picha 
(Zoc. cit.) describe the dihydrochloride, m. p. 253-255". 

4-ChZovo-2-~-napkthyZaminobenzoic Acid.-This was prepared from potassium 2 : 4-dichlorobenzoate 
(45.8 g.) and 15-naphthylamine (28.6 g.) in amyl alcohol (60 c.c.) with copper bronze (0.3 g.) a t  150" for 
6 hours. Pale violet needles irom 
alcohol, m. p. 272" (Found : C, 68.2; H, 4.3; N, 4-8. C,,HI20,NCI requires C, 68.6; H, 4.0; N, 4.7%). 

5 : 8-Dichloro-3 : 4-benzacridine.-This was prepared from 4-chloro-2-/3-naphthylaminobenzoic acid 
(16 g.) and phosphoryl chloride (60 c.c.) a t  150" for 4 hours. The product was isolated as described for 
5 : 8-dichloro-1 : 2-benzacridine. Yield, 11.6 g. 5 : 8-Dichloro-3 : 4-benzacridine recrystallised from 
dry benzene to yield pale orange-yellow needles, m. p. 175-176" (Found : C, 68.9; H, 2-9; N, 4.9%). 

8 - Chloro-5 - (6 - diethylamino - a - 1nethyZ6utylamino) - 3 : 4-benzacridine.-This was prepared from 
5 : 8-dichloro-3 : 4-benzacridine (5 g.) and 6-dietliylamino-a-niethylbutylamine (3.5 g.) in dry phenol 
(50 g.) a t  100" for 2 hours. The base, an oil, was isolated as described above, and yielded a crystalline 
9icvate which recrystallised from ethyl alcohol in canary-yellow needles, in. p. 176" (Found : C, 51.8; 
H, 4-1 ; N, 14.65. 

4-ChZoro-6'-qztiizolylanthraniliG A cid.-5-Aminoqui~oline (7.4 g.) and potassium 2 : 4-dichlorobenzoate 
(11.4 g.) were condensed in amyl alcohol (10 c.c.) in the presence of copper bronze (0.1 8.) as described for 
4-chloro-2-~-naphthylaminobenzoic acid. The product after removal of the amyl alcohol by steam 
distillation was filtered off, extracted with 2~-potassium hydroxide on the boiling water-bath, filtered, 
and the filtrate made acid with acetic acid. The precipitate after being filtered off and dried crystallised 
from alcohol as yellow-brown needles, m. p. 244". Yield, 8.2 g .  (Found : C, 61.4; H, 3.8; N, 9-25. 
C1,H,,O,N,C1,~H,O requires C, 61.5; H, 4.0; N, 9.0%). 

5 : 8-DichZoro-1 : 2 : 3' : 2'-pyridoacridine.-4-Chloro-5'-quiuolylanthranilic acid (5 g.) was refluxed 
with phosphoryl chloride (30 c.c.) containing phosphorus pentachloride (0.5 g.) for 6 hours in an oil- 
bath at 150". The product was worked up as described for 6 : 8-dichloro-1 : 2-benzacridinc, except that 
during crystallisation from dry benzene a pellet of potassium hydroxide was added to  prevent 
hydrolysis to 8-chloro-1 : 2 : 3' : 2'-pyridoacridone. 5 : 8-DichZoro-1 : 2 : 3' : 2'-pyridoacridine formed buff- 
coloured needles, m. p. 244". (Found : C, 63.9; 13, 2 . 8 5 ;  (3, 24.0. C,6H8N,CI, requires 
C, 64.2 ; H, 2.7 ; C1, 23*70/,). 

8-Chloro - 5 - (y - diethylamino~ropylnmil.io) - 1 : 2 : 3' : 2' -Pi~ridoacridine.-5 : 8 - Dichloro-1 : 2 : 3' : 2'- 
pyridoacridine (1 g.) and y-diethylaminopropylamine (1 g.j were condcnsed in dry molten phcnol at 
100" as. described for 8-cldoro-5-(y-diethylaminopropylamino)-l : 2-benzacridinc. 5-Chloro-&(y-di- 
ethyZaminopropyEarnino)-l : 2 : 3' : 2'-pyridoacridine forms bright yellow needles from ligroin, m. p. 
98-99" (Found : C, 70.5; H, 6-36; N, 14-1 ; C1, 9.15. C,,H,,N,Cl requires C, 70.3; €3, 6.4; N, 14.3; 

4-ChZoro-7'-qzcinolylan~h~~niZ~c A cid.-7-Aniinoquinoline (24.8 g.) and potassium 2 : 4-dichloro- 
benzoate (22.8 g.) were condensed in amyl alcohol (20 c.c.) in the presence of copper bronze as described 
for 4-chloro-5'-quinolylanthranilic acid. The product proved very difficult to crystallise, but a brown 
compound, m. p. 289", was obtained from a fairly concentrated alcoholic solution. This material 
(0.5 g.) was refluxed gently for 1 hour with ethanol (10 c.c.) and concentrated sulphuric acid (4 c.c.). 
The mixture was allowed to cool, poured on ice, left for 6 hour, and made alkaline with ammonia. The 
resulting precipitate crystallised from alcohol as brownish needles of ethyl 4-chZo~o-7'-quinoZyZanthranilat~, 
in. p. 76-77" (Found : C, 66.6; H, 4-8; N, 8.35. Cl,Hl,O,N,Cl requires C, 66-2; H, 4.6; N, 8.6%). 

5 : 8-DichZoro-3 : 4 : 3' : 2'-~y~~idoacridine.-4-Chloro-7'-quinolylanthran~ic acid (15 g.) was refl uxed 
with phosphoryl chloride (90 c.c.) containing phosphorus pentachloride (1.5 6.) for 6 hours a t  150" as 
described €or 5 : 8-dichloro-1 : 2 : 3' : 2'-pyridoacridine. The product consisted of light brown needles, 
m. p. 209". Repeated recrystallisations failed to alter the in. p., but the compound on analysis proved to 
contain 8-chloro-1 : 2 : 3' : 2'-~vridoacridone Dossiblv as a molecular comdex (Found : C .  65-2 : H. 2-95 : 

The acid was isolated as described for the a-acid. Yield, 45.4 g. 

C,,H3,N,C1,2C,H,0,N3 requircs C, 52-0 : H, 4.1 ; N, 14.4%). 

Yield, 3.7 g. 

c1, 9.0%). 

N, 9.2; C1, 21.2. 
requires C, 652;  H, 2-8; N. 9.5; C1, 21.1%). 

C,,H,NzCj2< requires C, 62.2; If, 3.7; N, 9-4; C1, 53.7. ' 3C,,H,N,Cl,,C,~H,OPu',Cl 

- 8-ChloYo - 5- ( y  - diet~~ylaminopropy1arniizo)l~ 3 : 4 : 3' : 2' - pyridoacridine.-6 : 8 - Dichloro - 3 : 4 : 3' : 2' - 
pyridoacridine (1 g . )  (containing some 8-chloro-3 : 4 : 3' : 3'-pyridoacridone as the analytical results 
showed) and y-diethylaminopropyIamine (1 g.) were Condensed in dry molten phenol a t  100" for 2 hours 
as described for 8-chloro-5-(y-diethylaminopropylamino)-l : 2-beiizacridine. The product (0.8 g.) 
consisted of orange-yellow needles, m. p. 99-100". Further recrystallisation from dry ligroin left this 
in. p. unchanged. The analytical figures were consistent with the presence of some pyridoacridone and 
water (Found C, 67.8 : H, 6.0; N, 12.5 ; C1, 9.55. C,3H25N,Cl requires C, 70.3 ; 13, 6.4; N, 14.3 ; C1, 9.0. 
RC,,H,5N,Cl,Cl~H,0N~Cl,311,0 requires C, 67.5 ; H, 5.9 ; N, 13-0 ; C1, 9.4%). Some of this material 
was dried over anhydrone under reduced pressure a t  room temperature ; it was then found to have lost 
4.2% by weight (loss of 3H20 requires 3.6%). Some of this dried material was recrystallised from 
specially dried heptane yielding a base, m. p. 69-70", which seemed free from pyridoacridine but still 
contained one molecule of water of crystallisation (Found : C, 66.7 ; H, 6.55; N, 14.0. C,,H,,N,Cl,H,O 
requires C, 67-2; H, 6.6; N, 13.6%). 

We are indebted to Imperial Chemical Industries Ltd. for facilities in connection with the above 
work, and thank their analytical department for the microanal yses. 

THE RESEARCH LABORATORY, 
ROYAL COLLEGE OF PHYSICIAKS, EDINBURGH. 

[Received, hdarch 6th, 1947.1 




