November, 1962  4~(3-CHLORO-9-ACRIDINYLAMINO )-@-AMINO-0-CRESOLS 1153

lized from a mixture of ethanol, acetone, and ether, The water—soluble, dark
maroon solid weighed 9.8 g. (56%,), m.p. >325°. The sample was allowed to
cquilibrate in the air prior to analysis.

Anal. Caled. for CyHysNOg2HCL:0.75H:0: C, 53.93; H, 548, N, 9.68;
H,0,2.33. Found: C, 53.82; H, 5.81; N, 9.88; H0, 2.61.
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A group of 4-(3-chloro-9-acridinylamino)-a-amino-o-cresol 10-oxides has been
prepared by the condensation of a 3,9-dichloroacridine 10-oxide with the ap-
propriate 4-amino-e-amino-o-cresol hydrochloride in phenol. Several compounds
exhibited good activity against Entamoeba histolytica in vitro and Plasmodium
lophurae in the chick.

During investigations of malaria conducted in the United States
during World War 1I, 4-(6-chloro-2-methoxy-9-acridinylamino)-a-
diethylamino-o-cresol dihydrochloride (I) was synthesized in these
laboratories! and was demonstrated to be qualitatively similar to quin-
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acrine (II) in over-all antimalarial potency.? It was of interest to
synthesize various 4-(3-chloro-9-acridinylamino)-a-amino-o-cresol 10
oxides (VII) for biological evaluation. Details of the synthetic work
are described in the present communication.

The 4-(3-chloro-9-acridinylamino)-a-amino-o-cresol 10-oxides (V17T)
(Table 1I) were prepared by allowing a 3,9-dichloroacridine 10-
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oxide® (VI) to react with the appropriate 4-amino-a-amino-o-cresol
hydrochloride (V) in phenol (methods I and II). Condensation of
4’-hydroxyacetanilide (I1I) with formaldehvde and the appropriate
amine gave the corresponding 4-acetamido-a-amino-o-cresols (IV)
which were not isolated but were hydrolyzed directly to the inter-
mediate 4-amino-a-amino-g-cresol hydrochlorides (V) (Table I).!
In several cuses the crude 4-amino-a-amino-e-cresol hydrochlorides
were used without further purification.
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Absorption in the ultraviolet and low wave length visible range wuas
used to assist in the characterization of the 4-(3-chloro-9-acridinyl-
amino)-a-amino-o-cresol 10-oxides. A comparison of the spectrum
of a representative 9-aminoacridine 10-oxide and of the corresponding
des N-oxide in 0.1 N hydrochloric acid is shown in Fig. 1. The solid
line represents 4-(6-chloro-2-methoxy-9-acridinylamino)-a-diethyl-
amino-o-cresol 10-oxide dihydrochloride and the broken line 4-(6-
chloro-2-methoxy-9-acridinylamino) - e-diethylamino-o-cresol dihydro-
chloride.  lormation of the 10-oxide bond causes w general batho-
chromic shift combined with o modest decrease in intensity of the most
intense band and a general deerease in resolution,

(3) . TP, Elslager, R. £, Bowman, I'. H, Tendick, D. J. Tivey and D, I, Worth, .J. Med.
Pharm. Chem., 5, 1159 (1962).
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4-AMINO-~(MONO AND DIALKYLAMINO )- R:
0-CRESOL, HYDROCHLORIDES® .2 HCI
NH.
Yield® Purification?
NR)R: ALp., °C.b purified, % solvent
N(CH;)s 215 91 A
NH(CH,)sCH; 110 83 B
N [(CHs).OH]» 207 58 C
N[(CH,).,2NCH; 130 07 D
N [(CH»)2]:2NCsH,C1% 260 38 D
Analyses
Carbon, 9, Hydrogen, % Nitrogen, ¢,
Formula Caled. Found Caled. Found Caled. Found
CHysN,O - 2HCI 49.82 49.51 6.84 7.19 10.57 10.61
CizHyN,0 - 2HCI 58.11 58,39 9.18 9.40 7.97 7.08
CiHigN»O3-2HCl 44 .15 44.10 6.73 6.02 9.36 9.50
(211,5N;0 - 3HCI 43.58  43.13 6.71  7.31 12.71 12,60

Ci7HaoCIN;O -2HCL 52.25 52.06 5.68 5.88 10.75 10.82

% All compounds are off-white solids. * M.p. dec. ¢ Over-all yield based on 4'-
hydroxyacetanilide. A, ethanol-ether; B, ethanol-acetone-ether; C, ethanol-
ethyl acetate; D, methanol-ether. ¢ CgH,Cl represents the o-chlorophenyl radi-
cal. ’In this case the intermediate 4-acetamino-a-[N'~(o-chlorophenyl)pipera-
zinyl]-o-cresol was isolated, purified and characterized; off-white crystals (65.6 g.,
45.69%), m.p. 154—155° from ethyl acetate. Anal. Caled. for C;sH2CIN;O;:
C, 63.41; H, 6.16; N, 11.68. Found: C, 63.62; H, 6.37; N, 11.76.

The 4-(3-chloro-9-acridinylamino)- a-amino-o-cresol 10-oxides (VII)
described in the present communication were tested by Dr. Paul E.
Thompson and co-workers of these laboratories against trophozoite-
induced P. lophurae in the chick* and against Entamoeba histolytica
i vitro.® Compounds 1, 2, 4, 6, 7, 8 and 10 were more active than
guinacrine against P. lophurae in the chick; compounds 4 and 10
caused much less staining of mouse tissues than quinacrine. Eleven
compounds were amebicidal in vifro at concentrations of 20 to 400
pg./ml®
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Yield Purifi- Analyses
Coimn- puri- Pro- cation Carbon, ¢ Hydrogen, % Nitrogen, "¢
pound NR: X M.p., °C.P  Ged, % cedure solvent® Tormnli Caled. Found  €Caled. l'ovnd Caled. Townd
1 N(CHz)s 6-Cl 23N-231 45 11 A CuHaCLN0=-2HCL- 2. 00 H2.11 4.73 4.66 7.58 T.h9
1.58:0
2 N(C:Hs)e 6-Cl 140-142 77 1 B C24H25ClaN302 - 0.5H0 62,48 5.20 5.64 9.03 8.62
3 N(C:Hs)2 -H 135-140 81 IX C CaaHoCIN3O2- 2HCI 2 H8. 01 .30 5.88 8.49 8.40
4 N(Cll2)s 7-0Cl1;  138-140 43 1 B Cos H24CIN3035-0.75H20 H4.70 6478 5.55 5.73 9.07 8.70
5 N[{CH):]-0 7-0Cll; 264255 5O 11 D CasHaaCIN30s - 2HCY - HE. 8D 5497 4.97 H.20 7.67 T3
0.5H20
G N(CaHs)2 15-Cliy 210-211 58 11 15 CasHagCIN30s- 2L - 5510 55.25 5.92 5.87 7.71 T.78
2H,0
7 NUCI:CH- 7-0CH;  220-221 27 11 [ C25T126CIN3O3- 211 C1- 110 RS B 566 5 8D 7.51 7T
(CHa)» 1.5H-0
8  N(C:Hs): 7-0CH;  173-174 72 I B Cas HagCOI1N ) 6644 66. D3 5.80 G.13 9.30 w20
9 NI(CH2)s0]y 7-OCTls 179-181 24 11 g Cas1126CINOs- 211C1 - 50.64 50.77 544 5.72 7.09 T
2H,0
10 N(CHa)s 7-OCH. 185-186 63 I B C2sHasCIN303° 0.5T20) G6.02 6650 5.76 5. 05 8.88 8.77
1} N[(CHz)s]z- 7-0CIl;  230-231 11 11 154 C2:HorCIN4O3-311CT - 50.71 50. 80 440 5.71 9.10 .57
NCH; 1.5H0¢
12 NHCHa)o- 7-OCH;  225-226 4 11 12 CorHnCIN3O5- 2HC GHREE] 53T H.5H4 5.60 718 G592
OCH;):
13 NH(CH2):Clh 6-C] 200-205H ha 11 D CanHzsClyN3O2- 21 - H7.88 37.66 6G.15 5. 84 6.75 6.92
0.5H.0
14 NI[(CHz)sle- 7-0CH; 211-212 64 I [$ CaHesClaN4O»-0.511,0 63.70 171 500 4.97 9.59 a5
NCeT1:C1¢
15 NH(CH2)9CII; 7-0CH;  175-176 51 11 [ C3 HsCINGOs- 2HCI 61.13 G1.15H G.62 6. 80 G.90 6.8

Het

G

L H ol aNv giIevIsTi]

]

MOLUN

Y Melted dee.
€. ethanol

“ Componnds vary from deep orange to penrly black in color,
melbanol-acetone~water; E, ethapol-acetone, 17, methanol:
sents the e-chloropbenyl radical.

A pethanol-acctone; B cilonol- waler;
Y Water determinaion ¢ Karl Fischeey: enled.: 1.39;

ethanol -scetone-water; 0.

foond: 446G, ¢ CelLCL ropre-

¢ IOA



November, 1962  4~(3~CHLORO-Y-ACRIDINYLAMINO )-a~AMINO-0-CRESOLS 1157

50 ~
/\ OH
L @C%N(CZHS)Z
NH
¢ ?/-p -2 HCl
o
.30
i — — DES N -OXIDE
200 w O.IN HC!
10
N
. | [ | | i
220 260 300 340 380 420 460
A, my.
Fig. 1.—Absorption in 0.1 & HCI solution, taken with a Cary-11 spectropho-
tometer.

Haig Najarian and Miss Bronislawa Olszewski for the biological
testing. The authors are also indebted to Mr. Charles E. Childs
ond associates for the microanalyses and to Dr. J. M. Vandenbelt
and associates for determination of the infrared and ultraviolet
ahsorption spectra.

Experimental’

General Method for Preparing 4-Amino-«-(mono- and dialkylamino)-o-cresol
Hydrochlorides (V) (Table 1).—A mixture of 105 g. (1 mole) of diethanolamine,
30 g. (1 mole) of paraformaldehyde and 100 ml. of ethanol was warmed until a
clear solution was obtained; it was then added to a solution of 151 g. (1 mole) of
4‘-hydroxyacetanilide in 100 ml. of ethanol. The resnlting mixture was boiled
under reflux on the steam bath for 3 hr. Most of the ethanol was removed by
distillation and 500 ml. of 189, hydrochloric acid was added. The mixtiure was

(7)  Melting points are uncorrected.
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concentrated to w small volume on the steam bath aud the residiue was driel by
nzeotropie distillation of several portions of ethanol and benzene.  The residue
was dissolved in a 509, methanol- ethanol mixtnre and a 5067 imixtare of anhydrous
etber and ethyl acetate was added to precipitate the produet.  The precipitate
was digested withh boiling ethanol, the wixture was allowed to cool, and the product
was collected by filtrstion and dried in vacuo at 50°.  The desired 2,2'~(5-amino-
salieviiminoidiethanol weighed 175 g. (589,), n1.p. 207° dec.

Methods for Preparing 4-(3-Chloro-9-acridinylamino)-«-amino-o-cresol 10-
Oxides (VII) (Table II). Method I.—A mixture of 12.8 g. (0.044 mole) of 6,9-di-
chloro-2-methoxyacridine 10-oxide,® 11.7 g. (0.044 mole) of 4-amino-a-diethyl-
amino-o-cresol dihydrochloride,! and 25 g. of phenol was heated at 130-140° for
1.5 hr., cooled, and poured into a mixtire of 5 ml. of coned. hydrochlorie acid
and 200 ml, of acetone with vigorous stirring. After 18 hr., the mixture was
diluted with anhydrous ether and the solid was collected by filtration, dissolved
in warm water, and filtered. The filtrate was made alkaline with ammonium
hydroxide and the base was collected Dby filtration and dried in vacuo at 45°.
rystallization from ethanol (decolorizing charconly gave 14.3 g. (729%,) of 4-(6-
¢bloro-2-methoxy-9-acridinylamino)-e-dicthylaniino-o-cresol  10-oxide as  deep
unroon erystals, m.p, 173-174° dec.

Method II.—A mixture of 14.6 g. (0.055 mole? of 4-amino-a-1-pyrrolidinyl-o-
cresol dihydrochloride and 25 g. of phenol was heatad in varuo on the steam bath
for 1 hr.; 3,6,9-trichloroacridine 10-oxide? (14.9 g., 0.05 mole; then was added
und the mixture was stirred and heated at 125-135° for 2 hr.  Upon cooling, the
reaction mixture was poured into 800 ml. of acetone with vigorons stirring and
the ¢rnde hydrochloride salt was collected by filtration and dried 4n vacuo. The
product was dissolved in water and the solution was made alkaline with excess
ammonium hydroxide. The solid hase was extracted with cliloroform and the
combined chloroform extracts were dried over anhydrous potassinm carbonate.
The drying agent wag removed by filtration and the chloroform solution was evup-
orated to dryness in vacwo. The crude buase was dissolved in boiling ethanol
{decolorizing charcoal), the ethanol solution was concentrated to a small volume,
and excess concd. hydrochloric acid was added. The orange hydrochloride salt
was collected by filtration and crystallized twice from a methanol-acetone ix-
ture. The desired 4-(3,6-dichloro-9-acridinylamino -e-( I-pyrrolidinyl)-o-cresol
10-oxide dihydrochloride sesguihydrate weighed 12,5 g. (45%5% m.p. 230-231"
dee.



