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Oxidation of amodiaquine with perbenzoic acid gave amodiaquine N-o-oxide, whereas
N'- methylamodiaquine and amodiaquine 1-oxide afforded N4-methylamodiaquine N-o,1-

dioxide and amodiaquine N-«,1-dioxide, respectively.
oxychloroquine 1-oxide,

amodiaquine 1 - oxide,

Amodiaquine 1-oxide, O-methyl-
and a variety of other 4-(7-chloro-4-

quinolylamino)-a-dialkylamino-o-cresol 1-oxides and 7-chloro-4-[(mono- and dialkylamino)
alkylamino]quinoline 1-oxides were prepared by the condensation of 4, 7-dichloroquinoline
1-oxide with a 4-amino-o-(dialkylamino)-o-cresol, N-o, N-a-diethyl-6-methoxytoluene-c, -
3-diamine, or a mono- or dialkylaminoalkylamine in phenol or aqueous ethanol. N!-Methyl-

amodiaquine was synthesized from p-[(7-chloro-4-quinolyl)methylamino]phenol,

diethyl-

amine, and paraformaldehyde. Many of the N-oxides are highly active against the plasmodia

of malaria.

The 4-aminoquinoline antimalarials exhibit outstand-
ing activity against asexual erythrocytic parasites of
all specits of plasmodia causing human malaria,
Amodiaquine (Ia) (1) and chloroquine (IIa) are among
the most widely used drugs both for the treatment of
acute malaria and for suppression (2,3). Amopyroquin
(Ih) is relatively nontoxic and is particularly useful
intramuscularly (2,4, 5), while hydroxychloroquine (IIb)
is less toxic than chloroquine and has similar anti-
malarial activity, orally or parenterally (2,6). Oxy-
chloroquine (III) is reputed to be less toxic than chloro-
quine but in small-scale field trials has not shown any
advantages over chloroquine (2). Various 4-amino-
quinolines have also been employed in the treatment
of rheumatoid arthritis, lupus erythematosus, and
photoallergic reactions (7,8). In view of the broad
utility of the 4-aminoquinolines in the treatment of
disease, it was of interest to synthesize various 7-
chloro-4-aminoquinoline N-oxides for biological evalu-
ation. Details of the synthetic work are described in
the present communication (Chart I).

Literature reports (9-14) indicate that the direct
oxidation of quinolines to quinoline 1-oxides with per-
acids is a general reaction with few exceptions. How-
ever, the product we obtained by the oxidation of amodia-
quine (Ia) with two moles of perbenzoic acid in chloro-
form absorbed in the ultraviolet at the same wave
lengths as amodiaquine (Table I), suggesting that it
was not amodiaquine 1-oxide (V) or amodiaquine N-o, -
1-dioxide (VI). However, the infrared spectra of the
two materials were different and the melting point of a
mixture of the oxidation product (m.p. 191°) with
amodiaquine base (m.p. 205-208°) was depressed.
Microanalytical values (Table I) were in good agree-
ment with a mono N-oxide and the product was thus
assigned the N-a-oxide structure IV. In contrast, the
ultraviolef spectrum of the oxidation product of N%-
methylamodiaquine (XI) showed a pronounced batho-
chromic shift (Table I), indicating formation of the 1-
oxide. Microanalytical results, including Karl Fischer
water titrations (Table I), supported assignment of the
hydrated N!-methyl amodiaquine N-o, 1-dioxide struc -
ture XII. These results, together with previous obser-
vations that quinacrine N-w-oxide and 3, 6-dichloro-9-

(4-diethylamino-1-methylbutylamino)acridine N-w-oxide
are formed by direct peracid oxidation of quinacrine
and 3, 6-dichloro- 9 - (4 - diethylamino-1- methylbutyl-
amino)acridine, respectively (15), suggest that oxi-
dation does not occur on the heterocyclic nitrogen atom
if the aminoheterocyclic systems can exist in tauto-
meric quinoid forms.

The synthesis of amodiaguine 1-oxide (V) and amodia-
quine N-¢, 1-dioxide (VI) was accomplished according
to the following scheme. Oxidation of 4, 7-dichloro-
quinoline with perbenzoic acid in chloroform gave 4, 7-
dichloroquinoline 1-oxide (VII) (16). The ultraviolet
absorption spectrum of VIII showed a bathochromic
shift indicative of the presence of the 1-oxide. Con-~
densation of VIII with 4-amino-a-diethylamino-o-cresol
dihydrochloride (1) in phenol gave amodiaquine 1-oxide
(V). This compound absorbed at 400 mu (Table I),
indicating that the 1-oxide function was retained dur-
ing the reaction. Oxidation of amodiaquine l-oxide
(V) with one equivalent of perbenzoic acid in chloro-
form at 0-5° gave the desired amodiaquine N-o,1-
dioxide (VI); the ultraviolet spectrum of this compound
showed the expected absorption at 400 mu (Table I).

A variety of other 4-(7-chloro-4-quinolylamino)-a -
dialkylamino-o-cresol 1-oxides (Table II) were pre-
pared from VIII and the appropriate 4-amino-a-dialkyl-
amino-o-cresol hydrochlorides (1, 17) in phenol (Method
I) or aqueous ethanol (Method II). In general, yields
were low and deoxygenated by-products were frequently
isolated from the reaction mixtures. 7-Chloro-4-[c-
(diethylamino)-4-methoxy-m-toluidinojquinoline 1-oxide
(O-methylamodiaquine 1-oxide) (VII) and p-(7%chloro-4-
quinolylamino)phenol 1-oxide were prepared in a simi-
lar manner from VII and N-o, N-a-diethyl-6-methoxy-
toluene-«, 3-diamine dihydrochloride (1) and p-amino-
phenol hydrochloride, respectively. The characteristic
bathochromic shift was observed in the ultraviolet
spectrum of both compounds (Table I).

Initially the synthesis of N*-methylamodiaquine (XI)
was planned via the condensation of a-(diethylamino)-
4-(methylamino)-o-cresol with 4, 7-dichloroquinoline.
However, unexpected difficulties were encountered dur-
ing attempts to prepare the intermediate «- (diethyl-
amino)-4-(methylamino)-o-cresol. Efforts to condense



Feb. 1964

“F N CH,NR, |

_ CHyCHy

NH NHCH(CHZ);N\
/@(‘i a.R, = -(CoHs), S . CH,CH,R
. .- - . 3,R=-H
Ci N b'Rz (CH2)4 Cl N b R=-0H
1a I I
2 CgHsCOgH

Ny CH2N£C2H5)2

l NH
Cl N/ Cl N*
|+
v Y
/@ OCH;
NH CHoN(CoHs ), Cl
jo® )
. B S _ —_—
Cl N Ci N
It I*
0 0
I v

OH
CuB\ /@[
N CHoN(CoHs),

20 CH,0 /@(ﬁ 2 CgHsCOSH
—_». -——>
Cos Sy HN(CoHs), CIx N

X X1

Amodiaquine N-Oxides and other 7-Chloro-4-aminoquinoline N-Oxides

NHCH, CHOHCH,N(CyHs)

20
Cl N°

2

L,
CHaN(CaHs),
+
K 2
Qo
al N

VI
NHCH, CHOHCH,N(C,Hs ),
ise
Ci N°
|
0
X

CH
ony JCL
Y CHZN(C,Hs),
+



Vol. 1

‘1slager, E. H. Gold. F., H. Tendick, L. M. Werbel and D. F. Worth

3

F.

L.

9

Ton U punedg
ST1T fUporeD (9 861 punog  fgeT :°po[E)  (p) f(29YOSId [AEBY) UCHBUIULIAISD JI3jey  C[OURYID ‘4 IplIOJYOBIIA} UOGALI-[OURYIOW I TIILINOL AUl [ourylow ()
TWLIOJOIOYD ‘) [OUBYIBW ‘g ‘IPLIO[YILIId] UOYIEI-ULIOJOIOTYI-[OUBYID ‘Y (D) ‘uomisodwodsap yilm jppaw spumodwio) (g) "SPLOS SUII[LISAID MO[[axy ait spunoduio )y

L6°8 ¥6 6L oL 2689 OINTOPHD g 1 Fe CHOSCH DITHON -
gLl 6% "¢ Lete 9% oLz9 (3) O%HET *0 -*O'NT1OFH D a 1 Lz SHONPCH DN a
6801 ¥6 0T Ly LL 89°¢9 0iN1o¥HMY ki 1 33 SEHOIN o
¢t 01 16701 ce e ce $0°¢9 foiN10%H D q 1 L1 HOH DAY DI ¢
¥6°01 68701 99°¢ 7L¢ 8919 FOINT1O%H) d 1 9z HOH O HI¥H*ON 3
(108 84 08 °TT EES 96 °¢ 69'¥9 LelN foldt Lide} o] i 84 EUIERTIN B
PETOT gL 01 ¥EC 1€ €€°19 0€°19 (P) OFHLS "0 -*OENTDYH"D g I 0z ORI IN &
L¥TL 9611 egre gt €Lv9 ¥6 "9 OINTOHYLD) ¥ 1 %1 HEITTIN j
puno . .TQMNU puno g .muw~$U puno g -UUMNU emuwaoyg {0 JUIATOS QNP N _—Z%
; ‘ulaforyIN o ‘uafoapiyg 7 fuoqaB) uoTied -01g  ‘payrand
—npang Pt
N
+ 12
N
N
(B) SapmNQO-1 —Om,uz_013\::::_':».(:1.:‘7:l_.Jﬂ:E: /._?::iu Foodom -1
2yluNCHD e
HO

H 91qel

‘poylomW ISYISI] [IEY AYl 1q SUONTUIULIOIID 1911 c1a0u0oydod1a9ds T1-A4E) B YIrn oY1) ddom Bd31aads o

%) Jeuaydjoun

0070 0070 L0701 9% 09°F 00w s ONIY D SCETNET MW AU £ 00014 3 i
1ouoyd
o0 o eg o1 01°% 99 00% T 9eT-tez  -(owwresoumb-t-0dGY D=Ly -
00°0  00°0 A 9621 §LY [SRL) {1 6e PGS 061 IXT! 2PINO-T 2UINbOLOTUDAN0
ori o [N 1L oF ~7t BENREE i1 v 143380
fine '
C6°T 6T° 0E0T €201 16°¢ 14 0t O NP S261 -0 ueN QUMDEIROWRIIIIG - N
00%0 0070  T£°1T 9e 171 ot9 1159 [ “te O'NIDFHYD Ta-wl (IX} QUMDTILOTIRLIYINT - N
1A)
€' 88°%  F9°0T ¥9°01 49 RET9 L% 000 *w1 0ot OYHE "0 - OMNIDTHYD IT-80&  OPINO - T OUllbEIpOWTIAYION -0
000 [ 44 Fe9 61 006 ‘91 0F¢ OEN10PH?) $02-20T AUINbLIPO WITLAYIII -O
cett Tt 1e°0T1 Gn e 2019 007 ‘LT 000‘FL Q0% OPHCE'0-"O'NID®H'™®)  '29p 061-681T (1A} OPINOIP-1° -\ sulnbuipoury
00°0 000 0u°TT ER 69 °F9 00¢ LT 006°€1  00F SOSNT0%HD TP 9Ze tA) opINo-1 ouinb
0070 0070 zLU1L 19 CLUFY 000°LT 009°ZT  R€E ol fols e} *20p 161 (AT} BPINO-D-N eumbvipowy
00°0 00 L1 008 ‘21 : OIN10%H D 80E-C0T (e]) aumbeipowy
punog  pare)d punoyq ‘paied punog ‘pajed punog ‘pofed 3 El Y BINULIO ] "Do Ay punodure )y
() 7 ‘a9o1eAn 7 ‘uaBoaIN 7 ‘uaBoapiy . tuoqae) 1OH N1°0 oueiplg

(e) uondiosqy 1910lava}[n
SOPIXO-N duljoumnboutwy-§ pun saurouinbourwy-¢ oanvIuosaddoy Jo sardadoly

I S19®vlL



Amodiaquine N-Oxides and other 7-Chloro-4-aminoquinoline N-Oxides

Feb. 1964

00°18 ‘D HPOPHMO-ONIO¥H D 105 ‘PorED "1vmY .80£-863 °d "W ‘pIov ofuoymeIpousTeqIqdeU-G T YHM IES ()

*6L°9 ‘N ‘€I°S ‘H $6°0S ‘D ipunog
‘LS ‘N ‘69°S ‘H '£1'%9 ‘D pumoq

‘689 ‘N %6y ‘H
SL°S N

128°S H ST°¥9 ‘D :0%H-P0H0-ONIDFHYD 105 PoED “1vuy L61-261 "d'w ‘(proe oroyqdeu-z-AxoipAy-g) SIqOUSIAWPW-,} ‘s WM IS () G20 ‘N '00°9 ‘H
41°8% ‘O punog :

19°11 ¥ 1T
19°11 Wit
L9°21 18721
e 8 14984
€821 86 "L
0L €T 99 €1
TLET ¥LE1
¥8 €T ¥LET
06 €1 L §
11791 18 °P1
6T %1 16°%1
punoyq ‘POED
¥ ‘uaBoajIN

0z°8
6%

o~

SL°9

8
8L
¥0
Se
14
Ly
192
SL

PR - R

punog

% ‘uafoapAn

1£°8 58G9 10°99
£9°L 00°99 S6 °€9
099 L0°19 08 *09
¥6°9 99 ‘€9 8 °¢9
S8°9 I1°6S ¥E 68
0Z2°L GE°39 €¥ "29
6G°9 69°29 829
65°9 89°29 38129
0S°9 6L°LS 21 '8¢
98°9 $3°19 %819
98°9 9€°19 2€°19
‘POTRD punog POTED
% ‘wogqie)

-0

4 19

-~

CylyN-A-H

ONIO* HD 18
(9) OMS *0 -ONIDP*H®'D 18

oNI0%ED [
ONIO%H D LS
(‘o ‘p) ONI10%H*D 0g
ONIO%HM"D 09
oI D 9F

[o} St to iy de] LE
oW D 4

oN1%a"o £
ONTO%H D LS
eULIOS %
‘(q) pogiand
PIOIX

(8) 83pIXQO-T owpuUmb{owrmBIANTE(oUITRANEp PUE -ouOwW)]-3-010TYD-L

oI °1qeL

80T1-L0T
ILT-PLT

012-502

L8T-981
T61-06T
8ST-0ST
L8T1-S81
86T-961
0ST-8%1
L81-G8T
6LT-9LT

0 AW

'65°0T ‘N '96°S ‘H 'g¥°8% ‘O :IOHZ-ONIORH™D 10 'Pared iouy .122-813 'd‘W ‘I9Y30-[OUEW® WOI} 3[ES SPLIOMOOIPAYIR (P)
126z (12ydSId IeY) UONPUTULINSp JajeM ‘poTe) (0) ‘oplurewLIOAloWIp WOI} PIzZI[[EISAIoel alem spunodwo) (q)

‘€3¢ pumog

‘SpI[OS JUI[{B}SAIO MO[[a4 ale spunodwo) (®)

SHOH(*HO)HN
S(HOIN

HO

SCHOIN
YEHOIN
HEHPOIN

"HOIN

SCHOIN

HOY*HD)*H*ON
EHOIN
¥*HO)HOHN

ghaN

-5¢H0)-
-5(Ho)-

-%¢Guo)-

-%H0)-
-*HOHOHOM O~
-$Cu0)-
-$CHo)-
-¥*HD)-
-Y*H0)-
-4*H0)-
-%¢u0)-

X

61
81

LT

91

148
g1

188
01
6

.oz
“pdumop



10

either 4'-hydroxy-N-methylacetanilide or p-(methyl-
amino)phenol with formaldehyde and diethylamine under
a variety of experimental conditions (1,17) were un-
successful. Alternatively, p-(methylamino)phenol was
allowed to react with 4, 7-dichloroquinoline to give p-
[(7—chloro—4—quinolyl)methylamino]phenol (X), which
condensed readily with diethylamine and paraformalde-
hyde in 2-methoxyethanol to afford the desired N¢-
methylamodiaquine (XI) (18). A comparison of the
ultraviolet spectra of p-[(7-chloro-4-quinolyl)amino}-
phenol (18), p—[(7—chloro-4—quinolyl)methylami.no]phenol
(X), amodiaquine (Ia), and Nt-methylamodiaquine (XI)
revealed that methylation of the secondary amine cau-
sed a displacement of the absorption maxima toward
the visible in both ethanol and 0.1N hydrochloric acid
(Table I). In a recent study (19) with 2-(7-chloro-4-
quinolylaminojethanol and its Ni-methyl derivative, a
similar shift was observed in 0. 01N hydrochloric acid
which was ascribed to steric hindrance.

While exploring synthetic routes to chloroquine,
Yoshida (16) observed that the condensation of 4,7-
dichloroquinoline 1-oxide (VIIT) with N!, N!-diethyl-1,4-
pentanediamine at 180° proceeded with deoxygenation
to give chloroquine in 67% yield. Further, Ochiai (10)
reported the isolation of 4-piperidinoquinoline in 67%
yield after 4-chloroquinoline 1-oxide was heated with
excess piperidine in a sealed tube for 5 hr. at 135-
145°. It therefore appeared unlikely that 7-chloro-4-
[(mono- and dialkylamino)alkylamino}quinoline 1-oxides
could be prepared by the condensation of VIII with the
appropriate mono- or dialkylaminoalkylamine. Never-
theless, the successful preparation of amodiaquine 1-
oxide (V) stimulated us to reinvestigate the problem.

N!, N!-Diethyl-1,4-pentanediamine was allowed to re-
act with VII under a variety of experimental conditions,
but in no instance were materials isolated which ex-
hibited a bathochromic shift from 328 mu. Variations
studied included heating VIII with an excess of the di-

amine: 1) at 120-130° for 4 hr.; 2) in aqueous ethanol.

at 125° and 50 p.s.i.g. for 24 hr.; 3) in 2-propanol
or pentanol on a steam bath for 2-3 hr.; 4) in aqueous
ethanol containing a trace of hydrochloric acid under
reflux for 24 hr. (20). When the reagents were heated
at 160° for 2 hr., some 4, 7-dichloroquinoline could be
isolated. Heating the mixture in phenol for 1 hr. at
100-110° yielded 7-chloro-4-phenoxyquinoline 1-oxide;
prolonged heating in phenol led to deoxygenated prod-
ucts.

In an additional study, VIII was heated at 120° in an
excess of N’,N‘—diethyl—l,4—penta.nediamine and sam-
ples were removed at intervals for ultraviolet analysis.
After 50 minutes no absorption at 390 mu was present
and broad absorption at 320-50 myu was noted. After
80 minutes a plateau developed at 390 my and peaks
were present at 331 and 323 mu. No change in peak
position occurred upon further heating and the intensity
of the 390 my absorption remained nearly constant.
However, the ratio of intensities of the 331 to 390 mu
absorption gradually increased and finally leveled off
after 4 hr. Assuming that the absorption at 390 mu
is due to the aminoquinoline-1-oxide product, one may
interpret the data as favoring deoxygenation of VIII
followed by formation of the 4-amino- 7-chloroquinoline
rather than deoxygenation of the aminoquinoline 1-
oxide.
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The hypothesis thdt the condensation might proceed
more readily with unhindered diamines prompted a
study of the reaction of 4, 7-dichloroquinoline 1-oxide
with 1- amino-3-diethylamino- 2 - propanol, Initially,
VII was heated at 110-120° for 4 hr. with an excess
of the diamine containing a trace of hydrochloric acid.
The reaction mixture was poured into aqueous sodium
hydroxide and the yellow solid that precipitated was -
triturated with boiling acetone and the residue crystal-
lized from dimethylformamide. The compound, m.p.
205°, absorbed strongly at 390 mpu (Table I), indicat-
ing retention of the 1-oxide function. Microanalytical
results were in excellent agreement with the oxychloro-
quine 1-oxide structure IX (Table ). Optimum yields
(30%) were obtained when the reagents were refluxed
for 24 hr. in aqueous ethanol containing a few drops
of hydrochloric acid (20). Yields were lower (10%)
without hydrochloric acid or when VIII was heated with
a molar excess of diamine in phenol on a steam bath
for 5 hr. The yield increased to 18% when the heat-
ing period in phenol was extended to 18 hr. No prod-
uct was isolated when a 1:2 mole ratio of VII to di-
amine was heated in dimethylformamide containing 2
drops of hydrochloric acid at 130-140° for 5 hrs., or
when the reagents were heated under reflux for ex-
tended periods in acetone or toluene. Use of pyridine
as a solvent allowed isolation only of 4,7-dichloro-
quinoline.

Subsequently, 4, 7- dichloroquinoline 1-oxide (VIII)
was allowed to react with a variety of aliphatic amines
in ethanol containing a trace of hydrochloric acid. With
sterically-hindered amines such as 2—[(4—aminoperity1)'—
ethylamino]ethanol, N,N- dimethyl-1, 4 - cyclohexanedi-
amine, 3-aminoheptane, and N,N—diethyl—N‘—methylethyl-
enediamine, no 4-aminoquinoline 1l-oxides could be
isolated. Unhindered mono- and dialkylaminoalkyl-
amines (15), however, afforded the corresponding 7-
chloro-4-[(mono- and dialkylamino)alkylaminolquinoline
1-oxides (Table II) in yields ranging from 2 to 60%
(21). The 4-aminoquinoline 1-oxide free bases ex-
hibited unexpectedly high melting points that averaged
approximately 85° higher than the corresponding des
N-oxide bases.

During the synthesis work it was noted that the 7-
chloro-4-[(mono- and dialkylamino)alkylamino]quinoline
1-oxides exhibited a strong yellow-green fluorescence
under ultraviolet light. Subsequently, the activation
and fluorescence spectra of these N-oxides (Table III)
were compared with the spectra of several of the cor-
responding des N-oxides in 0.01 N hydrochloric acid
on a Aminco-Bowman spectrophotofluorimeter. Acti-
vation and fluorescence peaks of the N-oxides occurred
at. 350 and 510 mu respectively. The des N-oxides
exhibited a weaker bluish fluorescence at 340 and 390
my respectively. As a group the N-oxides were ap-
proximately twenty-three times more fluorescent than
the corresponding des N-oxides and are detectable in
concentrations of less than 0.1 pg./ml,

The 7-chloro-4-aminoquinoline N-oxides were tested
against a variety of parasites, bacteria, and viruses
including Plasmodium bevghei, P. lophurae, Entamoeba
histolytica, Trichomonasvaginalis, Trypanosoma cvruzi,
Schistosoma mansoni, Syphacia obvelata, Aspiculuris
tetrapteva, Nematospivoides dubius, Hymenolepis nana,
Strongyloides vatti, Nippostrongylus wnuris, Strepto-
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coccus pyvogenes (C 203), Staphylococcus auveus (UC-
76), Klebsiella pneumoniae (AD), Pvoteus vulgaris
(MGH-1), Pseudomonas aeruginosa (No, 28), Salmonella
{vphimurium (V-31), Mycobacterium tubeyculosis (H3TRW),
herpes simplex, polio, measles, and adenovirus (22-24) .
Highlights of these tests are summarized below.

Among various 4-(7-chloro-4-quinolylamino)-« -di-
alkylamino-o-cresol 1-oxides (Table II), the anti-
malarial activity of amodiaquine 1-oxide (V) was out-
slanding (22). When administered subcutaneously to
mice infected with I, bevghei (25) twice daily for 4
days starting one day after infection, amodiaquine 1-
oxide was 3.4 times as potent as amodiaquine base.
Amodiaquine 1-oxide also exhibits radioprotectant acti-
vity in mice (26). Compounds 5 and 7 were active
against A. letvapleva and S, obvelata when administered
to mice at drug-diet levels of 0.0625 to 0.25% for six
days (27). 4-(7-Chloro-4-quinolylamino}a-morpholino-
o-cresol 1-oxide (No. 2) and 4-(7-chloro-4-quinolyl-
amino)-« - (4-methyl-1-piperazinyl) - 0 -cresol 1-oxide
(No. 7) showed reproducible activity against measles
virus in tissue culture at levels ranging from 30 to
300 pg. /ml. whereas the corresponding des N-oxides
were inactive (24, 28).

Several of the 7-chloro-4-|(mono- and dialkylamino)-
alkylamino]quinoline 1-oxides (Table III) exhibited good
antimalarial activity against P. bevghei in the mouse
(25); compounds 9 and 13 through 19 were approxi-
mately five times as active as amodiaquine base when
administered subcutaneously twice daily for 4 days.

Schénhsfer (29) has postulated that the antimalarial
activity of certain basically substituted 4-,6-, and 8-
aminoquinolines is dependant on their capacity to allow
tautomerism and form quinoid linkages. It was there-
fore surprising that N‘—mothylamodiaquine (XI), which
presumably is incapable of existing in quinoid form,
was approximately six times as active as quinine (0, 2-
amodiaquine) against P. lophurae in the chick when
administered orally in the diet for five days. These
results suggest either that N‘—methylamodiaquine is an
exception to the Sch8nhdfer theory or that it undergoes
metabolic activation in the chick, possibly leading to
amodiaquine ria demethylation,

EXPERIMENTAL (30)
Amodiaquine N v -Oxide (TV).

A solution of 16,5 g, (0.12 mole) of perbenzoic acid (31) in 360 ml. of

chloroform was added with stirring to a solution of 36,6 g. (0.10 mole) of
slightly exothermic

amodiaquine hase in 1 1, of ¢hloroform, The reaclion wi
and the temperature rose from 29 to 35°%. A deep color developed and no
active oxygen could be detected with stareh-iodide paper immediately after
the addition was complete, The mixture was stirred for 1 hr, at room
temperafure and an additional 13.8 g. (0.10 mole) of perbenzoic acid in 300
ml. ol chloroform was added. Once again the addition was exothermic but
unexpectedly  no active oxygen could be detected upon completion of the
addition.  The mixture wits allowed to stand at room temperature for 18 hr.,
aosmall amount of precipitate was removed by filtration, and the chloroform
solution was washed suceessively with two 500 ml. portions of 10% aqueous
sodivm  carbonate solution and  water, The chloroform layer was filtered,
concentrated to a0 volume of 500 ml, and cooled, The yellow  solid was
cotlected, washed with ether and dried in vecuo at 45°; weight 17.0 g., m.p.
189° dee. A sccond crop obtained by concentration of the filtrate weighed
7.0 g., mops 187-192° dee. For analysis, the compound was crystallized
twice Trom cthanol and dried in vacwo at 75°% m,p. 191° dee.

Preparation ot 4-(7-Chloro-4-quinolylamine) -« -dialkylamino-o-cresol 1-Oxides
(Table 1D, Method 1,

A nmixture of 133.6 g, (0.5 mole) of 4-amino-«w -diethylamino-o-cresol di-

hydhrochlovide (1) and 300 g, of phenol was heated i vacwo on a steam bath
for 40 min, 4,7~ Dichloroquinoline 1 -oxide (107 g., 0.5 mole) and 42 g.
(.5 mole) of sodium  bicarbonate were added and the mixture was stirred

aned heated on o osteam bath for 2 hr,  The reaction mixture was made acid
by the dropwise addition of concentrated hydrochloric acid and heating was
continued for 0.5 hr,  The mixture was allowed to cool and was poured into
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an cther-acetone mixture with vigorous stirring. The supernatant was de-
canted, the sticky precipitate was dissolved in dilute hydrochloric acid, and
the mixture was liltered, The filtrate was made alkaline with 10% aqueous
sodium hydroxide and the dark-colored precipitate that separated was coliected
and dried, The solid was triturated with boiling ethyl acetate, washed with
anhydrous ether, and crystallized twice from a chloroform-methanol mixture
(decolorizing charcoal). Amodiaguine 1-oxide was obtained as yellow leaflets,
m.p. 226° dec.

Method TI.

To a solution of 27.9 g. (0.1 mole) of 2-N-piperidylmethyl-4-aminophenol
dihydrochtoride (1) in 400 ml. of water was added 21.4 g. (0.1 mole) of
4, 7-dichloroquinoline 1-oxide, 25 ml. of ethanol, and a few drops of con-
centrated hydrochloric acid, The mixture was stirred and heated on a steam
bath for 2 hr., cooled and filtered. The filtrate was neutralized with dilute
ammonium hydroxide and the mixture was extracted with chloroform. The
combined chloroform extracts were washed with water, the chloroform was
removed on a steam bath, and the residue was crystallized successively from
ethanol and a methanol-carbon tetrachloride mixture (decolérizing charcoal).
The 4-(7-chloro-4-quinolylamino)-w-piperidino-o-cresol 1-oxide was obtained
as bright yellow crystals, m.p. 217-218° dec.

Amodiaquine N-¢v, 1-Dioxide (VD).

A solution of 3.72 g. (0.0269 mole) of perbenzoic acid (31) in 80 ml, of
chloroform was added dropwise with stirring over a period of 40 min. to a
slurry of 10.0 g. (0.0269 mole) of amodiaquine 1-oxide in 1 1. of chloroform
while maintaining the temperaturc at 0-5°. Stirring was continued at 0-5°
for 1.5 hr. and the solution was treated with hydrogen chloride and diluted
with anhydrous cther. The yellow precipitate that separated was collected,
washed with anhydrous ether and air-dried; w'eight, 15,0 g. An aqueous
slurry of the crude hydrochloride salt was made alkalise with ammonium
hydroxide and the base was collected, washed with water and dried in vacuo
at 60°.  The base was triturated successively with hot ethyl acetate and acetone
and dried in vacwo at 60° it weighed 7.0 g., m.p. 180° dec. For analysis, the
compound wius crystallized three times from cthanol-ether giving gold-colored
crystals, m.p, 189-190° dec.

7- Chloro- 4-|« - (diethylamino)- 4 - methoxy - m - toluidino]quinoline 1- Oxide (O-
Methylamaodinquine 1-Oxide) (VID.

Utilizing the procedure described under method II, 9.14 g. (0.0427 mole)
of 4,7-dichloroquinoline 1-oxide and 12.0 g. (0.0427 mole) of N-o, N-a-diethyl-
G-methoxvtoluene -, 3-diamine dihydrochloride (1) were condensed to give 6.3 g.
of a crude darvk-colored product.  Successive crystallizations from methanol-
water, chlovoform - ether, and acetonitrile-water gave 2.9 g. (17%h) of shiny
olive-green platelets, m.p. 208-211°,

4, 7-Dichloroquinoline 1-Oxide (VIID,

A solution of 138 ¢, (1 mole) of perbenzoic acid (31) in 2 1. of chloroform
was added to a solution of 198 g. (1 mole) of 4, 7-dichloroguinoline in 600
ml. of chloroform and the mixture was allowed to stand at room temperature
for 18 hr. The reddish-brown solution was cxtracted twice with 1 1. portions
of 107 aqueous sodium carbonate, then washed with water.  The chloroform
solution was dried over anhydrous potassium carbonate, the drying agent was
collected and the chloroform was removed in vacuo in the presence of platinum
foil. The residue was crystallized twice {rom ethanol (decolorizing charcoul)
to give 90 g, 427) of colorless erystals, m.p. 165-166°.

Anal, Caled. for CglizCl,NO: €, 50, 4%; H, 2.35; N, 6.54. Found: C, 50.40;
H, 2.30; N, 665,

Preparation of 7 -Chloro - 4 - [(mono- and dialkylamino)alkylamino|quinoline 1-
Oxides (Table 1IN,

A mixture of 10,7 g. {0.05 mole} of 4,7-dichloroquinoline 1-oxide and
12,8 g. (0.1 mole}y of 3-(1-pyrrolidiny)propylamine in 200 ml. of ecthanol
and 30 ml. of water containing 3 drops of concentrated hydrochlorie acid
was heated under reflux for 24 hre, Volatile materials were removed in
vgcuo and the residuc was triturated with dilute agueous sodium hydroxide.
The oil which formed solidified upon standing at room temperature for 48 hr,
with intermittent stirving.  The vellow solid was collected, stirved with hot
acetone to remove unreacted 4, 7-dichloroquinoline 1-oxide, and crystallized
from dimethylformamide. 7-Chloro-4- {]3-(1-pyrrolidinyhpropyllaminofquino-
line 1 oxide was obtained as yellow erystals, m.p, 185-187°,

p-1T Chloro-4-quinolyhmethylaminolphenol (X),

A mixture of 99 @, (0.5 moley of 4, 7- dichloroguinoline, 86 g, (0.5 mole)
of p-(methylaminojphenol  hemisuifate, and 200 g, of phenol was stirred and
heated on wosteam bath Tor 4 hree The mixture was transferred to a heaker,
the flask was rinsed with cthanol, and the mixture was diluted with anhydrous
cther, The oily residue was separated,  redissolved in ethanol, and once
again precipitated with anhydrous ether. The supernatant was decanted and
the oily residue was stirred into 4 1. of hot water containing an excess of
sodium  hydroxide.  The tan solid that separated was colleeted by liltration,
washed with water, and dried v eacuo at 55° for 18 hr.  The crude product
was erystallized twice (rom dimethylacetamide-water to give 68 g, (48%) of
vellow crystals, mop, 248-258°,

4-1(7- Chloro - 4 - quinolylmethylamino| -« -dicthylamino - 0 - cresol (N4 - Mcthyl-
amodirquiney (XD,

A mixture of dicthvlumine (33 g., 0.456 mole), paraformaldehyde (10 g,
0,342 mole) and ethanol (250 ml) was stirred and heated on a steam bath
lor 15 min,  The hot solution was added to a hot solution of p>[(7-chloro-
A-quinolyDmethylaminojphenol (65 g., 0,228 mole) in 1.5 1. of 2-mcthoxy-
cthanol with stirring, and heating was continued for 6 hr. A second identical
portion of the paraformaldehyde-amine reagent was then added and  heating
wias continued on the steam hath for an additional 6 hr.  Volatile materials
were removed in vacio on o steam bath and the oily residue was dissolved
in anhydrous cther and filtered,  Excess hydrogen chlorvide was bubbled into
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the cther solution and the orange-yellow precipitate that separated was col-
lected and dried. The crude product was dissolved in dilute hydrochloric
acid, the solution was filtered, and the filtrate was made alkaline with
aqueous sodium hydroxide, The mixture was extracted with ether and the
comhined ether extracts were dried over anhydrous potassium carbonate.
The drying agent was collected by filtration and the ether filtrate was treated
with excess hydrogen chloride. The precipitate was collected and dried in
vacno, weight, 93 g. (927%), m.p. 105° with foaming. The material was
crystallized twice from ethanol-ether and dried in vacuo at 75° for 18 hr. to
give 60 g. of NY-methylamodiaquine dihydrochloride ecthanolate as yellow-
orange crystals, m.p, 223-224° dec. The presence of ethanol was confirmed
by vapor phase chromatography,

Anal, Caled. for CylyCIN;O-2HCl C,HOH: C, 56.50; H, 6.61; N, 8.59;
Cl, 21.80. Found: C, 56.51; H, 6.30; N, 8,61; Cl, 21.92.

An aqueous solution of the dihydrochloride salt (35 g., 0.0716 mole) was
poured into a mixture of ether and excess aqueous sodium hydroxide. The
ether ‘layer was separated and the aqueous layer was washed with several
portions of ether. The combined ether extracts were washed with water and
dried over anhydrous potassium carbonate; tRe drying agent was collected and
the ether filtrate was concentrated to a viscous oil. The oily residue was
crystallized twice from methanol-water to give 19 g. (72% recovery) of the
base as vellow crystals, m.p. 78-81°

4-[(7-Chloro - 4 - quinolylmethylamino|-o -dicthylamino-o-cresol N-«, 1-Dioxide
(N‘fl\‘lcthyla.modizlquinv N-¢v, 1. Dioxide) (XID).

4-[(7- Chlore - 4 - quinolyDmethylamino| - o - diethylamino -0 - cresol (10.0 g.,
0.0270 mole) and perbenzoic acid (7.8 g., 0.0567 mole) were allowed to
react in chloroform and the mixture was worked up according to the pro-
cedure used for the preparation of amodiaquine N-a-oxide. The chloroform
concentrate was diluted with anhydrous ether and the vellow solid that sepa-
rated (5.5 g.) was crystallized from acetone - ether (decolorizing charcoal)
to give 2.15 . {197) of wolden orange crvstals, m.p. 162-165° dec.

p-(7-Chloro-4-quinolylamino)phenol 1-Oxide.

A filtered solution of 14.5 g. (0.1 mole) of 4-aminophenol hydrochloride
in 500 ml. of water was added to 21.4 g. (0.1 mole) of 4, 7-dichloroguinoline
1-oxide which had been moistened with ethanol. The mixture was stirred
and heated on a steam bath for 2.5 hr., cooled, and the solid that separated
was collected and washed successively with water and acetone. The hydro-
chloride was suspended in water, excess ammonium hydroxide was added,
and the mixture was stirred for 1 hr. The base was collected, washed with
water, dried, and crystallized twice from ethanol. The veliuw crystals
weighed 14 g. (49%), m.p. 285° dec.

Anal. Caled, for CyHCIN,Op: C, 62.83; H, 3.86; N, 9.77.
62.48; H, .3.99; N, 9.77.

Found: C,

7-Chloro-4-phenoxyquinoline 1-Oxide,

A mixture of 2,1 g. (0.01 mole) of 4, 7-dichloroquinoline 1-oxide, 3.2 g.
(0.02 mole) of N‘,N‘— diethyl - 1,4 - pentanediamine and 5 g. of phenol was
heated at 100-110° for 1 hr. The reaction mixture was cooled and poured
into ice containing an excess of 2 N aqueous sodium hydroxide. The pre-
cipitate was collected, washed with water, and dried. Two crystallizations
from petroleum ether (b.p. 60-80° (decolorizing charcoal) gave 1.9 g. (70%)
of pale yellow, fluffy needles, m.p. 126-127°.

Anal. Caled. for CygHy,CINO,: C, 66.3; H, 3.7; N, 5.2, Found: C, 66.5;
H, 3.5; N, 5.2,
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