
An array of 4-[ (~-chloro-4-quinolyl)aminoj-a-(diethylamino)-o-cre~oi esters (\-a-d, V l ) ,  ( {  5-[  (7-chloro-4- 
quinolyl)amino]salicyl ~alky1amino)alkanol esters (JTIa and b, T’IIIa and b), 2-(  { 4- [(7-chloro-4-quinolyl)amino]- 
pentyl}et,hylamino)ethanol esters (Xa-c), l-[(7-chloro-4-quinoiyl)amino]-3-(diethylamino)-?-p~~panol ester,< 
(XIa-e), ( {  [ (6-chloro-9-acridir~~l)amino]alkyl )amino)alkanoi eders (XTIIa--e. S T I I I  j, and amide derivative? 
(IXa and b, XII-XI;, XIX,  and XX) of representative basically substituted aminoquinoline and aminoacridirir 
antimalarials was prepared as potent,ial repository drrigh. Eight compounds exhibited noteworthy activity and 
protected mice against challenge with Plasmodium berghpi for “-4 weekF following a single 400-mg/kg sc t l ~ w .  
S tructnre-activity relationships are discussed. 

l’revious investigations in these laboratories con- 
cerning repository drugs led successively to the develop- 
ment of cycloguanil pamoate,*p4 acedapsone,j-’O 
and :I cycloguanil pamoate-acedapsone combina- 
tioIl.;--7, i o - i a  iZdditional studies on repository sulfones 
:iff orded various 4’,4”’- [p-phenylenebis(methy1idyne- 
imino-p-phenylenesulfonyl) Ibi~anilides,’~ 4’- [N- (ben- 
zylidene- arid -salicylidene)sulfanilyl Ianilides, l5 arid 
polymers of 4,4’-sulfonyldianiline (DDS) that also ex- 
hibited noteworthy repository properties. 

Wc have now probed the feasibility of utilizing esters 
or amides of selected 4-aminoquinolines, S-amino- 
quinolines, and 9-aminoacridines as parenteral reposi- 
t’ory antimalarial agents. The present communication 
describes the synthesis and repository antimalarial 
effects of an array of estmer and amide congeners of 
amodiaquine (I), hydroxychloroquine (IIa) , oxychloro- 
quine (IIb), primaquine (111)) quinacrine (IV), and re- 
lated substances.16 Several of these new derivatives 

(1) Previous paper: E. F. Elslager, D. €3. Capps. and D. F. Worth. J .  .lIrii. 
(‘hem.. 12, 597 (1969). 

(2) E. F. Elslager and P. E;. Thompson, Abstracts, 9th ra t iona l  hledicinal 
Chemistry Symposium of the American Chemical Society, Minneapolis, 
hlinn,, June 1964, p 6.4. 

(3) P. E. Thompson, B. J. Olszewski, E. F. Elslager, and I). F. \Vorth, 

(.ij  CamolarB. 
( 5 )  E. F. Elslager, %. B. Gavrilis, .4. A .  Phillips, and L). F. Worth. .I. .I.lei/. 

C h e m . ,  12, 357 (1869). 
(6) E. F. Elslager and D. E‘. IVorth, Nature. 206, 630 (1965). hcedapsone 

ia  HansolarB; Dapolar@ is the acedapsonecycloguanil pamoate combination. 
(7)  P. E. Thompson, B. Olszewski, and d.  A. Waitz, A m .  J .  T m p .  ,Wed. 

H y g . ,  14, 343 (1965). 
(8 )  C .  C .  Shepard, Z’roc. Soc. E i p .  B i d .  .Wed., 124, 430 (1967). 
(9) C. C. Shepard, J. G. Tolentino. and D. H. McRae. Am. J .  Trop .  .Iferl. 

(10) P. E.  Thompson, Intern. J .  L e p r o j y ,  36, 605 (1967). 
i l l )  (a )  R.  H. Black, W. B. Hennessy, 13. McMillan, €3. B. Dew, and J. C. 

I:ipga, M e d .  .I .  .4ustralia, 2, 801 (1966); (b) A.  B. G. Laing. G. Pringle, and 
J,’. C. T. Lane. Am. J .  T r o p .  .Wed. H y g . ,  16, 838 (1966); (0) K. H. Rieckmann. 
7 h m .  Hoii. SOP.  T r o p .  Med. Hyg., 61, 189 (1967); (d) W. Chin, G .  R. Coat- 
uey. and 11. I<. King, A m .  J .  TTOP. .Wed. H y g . .  16, 13 (1967); (e) W. Chin. 
1’. G. Conracos, G. R.  Coatney, M. H. Jeter, and E .  Alpert, abid., 16, 580 
I lUfi7). 

(12) L). 1:. Clyde. Abstracts, 8th International Congresses on Tropical 
Medicine and Malaria, Teheran, I ran,  Sept 7-15, 1968, p 1380. 

(13) For recent reviews, see (a) E.  F. Elslager in “8nnual  Reports in 
Jledicinal Chemistry. 1965.” C. K. Cain, Ed., Academic Press, New York. 
N. l-., 1966. p 136; (b) E. F. Elslager in “Annilal Reports in Medicinal 
(‘hemistry, 1966.” C .  K. Cain, Ed., Academic Press, S e w  York. N. Y.. 1967. 
1, 131. 

iI.1) E. 1,~. Ktslager, :A. .\. Phillips, L I I N I  1). I.(. \ V < w i I t ,  .J .  \ I d .  ( ‘ h v m . ,  12, 
:;ti:! ( lY69) .  

(15) 1 ) .  1,’. \Yurtti. 1,;. &’. Klslager, and 
(16)  I ’ur  a liistorical rFview, Bee 1’. B. 

. Im.  J .  TTW. .Wed. H y g . .  12, 481 (1963). 

1fyg.. 17, 192 (1968). 

Phillips, %bid . ,  12, 5Yl (lY6‘J). 
sell in “Medicinal Cliemistr 
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1 

CI 
,CH,CH,OH 

IIa,R =CH(CHJ)(CH,),N,C 
2 5  

CH,O J&j 

IV 

exhibited noteworthy repository activity agairiat l’laa- 
modium beryhei in the mouse. 

Acylation of amodiaquine base ( I ) l i a  with the appro- 
priate acid halide in CHCl, or pyridine afforded thc  
corresponding 4- [(7-chloro-4-quinolyl)amino]- a -  (di- 
ethylamino)-o-creqol esters (Va-d) in 44- 61% yicltl 

HN AxocoR C‘H,N(C,H;), 
I 

c1 Jo@ 
Va, R = CH,, 

b, R = C6Hj 
c, R = (CHJ,CH,, 
d, R = (CH,), , (!H 

.. 

117) (a )  J. H. 13urckI~alter,  1;. 1 1 ,  ‘1’t,iidickt 12. 31, .Jones, 1’. .\. Jcrnw IV. I;. 
Ilolcomb, and .\. 1,. Ramlins. .I. .Im. Chenr. S o ? . ,  70, 1363 ~ I $ l t S ) ;  ( 1 1 1  1,;. I;. 
Elslager. 8. C. Perrirone. and I:. H. T<xn(lirk, J .  . l ied. C h c m . ,  i l l  iiresi.. 
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TABLE I 
4-[ ( ~ - ~ € l L O l ~ ~ - ~ - Q U I ~ ~ L Y L ) . ~ ~ ~ I ~ O ] - ~ - ( D I E T H Y L . ~ M I ~ O ) ~ - C R E S O L  (-UdOuI.LQUISE) &‘l’ICllb 

Yield 
purifd, 

N p ,  oc % 
206 5-211 5 dec 48 
289-291 74 
245 dec 72 
144-14.5 3 49 
168-17<5 44 
221-222 52 
158-170 dec 66 
179-1 84 61 
198-200 68 

197-2 0 1 50 
138-148 dec 38 

Purificn solvent 

i-PrOH 
b 

D N F  
i-Pr20 
i-PrOH 
LIeOH-DlIF 

b 
i-PrOH 
C6HsDAIF- 

petr ether 
IIeOH 

b 

Analyses” 

C, HI  N, C1-, H?O 
C, H,  N, H20d 
C, H, N ;  H20f 
C, H, N 
C, H, N, CI-, H,O 
C, H, N, HnO 
C, H,  N, HzOh 
C, H, N, C1-, HnO 
C, H, N, H20 

C, H, K; H20i 
C, H ,  N,  HzO 

Repository 
act., 

Pl4W” 

s 
2 . 3 
3 

<1 
N 

< I  
2 
3’ 
2 . 3 1  

4i 
3.51 

a Unless otherwise indicated, drugs were suspended in 5 mlikg of benzyl benzoate-castor oil (40: 60) and administered subcutaneously 
to groups of 15-25 female albino mice in a single 400-mgikg Subgroups of five mice were challenged by the intraperitoneal 
injection of 15 million Plasmodium berghei a t  various intervals, usually at 1, 3,5, 7, and 9 weeks, for susceptibility to Activ- 
ity is based on the number of weeks 50% of the mice were protected (PMW). CIO- 
HsO& represents 1,5-naphthalenedisulfonic acid. e C1%HloO& represents 4,4’-biphenyl- 
disulfonic acid. H 2 0 :  calcd, 4.81 ; found, 4.27. 0 C23H1606 represents 4,4’-methylenebis(3-hydroxy-2-naphthoic acid). Found 
values are corrected for 3.16% H2O. i Drug was given as a suspension in 1.5% pectin-O.lyo Tween 
60 in HnO. 

N signifies not tested. * Not recrystallized. 
Found values are corrected for 0.70yo € 1 2 0 .  

i H20: calcd, 2.89; found, 2.35. 

(procedures I, 11). The esters were isolated as salts 
with hydrochloric, 1,5-naphthalenedisulfonic, 4,4’-bi- 
phenyldisulfonic, and 4,4’-methylenebis(3-hydroxy-2- 
naphthoic acids) (1-11, Table I). The succinic acid 
diester VI with amodiaquine was obtained from suc- 
cinoyl chloride and amodiaquine base in CHC13. 

(CJ&hN$W $&N(C&)i 
OCO(CH,),COO & ~ T H  

VI 

Representative side-chain esters of amodiaquine were 
prepared similarly (12-15, Table 11). The condensa- 
tion of 2-( { 5- [ (7-chloro-4-quinolyl)amino]salicyl} ethyl- 
amin~)e thano l”~  with AczO or n-heptanoyl chloride in 
pyridine afforded 2-( { 5- [ (7-chloro-4-quinolyl)amino]- 
s:tlicyl 1 ethy1amino)ethanol 1-acetate ester (VIIa) 
(63%) (procedure 111) and 2-( { 5- [ (7-chloro-4-quinoly1)- 

CH,N(C,H,)(CH,),OCOR Hr;J 

c1 
VIIa, R = CHJ 

b, R = (CH,),CH, 

amino]salicyl 1 ethy1amino)ethanol 1-heptnnoate ester 
(VIIb) (21%) (procedure IV). 1-(5-[(7-Chloro-4- 
quinolyl)amino]salicyl} -4-piperidinol 4-acetate ester 

(VIIIa) (23%) and 1- { 5- [ (i’-chloro-4-quinolyl):~mino]- 
salicyl] -4-piperidinol 4-benzoate ester (VIIIb) (33%) 

VIIIa, R = CH, 

were obtained from 1-( 5- [ (7-chloro-4-quinoly1)amino]- 
salicyl) -4-piperidinol, AcCl, and benzoic anhydride 
(procedures V, VI). The ir spectra of the side-chain 
esters clearly demonstrate that acylation was effected 
on the aliphatic alcohol rather than on the phenol. 
The spectra of VIIa and b and VIIIa exhibited car- 
bonyl absorption (KBr) at 1743, 1738, and 1740 cm-’, 
respectively. By contrast, the o-cresol esters Va, c, 
and d have carbonyl absorption a t  1772, 1766, and 1765 
cm-’. 

Two amide relatives of amodiaquine were also syn- 
thesized. Reaction of 4- [ (7-chloro-4-quinolyl)amino]- 
cr-(isobutylaniino)-o-~resol~~~ with AcCl in CHC1, gavc 
S- {5- [(7-chloro-4-quinolyl)amino]salicyl} -N-isobutyl- 
acetamide (IXa) (22%), which upon treatment with 

OR 

b, R = CsHj 

c1 
I X a , R = H  

b, R = COCH, 



fj02 

1)oihig in  H O L k  afforded s- { 5- [(7-chloro-l- 
(~uiiiolyl)amino]salicyl] -S-isobutSrlacetaniide acetate 
ester (IXb) (63%). 

2- ( [ 4- [ (7-C hlo 1.0-4 - (1 u i 11 o 1 y 1 ) ii mi no ] p e xi t y 1 ] e t  h y 1 - 
amino)ethanol (hydroxychloroyuine) esters of struc- 
ture Xa-c (16-19, Table 111) mere prepared by stirring 

KHCH(CH,XCH.),N(CLH )(CH-),OCOR 
I 

Xa. R = CH 
h, R = (CH),CH, 
e, R = (CH-),,CH 

h~droxu2iclilorocluine'~ (118) for 18 hr with exc 
heptanoyl chloride, or palmitoyl chloride in refluxing 
CHCl, saturated with HCl. 2-( (4- [(7-Chloro-4-cluino- 
Iyl)amino]perityl) ethy1amino)ethanol acetate ester 
(Xa), heptanoate ester (Xb), and palmitate ester (Xc) 
were convmiently isolated and purified as insoluble 
Yalt5 with 1 formula w t  4,4'-methylenebis(3-hydroxy- 
2-naphthoic acid) (pamoic acid) (20-60% yield, pro- 
cedure VII). 

Various ester (20-22, Table IV) and amide deriva- 
tives of oxychloroquirie16 mere obtained as follows. 
Treatment of 1- [ (7-cl-iloro-4-quinolyl)a1nino]-3-(di- 
ethylamino)-.'-propanol with n-heptanoic anhydride 

18) '\. R. Suirr.1 arid I t  1 liauiiuer, J A m  Chem Soc. ,  72, l b l i  ( I ' J W  
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in refluxing DMF yielded 1- [ (7-chloro-4-quinoly1)- 
amino]-3-(diethylamino)-2-propanol heptanoate ester 
(XIb) (15%) (procedure VIII). 1- [(7-Chloro-4-quino- 
lyl)amino]-3-(diethylamino)-2-propanol acetate ester 
(XIa) (43%) and cyclopentylpropionate ester (XIc) 

NHCH,CH( OCOR)CH,N( C2Hj)Z 
I 

c1 Jo@ 
XIa, R = CH3 

b, R = (CH,),CH, 

c, R = C H ~ C H , ~  

(53%) were prepared by heat,ing oxychloroquine with 
AcCl or cyclopentylpropionyl chloride in CHCls utiliz- 
ing procedure VII. The products were isolated and 
purified as the pamoic acid salts. When oxychloro- 
quine base was heated under reflux with excess AczO for 
7 hr, IY- (7-chloro-4-quinolyl) -N- [ 3- (diet hylamino) -2- 
hydroxypropyllacetamide acetate ester (XII) was ob- 
tained in 58% yield. 

I 
CHzCONCH2CH( OCOCH,)CH2N( C2Hj)Z 

c1 JQQ 
XI1 

In  addition to the amide ester XII, several other 
basically substituted 4-aminoquinoline amides were 
also prepared. When 7-chloro-4- ( [3-(diethy1amino)pro- 
pyllamino) quinoline16 was heated under reflux for 48 hr 
with excess AcCl in CHCla, S-(7-chloro-4-quinolyl)-S- 
[3-(diethy1amino)propyllacetamide (XIIIa) was iso- 
lated in 33y0 yield. The base was converted to the 

CHjCON(CH&N(CJH,), 
I 

c1 JQQ 
XIIIa, base 

b, pamoate 
NH(CHJ3N(C2Hj)COCHj 

I 

c1 
XIV 

pamoate salt (XIIIb) for repository testing. Con- 
densation of N- (3-aminopropy1)-N-e t h y lace t amide 
with 4,7-dichloroquinoline a t  150-185' yielded N- ( 3- 
[ (7-chloro-4-quinoly1)amino ]propyl) -5-ethylacetamide 
(XIV) (13%). The intermediate S-(3-aminopropyl)- 
N-ethylacetamide was obtained by the following 
scheme. Acylation of 3-(ethylamino)pr0pionitrile~~ 
with AczO in HOAc afforded S-(2-cyanoethyl)-S- 
ethylacetamide (83%). Catalytic hydrogenation of 
this intermediate in toluene over Raney cobalt in the 
presence of Et3N gave the desired N- (3-aminopropy1)- 
S-ethylacetamide ( 15yo), together with a product pre- 
sumed to be the rearranged terminal amide S- [3- 
(ethylamino)propyl]acetamide (27%). 

(19) D. S. Tarbell. S. Shakespeare, C. J. Claus. and J. F. Uunnett, J .  Am. 
Chem. Soc.. 68, 1217 (1946). 

A repository 8-aminoquinoline derivative that would 
destroy the exoerythrocytic forms of Plasmodium vivax 
and Plasmodium malariae in a single dose would be use- 
ful either alone or in combination with other repository 
preparations. In  anticipation that insoluble S- {4- [ (6- 
methoxy-8-quinolyl)amino]alkyl] amides might un- 
dergo metabolic activation in vivo following parenteral 
administration, several representative compounds 
(XVa-c) (23-25, Table V) were prepared. The syn- 

SJRYNR,R, 

CH30 &$ 
XVa, NRYNR1R2 = NHCH(CH3)(CH2)3NHCOCHClz 

0, 

b, NRYNR,R, = N(COCHJCH,),N 

C, NRY N R l b  NHCH(CHj)(CH2)jNHCO(CHJI4CHJ 

thesis of 2,2-dichloro-S- (4- [ (6-methoxy-8-quinoly1)- 
aminolpentyl] acetamide (XVa) (18%) and N-(4-[(6- 
methoxy - 8 - quinolyl)amino]pentyl) hexadecanamide 
(XVc) (66%) was accomplished by treating primaquine 
base with methyl dichloroacetate or palmitoyl chloride 
in CHCl3 (procedures IX, XI) .  N-(6-lIethoxy-8- 
quinolyl)-~-(3-phthalimidopropyl)acetamide (XVb) 
was obtained in 36% yield from K- {3-[(6-methoxy-8- 
quinoly1)amino ]propyl} phthalimidezO and AcsO in 
HOAc (procedure X). 

In  an earlier communicationz1 we described the 
preparation of various ( [ (benz [c]acridin-7-yl)amino]- 
alkylamino} alkanol esters (XVI) that exhibit potent 

NHXNR(CH,),OCOR' I 

XVI 

antiamebic activit'y against' Entamoeba lzistolytica i/i 
vitro and in experimental animals. Since 7-amino- 
benz [clacridine derivatives are known t'o possess only 
weak antimalarial activity,22 esters of structure XVI 
were not evaluated for repository antimalarial effects. 
However, it was of interest t o  investigate 9-aminoacri- 
dine esters and amides related t'o quinacrine (IV). A 
variety of ( { [ (6-chloro-9-acridiny1)amino]alkyl) amino)- 
alkanol esters (26-33, Table VI) were prepared. Acyla- 
tion of 2-( { 2- [ (6-chloro-2-methoxy-9-acridinyl)amino]- 
et8hyl) a,mino)ethanol d ihydroch10r ide~~~~~ or  2 , 2 ' -  
( ( 3- [ (3,6-dichloro-9-acridinyl) amino ]propyl} imino)di- 
et'hanol dihydrochloridez3 wit'h AcC1, hexanoyl chlo- 
ride, nonarioyl chloride, lauroyl chloride, or palmitoyl 
chloride gave t>he corresponding 2-( 1'2- [ (8chloro-2- 

(20) L. W. Kissinger, I. Von, and M. Carmack, ibid., 68, 1563 (1946). 
(21) E. F. Elslager, F. W. Short,  RI .  J. Sullivan, and F. H. Tendick. ibid., 

(22) E. F. Elslager, A. Rl. Moore, F. W. Short,  XI. .J. Sullivan, and F. H. 

(23) N .  B. Ackerman. D. K. Haldorsen, F. H. Tendick, and E. F. Elslager, 

(24) A. R. Surrey, C.  >I. Suter, and J. S. Buck, J .  Am. Chem. S o c . ,  74, 

80, 451 (1958). 

Tendick, ibid., 79, 4699 (1957). 

J .  Med. Chem., 11, 315 (1968). 

4102 (1952). 
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XVIIa, R = CH, 
b, R = (CH,),CH, 
C, R = (CHJ-CH, 
d ,  R = (CHJIOCH, 
e,  R =(CH,),,CH, 

niettioxy-~~-acridinyl)uniiiio ]ethyl ] amino )ethanol e>- 
terh (XVIIa-e) (procedures XII, XIII) and 2,2'-( {:<- 
[ (:3,6-dichloro-9-acridiriyl) amirio ]propyl] imino j di- 
eth:mol dipalmitate ezter (XT'III) (procedure XIII). 

NH(CH,),N[(CH,),OCO(CH2,14CH,I, 

e1 
XVIII 

When 2- ( { 2- [ (6-chloro-2-met hoxy-9-acridiny1)amino ]- 
ethyl j amino)ethaiiol d i h y d r o c h l ~ r i d e ~ ~ ~ ~ ~  was heated at 
12.3-150" for 2 hr with AcLO (procedure XIY) or re- 
fluxed with palniitoyl rhloride in tolume for i hr (pro- 
cedurcl XI?), thc  correbpotiding S- { 2- [ (6-chloro-2- 
r i i  c t 11 oxy-$) - :L c I. i d i i i  y I ) :I mi n o ] c t h y 1 1 - S- (2-hyd roxp- 

r\ XIX:1 anti 1) \rere forn1ed. The 

XIXa, R = CH, 
b. R =(CH,),,CH, 

S!'-;icc~tyl cioriv:itivc S-((j-chloro-L'-ri iethox~-~~-:~~r~- 
dinyl)-S- IS- (diet hy1:tniino j propyl ]acetamide (XX) n x s  

obtained in 279; yield from 6-chloro-9- [ [:%(diethyl- 

CHJCOSJ(CHJJN( CzK )i 

c1 JQ@Qr°CHJ 
xx 

:miino)prop,yl lamino 1 -2-iiiethoxy~tcridirlc di hydrochlo- 
ride upon treatment wit,h excebs IlcCI in boiling CHCl(. 

The ester and amide congeners of amodiaquine, hy- 
droxychloroquine, oxychloroquirie, primaquine, quiri- 
acrine, and related hubstances were supplied t o  Dr. 
P. E. Thompson and coworkers of these laboratories for 
evaluation as potential repository antimalarial agerity 
:tgainqt Plasmodium hprqhei in  the mouse. 1q in pre- 
vioub 11 orl,,1 - I ,  1 7 14 1) drugs \\.ere susperided i r i  5 nil /kg 
of beuzyl benzo:Lte r:iztor oil (BBCO, 4O:tiO) or 1.*59( 
pectiii-0.lojc Tneeii (io ill  H 2 0  and given to g roup  of 
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15-25 albino mice in a single subcutaneous 400-mg 
base equivalent/kg dose. Subgroups of treated mice 
were subsequently challenged with P.  berghei tropho- 
zoites a t  weekly or biweekly intervals. Assessment of 
repository action was based on t,he period of protection 
against patent infections afforded by a single dose of the 
drug. Activity is expressed as the number of weeks 
50% of the mice were protected. 

Among the ester derivatives Va-d, VI, VIIa and b, 
VIIIa and b, Xa and b, XIa-e, XVIIa-e, and XVIII, 
eight compounds conferred slight to moderate protec- 
tion against challenge with P. berghei ranging from 2 to 
4 weeks. These substances comprised the 1,Z-naph- 
thalenedisulfonic and 4,4'-biphenyldisulfonic acid salts 
of 4- [ (7-chloro-4-quinolyl) amino ]-cy- (di e t h y 1 am in 0) -0- 

cresol acetate ester (2, 3, Table I), the pamoate salt of 
4- [ (7-c hlo ro-4-quinoly1)amino ]-a- (diet hyla mi no) -0- 

cresol heptanoate ester (7, Table I), the hydrochloride, 
pamoate, l,5-naphthalenedisulfonate, and 4,4'-bi- 
phenyldisulfonate salts of 4-[(7-chloro-4-quinolyl)- 
amino]-a-(diethylamino)-o-cresol palmitate ester (8-11, 
Table I), and the pamoate salt of l-[('i-chloro-4- 
quinolyl) amino 1-3- (diethylamino)-2-prop an01 acetate 
ester (20, Table IV). However, none of these was as 
promising as the repository cycloguanil, pyrimethamine, 
and DDS derivatives described previously. 1-3*5-71 14, 
Further, in the face of increasing reports of resistance by 
P. falciparum to the 4-aminoquinoline and 9-amino- 
acridine the impetus to develop repository 
agents of this type has diminished. Sone of the amide 
derivatives (IXa and b, XII ,  XIIIa  and b, XIV, XV- 
a-c, XIXa and b, and XX) displayed significant re- 
pository effects. 

Experimental Sectionz5, 26 

4- [( 7-Chloro-4-quinolyl)amino] -a-( diethylamino)-o-cresol 
(Amodiaquine) Esters (Va-d) (1-11, Table I). Procedure 1.- 
To 5.0 g (0.014 mole) of amodiaquine base (I)17a suspended in 
CHCla was added 2 ml ( 2  equiv) of AcC1. An exothermic 
reaction occurred and a solution resulted. The mixture was 
heated under reflux for 2.5 hr and concentrated to dryness. 
The residue was recrystallized twice from i-PrOH to give 3.3 g 
of 4-[ (7-chloro-4-quinolyl)amino]-a-(diethylamino)-o-cresol ace- 
tate ester dihydrochloride moiiohydrate (1) as a yellow solid, 
mp 206.5-211.5' dec. The ir spectrum of the product showed a 
strong peak at  1772 cm-l indicative of ester carbonyl. 

A H?O solution of 3.6 g (0.01 mole) of 4,4'-biphe1iyldisulfonic 
acid disodium salt was added to a H20  solution of 4.9 g (0.01 
mole) of the above est'er hydrochloride. A viscous oil formed 
which gradually solidified to give 6.3 g of a yellow solid, mp 
263-270". The crude product was dissolved in warm DMF, but 
after a short time reprecipitated from the hot solution. Further 
addition of DhlF and heating did not effect solution. The 
solid was collected, washed with H20, and dried to give 5.1 g of 
the 4- [ (7-chloro-4-qr1inolyl)amino]-a-(dieth~lamino)-o-cr~sol ace- 
tate ester salt with 1 formula wt of 4,4'-biphenyldisulfonic acid 
dihydrate (31, mp 24.5" dec. The salt (2) with 1,5-naphthalene- 
disiilfonic acid, mp 289-291 O ,  was prepared similarly. 

Compoiinds 5-11 (Table I )  were prepared utilizing the above 
procedures. 

Procedure 11.-A solution of 7.1 g (0.02 mole) of amodiaquine 
base (I)lia in pyridine was treated with 2.8 g (0.02 mole) of 
benzoyl chloride. A precipitate soon formed. After standing 
for 1 hr, the reaction mixture was poured into iced H20. The 
precipitate was collected by filtration, washed with H?O, dried 

( 2 5 )  Melting points (corrected) were taken on a Thomas-Hoover capil- 
lary melting point apparatus. 

(26) Where analyses are indicated only by symbols of the elements or 
functions, analytical results ohtained for those elements or functiona vere 
within *0.4% of the theoretical values. Water determinations were by the 
Karl Fisclier method. 

in air, and crystallized twice from i-Pr20 to give 4.3 g of 4-[(7- 
chloro-4-quinolyl)amino]-a-(diethylamino)-o-cresol benzoate es- 
ter (4) as yellow crystals, mp 144-145.5'. 

( { 5- [( 7-Chloro-4~quinolyl)amino] salicyl ]alkylamino)alkanol 
Esters (VlIa and b, VIIIa and b) (12-15, Table 11). Procedure 
111.-A mixture of 13.5 g (0.03 mole) of 2-( { 5-[(7-chloro-4-quino1- 
y1)aminoJ salicyl !ethylamino)ethanol dihydrochloride quarter- 
hydrate,lib 100 ml of dry pyridine, and 50 ml of Ac?O was heated 
on a steam bath for 1 hr. The mixture was diluted with H20,  
made alkaline with NH40H,  and extracted with Et?O. The 
combined extracts were washed with HzO, dried (K2C03), and 
evaporated to dryness. The residue was dissolved in EtOH and 
diluted with 3 vol of hot H?O to give 11.0 g of crude product, 
mp 1.54'. Two crystallizations from EtOH gave 7.8 g of 2- 
( {  5-[  (7-chloro-4-quinolyl)amino]salicyl )ethylamino)ethanol 1- 
acetate ester (VIIa) as yellow crystals, mp 156". 

Procedure 1V.-2-( { 5- [ (  7-Chloro-4-quinolyl)amino] salicy1)- 
ethy1amino)ethanol dihydrochloride quart,erhydrate'?b (13.5 g) 
was dissolved in H2O and converted to the base with NH,OH. 
The base (10.0 g, 0.027 mole) in 50 ml of pyridine was treated 
with 11.9 g (3 equiv) of n-heptanoyl chloride and stirred for 1 
hr. The mixture was poured into dilute HC1, made alkaline 
with aqueous NaOH, and ext,racted with Et90. The combined 
extracts were washed with dilute NaOH and HZO, dried, and 
concentrated. Excess i-PrOH saturated with HCl was added to 
the oily residue and the mixture was concentrated to a small 
volume and triturated with EtzO. The rubberlike mass was 
reprecipitated from EtOH with EtZO. The resulting tan solid 
was suspended in a mixture of H20 and Et20 and the mixture 
was made basic with NH40H.  The Et20 layer was dried and 
concentrated to a viscous oil which, upon standing in EtOAc, 
gave 2.7 g of 2-({ 5-[ (7-chloro-4-quinolyl)amino]salicyl)ethyl- 
amino)ethanol 1-heptanoate ester (VIIb) as a pale yellow solid, 
mp 135-137". 

Procedure V.-1-{ 5-[ (  7-Chloro-4-quinolyl)amino] salicyl)-4- 
piperidinol dihydrochloride quarterhydrate (27.6 g, 0.06 mole) 
was heated in uucuo on a steam bath for 1 hr. The solid was 
suspended in 100 ml of D M F  and 40 ml of pyridine, and 30 ml 
of AcCl was added dropwise. The mixture was stirred at  room 
temperature for 1 hr, warmed on a steam bath for 1 hr, poured 
into 2 1. of H20,  and made basic with NH4OH. The semisolid 
mass that separated was dissolved in EtOH and diluted with 
EtZO, and the mixture was washed repeatedly with 1110. The 
organic layer was separated and filtered, and the filtrate was 
diluted with CCl4 and concentrated to the cloud point,. Cooling 
yielded a solid which was redissolved in a little hIeOH and re- 
precipitated with CC1,. The yellow crystals (8.5 g), mp 145- 
1~50', were dissolved in C6H6 and the CeH6 solution was treated 
with decolorizing charcoal, concentrat,ed to a small volume, and 
diluted with an equal volume of CClr. Recrystallization from 
CsHe-CCl, gave 6.0 g of 1-{ 5-[  (7-chlor0-4-qiiinolyl)amino]sali- 
cy1 /-4-piperidinol 4-acetate ester hemihydrate (ITIIa) as pale 
yellow crystals, mp 158-160". 

The hydrochloride salt of 1-IIIa was prepared in EtOH by 
addition of i-PrOH saturakd wit,h HC1. hddit,ion of Me&O 
precipitated the salt which was collected, dried in vacuo, and 
equilibrated in the air for 18 hr. The dihydrochloride salt 
hemihydrate was thus obtained as a yellow solid, mp 254-255' 
dec. Anal. (C28H24ClN303~2HC1~0.SHtO) C! H, E, H20. 

Procedure VI.-A solution of 7.9 g (0.02 mole) of 1-(5-[(7- 
chloro-4-quinolyl)amino]salicyl)-4-piperidinol dihydrochloride 
quarterhydrate in 225 ml of DMF was treated with 4.3 g (0.02 
mole) of benzoic anhydride and the mixture was warmed on a 
steam bat'h for 1 hr. The product was poured into iced H?O and 
the mixture was made alkaline with aqueous NaOH. The solid 
thus obtained was crystallized from C6H6 to give 3.3 g of 1-( 5- 
[ (7-chloro-4-quinolyl)amino]salic~l }+piperidin01 4-benzoate e+ 
ter monohydrate (VIIIb) as yellow crystals, mp 184-18.5". 

2 4  { 4- [ (7-Chloro-4-quinolyl)amino] pentyl )ethylamino)ethanol 
(Hydroxychloroquine) Esters (Xa+) (16-19, Table 111). 
Procedure VI1.-Hydroxychloroqriine sulfate1* (10.0 g, 0.023 
mole) was converted to the base with NHlOH and extracted into 
CHC1,. The dried CHC1, solution was saturated with HC1, 10 
ml of AcCl was added, and the mixture was stirred and heated 
under reflux for 18 hr. Removal of the solvent in vacuo and 
trituration of t,he residue with Et20 gave a gummy solid which 
could iiot be iiiduced to crystallize. The hydrochloride was 
converted to the 4,4'-methylenebis(3-hydroxy-2-naphthoate) 
salt according to procedrire I. Re( ,tallixatioti of the crirde 
salt twice from lIl\IF-H20 gave 11.7 g of 2-((4-[ (7-chluro-4- 



qiiinolyl jamiiiolpeiityl ]ethylamino )ethanol acetale ester salt 
with 1 formiila wt of 4,4'-methylenebis(3-hydroxy-2-riaphthoic. 
acid) (16), as a pale yellow solid, mp 196-199'. 

Compounds 17-19 were prepared by a similar procedure. 
1 - [( 7-Chloro-4-quinolyl)amino) - 3 4  diethylamino)-2-propanol 

(Oxychloroquine) Esters (XIa-c) (20-22, Table IV).  Pro- 
cedure VII1.--A aolution of 5.0 g (0.0162 mole) of oxychloroquirie 
base16 arid 3.9 g (0.0162 mole) of n-heptanoic anhydride in DhIF 
was heated iinder reflux for 5 fir. The mixtiire wan cooled, 
poured into iced 1120, arid made alkaline with SaOH. The 
resulting girni was dissolved in Et&, and the Et,O extract- 
were dried and concentrated to dryneAs. The white powder wa.. 

tallized from MeCN to give 1.0 g (157;) of 1-[(7-chlor(1-4- 
olyl)amirio]-3-(diethylamir1o~-2-propanol heptanoate e31er 

i S I b ) ,  mp 62-63', 
Compounds 20 and 22 were prepared froni AcCI arid Cyc'llJ- 

pentylpropionyl chloride nia procedure 1'11 and were converted 
t i  i the 4,4 '-methylenebis( 3-hydroxy-2-riaphthoir arid) salts 
iitiliziiig procediire I. 

(XVa-c) 
123--25, Table V). Procedure IX.-.4 solution of 5.2 g (0.02 
mole) of primaqiiiiie base (111) in CHCla was treated with 2.9 g 
of methyl dichloroacetate and the mixt,ure was heated urider 

The solvent was removed in c'ucuo to give a 
tallizatiori from i-PrOH-RpO gave on  loiig 
rown solid. Two recrystallizations from n-hep- 

lalie gave 1 . 3  g (lflc,:;) of 2,2-dichloro-Y-(4-[(6-methoxy-X- 
c~iiirioI~1)amiiici]pentyl ]acetamide (XL-a) as a white solid, mp 
101 102..jo. The ii. spectrum showed a carbonyl absorption :+I 
1 O i Y  i*ii i-I .  

Procedure X.- - -S-{  3-1 (6-.\Iethosy-X-quiriolyI)aniino]propyl]- 
phthalimide20 (5 .4  g, 0.015 mole) was heated on a steam bath for 
O..i hi, with 400 ml of HOAc aiid 15 in1 of Ac20. The cooled 
w l i i l i o i i  \vas poiired into a mixtiire of ice arid dilute aqueous 
T:iC)I7 aiid allowed to stand overiiight. The viscous oil that 
fiirmtd gradually holidified. C llizativn from i-PrOH gave 
2.2 g cSSC';) C J ~  S-(6-metho quinoly1)-N-( 3-phthalimitio- 
pI'(Jpy1 )acetamide (ST%) as a tali powder, mp 150-1.51 '. 

Procedure XI.-A solution of 5 .2  g (0.02 mole) of primaqiiirie 
l i ase  (111) i i i  CIIC1, n-as heated iinder reflux with 11.0 g (0.04 
mole) r i f  palmitoyl chloride. Volatile materials were removed iu 
wruo : i i i d  the residue was treated with aqueous XaOH. The 
wlid \va? c*rystallized from heptane t o  give 13.2 g (667; ) 
of X-{ -1- ((6-me thoxy-ri-quinolyl)arnino]pentyl J hexadecanamide 
( S L . 1 . )  :is a tan solid, mp 79-86' (indistinct). The ir spectrum 
*hon-ed c~arhoiiyl absorption a t  1647 cm-.'. 

( { [(6-Chloro-9-acridinyl)amino]alkyl }amino)alkanol Esters 
(XVIIa-e, XVIII, and XIXa and b )  (26-33, Table VI). Pro- 
cedure XII.--2-( { 2- [(  6-Chloro-2-methoxy-9-acridiriyl)aniirio] - 
rt hyl } amiiio)ethanol dihydro~hloride2~ ' 2 4  (21.6 g, 0.032 mole) m-a" 
stirred and heated under refliis with 140 ml of AcCl for 4 hr. 
l'he ~~ispe~is i i in  waa allowcti t o  rluiid at room temperature over- 
trighi aiid 100 nil of .%1<?0 waq : i d d ~ t l  t o  facilitate stirring. After 
\v;irniiiig for :XI niiii, the rnixtiirr was diliited with Et20 and 
filtered. The iohd wa. vryrtallized f rom &tOfT-LIeOIf t o  give 

) of 2-i { 2-[  i6-chlorcJ-2-methoxy-'3-ac~ridiii~l ianiiiiol- 
)ethniiol acetate ester tiihydrocliloride 1.25114) 

(x\ 'IIa) as bright y e h w  
Procedure XIII.--A mixture of 5.0 g (0.012 mole) ( J f  2 - ( {  2-1( ti- 

c.hlolo-2-niethoxy-!)-nc~ridiiivl)an)i11oi ethyl lnmjiio)ethariol dihy- 
tlrii1.hloride*~,2~ arid 50 ml of palmit o?-l chloride was stirred and 
1irB:rted o i i  a -team bath for 18 hr,  cooled, and diluted with Et?O. 
Ihr precipitate W:L. c~ollerted anti i rllized from KtOTf t i i  
give 2 4  2 - [  (6-chlolo-2-1iict~ii~x~-~~-ai~i~i l)arniiici]etIiyI Janiinci )- 
et htiiioi palmitate ester dihj-droc*hloritie monohydrate iX\ ' I Ie  I 

('iiinpoiiiid~ S\-TIh-d a n d  S \ . I I I  \\--ere prepared i i i  ~i siniiiai, 
ni : t i i i ier  i i t i l i z ing  prii('ediire SIII .  

Procedure XIV.--Ac& (100 nil) arid 21.6 g (0.052 mole) IJf 2-  
( ~ 2- [(6-rh~1i1~1~-2-1r1et~i1~x~-~-:trr~di1i~l)arn~iio~ethyl~arii ir io)eth:~iic, l  
t l i l iyd i~oc~l i ic i i~ idez~i~~~ was heated i t ]  :I metal bath for 2 hr at I25  
1:30". 'Hie -111iiti1iii mi> cooled, ai l  e:liial voliirne of I-:t,O \%a- 
:ul(le!l, atid (he  procliict \\a- c,cIllecated by filtration. Cryhtaliiza- 
t i o i l  f u l n i  ~ l e ~ ~ l I - i - P ~ O 1 ~  gave 20 .0  g ( 8 3 ( - ; )  of p1'-(2-[(6-clilorci- 
2-riietliusy-O-arri(Iiiiyl iaminoj et hj.1 )-S-(2-hy d r o x y e t  hyl:acrt-  
m i i d e  a d a t e  ester moii~i~i?.droc~i~oride ( Y I S a )  a: yellow c-rys- 
tal., nip t 8 o - i ~ ~ ~ .  

Procedure XV. - ~ - 2 - [  "-I(~j-Ciilorii-2-iiiethos!.-!)-acl.idiii)lk 
:iiiiitio]cl hyl /:iniiriii)f,t haiiol d i h y t l r l , c . h l l ) r i ~ ~ * ~ , 2 3  (21.6 g, 0,052 
niole) : i i i t f  7 0  nil of ptilrnitoyl c,tiloiidr xi> heated tinder reflii~ 

N-( 4- [(  6-hlethoxy-8-quinolyI)amino]alkyl Jamides 

r 7  
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large mass of polymeric pot residue. Anal. (Cl6H&1N3O) C, 
H, N. 

N-( 6-Chloro-2-methoxy-9-acridinyl)-N- [ 3-( diethy1amino)pro- 
pyllacetamide (XX).-A solution of 46.3 g (0.1 mole) of 6- 
chloro-9-( [ 3-( diethylamino)propyl] amino] -2-methoxyacridine di- 
hydrochloride hydrateI6 in warm HzO was made basic with 
N H 4 0 H  and extracted with CHCla. The combined CHC13 
extracts were dried (AlgS01) and treated with 25 ml of AcC1. 
The mixture was boiled under reflux for 48 hr, filtered hot, 
and cooled to give 11.9 g of yellow solid, mp 266-274". This 
material w s  presumed to be starting material from its lack of 
C=O absorption in the ir. The filt.rate was concentrated to 
dryness to give a yellow semisolid. Crystallization from 95% 
EtOH gave 6.0 g of a solid of indeterminate melting point which 
was discarded. The EtOH filtrate was concentrated to dry- 
ness, and the residue was dissolved in HZO, filtered, and made 
basic with NaOII. The gummy material which formed solidi- 
fied on standing and was crystallized twice from heptane. The 
bright yellow crystals thus obtained, mp 113-114.5', weighed 
11.2 g (27Yc) and showed strong C=O absorption in the ir a t  
1665 cm-l. 

1-[ 5-[(7-Chloro-4-quinolyl)amino]salicyl) -4-piperidin01 Dihy- 
droch1oride.-To a mixture of 4'-hydroxyacetanilide (45.3 g, 
0.3 mole) and 30.4 g (0.3 mole) of 4-piperidinol in 200 ml of 
i-PrOH was added dropwise during 1 hr  22.5 ml of 407, CH20. 
The mixture was heated under reflux for 5 hr, the solvent was 
removed in vacuo, and 100 ml of H20 was added. The mixture 
was heated on a steam bath for 3 hr, cooled, and neutralized 
until just acid to congo red. 4,7-Dichloroquinoline (59.4 g, 
0.3 mole) and 50 ml of EtOH were added and the resulting mix- 
ture was heated on a steam bath for 3 hr. The pasty mass 
was stirred with 2 1. of H2O and filtered. The filtrate was diluted 
to 4 1. and made alkaline R-ith NH40H. The solid was collected 
by filtration, digested with a mixture of boiling MeOH-EtOH, 
and filtered. The residue was suspended in hot EtOH and 
treated with concentrated HC1. The suspension of the hydro- 
chloric acid salt was diluted with MezCO and filtered to yield 
97.0 g (70c0) of product,, mp 298-300" dec. Anal. (C21Hz2C1- 

Anal. (C23H2sClNaO~) C, H,.N. 

?TaO:!.2HC1.0.25H?O) C, H, N, H20. 

N-(2-Cyanoethyl)-N-ethylacetamide.-To a mixture of 147 g 
of HOAc and 225 g of AczO was added dropwise 236 g (2.4 moles) 
of 3-(ethylamino)pr0pionitrile.~~ Heat was evolved and the 
temperature was maintained a t  50-60" by controlling the rate of 
addition. The solvent was removed in vacuo and the residue 
was distilled to give 278 g (83%) of product, bp 95' (0.3 mm), 
nZ6D 1.4640. Anal. (C7H12N20) C, H, N. The ir spectrum 
contained a carbonyl band a t  1647 cm-l. 

N-( 3-Aminopropyl)-N -ethylacetamide.-N-( 2-Cyanoethyll-N- 
ethylacetamide (272 g, 1.94 moles) was hydrogenated in 500 
ml of toluene over 60 g of Raney cobalt in the presence of 60 ml of 
Et3N a t  100" and an initial hydrogen pressure of 140.6 kg/cm2. 
The solvent was removed in vacuo and the residue was distilled 
to give 170 g of product, bp 90-99" (0.2 mm). The ir spectrum 
showed a strong carbonyl peak a t  1635 and a shoulder a t  1670 
cm-I; in CC14 a split peak a t  1678, 1652 cm-l was present. 
The material was redistilled through a 30-cm T'igreux column 
and yielded 42 g (l5y0) of fraction A, bp 73" (0.2 mm), n Z 6 ~  
1.4725, and 77 g (27%) of fraction B, bp 83' (0.2 mm), n Z 5 ~  
1.4668. The ir spectrum of fraction A showed C=O a t  1640 
and a split primary amine band a t  3300, 3370 cm-I and was pre- 
sumed to be the desired X-(3-aminopropyl)-X-ethylacetamide. 
,4nal. (C7HIcN20) C ,  H, N. 

Fraction B exhibited a C=O peak a t  1650, a strong N H  ab- 
sorption a t  3300, and an amide I1 band a t  1.560 em-' and was 
presumed to be the rearranged terminal amide S-[3-(ethylamino)- 
propyllacetamide. Anal. ( C ~ I I I ~ N ~ ~ )  C, H, X. 
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The schistosomicidal activity of a number of xanthenones, 4-methyl-3-chioroanilines, and their hydroxylated 
It was demonstrated that hydroxylation enhanced schisto- derivatives were tested against Schistosoma mansonz. 

somicidal activity one- to sixfold in the mouse and two- to 33-fold in the hamster. 

A series of xanthenones initially synthesized in the 
thirties by Mauss' and designated as "miracils" were 
demonstrated by Kikuth and Gonnert2 to be orally 
effective against Schistosoma mansoni infection in 
white mice and monkeys. Of the several xanthenones, 
lucanthone (Uraci l  D) was found to be effective not 
only in experimental animal infections but also in 
natural infections of humans. Although highly effi- 
cacious in the monkey, lucanthone was less effective 
in humans and mice. Of the hundreds of xanthenones 
synthesized during the past quarter of a century a few 
were more active than lucanthone in experimental in- 
fections in animals but less effective when field tested 
against schistosome infections of man. The erratic 
and unpredictable activity in different hosts was found 

(1) H. Mauss. Chem. Ber., 81, 19 (1948). 
(2) W. Kikuth and R. Gonnert, 2. Tropenmed. Parasztol., 1, 234 (1949). 

to be related to the ability of the host to hydroxylate 
the 4-methyl group para to the alkylamino side chain. 
Hycanthone, the hydroxymethyl analog of lucanthone, 
was the most active of the several metabolites pro- 
duced by each host species. It was also demonstrated 
that the variety and the proportion of lucanthone 
metabolites whether urinary excretion products or 
products obtained after incubation with liver micro- 
somes were different for each host  specie^-^ 

Swiss mice and Syrian hamsters infected experimen- 
tally with S.  mansoni were treated with xanthenones, 4- 

(3) D. Rosi, G. Peruzzotti, E. U'. Dennls, D. A. Berberian. H. Freele, 

(4) D. Rosi, G. Peruazotti. E. W. Dennis, D. A.  Berberian, H. Freele. 

( 5 )  D .  Rosi, T. R. Lewis, R. Lorenz, H. Freele, D. A. Berberian, and S. 

( 6 )  D. Rosi, A.  J. Merola, and $. Archer, Life Scz., 6, 1433 (1967). 

and 5. Archer. Nature. 208, 1005 (1965). 

and 5. Archer, J .  Med.  Chem., 10, 867 (1967). 

Archer, ib id . ,  10, 877 (1967). 


