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Representative N-(benzylidene, cinnamylidene, and naphthylidene)-N’-[2-(diethylamino)ethyl]-1,4-naph-
thalenediamines (VIII-X, XIII), 1-[3-({4-[(benzylidene, cinnamylidene, and naphthylidene)amino]-5,6,7,8-
tetrahydro-1-naphthyl} amino)propyl]piperidines (XI, XII, XIV), and 5,5-[p-phenylenebis(methylidyne-
imino)]bis(8-{ [2-(diethylamino ethyl]amino} quinoline) (XV) were synthesized by the condensation of N-[2-
(diethylamino)ethyl]-1,4-naphthalenediamine, 1-[3-(4-amino-5,6,7,8-tetrahydro-1-naphthylamino)propyl] piper-
idine (VII), or 3-amino-8-{ [2-(diethylamino)ethyl]amino}quinoline with the appropriate aldehyde in xylene.
Several N-(benzylidene and cinnamylidene)-1-naphthylamines (XVI-XVIII) substituted with other basic distal
moieties were also prepared. Schistosomicidal activity among Schiff bases of structure VIII-XV is widespread,
and ten compounds cured Schistosoma mansoni infections in mice at doses ranging from 66 to 271 mg/kg per

day for 14 days.
significant antischistosomal activity in this host.

Schistosomicidal activity is widespread among various
N,N-dialkyl-N’-(4-arylazo- and 4-heterocyelic azo-1-
naphthyl)alkylenediamines (I)2-% and simple 4-arylazo-
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and  4-heterocyclic  azo-l-naphthylamines®—9%  5-
azo-6-alkoxy-8- { [(dialkylamino)alkyl Jamino}quinolines
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Three compounds were evaluated against S. manson? in Rhesus monkeys and each showed
Structure—activity relationships are discussed.

NHYNR.R, NHYNR,R,

(II),}* N, N-[bis(phenyleneazo-1,4-naphthylene) |bis-
(N’,N’-dialkylalkylenediamines) (III),'%1? and N,N'’-
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[1,4 -naphthylenebis(azo-1,4-naphthylene) Jbis(N’,N’ -
dialkylalkylenediamines) (IV).!! Moreover, certain
1-(3-{ [5,6,7,8-tetrahydro-4-(phenylazo and 3-pyridyl-
az0)-1-naphthyl Jamino} propyl)piperidines (Va and
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b) are highly active agaiust 3 ycobacterium tuberculosis
HyRv and Mycobacteriwm lepraemurium in vitro aud
in mice. %4

While investigating potential metabolites of the
simple 4-azo-1-naphthylamines,® it was observed that
the reduction product 1,4-naphthalenediamine (VIa)
killed adult S. mansoni in vitro at drug concentrations

NHR

Q0

NH.
Via. R=H
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as low as 25 ug/ml.® Results in mice were disappoint-
ing; the diamine was ineffective when administered
orally at the maximum tolerated dose. Auticipating
that factors such as metabolic alteration, excretion
rate, absorption, and tissue localization might be fa-
vorably influenced by the introduction of a basie side
chain, a studv of potential metabolites of the N,N-
dialkyl-N’-(4-arylazo- and 4-heterocyelic azo-1-naph-
thyl)alkylenediamines (I, ITI, IV) was initiated.’® %
This work led to the discovery that various N-[(dial-
kylamino)alkyl]-1,4-naphthalenediamines (V¥Ib) were
highly active against S. mansont in vitro and in experi-
mental animals.’® In contradistinetion, 1-[3-(4-amino-
5,6,7,8-tetrahydro-1-naphthylamino)propyl Jpiperidine
trihydrochloride (VII), a likely metabolite of the anti-
mycobacterial  1-(3-{[5,6,7,8-tetrahydro-4-(phenylazo
and 3-pyridylazo)-1-naphthyl Jamino} propyl)piperi-
dines (Va and b), was inactive against M. tuberculosis
HyRv in witro and In mice.’® Nevertheless, these

NH(CHON )

3HC1

NH.
VIl

observatious do not preclude the possibility that such
metabolites may be formed intracellularly.

In a further extension of the above work, an array of
Schiff bases derived from 1,4-naphthalenediamine
(VI1a), N-[2-(diethylamino)ethyl]-1,4-naphthalenedia-
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mine, ¥ 1-[3-(4-amino-5,6,7,8-tetrahvdro-1l-naphthyla-
mino)propytpiperidine  (VII),"® aud 35-amino-8-{ [2-
fdiethylamino)ethyl Jamino} quinotine™ has been pre-
pared for antizchistosomal and antimyeobucterial eval-
nation. It was hypothesized that such compounds,
like the N-(benzylidene)-4,4-sulfonvidianiline  anti-
malarials, ' *nught undergo nonenzymeatic hydrolytie
sclsston upon contact with body tissues and fluids, aud
coneurrently display more favorable tolerance, absorp-
tion, and excretion patterns than the correspouding
dinutines,

Tu previous studies® >t 1219 the diethylaminocthyl
derivatives amnong types I, HI, IV, and VIb exhibited
optimum potency; therefore we undertook initially the
preparation of 4 group of N-benzylidene-N'-[2-(diethyl-
aminojethyl]-1.4-naphthalenediamines (1-20, Table I)
(VIII). An aqueous solution of N-[2-(diethylamino)-
ethyvl]-1,4-naphthalenediamine  dihydrochlovide®  was

NH(CH. Ni(H- o,

O .
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v
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made alkaline with NH,;OH aud the free base was ex-
tracted with xylene. The diamine solution was dried
and treated promptly with the appropriate aldehyde to
minimize air oxidation. H,O was removed from the
mixture as the reaction progressed. This procedure
afforded the N-benzylidene-N’-[2-(diethylamino)eth-
vl]-1,4-naphthalenediamines 1-20 (Table I) in 6-959
vield.  Similarly, 1-({4-[(2-diethylaminocthyl)amino]-
1-naphthylimino} methyl)-2-naphthol (IX) (569,), N-
(2-diethylaminoethyl)-N'-(p-dimethylaminoeinuamyli-

NH(CH.,NiC.H. . NHCH,LNCH, ).

QO w_ QO
N=CH @ N=(‘H(,‘,H=(‘H~@
©

IX Xa. X = 4-N(CH.).
b, X = 2-NO,

dene)-1,4-naphthalenediamine  (Xa) (619%;), and
N-[2-(diethylamino)ethyl]- ¥'- (o-nitrocinnamylidenc)-
L 4-naphthalenediamine (Xb) (609) were prepared
from  N-[2-(diethylamino)ethyl]-1,4-uaphthalenedia-
mine and 2-hydroxy-l-naphthaldehyde, p-dimethyla-
minocinnamaldehvde, and  o-nitrocinnamaldehyde,
while the treatment of 1-[3-(4-amino-5,6,7,8-tetra-
hydro-1-naphthylamino)propylpiperidine (VII)!® with
2-hydroxy-1-naphthaldehyde or p-dimethylaminoecini-
amaldehvde afforded 1-({5,6,7,8-tetrahydro-4-[(3-pi-

N
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TasLE 1

N-BiNZYLIDENE-N'-[2-(DIETHYLAMING )ETHYL]-1,4-NAPHTHALENEDIAMINES®
NH(CH,),N(C,H,).

Yield
purified,
No. XY 2z Mp, °C %
1 2,4 5-Cl; 110-112 39
2 4-Cl, 3-NOq 92-95 80
3 3-Cl, 2-NO, 111-115 57
4 2,4-Cl, 60-65 44
3 2,6-Cl, 63-67 78
6 2-0H, 3,5-Cl; 93-96 33
7 4-Br 76-78 38
8 2-OH, 5-Cl 119-120 32
9 2-F 75-77 44
10 4-F 70-72 38
11 2-NO, 82-83 51
12 4-NOy 119-121 95
15 2-OH 83-85 6
14 4-OH 73 dec 17
15 2,4-(OH ), 93 dec 32
16 4-CN 86-90 91
17 3-OCHj;, 4-OH 134-137 46
18 4-NHCOCH; 137-140 56
19 2-NO, 4,5-(0CHjs), 114-116 54
20 2,4,6-(CHs). 65-70 93

¢ Compounds ranged from orange to black in color.
pounds were analyzed for C, H, N.

peridinopropyl)amino] - 1 - naphthylimino} methyl) - 2-
naphthol (XI) (76%,) and 1-[3-({4- [(p-dimethylamino-

NHCH)N )

HO

e
O

XI

NH(CH)N )
N=CHCH=CH4©~N(CH3>-,

XII

cinnamylidene)aminol-5,6,7,8 - tetrahydro-1-naphthyl}
amino)propyl]piperidine (XII) (539,). The condensa-
tion of 1 equiv of terephthalaldehyde with 2 equiv of
N - [2- (diethylamino)ethyl]- 1,4 - naphthalenediamine,
1-[3-(4-amino-5,6,7,8-tetrahydro-1-naphthylamino)pro-

® C: caled, 65.01; found, 64.59.

7
Stability
(half-life, Iir)
Purifn in 509, MeOll~
solvent Formula® 50% pll 7 PBB

MeCN CasHCLN;
EtOH-Et.0 Cy3H,;CIN,Og? 47
EtOH-Et,0 Cy3sH2:CINLO; 200
Petr ether C23HasCLLN; 31
Petr ether CasHysCLN; 60
2,2,4—Trimethyl- CzaHzaClzNgO 1

pentane
Petr ether CQ3H25BI‘N3 14
Pet»r ether ngstCleO 5
Petr ether CosF2F N3 17
Petr ether C,sH2eF N, 19
2—PrOH—pet‘r CusH 2N ,O2 90

ether
Petr ether C:3H~25N40-¢ 31
2,2,4—Trimethyl- Cz3}{z7N;,O

pelitaile
Xylene Cg3H27NsO 4
Xylene CasHyr N30, 30
Petr ether CQ4H25N4 28
Petr ether CraH,N;02 5
CeHs—thI‘ ether CzaH3oN40‘ 12
EtOH—HzO C‘25H20N404 90
Et,0 CasH N3 40

¢ C: caled, 74.59; found, 73.92. 4 All com-

pyllpiperidine (VII),'* or 5-amino-8-{[2-diethyl-
amino)ethyl Jamino} quinoline’® gave N,N’’-(p-phenyl-
enedimethylidyne)bis[N’ - (2 - diethylaminoethyl) - 1,4-
naphthalenediamine | (XIII) (529%), 1,1’-{ p-phenylene-
bis[methylidyneimino(5,6,7,8-tetrahydro-1,4-naphthy-

NH(CH.),N(C,H:), NH(CH).N(C.H.),

QO Q0O
e W

XIII

(56%),

lene)iminotrimethylene ]} dipiperidine (XIV)

NH(CH,,N ) NH(CH.),N )
N =CH—©— CH=N

X1V

and 5,5’- [p-phenylenebis(methylidyneimino) Jbis(8-
{ [2-(diethylamino)ethyl Jamino} quinoline) (XV) (60%),
respectively.
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NH(CH).N(C.H, ), NH(CH,).N(CH. ).

.\‘=('H‘@——<'H=N

XV

Represeutative N-(benzylidene and einnamylidene)-
l-naphthylamines substituted with other basie distal
moleties were :lso prepared. Thus, the reaction of
4-chloro-1-uaphthylamine with p-[2-(diethylamino)-
ethoxy Jbenzaldehyde in the presence of p-toluenesul-
fonie acid afforded 4-chloro-N-{p-[2-(diethylamino)-
ethoxy Jbenzylidene!-1-naphthylamine (XVI) (289),

N=CH4©~(>((‘H;):.\'1C,H;),

1
XVl

while the condensation of 1 equiv of 1,4-naphthalenedia-
mine with 2 equiv of p-[2-(diethylamino)ethoxy Jbenz-
aldehyde, p-(dimethylamino)benzaldehyde, or p-(di-
methylamino)einnamaldehvde  gave N, N'-bis{p-(2-
(diethylamino)ethoxy ]benzylidene} - 1,4 - naphthalene-
diamine (XVIIa) (449). N.N'-bis[p-(dimethylamino)-

QO
N=CH—@X

XVIla, X = O(CH4), N(C,H-).
b, X = N(CH.).
beuzylidene |-1,4-naphthalenediamine (XVIIb) (279%,).
and N N’-bis[p-(dimethylamino)cinnamylidene]-1,4-
uaphthalenediamine (XVIITT) (459).

N=(‘HCH=(‘H4©—N(CH¢;):
N=CHCH=CH4©~ N(CH.,

XVII

The N-(benzvlidene and cinnamylidene)-N'-[2-
(diethylamino)ethyl]-1,4-naphthalenediamines  (1-20,
Xa and b) aud related Schiff bases (IX, XI-XVIII)
described in the preseut communication were supplied
to Dr. Paul E. Thompsou and coworkers of these lab-
oratories for sereening agaiust a Puerto Rican strain of
S.mmansond in mice.’*  As in previous work, drugs were
administered in a powdered diet for 14 days or by gavage
in 10 ml/kg of aqueous 19, hydroxyethyl or carboxy-
niethvl eellulose for 5 days. Drug amounts are ex-

1242) Fora description of test methods, see I, Ii. Thompsou, J. I8, Meisen-
Leller, and 1. Najarian, Amer. S, Trop. Med. Hyy., 11, 31 {1962).

LLSLAGER, #/ af.

pressed as free base.  Schistosomieidul netivity wis
widespread amonyg the N-(beuzyvhideue. ciunanivlidene,
i maphthylidene)-N'-[2-(diethylinine)ethyl]-1,1-
naphthalenediamines  (VII-X5. 1-13-({4-[{clmny -
idene and naphthylidene)amiue -3.6,7 8-tetrahvdro-1-
uaphthyvijamiopropyt piperidines (NI, XITj, aud
y-phenylenebisQuethylhdyviennino)bix( 1, f-uaphthalene-
diamines  and  S-aminoquinolines) (XIIT-XV).  The
most promising componuds (4, 6, 7, 14, 17, 18, 1X.
X111, XTI caad XV cowpletely eliminated live schis-
tosomes from infected mice at doses ranging from 66 16
271 mg kg per day when administered orally i the
diet for 14 day=* These compounds. therefore, pos-
sessed distinetly wore promising antischistosome ae-
tivity i nice thau lueanthone hydrochloride, > ** hy-can-
thone ™ the tris{p-mninophenvDearbonium  salts, =
44" - theptamethylenedioxy)dianiline dihydrochlo-
ride. - N-{3-{ p-aminophenoxy)pentyl [phthalimide,*
or 3-14-(3-chloro-p-tolyD-1-piperazinylearbonyl Jacryvlic
actd* when 1ested nnder comparable experimental con-
dition=."%**  Norcover, 16 other Schiff hases (1-3, 5,
9-12, 15, 16, 19, 20, X and b, XTI and XIV) effeeted n
marked reduction (32 97%) in Hve worms at dally
diet dosts of TO-287 mg kg for 14 dayvs<*  The N-
(benzyvlidene and cinuamylidenej-1-naphthylamine de-
rivatives XVI-XVITLD lacked appreciable antischisto-
sonme effects at doses of 271-316 mg/ kg, There appears
to be no significant correlition between the degree of
antischistosome  poteney and  the relative stability
of the Sehiff bases in MceOH-pH 7 phosphate buffer
{Table 1).

Three compounds (4, XIII, and XV) were sclected
for trial against the Puerto Rican strain of S. marsoni
in Rhesus monkeys, 22 and exach substance tested showed
significant  antischistosomal aetivity in this host.*
Drugs were giveu orally by gavage or in gelatin cap-
sules twice daily 5 dayvs a week for 1T or 2 weeks,  N-
(2.4-Dichlorobenzylidene) - /-2 - (diethylamino)ethy |-
L 4-naphthalencdizunine (4) was the most active com-
pound and cured monkeys or strongly suppressed cgg
production at doses of 50 mg/ kg per day forH or 10 days
or 100 mg kg per day for 5 davs. However, the com-
pound exhibited a poor therapeutic index.  Doses of 100
mg kg per day for ) to 7.5 days produced intolerance
variablv refleeted by death, diarrhea, and a transient
fall in the hematoerit. N N"-(p-Phenylenedimethyl-
idyne)bis|N'- (2-diethykuminoethyh) - 1,4 - naphthalene-
diamine] (XIII) and 35,5~ [p-phenylenchis(metlivli-
dyneimino) [bis(s-! [2- (diethylamino)ethy] amino | qui-
noline) (XV) caused a slight to strong suppression of
egg production wt doses of 25-100 mg/kg per day for
5 or 10 days but were not curative,

The -3~ 4-[(henzylidene,  emnamyhdene,  aud
naphthylidene)amine ]-5.6,7.8-tetrahydro-1-uaphthyli -

I3 1B Thompson aad 1. 12 Velgtnan, unpublished resnla, 1arke,
Davis and Company. Ann Arbor, Miel.

124) W, Kikulr and R, Génnert. Awa. Trope Med, {farasitol.. 42, 256
(1948),

25y L. N Berberian, 10 W. Deunis, 11 Freele, 1), Rosi, T, R, Lewis,
R. Larenz. aml X, Areler, J. Med, Chem, 12, 607 (10601, and ref ritel
therein,

126Gy 120 F. Klslawer. 10 W, Stwore. 12010 Wordh, S, 12,
H. Najarian, and 1*. E. Thompson, N«lure, 190, 628 (1961).

i27) C. ;. Raison and O. . Sranden, Brit. J. Pharmaeol., 10, 191 (1955,

18) . 1. Collins. M. Davis, N. D. Fulge, and J. Hill. ihid., 18, 238
19381,

291 R. 1. Collins, M. Davis, N. 1), Edge. 1. Hill, 1. W, Reading, awl

K. R. Turnbull, 1bid., 14, 467 (1959).
(303 G, Livnmler, Z, Trapesomed, I™irasitol., 9, 204 11058),

Meisenhelder,
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amino)propyl]piperidine derivatives XI, XII, and
XTIV were also tested against representative bacteria in
vitro, including Streptococcus pyogenes (C203), Staphylo-
coccus aureus (UC-76), Proteus mirabilis (MGH-1),
Pseudomonas aeruginosa (28), Salmonella typhimurium
(V-31), and Muycobacterium tuberculosis (HgzRv).13
Compound XI was active in witro against M. tubercu-
losts (HzRv) at a conceutration of 10 ug/ml, but XI,
XII, and XIV were all inactive against M. tuberculosts
HgRv in mice when administered at 0.1%, (67-80 mg/
kg) in the diet for 7 days.!?

Experimental Section 332

Stability Studies on Schiff Bases.—The Schiff bases hydrolyzed
almost instantaneously in acidic solutions. To obtain a com-
parison of their relative stability, hydrolysis rates were examined
in 509, methanol-pH 7 phosphate buffer. The sample was dis-
solved in methanol and diluted into pH 7 phosphate buffer to
obtain a 509, solution. The high uv wavelength band was ob-
served and used as a measure of the per cent compound remaining
which was plotted against time on semilog paper. The time at
which 509, of the compound remained was read from the plot and
designated the half-life. The precision of this determination is
estimated to be £109.

N -Benzylidene-N’-[2-(diethylamino)ethyl] -1,4-naphthalene-
diamines (VIII) (1-20, Table I).—A solution of 8.4 g (0.024 mol)
of N-[2-(diethylamino)ethyl]-1,4-naphthalenediamine - 2HCI® in
ice water was made strongly basic with NH,OH and the mixture
was extracted with 600 ml of xylene. The xylene extract was
heated under reflux for 0.5 hr under a water separator to remove
any H:O present. To this warm solution was added a warm solu-
tion of 3.0 g (0.024 mol) of 2,4,5-trichlorobenzaldehyde in 150 ml
of xylene and the mixture was heated at reflux for 3 hr utilizing a
water separator. The cooled reaction mixture was diluted with
petroleum ether (bp 40-60°) and the dark brown crystals that
formed were collected by filtration aud recrystallized from MeCN.
The product, N-[2-(diethylamino)ethyl]-N’-(2,4,5-trichloroben-
zylideile)-1,4-naphthalenediamine (1) weighed 4.2 g (399%), mp
110-112°,

1-({4-[(2-Diethylaminoethyl)amino] -1-naphthylimine }methyl)-
2-naphthol  (IX).—A~-(2-(Diethylamino)ethyl]-1,4-naphthaleie-
diamine-2HCI (16.5 g, 0.05 mol) was converted into the base and
condensed with 8.6 g (0.05 mol) of 2-hydroxy-1-naphthaldehyde
according to the procedure for N-[2-(diethylamino)ethyl]-N'-
(2,4,5-trichlorobenzylidene)-1,4-naphthalenediamine (1). The
product was obtained as purple-red crystals from xylene-petr
ether, mp 112-114°, yield 11.5 g (569,). Anal. (CyH3zsN;0)
C, H, N.

N-(2-Diethylaminoethyl)-N’-(p-dimethylaminocinnamyl-
idene)-1,4-naphthalenediamine (Xa).—p-(Dimethylamino)cin-
namaldehyde (8.8 g, 0.05 mol) was allowed to react with N-[2-
(diethylamino)ethyl]-1,4-naphthalenediamine -2HCI?® (16.5 g,
0.05 mol) utilizing the procedure for 1. The product (12.7 g,
619) was isolated as rust-colored crystals from xylene—petr ether,
mp 146-148°. Anal. (CyHuN:) C, H, N.

N-[2-(Diethylamino)ethyl]-N’-(o-nitrocinnamylidene )-1,4-
naphthalenediamine (Xb).—The reaction of N-[2-(diethylamino)-
ethyl]-1,4-naphthalenediamine-2HCl (5.5 g, 0.016 mol) with
o-nitrocinnamaldehyde (2.8 g, 0.016 mol) in xylene according to
the procedure for 1 afforded 4.0 g (609,) of maroon crystals from
xylene, mp 99-102°. Anal. (CsHxN:0s) C, H, N,

1-({ 5,6,7,8-Tetrahydro-4- [(3-piperidinopropyl )amino] -1-naph-
thylimino methyl)- 2-naphthol (XI).—1- [3- (4- Amino-5,6,7,8-
tetrahydro-1-naphthylamino)propyl] piperidine - 3HCI (VII)
(17.0 g, 0.043 mol) was converted into the base and condensed
with 7.4 g (0.043 mol) of 2-hydroxy-1-naphthaldehyde according
to the procedure for N-[2-(diethylamino)ethyl]-N’-(2,4,5-tri-
chlorobenzylidene)-1,4-naphthalenediamine (1). The product
was obtained as red needles from xylene-petr ether, mp 178-180°,
vield 14.2 g (76%). Anal. (C:xHyN;0) C, H, N.

(31) Melting points (corrected) were taken on a Tlhomas-Hoover capil-
lary melting point apparatus.

(32) Where analyses are indicated only by symbols of the elements or
functions, analytical results obtained for these elements or functions were
within £0.4% of the theoretical values.
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1-[3-({4-[(p-Dimethylaminocinnamylidene )Jamino] -5,6,7,8-
tetrahydro-1-naphthyl }amino)propyl] piperidine (XIF).—p- (Di-
methylamino)cinnamaldehyde (7.5 g, 0.043 mol) was allowed to
veact with 1-[3-(4-amino-5,6,7,8-tetrahydro-1-uaphthylamino )-
propyl]piperidine-3HCI (VII)!® (17.0 g, 0.043 mol) utilizing the
procedure for 1. The product (10.0 g, 539%,) was isolated as
orange-brown crystals from xylene-petr ether, mp 148-149°.
."17La]. (ngH4oN4) C, H, N
N,N'"'<(p-Phenylenedimethylidyne )bis[N’-(2-diethylamino-
ethyl)-1,4-naphthalenediamine] (XIII).—A soluntion of 16.5 g
(0.05 mol) of N-[2-(diethylamino)ethyl]-1,4-naphthalenediamiie-
2HCI%¥ in 200 ml of HyO was made alkaline with NH,OH and ex-
tracted with xylene. The combined xyleue extracts were washed
with H,O and dried (K:CO;) briefly. A solution of 3.35 g (0.025
mol) of terephthalaldehyde in xylene was added and the mixture
was heated under reflux until H.O was no longer collecting in the
water separator (about 3 hr). The reaction mixture was allowed
to cool, and the orange-red crystals that separated were collected
by filtration, washed with 2,2, 4-trimethylpeutane, and dried in
vacuo at 60° for 18 hr. The product weighed 8.0 g (529,), mp
175—177Q. Anal. (CwH4st) C, H, N
1,1’-{ p-Phenylenebis methylidyneimino(5,6,7,8)-tetrahydro-
1,4-naphthylene )iminotrimethylene] }dipiperidine (XIV).—Tere-
phthalaldehyde (2.86 g, 0.0213 mol) was allowed to react
with 1-[3-(4-amino-3,6,7,8-tetrahydro-1-naphthylamino)propyl]
piperidine-3HCl (VII)1 (17.0 g, 0.043 mol) utilizing the
procedure for 1. The product (8.0 g, 569;) was isolated as
orange crystals from xylene-petr ether, mp 216-218°. Anal.
(C44H50N5) C, H, N.
5,5’=[p-Phenylenebis(methylidyneimino)] bis(8-{ [2-(diethyl-
amino)ethyl]amino }quinoline) (XV).—A solution of 7.0 g (0.019
mol) of 3-amino-8-{ [2-(diethylamino)ethyl]amino}quinoline-
3HCI® in 30 ml of ice~water was made basic with NH,OH and
extracted with xylene. The xylene extracts were combined,
washed with H,O, and dried (K.CO;). A solution of 1.3 g
(0.0095 mol) of terephthalaldehyde in xylene was added and the
mixture was heated under reflux for 3 hr under a water separator.
The xylene mixture was concentrated to 100 ml and cooled. The
red crystals that formed were collected by filtration and dried in
vacuo at 60° for 18 hr.  The product, mp 196-198°, weighed 3.5 g
(60%%). Anal. (CxHyNs) C, H, N.
4-Chloro-N-{ p-[2-(diethylamino )ethoxy]benzylidene }-1-
naphthylamine (XVI).—4-Chloro-1-naphthylamine (35.6 g, 0.2
mol) and p-[2-(diethylamino)ethoxy]benzaldehyde (44.2 g, 0.2
mol) were dissolved in 250 ml of xylene and the mixture was heated
under reflux for 16 hr. p-Toluenesulfonic acid was added
periodically to catalyze the reaction, aud the water formed was
collected in a water separator. The mixture was concentrated
to 100 ml on a rotary evaporator and filtered and the filtrate refrig-
erated. The product that separated was collected by filtration
and crystallized three times from -PrOH to give 20.7 g (289,)
of yellow crystals, mp 49-30°. 4nal. (CuHyCIN,O) C, H, N.
N,N’-Bis{ p-[2-(diethylamino )ethoxy]| benzylidene}-1,4-naph-
thalenediamine (XVIIa).—A solution of 15.8 g (0.1 mol) of 1,4-
naphthalenediamine in 360 ml of EtOH was added to a solution
of 44.3 g (0.2 mol) of p-[2-(diethylamino)ethoxy]benzaldehyde in
200 ml of EtOH and the mixture was heated under reflux for 7 hr.
Volatile materials were removed on a rotary evaporator and the
residue was dissolved in CHCIl; and reprecipitated with petr ether
(bp 40-60°). The product was collected by filtration and crystal-
lized twice from CHCl—-PrOH to give 25.0 g (449,) of yellow
crystals, mp 68-69°.  Anal. (C;HuN,O:) C, H, N.
N,N’-Bis[p-(dimethylamino)benzylidene] -1 ,4-naphthalenedi-
amine (XVIIb).—A solution of 15.8 g (0.1 mol) of 1,4-naphthal-
enediamine and 29.8 g (0.1 mol) of p-(dimethylamino)benzalde-
hyde in 560 ml of EtOH was heated under reflux for 5 hr and
cooled. The orange-yellow precipitate that separated was
collected by filtration and dried in vacuo at 60° for 18 hr. Crys-
tallization from CHCI; afforded 11.6 g (279) of orange crystals,
mp 280-282° dec. Anal. (CsHNy) C, H, N,
N,N'’-Bis[p-(dimethylamino)cinnamylidene]-1,4-naphthalene-
diamine (XVIII).—p-(Dimethylamino)cinnamaldehyde (35.0 g,
0.2 mol) and 1,4-naphthalenediamine (15.8 g, 0.1 mol) were
allowed to react in 560 ml of EtOH according to the procedure for
XVIIb. The product (21.3 g, 459,) was isolated as reddish
brown crystals from CHCl;, then EtOH, mp 253-2356°. Anal.
(C32H32N4) C, H, N.
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N-(4-{[2-(Diethylamino)ethyl]lamino |-1-naphthyl)amides,
N-{5,6,7.8-Tetrahydro-4-[(3-piperidinopropyl)amino]-1-naphthyl}amides,

and Related Amide and Urea Derivatives!
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An array of N-(4-{[2-(dtethylamino)ethyllamino{-1-naphthyljalkyl- and aralkylamides [VIIIa and b (1-35),
Xla and b], N-(4-{[2-(diethylamino)ethyl]amino}-1-naphthyl)arylamides [VIHc (36-47), Xa and b, XV],
and N-15,6,7,8-tetrahydro-4-[(3-piperidinopropyljamino]-1-naphthyltanides (XXIVa-e) was prepared by

treating N-(4-amino-1-naphthyl)-V-(2-diethylaminoethyl)-2,2,2-

trifluoroacetamide (VI) or N-(4-amino-3,6,7,5-

letrahydro-1-naphthyl)-2,2,2-trtfluoro-N-(3-piperidinopropyljacetamide (XXIII) with the appropriate acid

chloride or anhydride in pyridine, benzene, or acetic acid.
naphthyl)ureas, thioureas, and sulfonamides (XII, XVI-XVIII) were also prepared.

Several N-(4-{[2-(diethylamiio)ethyl]amino}-1-
Schistosomicidal activity

ts widespread among the amides of structure VIITa—c, Xa and b, aud XXIVe, and 15 compounds cared Schisto-
soma mansont infections in mice at diet or gavage doses ranging from 45 to 326 ing kg per day far 3 to 14 days.

Four amides also displaved sigmificant activity against S, mansoni in Rhesus monkeys.

relationships are discussed.

Schistosomicidal activity is rife among the N,N-
dialkyl-N'-(4-arylazo- and 4-heterocvelic azo-l-uaph-
thyl)alkvlenediamines (I),*~7 N-[(dialkyvlamino)alkyl]-

1,4-naphthalenediamines (II),* and N-(benzyldene
IT'HYNRIR; NHYNR.R.
N=N—Ar or Het NH.
L 11

and  cinnamylidene)-N’-[2-(diethylamino)ethyt]-1,4-
naphthalenediamines (IIT and IV).! Moreover, cer-
tain 1-(3-1[5,6,7.8-tetrahydro-4-(pheuylazo and 3-pyr-
idylazo)-1-naphthyl Jamino} propyl)piperidines (Va and
b) are highly active agaiust Mycobacterium tuberculosis
HxRv and M. lepraemurium in wvitro and in mice.® v
Uunfortunately, these substances usually produce gas-
trointestinal side effects in experimental animals af
doses only severalfold higher than therapeutically
effective doses.
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In a further expatiation of previous work, various
N-(4-{[2- (diethvlamino)ethyl Jamino } - 1 - naphthyl)al-
kyl- and aralkylamides, N-(4-{ [2-(diethylamino)ethvl}-
amino}-1-naphthyl)benzamides, N-{5,6,7,8-tetrahydro-

- [(3 - piperidinopropvl)amino] - 1 - naphthyl}amides,
and related substances have been synthesized for anti-
schistosomal and antimycobacterial evaluation. It
was hypothesized that such compounds, like the sul-
fanilylanilide antimalarials,’! might undergo slow
enzymatic scission upon contact with body tissues and
fluids, and thus display more favorable tolerance, ab-

(11) E. ¥. Elslager, Z. B, Gavrilis, A. A, Plillips, and 1D, ', Werch, J.
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