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ug/ml.  Of the remaining compounds tested in &. coli
moderate growth inhibition (80-90%) was found with
1-3,3’-dithiobis(2-aminopropionamide) dihydrochloride
(300 wg/ml) and r-2-amino-3-(diphenylmethylthio)-
propionamide (600 ug/ml).

Noite of the 38 compounds tested showed auy siguifi-
cant cysteine-cystine replacement activity for growth
of L. mesenteroides. I summary, none of the 38 com-
pounds tested showed significant growth inhibition of
L. mesenteroides and E. colt. In most instances, this
inhibitionr was readily reversed by the addition of
cystelue.

The microbiological assay and testing procedures
were similar to those previously described.!
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An array of basically substituted 9-aminoacri-
dines, 31! 7-aminobenz[¢]acridines, 34 %1012=14 9,4
aminobenzonaphthyridines**1—1% exhibit noteworthy
antiprotozoal, authelmintic, autibacterial, and anti-
tumor properties. Among them, quinacrine (I),3-% 3-
chloro-9-{ [4-(diethylamino) -1-methylbutyljamino| ac-
ridine 10-oxide dihvdrochloride (IT),” 7-[3-(octylami-
no)propyllamino} benz|c Jacridine dihydromintic activ-
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chloride (I11),*® and azacrine (IV)® have been demon-
strated to have appreciable antiprotozoal and anthel-
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ity in man. It was therefore of interest to synthe-
size representative {[3-(2,2-dialkylhydrazino)alkyl]-
amino{acridines, benz|clacridines, and benzo[b][1,5)-
naphthyridines to enable a determination of the
effects of a distal hydrazine moiety on antiprotozoal and
anthelmintic activity. :

The condensation of 6,9-dichloro-2-methoxyacridine
with 2-(3-aminopropyl)-1,1-dimethylhydrazine,'® 1-[(3-
aminopropyl)amino Jpiperidine,’® and 1-[(3-aminopro-
pylamino -4-methylpiperazine!® in phenol afforded 6-
chloro-9-{ [3-(2,2-dimethylhydrazino) propyljamino}-2-
methoxyacridine dihydrochloride (Va) (559,), 6-chloro-
2-methoxy-9-{ [3-(piperidinoamino)-propyl Jamino} ac-

ridine dihydrochloride (Vb) (389,), and 6-chloro-
NH(CH,),NHNR,R,
OCH;,
-xHCl

AORO

Va, NRle = N(CHs)_f
b,NR,R; = N(CH,),
¢, NR,R, = N[(CH,), ,NCH,

2-methoxy-9-({3-[(4-methyl-1-piperazinyl)amino Jpro-
pyljamino)acridine trihydrochloride (Ve) (409%),
respectively (Table I, procedures 1 and II). 7-{[3-
(Piperidinoamino)propyl]amino} benz [cJacridine  dihy-
drochloride (VIa) and 7-({3-[(4-methyl-1-pipera-
zinyDamino propyljamino)benz{clacridine hydro-
chloride (VIb) (689.) were obtained in a similar

(19) E. F. Elslager, E. A, Weinstein, and D. F. Worth, ibid., T, 493
(1964).
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Va N(Cll)a 1
O : OCH
1 N

Vi N(Clle)s 11
Ve N (CH2):NClls 1
Vi N(CHu)s 111
Vib N [(CI1.LNCI, 11
Vila N(CH)e 1
V1 N[(ClH2)::NCHs 1

“ All compounds were yellow solids,
12.36; found, 11.76.

NH(CH.,).NHNR R,

VIa. NRR, = N(CH.
b.NR,R, = N[(CH.),].NCH,

manner from 7-clilorobenzclacridine’*—¥ and the
appropriate aminoalkylhydrazine!® (Table I, proce-
dures II and TIII). Treatment of 7,10-dichloro-2-
methoxybenzo[b] (1,5 lnaphthyridine!” with 2-(3-anino-
propyl)-1,1-dimethylhvdrazine!® and 1-[(3-aminopro-
pyDamino ]-4-methvlpiperazine' in phenol yielded 7-
chloro-10-1 [3-(2,2-dimethylhydrazino)propyllamino)-
2-niethoxybenzo[6][1,5lnaphthyridine dihvdrochloride
(VIIa) and 7-chloro-2-methoxy-10-({3-[(4-methyl-1-

NH(CH,) NHNR.R.

xHCl

VIla.NR,R. = N(CH,),
b.NR,R. = N[(CH,),],NCH.

piperaszinyamino Jpropyliamino)benzo(b]|1,5 naph-
thyridine trihydrochloride (VIIb) in 44 and 379
vield, respectively (Table I, procedure I).

The |[3-(2.2-dialkylhydrazino)propyllamino}acri-
dines (Va-c). benz[c]acridines (VIa and b), and benzo-
(011,35 lnaphthyridines (VIIa and b) were tested against
a1 variety of protozoa, helminths, and bacteria including
Plasmodium lophurae, Intamoeba histolytica, Tricho-
monas vagiualis, Leishmania donovani, Syphacia obvelala,
Aspiculuris tetraptera, Nemalospiroides dubius, Hymen-
olepis nana, Schistosoma mansont, Lilomosoides carinii,
Streptococcus pyogenes (C203), Staphylococcus auieus
(U C-706), Klebsiella pnewmaniae (AD), Proteus mirabilis
(MGH-1), Pseudomonas aeruginosa (No 28), Salmonella

'A, i-PrOH:; B, EtOH; C, MeOIl; D, not recrystallized; 1% [tOH-i-PrO¥.
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caled,

typhimurium  (V-31), and  Mycobacterium {ubercidosis
(I‘Iml{\').ﬂo_?-2

The antimalarinl effeets of Va-c, VIb, and VITa were
studied in white Leghorn chicks infected with the 12A
strain of P. lophiae.®  Drugs were administered in «
diet of mash for 5 days, starting the day hefore infec-
tion. IEffects of therapy were measured i terms of
suppression of the parasitemia by comparison of treated
and untreated chicks on the fourth day after infection.
Quinine equivalents were assigned by the ratio of the
minimal effective dict concentration of quinine to that
of the compound under test.®  When adininistered at n
dose of 0.05-0.19 iu the diet for 5 days, Va aund b, VIb,
and VIIa lacked appreciable antimalarial effeets and
were <0.5 times n= potent as quinine in the same test.
By contrast,  6-chloro-2-methoxy-9-( 13- [(+-tiethyl-1-
piperazinyl)amine Jpropyt amino)ucridine diliydroclio-
ride (Ve) exhibited significant untimalarial effects
at 0.025-0.059%, in the dict and was approximately as
potent as quinine. For reference, quinaerine (I) and
3-chloro-9-{ [4-(diethvlamino)-1-methylbutyl]amino{ ue-
ridine  10-oxide dihydrochloride (II)7 were approxi-
mately 3 and 16 times as potent ax quinine against
P. loplurae under comparable test conditions,

The acridines (Va-c), benz[clacridines (VIa und by,
and benzo[b][1,5 naphthyridines (VIIa and b) werc
alsa evaluated agoiust I, histolytica (n vileo and ngainst
svmptonatic  intestinal ameblasix in rats' Fach
compound was wnebicidal 0 riten at the lowest concen-
trations tested, nanely 20-200 wg/ml. Six compounds
(Va-c, VIb, and VIIa and b) were active against symp-
tomatic intestinal amebinsis in rats,*! and cured >50%
of infected rats when adniinistered by gavage for 4 days
or by diet for 7 davs at doses ranging from 62.3 to 250
mg/kg/dav.  LFour compounds (Va-e, VIb) were

(20) For a Jdeseription of amivialarial text wmethods. see ) 10 Thompson,
A AL Moore, 1 WL Reineronan, ! AL Ravles, A otihiol. Clenwdhectpy, 3,
ROU (1953).

(21) Yor a descriptinn of amiauielde test mmelhadz, see P 15 Thowpson,
D). A MeCartley, 1o W, Reinertxon, A, Bayvles, and 1. Najarian, il 8,
AT 1958).

1221 For a deseriprion of aiaibacterial tese moedods, seo Mo WL
and L. Douby, Biochem. Fharpocel., 3, 10 (1959).
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effective in rats at daily doses ranging from 62.5 to 125
mg/kg, and thus showed activity comparable with or
superior to 7-![3-(octylamino)propyl]amino}benz|c]-
acridine dihydrochloride (I11).'* Compounds Va and
b and VIa and b killed T. vaginalis in vitro at concentra-
tions of 25 wg/ml, but noue was active against L.
donovant in hamsters.

The effects of Va—-c, VIb, and VIIa and b against
intestinal helminths were assessed in mice infected with
S. obrelata, A. letraptera, N. dubtus, and H. nana.?
Four substances (Va—c and VIb) were active against
the tapeworm H. nana in mice when given at doses of
62.5-125 mg/kg b.a.d. for 1 day and thus showed
taeniacidal activity comparable with or superior to
quinacrine. Three compounds (Ve, VIb, and VIIb)
were also effective against the mouse pinworms S.
obvelata and A. tetraptera. None of the compounds
tested was active against S. mansoni in mice or L.
carinit i gerbils.

Each of the heterocyelic aminoalkylhydrazine de-
rivatives caused complete inhibition of S. pyogenes
(C203) and S. aureus (UC-76) in vitro at concentrations
of 1.25-20 ug/ml.2? Compounds Va, VIa and b, and
V1la also effected complete ihibition of M. tuberculosis
(H»Rv) at concentrations of 0.63-10 ug/ml, while VIa
killed K. pureumonice (AD) at 20 wg/ml. Under
comparable experimental conditions, quinacrine was
active against S. pyogenes (C203) and M. tuberculosis
(HszRv) in vitro at 1.25 and 20 ug/ml, respectively.
Three substaiices (Va, Ve, and VIa) were tested against
streptococcus, staphylococcus, and tuberculosis infec-
tions i mice,?* but notie was active even at high dose
levels.

The over-all results of the present study indicate that
the substitution of a hydrazide moiety for an amine
function at the distal position of quinacrine, azacrine,
and the 7-[(aminoalkyl)amino]benz|c]acridines has a
deleterious effect on antimalarial activity while potent
antiamebic, anthelmiutic, and antibacterial properties
are maintaiuned.

Experimental Section?3.2¢

7-Chloro-2-methoxy-10-( { 3-[(4-methyl-1-piperazinyl )Jamino]-
propyl}amino)benzo[b}[1,5]naphthyridine Trihydrochloride
(VIIb) (Procedure I)—A solution of 21.0 g (0.12 mole) of
1-{(3-aminopropyl)amino]-4-methylpiperazine!®* in 60 g of
phenol was heated on a steam bath in vacuo for 20 min at 15 mni.
7,10-Dichloro-2-methoxybenzo[b][1,3] naphthyridine!s (28.0 g,
0.10 mole) was then added and the mixture was stirred and heated
on a steam bath for an additional 4 hr. The mixture was cooled
and washed into a solution of 23 ml of concentrated HCl in 2 1.
of Mey;CO with the aid of a small volume of EtOH. The result-
ing precipitate was collected by filtration, washed with fresh
Me,CO, and stirred iuto 1.5 1. of H:O. A small amount of
insoluble material was removed by filtration, and the filtrate
was made alkaline with excess concentrated NH,OH. The
resulting mixture was extracted with CHCl;, and the combined
CHCI; extracts were washed with dilute NaOH and H,O and
cottcenitrated on a rotary evaporator. The residue was dissolved
in EtOH. The solution was filtered and then treated with excess
HCI iun +-PrOH. The yellow product slowly crystallized from
the warm solvent, and was collected by filtration, washed well
with --PrOH and Me;CO, and dried in vacuo at 60°. In order to

(23) Melting points (corrected) were taken on a Thiomas—Hoover capillary
melting point apparatus.

(24) Where analyses are indicated only by symbols of the elements or
functions, analytical results oLtained for those elements or functions were
within 0.4 9% of the theoretical values. Water determinations were by
the Kar] Fischer method.
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avoid problems associated with hygroscopic, light-seusitive
samples, the yellow =olid wax allowed to equilibrate with atmo-
spheric H-O in the dark for 24 hr prior to analysis.  The hydrated
hydrochloride nielted at 215-218°.

6-Chloro-2-methoxy-9-| [3-(piperidinoamino )propyljamino| -
acridine Dihydrochloride (Vb) (Procedure II)—A mixture of
10.0 g (0.064 mole) of 1-[(3-aminopropyl)aminolpiperidine!?
and 18.0 g (0.064 mole) of 6,9-dichloro-2-methoxyacridine in 50 g
of pheiol was stirred and heated on a steam bath for 3 hr.
A red-brown solid slowly precipitated from the deep red =olution.
This hot mixture was then poured into a well-stirred =olution of
27 ml of cottcentrated HCl in 1.5 1. of MeyCO to give 27.0 g of a
vellow solid which was collected by filtration and washed well
with Et;0. Recrystallization from MeOH gave 20.0 g of a
bright yellow powder which did 1ot analyze correctly. The
crude product was stirred into het H,0, aud a small amonnt of
insoluble material was removed by filtration. The filtrate was
poured into cold HyO containing excess NH4OH, and the liberated
free base was extracted into CHCl;,. The CHCl; =olution was
washed with H,O and dried (KyC0Oy). Dilution with Et.0 fol-
lowed by the addition of excess HCIl gave a precipitate which
upon crystallization from EtOH yielded 12.1 g of pure prodiet ax
bright vellow crystals, mp 132-135°.

7-{ [3-(Piperidinoamino)propyl]amino | benz[c|acridine Dihy-
drochloride (VIa) (Procedure III)—A solution of 10.0 g (0.064
mole) of 1-[(3-aminopropyl)amino}piperidiie'® and 16.0 g (0.064
mole) of 7-chlorobenzlc]acridine!2='4 in 50 g of pheuol was
heated on a steam bath for 3 hr.  The hot solution was poured
into a cooled solution of 5 ml of cotcentrated HCI in 500 ml of
Me;CO. The Me,CO was decanted, and the tarry residue was
triturated twice with Et,O and then dissolved in EtOH. Thix
solution was poured into Et:0, and the vellow deliquexcent pre-
cipitate was collected and dried in an evacnated desiccator.  Thix
material was stirred into warm H,O and treated with decolorizing
charcoal, aud the filtrate was chilled and treated with excess
dilute NaOH. The sticky base wax collected by filtration and
washed with H:O. An Et,0 solution of thix base was dried over
anhydrous K,;CO; and treated with excess HCl.  The hygroscopic
solid thus formed was collected by filtration and dried in an
evacniated desiceator to obtain 16.0 g of yellow powder, mp
>100°,
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As part of a program directed toward the use of tri-
fluoromethyl compounds as autiprotozoal agents, we
wish to report our investigation of a series of trifluoro-
methylbenzanilides. Our interest in trifluoromethyl
compounds was prompted by the discovery that, in
anticoccidial benzamides bearing a nitro group, the
nitro group and a trifluoromethyl group could be ex-
changed without loss of activity.! This work was uu-
derway when other reports appeared relating to anti-
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