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A series of 4,8-diaminoquinolines, some including chloro substitution on the benzenoid ring, has been syn-
thesized and evaluated against Plasmodium berghei in the mouse and Plasmodium gallinaceum in the mosqnito

and chick.
hydroxyanilino attachment at C-4.

Two of the most active classes of antimalarial agents
which were developed by the research program of the
Office of Scientific Research and Development during
World War IT were the 8-amino- and 4-aminoquinolines.
Even in recent years, until the onslaught of malignant
falciparum malaria, no drug fully equivalent to chloro-
quine or hydroxychloroquine had been discovered.?
Research on the current refractory strain of Plasmodium
sponsored under the reactivated Army Antimalarial
Program has capitalized on many clues from the strue-
ture—activity relationships developed in the 1940’s.

There is some evidence that the additivity principle
in candidate drug design may be of merit in malaria
chemotherapy. The 2-methoxy-6-chloro-9-aminoacri-
dines, e.g., mepacrine, can be envisioned as the molecu-
lar combination of the 7-chloroquinoline moiety (as for
example in chloroquine) with the 6-methoxy (as
characterized by quinine and pamaquine). Similar
logic stimulated the development of 4,8-diaminoquino-
lines in the hope that the favorable suppressive activity
and low toxicity of the 4-aminoquinoline family and
the prophylactic activity of the 8-aminoquinolines
might be combined in the same molecule.®4

Considerable synthetic difficulty was experienced by
previous workers in their efforts to obtain substituted
members of the 4,8-diaminoquinoline family. Only two
of this class were evaluated and tabulated in the
Wiselogle index:® 8-amino-7-chloro-4-(4-diethylamino-
1-methylbutylamino)quinoline (I) and 8-amino-4-(3-
diethylaminomethyl-4-hydroxyanilino)quinoline  (II).
Modest activity was observed for these two compounds;
quinine equivalents of 0.3 for the A-1 test on I and of
1.0 for the B-4 test on II were tabulated. Recently,
8-amino-7-chloro-4-(3-diethylaminomethyl-4-hydroxy-
anilino)quinoline (12) has been reported to display
“‘suppressive antimalarial activity,”s

We have prepared a series of eight 4,8-diaminoquino-
lines and related model compounds to evaluate their

(1) (a) This work was supported by Contract DA-49-193-MD-3011
from the U. 8. Army Medical Research and Development Command.
Contribution No. 560 from the Army Research Program on malaria. (b)
The participation of J. M. in this research was made possible by predoctoral
fellowship support from the Lehigh University Office of Research and the
National Defense Education Aect.

(2) Chemotherapy of Malaria, World Health Organization Techniecal
Report No. 375, Geneva, 1967, p 25.

(3) R. W. Gouley, G. W. Moersch, and H. W. Mosher, J. Am. Chem.
Soc., 69, 303 (1947).

(4) C. C. Price, E. W. Maynert, and V. Boekelheide, J, Org. Chem., 14,
484 (1949).

(8) F. Y. Wiselogle, A Survey of Antimalarial Drugs,” J. W. Edwards,
Pubiishers, Ann Arbor, Mich., 1946.

(6) K. R. Chandran, A, K. Sen, and V. P. Basu, J. Sci. Ind. Res. (India).
10b, 290 (1951).

Antimalarial activity has been observed in those members bearing a 3-diethylaminomethyl-4-

efficacy in the current screening program.” We have
utilized 4(1H)-quinolones as the crucial synthetic
intermediates for introduction of the 4-amino function.
These quinolones, with the exception of 8-chloro-4(1H)-
quinolone (2b), have been reported previously. For
our purposes they have been prepared by a modified
Conrad-Limpach cyelization of aniline-acetylene di-
carboxylate adducts® with subsequent saponification—
decarboxylation of the 2-carboxylates. Yields and
physical properties of the 4(1H)-quinolones prepared
by this technique are reported in Table I.

The 4(1H)-quinolones were converted by POCI;
treatment (Table I) into 4-chloroquinolines. The
various 4-chloro-8-aminoquinolines required for prep-
aration of the candidate drugs, by displacement of the
4-chloro function with an appropriate amine, were
obtained from the haloquinolines (3a-d) listed in
Table I. Thus, reduction of 4-chloro-8-nitroquinoline
(3a) by the Fe~-HOAc method of Elderfield, et al.,®
yielded 4-chloro-8-aminoquinoline (3e). The nitration—
reduction of 4,7-dichloroquinoline (3¢) gave 4,7-di-
chloro-8-aminoquinoline® (3f) while a similar operation
on 4,5,7-trichloroquinoline (3d) gave 4,5,7-trichloro-8-
aminoquinoline (3g). Nmr studies have now firmly
established the site of nitration in 3¢ to be at C-8,10
while proof of C-8 nitration in 4,5,7-trichloroquinoline
rests on the identity of its nitro reduction product with
the compound obtained by chlorination of authentic
4,7-dichloro-8-aminoquinoline.

Amination of the 4-chloroquinolines was performed
m excess dialkylaminoalkylamine as solvent. In re-
actions involving 3-diethylamino-2-hydroxypropyl-
amine it was necessary to avoid reflux temperatures to
minimize the dehydration—elimination reactions occur-
ring in the side-chain portion. For the incorporation of
the 3-diethylaminomethyl-4-hydroxyanilino residue,
the presence of DMF was found to facilitate reaction by
providing a homogeneous medium, Again, reaction
temperatures under 100° must be employed since at

(7) Mouse and chick testing was carried out at the University of Miami
under the sponsorship of the U. 8. Army Medical Research and Development
Command. Mouse screening was performed according to the standard
profile described by T. 8. Osdene, P. D. Russell, and L. Rane, J. Med.
Chem., 10, 431 (1967). Chick screening techniques were developed by L.
Rane and experimental details will appear in a forthcoming publication.
The mosquito screening procedure has been described by E. J. Gerberg, L. T\
Richard, and J. B. Poole, Mosquito News, 26, 359 (1966).

(8) (a) N. D. Heindel, T. A. Brodof, and J. E. Kogelschatz, J. Hetero-
cyclic Chem., 8, 222 (1966): (b) N. D. Heindel, I. S. Bechara, P. D. Kenne-
well, J. Molnar, C. J. Ohnmacht, S, M. Lemke, and T. F. Lemke, J. Med.
Chem., 11, 1218 (1968).

(9) R. C, Eiderfield, et al., J. Am. Chem. Soc., 68, 1524 (1946).

(10) N. D. Heindel, C. J. Ohnmacht, J. Motnar, and P. D. Kennewell,
J. Chem. Soc., C, in press.
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« 1. H. Baker, G. R. Lappin, C. J. Albisetti, Jr., and B. Riegel, J. Am. Chem. Soc., 68, 1267 (1946), reported mp 199-200°. * Anal.

(CsH,CINO) C, H, N.

and H, F. Hammer, tbid., 68, 1244 (1946), reported mp 345-346°.
dLit.? mp 105-106°,

¢ Anal, (CaH,CLN) C, II, N, # Lit.c mp 83.5-84.5°.
higher temperatures DME has been shown to aminate
haloquinolines with the dimethylamino group. !

Although two of the 4,8-diaminoquinolines prepared
for inelusion m this study, 11 and 12, are apparently
known materals, only 128 appears in the primary lLitera-
ture.  8-Amino-4-(3-diethylaminomethyl-4-hydroxyani-
lino)quinoline (I) appears only m Wiselogle.® Our
svntheses of these materials by amination in a homo-
geneous DMI-HLO phase is deseribed in the Experi-
mental Sectiou.

Considerable experimental effort was expended in
attempting to alkylate the frec primary 8-amino group
m 4, 6, 8 and 12, Price and Guthrie have already
commented upon some negative attempts to alkylate
an 8-amino-7-chloroquinoline system.!?  In summary, no
reaction could be effected under mild conditions, and.
if forcing conditions were employed, intractable tars
representing multicomponent mixtures were observed
by tle.

The following specific techniques were investigated.
Equimolar quantities of 12, 4-bromo-1-phthalimido-
peutane, and NaHCOy were heated at 100° in 50 ml of
DM for 24 hw. The imtial quinoline was recovered
unchanged. A similar procedure in which 8 and 4-
bromo-I-phthalimidopentane were heated for 6 hr at
130° in & solvent-free medium contaming excess I,CO;
resulted in an intractable resin.  urther, if the same
reaction was carried out in refluxing xylene, the starting
quinoline was recovered unreacted. It was apparent
that ou prolonged thermal treatment the bromo-
phthalimidopentane side chain underwent elimination.
The refluxing (70 hr) of 0.08 mole of 4,7-dichloro-8-
aminoquinoline (3f) and 0.04 mole of 4-bromo-1-
phthalimidopentane in EtOH (400 ml) precipitated the
HBr salt of the initial quinoline upon ether dilution of
the product mixturve.

Utilization of a 2 3/ exeess of PhMgCl m THIS to
increase the reactivity of the 8-amino moiety in 6 for
alkylation by 4-bromo-l-phthalimidopentane was like-
wige unsuecessful.  Attempted condensation under N,
of 6 and 3-dimethylaminopropyl chloride for 24 hr in
DAFEF produced an intractable black gum which tle
revealed to be mainly unreacted 6.

The reductive alkylation technique of Schellenberg?

(11> N. 1. tleindel and P. D). Kennewell, J. Chem. Sov., 12, 38 110641,
i12) . C. Price and D. 11, Cuachrie, J. Am. Chem. Soc., 68, 1592 (19461,
1133) I Seheltenberg, J. Ory. Cherm, 28, 3259 (1963).

¢ A. R. Surrey and H. F. Hammer, J. Am. Chem. Soc., 68, 113 (1946), reported mp 277-279°,

¢ A. R, Surrey
¢ B. Riegel, ef al., ibid., 68, 1264 (1946), reported mp 126-127°.

m which an anil of 4,7-dichloro-8-aminoquinoline (8f)
and Dutanone is ostensibly gencrated n situ and re-
duced by NaBH, likewisc returned uwvreacted 3f.
Similar attempts to produce anils of 2-pyridinecarbox-
aldehyde and 6 for subsequent reduction were un-
suceessful as was the attempted NaH-catalyzed Michael
addition of 6 to 4-vinylpyridine. Although a sulfon-
amide of 6 could be prepared, its Na salt was too in-
saluble for alkylation in any appropriate solvent.

The application of any of the four methods for 8-
amino alkylation outlined by Ilderfield® would, if
applied to a 4-chloro-8-aminoquinoline, result in exten-
sive hydrolysis of the 4-halo group. Attempts to
allkylate the substituted 4,8-diaminoquinolines bearing
a side-chain amine function at C-4 ave complicated by
the low basicity (pK, = 3.93)' of the primary 8-amino
and the base-strengthening effect of the 4-amino on the
quinoline nitrogen. Alkylation attempts on 2- or 4-
aminoquinoline are often directed onto the ring N.t°
In all of our alkylation attempts, ir speetra of the crude
reaction produeets displaved the unchanged 8-amino
absorptions.

The AMichael addition to methyl propiolate has been
shown to occur with many arylamines of low basicity, ¥
and, although coundensation with 6 did produce a [:1
adduet, nmr and ir evidence clearly demonstrated that
the primary 8-aminoe had not reacted.

Biological Activity.—The 4.8-diaminoquinalines and
the model compounds were screened for antimalarial
activity against Plasmodium beyghe? in mice.  Addi-
tional screening was performed on a standard strain of
Aedes aegypti mosquito infected with Plasmodium
gallinacewn. Compound evaluation was based on the
ability of the chemical to suppress the development of
malarial oocysts in the midgnt or to suppress the
number of sporozoites in the salivary gland of the
mosquito.

In the case of 4, 6, 10, and 11, evaluation aguainst «
blood-induced P. gallinaceum infection in white Leg-
horn cockerel chicks was also carried out by Dr. Leo
Rane at the University of Miami. In the chick and

{14) R. C. Elderfield in ""Heterocyclic Compounds,’* Vol. 4, R. C, Elilee-
field, Ed., Jobn Wiley and Sons, Ine., New York, N. Y., 1942, » 164.

(15 1a) J. C. E, 8impson and P. M. Wright, 7. Chem. Sog., 1707 {10118+
by W, Sctineider and 13, Miitler, Chem. Ber., 93, 1579 (1960).

1161 () N. D, Heindel, P. 1. Kennewelt, aud . J. Ohnmachl, J. Ory
(*hem., 84, 1168 (1969): (b) N. D. Heindel, F'. 1. Kennewell, andl V. it
Yish, J. Heterorpelic Chem., 6, 77 (1969).
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TaBLE
ANTIMALARIAL ACTIVITINS

R, HN(CH,)NEt,

S =
R. N7 R, N7
R, R,
A B
Compd R: Rz Rs 4 side chain
4 NH, JG H A
5 Cl H H A
6 NH, Cl H A
7 (8N 8137) H Cl H B
8 NH, Cl Cl B
0 NI, Cl I B
10 NIl, I I B
11 (SN 13,797) NH, H H C
12 NH. Cl H C
13 NH, Cl Cl C
e M = mice, Mo = mosquito, C = chick. *msti =

for discussion.

mouse screen, data are reported in terms of mean
survival time increase of the infected chemically
treated host compared to an infected untreated host.
Ability of a candidate drug to sustain the animal to a
1009 increase in normal survival time (7.0 = 0.5 days
in the mouse and 3.5 £+ 0.5 days in the chick) permits
classification as an “active’”’ material. Testing data for
all the compounds are tabulated in Table IT,

No significant antimalarial activity was observed in
those 4,8-diaminoquinolines bearing the 2-hydroxy-3-
diethylaminopropyl side chain on the 4-amino, 7.e., in
8-10. The Cl-containing members of this family, 8 and
9, when evaluated in the mouse screen, displayed no
increase in mean survival time. A maximum dose level
of 320 mg/kg was utilized in 9 and a level of 160 mg/kg
was employed for 8 It is of interest to note that the
7 -chloro-4-(2-hydroxy-3-diethylaminopropylamino) -
quinoline (III) which lacks the NH, moiety at C-8
appears to be somewhat more active and displays a
mean survival time increase of 3.8 days in the mouse.'”
It could not be tested at higher concentrations because
toxic effects on the host became evident. Five toxic
deaths in five test animals occurred at the 640-mg/kg
dose level.'® The nonchloro analog, 8-amino-4-(2-
hydroxy-3-diethylaminopropylamino)quinoline  (10),
was tested only in the chick, but it too gave little
evidence of activity up to 480 mg/kg (mean survival
time increase 1.7 days). It appears that in this side-
chain series the pendant 8-amino group imparts no
activity and in fact may be deleterious in effect com-
pared to the nonamino compound 7.

(17) IIT was resyntiiesized for screening in the current antimatarial
profile exactly as deseribed by N. L. Drake, H. J. Creecti, J. A. Garinan,
S. T. Haywood, R. M. Peck, J. Van Hook, and E, Walton, J. Am. Chem.
Soc., 68, 1208 (1946). It is listed in Table IT as 7.

(18) Toxic deaths in the mouse screen are recorded for treated animals
whieh survived less than the normal 7.0 &£ 0.5 days observed for untreated
test animals.

DIAMINOQUINOLINE ANTIMALARIALS

R; HNCH.CHOHCH.NEt.
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1I
OF AMINOQUINOLINES

OH
R, HN
CH.NEL,
R, N?
R,
C
Test system® Activity?

M, Mo, and C Inactive
M Toxic
Mo Inactive
M, Mo, and C Inactive
M Sl at Tow doses, toxic at 640 mg/kg
M Inactive
M Inactive
C Inactive
M msti 4.5 (160 mg/kg)

msti 7.0 (320 mg/kg)

msti 9.7 (640 mg/kg)
C msti 9.3 (120 mg ‘kg)
M msti 3.2 (320 mg/kg)

msti 6.4 (640 mg/kg)
Mo Iuactive

mean survival time increase of treated animal minus control in days; see text

The compounds bearing the diethylaminopropyl
group at C-4 were similarly nonactive. In both mouse
and chick screens, 4 and 6 were inactive. Against the
P. gallinaceum infected mosquito they displayed no
suppression of sporozoites. The compound selected for
model comparison, 8-chloro-4-(3-diethylaminopropyl-
amino)quinoline (5), was too toxic for evaluation in the
mouse (two toxic deaths at 160 mg/kg and five deaths
at 640 mg/kg) but it gave no evidence of suppressiou
in the mosquito profile.

Three 4,8-diaminoquinolines bearing a 4-hydroxy-3-
diethylaminomethylanilino attachment at C-4 were
prepared and evaluated. Two of these compounds, 11
and 12, were tested against P. berghes in the mouse and
were found to be active. The 8-amino-4-(3-diethyl-
aminomethyl-4-hydroxyanilino)quinoline (11) showed
an increase in mean survival time of 9.7 days at 640
mg/kg aud of 7.0 days at 320 mg/kg. No activity
outside of the limits of experimental error was observed
below 160 mg/kg. 7-Chloro-8-amino-4-(3-diethylami-
nomethyl-4-hydroxyanilino)quinoline (12) was some-
what less active and displayed survival time increases
of 6.4 days at 640 mg/kg and 3.2 days at 320 mg/kg.
The 5,7-dichloro analog, <.e., 8-aming-3,7-dichloro-
4 - (3-diethylaminomethyl-4-hydroxyanilino)quinoline
(13), was evaluated in the mosqguito sereen and was
found to be ieffective. Thus, the activities in this
series seem to diminish with inereasing Cl substitution.

A comparison with amodiaquine, 7-chloro-4-(3-di-
ethylaminomethyl-4-hydroxyanilino)quinoline, reveals
that none of our 4.8-diaminoquinolines was equal in
activity to the parent system lacking the 8-amino.!®
Amodiaquine showed a mean survival time inerease of
7.7 £ 0.5 days at 40 mg/kg and cured five mice out of
five at 640 mg/kg.

(19) Testing data in the Rane mouse screen for amnodiaquine was pro-
vided hy Dr. Bing T. Poon of tlie Walter Reed Army 1nstitute of Researeh,
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Experimental Section=

Preparation of 4(1H)-Quinolones. ~These interniedintes were
synthesized by the saponification-decarboxylation of the
previously reported 2-carbomethoxy-4(1H)-quittolones prepared
by Michael addition and eyclization of anilines and dimethyl
acetylenedicarhoxylate.®?' Several of these quiuolones have been
reported in tle literatitre but with the exception of 2¢ none was
prepared from the 2-carboxylates. See Table I for yields.

4-Chloroquinolines.-——Chlorination by the standard POCI,
method converted the 4( HD-quinotones inta 4-cliorogninolives.
Yields, properties, and literature citatiows are reported in Table 1.

4-Chloro-8-aminoquinolines.—-Literature methods were en-
ployed to prepare 4-chloro-S-aminoquinoline® and 4,7-dichloro-s-
aminoquinoline* from their respective precursors 3a and 3c.
4,5,7-Trichloro-8-nitroquinoline.--4,3,7-Trichloroquinoline
(3d)*? (40 g, 0.17 mole) was added to 200 g of a mixture of oue
part by weight of fitiming HNO; and two parts of coancentrated
H2804 at 0%, I our experience it ix important to maintain the
temperature at 0° thironghout the addition process. After the
addition was completed the mixture was allowed to stand at room
temperature for 2 hr after which it was added to 800 g of ernshed
ice. The light yellow precipitate that was formed was isolated
by filtration and recrystallized front MeOH to vield 40 g (8450 of
product, mp 114°. Anal. (CsI1;CLN0.) N

4,5,7-Trichloro-8-aminoquinoline (3g).--A mixture of 100 ml
of 509, AcOH and 5.5 g (0.02 mole) «f 4,5,7-trichloro-S-nitro-
quitoline was warmed on the steant hath, aud 3.36 g (0.06 mole)
of powdered Fe was added i1t small portions so that gentle boiling
resulted.  After all the Fe had been introduced the mixture was
heated for 1 hr, cooled to roomr temperatare, and dilnted with
200 ml of H,O to precipitate the prodiiet. The amnine was re-
erystallized (E,0) to yield 4.5 g (909 ) of produet, mp 109-110°.
Anal. (CH:CLN:) C, H, N.

Chlorination of 4,7-Dichloro-8-aminoquinoline (3f).---A solu-
tion of Cly (0.5 g) in dioxane was added to 4,7-dichloro-8-amino-
quinoline (1.0 g) dissolved in 20 ml of dioxane. An iminediate
formation of a yellow precipitate eusued: the precipitate was
removed by filtration, washed with Et,0, dissolved in H.O, and
basified with NaOH. The agueous phase was extracted with
Et,0 and the extract was dried (MgS0,) and evaporated in vacuo
to yield 4,5,7-trichloro-R-aminoqninoline (3g) (0.40 g, 3597), mp
107-108°. The material, spectrally identical with that obtained
by uitration-reduction of 4,5,7-trichloroquinoline, establishes the
site of nitration in that compound nsz C-8.

8-Amino-4-(3-diethylaminopropylamino)quinoline (4).--A
stirred solution of 4.25 g (0.024 mole) of 4-chloro-S-aminoquino-
line (3e) and 60 g (0.46 mole) of 3-dicthylaminopropylamiie wax
refluxed for 20 hr, then the cooled mixtare was poured outo 1.5 1.
of Ho0, und extracted with three 100-ml portions of ¥t.O. The
Et,0 extracts were dried (Mg8O,), filiered, and evaporated to
dryness.  The residual oil o tritaration with petrolenmn ether
(30-60°) readily solidified to a taw solid. The yvield of dry crude
solid was 5.11 g (7997 ), m1p 80-82°. Two recrystallizations from
petroleitm ether atforded .72 g of analytically pure pale orange
cryvstals, mip 82-84°. Anal. (CHuN() C, H, N,

8-Chloro-4-(3-diethylaminopropylamine)quinoline (5 ).~-A soli-
tion of 0.50 g (2.5 molex) of 4,8-dichloroquinoline (3b), 1.0 g of
phienol, and 1 ervstal of KI was heated at 125° for 5 min. To
this was added 3.0 g of 3-diethylaninopropylamine, and tle mix-
ture heated at reflux for 10 hr. The brown solution was poured
into 50 ml of 35¢;, aqueous NaOH and extracted with 100 ml of
CH,Cl,, and the dried extract was concentrated to dryness under
reduced pressiire. The semisolid residne was taken up in a mini-
mum of 1:1 Et,O-petrolemnnn ether (60-80°) and KtQ was
removed by slow evaporatiorc on a steam bath. The resulting
crystals (789 ) were purified by a =ccond reerystallization from
30-60° petroleum ether, analytieal mp 109-110°. Anal. (CigHe-
CIN;) C, H, N.

1203 Nik analyser were carvied ot on o Varian A60 mmr spectrometer
aned are reporied in § (ppm) calibrated againse TMS. We acknowledge tlie
finaneial assistarnce of (he Nationat Ncience Foundation in che purchase of
this instrument. Combustion analyses were performed by the late Dr.
Velmer B. Fish of these laboratories. Melting points were pbtained on a
Fisher-Jonns block and are uncorrected. Where analyses are indicated only
Ly symbots of the etements, analvtical results olitained for rtiese elements
are witbin =047 of (heoretival vatues.

(2t) N. L), Ileindel, 1. 8. Bechiara, T. I'. Lelake, and V. Do ish, J. (.
Chem., 3%, 4155 (1467).

(221 A. R. Surrey and H. F. Hanuner, .JJ. An Clhem. Soc., 68, 1244 (19413,

Vol 12

8-Amino-7-chloro-4-(3-diethylaminopropylamino)quinoline (6).
A soluttione of 0.092 mole of 4,7-dichloro-8-uminogninoline (3f)
i 0.46 male of Je-diethylaminopropyhimine was retiuxed with
stirring for 36 hr. Sal precipitation began (o appear after 15 hr.
The reactiotcwns poared tnto 1 L of cold HaO, made basic (NaO11
and extracted (1.0). 0 The dried (EK.COY GO laver wis
evaporated and 1he resulting oit ervstatlized by tritnration with
petroleam ether. The pure produet $22.6 g, 80075 was obtaiued
by recrvstallization from petrolenim ether tsparitety =alubley;
mp T05-7EAC nad. (CTTLCINGY C) T, N
8-Amino-5,7-dichloro-4-(2-hydroxy-3-diethylaminopropylami-
no)quinoline (8). 1,5, 7-Trichloro-S-nminagninoline (3g) (5 w,
1.02 1aole} wis mixed with i Inrge exeess (30 mb) af 2-lydroxy-35-
diethytaminupropyiandee.  The wdxtsre was heated overnighn
at 70°, after which the remperatuce was inereased by 111° every
2 hr for a perived of 6 hire To camplete the alkylation the mixtnre
was hreld a1 17518507 Gor 3 hire The dark reaction materiat was
cooled and poured ao FoLoof lee-eold T1LO. The prodney -
camulated asa dark g which was =eparated by decartatiom of
the H.0. The residunl gnm was dissolved in EtO ardd dried (Mg-
S04 F0O was evaparated, die oil wis tritirated with petroledm
ether, and cryvetatlization into a1 whiie =olid was induced.  The
produet was recry=iallized frora petrolennn ether thp B0-607) ti
vield 4.25 g (6075 of a creamy white =olid, mp 96-47° tral.
(CreHanCLNLO) ¢ 11 N
8-Amino-7-chloro-4-(2-hydroxy-3-diethylaminopropylamino )-
quinoline (9).--A 4.26-g (0.02 1nole) sample of 4,7-dichlora-s-
antinoguinatine (31} irc 11 g ol 2-hydroxy-3-diethylmminopropyl-
amiite wis heated with stirring at 90-120° for 2 hir aied then m
150-160° for 1 hr. Arcexothermic reaction ocenrred at the higher
temperatnre s evidenced by o vigoreas reflux.  The reactioa
mixture was cooled, punred indo 100 ml of 354 NaOH, and cx-
tracted (15607, After drying and evaparation of the extracls,
excess side-cluin amine was distilled ofl &0 vacwo. The residace
was then distilled arder reduced pressure yielding 519 of the
pure alkylated quineoline 10: bp 230-232° (0.07 torr). inal
(CiHoCINLO3 €, H) N
8-Amino-4-(2-hydroxy-3-diethylaminopropylamino )quineline
(10).-A solution of 15,5 mmoles of 4-chlora-8-aminoquinoline
(8e) md 45 ml of 2-hyvdraxy-3-diethylaminopropyluniine wax
stirred at 140° for4x hr. Dilntion with H.O (1.5 1) and extraction
of the produet iwto B0 gave, upon evaporation, a viscoas oil
which eryvstallized wheio triturated with xylene.  Tan ervstals
were filtered off and purified by two recrystallizations from petro-
letra ethier (hp 90-100°); vield 2.62 g (A8Y), mp 102-104°.
Aned. ((.161134t\-1(.)} (,', lf. N.
8-Amino-4-(3-diethylaminomethyl-4-hydroxyaniline)quinoline
1111~-3-Diethylamiromethyl-4-hyvdroxyvacetanilide (0.022 mole)
wis deacetylated by refluxing in 15 ml of 2065 HCL for 1 i, A
solutioq of 0.024 mule 4-chloro-8-amuogninoline (3e) i 25 mt of
DAMF was added and the mixture wis stirred at 90° feor 16 hr,
cooled, and dilnted with 11 of H.O.  After filtration to remave o
trace of =uspended matter, the solntiorc was basified and the
precipitated prodaet was taken np in CHCl;, washed with 5
NaaCOy, dried (MgSOy3, and evaporated in vacuo. The crystal-
line 11 was pswified by recrystallization from Cellg, therw 1:1
Cellg-liexae, then E(OL, to yvield 557 g (450} of prodact, mp
1415 148° bl (CadlagNLO ) ¢ T, N
8-Amino-7-chloro-4-(3-diethylaminomethyl-4-hydroxyanilino )-
quinoline (12). - Tl preparation wax carried ont us described®
with DMF added t ensare a homogeneons mediam:  yield 38¢;
up 157-159°, Hief mp 10O-161°,
8-Amino-5,7-dichloro-4-(3-diethylaminomethyl-4-hydroxy -
anilino)quinoline (13}, -After deacetylation of 1.5 g of 1he
acetanilide ns deseribed above, the pH was adjusted to 9 witl
aqueotts NaOH nnd 1.5 g of 4,5, 7-tcichloro-8-aminoguinoline (3g3
i 20 il of DM was added.  The solution was heated on steat
cotte for 24 hir and made sligh(ly basic, and the precipitated prod-
uct was collected and reerystallized (Et0), 0.40 g, 169, mp
125-126°.  Anal. (CoHLCLNLO) C, H.

Propiolation of 8-Amino-7-chloro-4-(3-diethylaminopropyl-
aminoe)quinoline :6). -Iuuimolar anmouids= (0.01 mole) of 6 aud
metliyl propiolate in 23 mil of MeOH reacted exothermically and
the solition was allowed to stand at room temperature for 24 I
Ivaporation of the solvent gave a yellow oil which solidified to

2.3 g (716 ) vf a yvellow material, mp 91-93°, from petrolein

éther.  Analysis icdicatesd o 11 adduet. Anal. (CyHuCINGO.!
C, t, N, Althaagh the site of propielation could nat be de-

termined witl complete cectaiaty, both the presence of the an-
reacted S-nmino 8 6.20 ppin in e aund 3300 and 3430 cni?)
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and the analogy with other known cases of attack at the quinoline
N#.16 suypport the assignment of propiolate addition to the
tautomeric quinoline ring N-H. Two trans-vinyl proton reso-
nances from the propiolate portion (J = 14 Hz) could be ob-

4-"ProxivaLl” HYpraZINO DERIVATIVES OF 7-CHLOROQUINOLINE S01

served at 4.79 and 7.72 ppm in the nmr. These not only rule out
the possibility that the compound is a stable charge-transfer
entity but also support the conclusion that NH to triple bond
addition had occurred.

Antimalarials.

4-*‘Proximal’® Hydrazino Derivatives of 7-Chloroquinoline

Tara SixngH, Rosert G. STEIN, AND Joux H. BIEL

Research Laboratories, Aldrich Chemical Company, Inc., Midwaukee, Wisconsin 53210

Recedved March 7, 1969

Sixteen ‘‘proximal” hydrazino derivatives of 7-chloroquinoline of the general structure II1 have been pre-

pared and tested as antimalarials.
doses of 640 mg/kg sc.

In our earlier work!? with drugs bearing a hydrazine
moiety, as in e-methylphenethylhydrazine (I), it was
found that, in contrast to the parent amines, drug resis-

CH,
CH, )
| NHCHCH.CH,CH,N(C,H,),
CH,CHNHNH.,
9 b
>
Cl N
I i
1T1
NHNR,

111

tance did not develop to the corresponding hydrazines,
thereby affording a long duration of action without de-
crease in efficacy on repeated administration. On this
basis, it was considered worthwhile to incorporate a hy-
drazine moiety in the chloroquine (II) side chain in the
hope of obtaining antimalarial drugs which would be ef-
fective in chloroquine-resistant malarial strains of Plas-
modium falciparum. Accordingly, we prepared the
“proximal”’ hydrazino derivatives of chloroquine repre-
sented by the generic structure I1T where R, is H, CHj,
and C.H;; R, is dialkylaminoalkyl; and R, and R, being
the same part of a hydrazone derivative as in com-
pounds 2, 3, 5,7, 9, and 10 (Table I).

The key intermediate for the preparation of 2-10 was
7-chloro-4-hydrazinoquinoline (1) which was obtained
according to the procedure of Surrey and Cutler.? The
hydrazones were prepared by the reaction of 4-hydra-
zinoquinoline with appropriate aldehyde or the diethyl
acetal of the aldehyde in the conventional manner.
The hydrazines 4, 6, and 8 were obtained by catalytic
(Pt) hydrogenation of the corresponding hydrazones in
IStOH at room temperature and atmospheric pressure.
Because of the premature poisoning of the catalyst, it

(1) J. H. Biel, A. E. Drukker, T. F. Mitchell, E, P. Sprengeler, P. A.
Nuhfer, A. C. Conway, and A. Horita, J. Amer. Chem. Soec., 81, 2805 (1959).

(2) J. . Biel, A. Horita, and A, E. Drukker in 'Psychopharmacological
Agents,’" Vol. I, M. Gordon, Ed., Academic Press, New York, N. Y., 1964,
p 366.

(3) A. R. Surrey and R. A, Cutler, J. Amer. Chem. Soc., 68, 2570 (1946).

Three of these have shown curative activity without toxic deaths up to

had to be changed once or twice to complete the hydro-
genation.

For the preparation of 11-16, the hydrazino-side-
chain amines were first prepared and then put on 4,7-di-
chloroquinoline according to the sequence of reactions
outlined in Scheme I.

ScHEME 1

HCOGH, R NH(CH,),N(R), 2E.

or

H,N(CH.),N(R):

v (CH,C010 v
P|{-,-
<o LAH
R.NH(CH,),N(R), 72> ONN(CH,,NR), -
VI VII
R,
H,NN(CH,),N(R), 4. 7-dichloroquinotine
VIII
fliz
HNN(CH,),N(R),
x
P
al N
X
n=2-4 R, = HCO. CH,CO

R=CH, C,H; R,=CH;, CH,

For 13, the side chain could also be prepared by the
alkylation of methylhydrazine with dimethylamino-
propyl chloride according to the procedure of Elslager,
et al.t

Biological Activity.—The compounds were tested for
their antimalarial activity against Plasmodium berghei
in mice. The sereening was carried out by Dr. L.
Rane of the University of Miami, Miami, Fla. The
screening procedure is described by T. S. Osdene, et al.?
Compound 1 was toxic. It killed one animal at 40
mg/kg and all five at 160 mg. Compounds 6-10 were
inactive. Compounds 2-5 were slightly active, showing
an increase in mean survival time of about 7.4 days.

(4) E. F. Elslager, E. A, Weinstein, and D. F. Worth, J. Med. Chem,, T,
493 (1964).
(5) T. 8. Osdene, P. B. Russell, and L. Rane, ¢bid., 10, 431 (1967)



