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and the analogy with other known cases of attack at the quinoline
N.16 gupport 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-""Prox1MAL” HYDRAZINO DERIVATIVES OF 7-CHLOROQUINOLINE S01

served at 4.79 and 7.72 ppm in the nmr. These 1ot 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.
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Sixteen “proximal’’ hydraziuno derivatives of 7-chloroquinoline of the general structure IIT 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 a-methylphenethylhydrazine (I), it was
found that, in contrast to the parent amines, drug resis-
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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 generie structure I11 where R, is H, CHj,
and C:H;; R» is dialkylaminoalkyl; and R, and R, being
the same part of a hvdrazone 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
IitOH at room temperature and atmospheric pressure.
Because of the premature poisoning of the catalyst, it
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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 aceording to the sequence of reactions
outlined in Scheme I.
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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.*

Biological Activity.—The compounds were tested for
their antimalarial activity against Plasmodium berghei
in mice. The screening was carried out by Dr. L.
Rane of the University of Miami, Miami, Fla. The
sereening 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 610 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, 7bid., 10, 431 (1967)
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2 NHN=CHCH.N (ClL 2.0 IST-1N2 O il CING
B NHN=CIHCH,N (Cull; )2 710 174-175 I:tOH (" HwCIN,

4 NHNHCH,CH)N (Cul1; 10 72.0 170171 dec EtOH~11,0 ) CIN
D NHN=C[[C[] _\( / 17.0 1633 164 15tO1 Cd 1 CIN
6 x[lxrf('l[(')[,x‘h\, 21T 33.0 194--106 sl 1, CING
7 X[[N:('[[‘@ 600 245240 IO H - 1.0 ) CING

e
S NHNHL ‘ ™ 45,0 208240 HOH-11LO )11, 01N
N

Y xnx=m~©»x:cn , 42,0 250261 LtO1-T1,0 Crl 1IN,

10 xnx=(~n©»x,(~ (. 10 244040 E1011 CallaCIN,
CH,
11 NIUNCHCHN(Cl 5 q0. 0 130160 0 D7) 130 152 Cyvelohexane )T CING
CoH;

12 NHNCH.CHN(ClHy 570 110-120 (0. 001 ) Cy s CING
13 NHN(CH)(CH):N (Cll 20,0 167 . =138 Cvelohexane C,;Hs CIN
14 NHN (CH5)(CH, 1N (CHs ), 3.0 160-170 (0.34) C1sHuCIN
15 NHXN(CH;)(CH,)sN (C:Hj e 66.0 135-150 (0.05) 124- 125 Cyelohexane CysH5CIN,
16 NHN (CH;3)(CHy )N (CLH ) 14.0 140-165 (0.05) 11N.5-120 Cyelohexaue CsHy CIN,

* All melting points are nncorrected.
for 6 (II: culed, 6.14; found, 5.63) and for 8 (H:

The results for the compounds 11-16 are given in Table
I1.  Compound 15, which is an N isostere of chloro-
quine is toxic at 320 and 640 mg killing two and five
mice, respectively. This toxicity is similar to chloro-
quine but less severe.  The curative activity of the com-
pounds 11-13 is noteworthy as they produced 1o toxic
deaths even at the maximum dose of 640 mg kg sc.

Experimental Section

N-(2-Dimethylaminoethyl )-N-methylnitrosoamine (VII, R =
CH;, n = 2, R, = CH;).—A solution of N-(2-dimethylantino-
ethyl)-N-methylamine (50,0 g, 0.5 mol), concentrated H,SO,
(80.0 g, 0.8 mol), and 400 ml of H,O was cooled to 0°. A solution
of NaNO, (42.0 g, 0.6 mol) in H,O was added dropwise over a
period of 2 hr.  The mixture was left to stand for 2 hr and then
concentrated to dryness, The residue was dissolved in a mini-
mum anmount of H.0, cooled, and basified with XOH pellets.
The product was extracted with Iit.0 (three 200-ml portions), thie
1520 extract was dried (KOH), filtered, and concentrated to an
oil which was distilled at 108° (15 mm), yield 50.0 g (76.3C¢).
,1’Lal- (05}113N3O) C, II, N‘

N-(2-Dimethylaminoethyl)-N-methylhydrazine (VIII, R =
CH;, n = 2, R; = CH;)—A solution of N-(2-dimethylamino-
ethyl)-N-methyluitrosoamine (39.3 g, 0.3 mol) in 100 ml of
anhydrons Et;0 was added dropwise to an ice-cold mixture of
LAH (13.2 g) in 1 L. of anhydrons Et:Q over a period of 2 hr.
The niixture was stirred for another 1 hr at ice-bath temperature
and then carefully decomposed by the successive dropwise addi-
tion of 126 ml of L0, 12.6 ml of 15¢{ NaOH solution, and 37.8
il of 110, Stirrmg was continued for another 12 hr and then
the inorganic salts were filtered and washed with Iit,0. The
filtrate nnd washings were combined, dried (NaOH), filtered, and

¥ All compounds were analyzed for C, H, N,
caled, 4.60; found, 4.08).

All analytical results were within 2=0.4%] except
¢ Lit.* mp 220-221°,

concentrated 1o an oil which distilled at 140-145° (760 mu),
vield 15.0 g (42.99%). The liquid was very hygroseopic and nsed
as such in the next step.

7-Chloro-4-[N’-(2-dimethylaminoethyl)-N’-methyl] hydrazino-
quinoline (11).--A solution of N«(2-dimethylaminoethyl)-N-
methylhydrazine (5.19 g, 0.07 mol), 4,7-dichloroguinoline (10.0
2, 0.03 nol), and PhOH (30.0 g) was heated at 140° for S hr.
The mixture was cooled, poured into 109 KXOH, aud extracted
witlt three 150-ml portious of CIICL;. The CHCl; extract was
washied with H.O, dried (K,COy), and concentrated to an oil
whielt was distilled 1t 130-160° (0.07 mn1) to give 5.3 g (40%¢) of
the product which solidified ov standing.  The solid was erystal-
lized four times.

This is the typreal, general methiod whiclt also worked smoothly
for compounds 12-16.

N-(2-Dimethylaminoethy!)-N-ethyinitrosoamine (VII, R =
CH;, n = 2, R: = GH;) was prepared from N,N-dimethyl-N'-
ethylethylenediamine n 54.0% vield in the same manner s
already dexcribed, bp 88-00° (5N wm). Anal. (CyHEN30) ()
H, N.

N-(2-Dimethylaminoethyl)-N-ethylhydrazine (VIII, R = CH;,
n = 2,R, = C;H:) wasprepared from N-(2-dimethylaminoetliyvl)-
N-ethylnitrosoamine by LAH reduction in 70.06% yield. The
colorless oil distilled at 172-174° and absorbed moistnre awd
CO, from the atmosphere.  Its purity was found w be 92.57,
by glpe and was used as such to react with 4,7-dichloroguninoline
to give 12.

7-Chloro-4-[N’-(3-dimethylaminopropyl)-N’-methyl hydrazino-
quinoline (13)—The starting point, for this compound wus -
dimethylaminopropylamine which was formylated and reduced
to N-(3-dimethylaminopropyl)-N-methylamine according to the
procedures of Krapeho, et al.®  The latter was nitrosated aceord-

6y J. Krapeho, C. F. Turk, und L. J. Pribly, J. domer. Chew. Sov., 17,
32 (1955).
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TasLe 11
Antimalarial act.?
Compd D C TD Increase in MST
11« 20 0 0 5.3
40 0 0 7.1 (active)
80 0 0 9.0 (active)
160 0 0 12.0 (active)
320 1 0 (curative)
640 4 0 ... (curative)
12 20 0 0 3.5
40 0 0 5.1
80 0 0 7.3 (active)
160 0 0 8.5 (active)
320 4 0 . (eurative)
640 5 0 ... (curative)
13 20 0 0 2.5
40 0 0 3.9
80 0 0 4.3
160 0 0 8.3 (active)
320 4 0 . (curative)
640 5 0 ... (curative)
14 40 0 0 4.1
80 0 0 4.5
160 0 0 5.1
320 0 0 8.1 (active)
15 40 0 0 2.2
80 0 0 3.0
160 0 0 4.6
320 0 2 8.8 (active, toxie)
640 0 3 ... (toxic)
16 20 0 0 2.5
40 0 0 7.5 (active)
80 0 0 9.5 (active)
160 0 0 13.7 (active)
320 2 0 18.6 (curative)
640 2 3 . (curative, toxic)
Chiloro- 20 0 0 6.5 (active)
quine 40 0 0 7.5 (active)
80 0 1 8.9 (active, toxic)
160 0 3 ... (toxie)
320 0 5 ... (toxic)

¢ Numbers refer to those in Table I. ? D, dose in mg/kg of
body weight; C, cures; MST, mean survival time of the treated
mice; TD, toxic death when the mice die in 2-5 days after infec-
tion, which is attributed to drug toxicity. A compound is active
if the increase in MST of the treated mice exceeds 6.2 days (the
MST of the control group of mice) and curative if one or more
mice live for 60.0 days or more postinfection.

ing to the procedure already deseribed in 44.0% yield to give a
yellow oil, bp 97-100° (7 mm). The nitroso compound was re-
diced with LAH in 64.0% yield to give N-(3-dimethylamino-
propyl)-N-methylhydrazine, bp 56-57° (7 mm). This hydrazine
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was treated with 4,7-dichloroquinoline according to the procedure
already described to give 13 in 50.09 yield, a white solid, which
was recrystallized several times.

7-Chloro-4-{N’-(3-dimethylaminopropyl)-N’-ethyl] hydrazino-
quinoline (14).,—The starting point for this compound was again
3-dimethylaminopropylamine which was acetylated with Ac,O
in 95.09, yield to give the acetamide, bp 140-144° (8 mm). It
was reduced with LAH to give N,N-dimethyl-N’-ethylpropyl-
enediamine in 59.0% yield, bp 155-157°. The nitroso derivative
was prepared in 40.09, yield, bp 102-104° (7 mm), and was re-
duced to the hydrazine in 80.09, yield. The hydrazine, bp 82°
(10-12 mm), reacted with 4,7-dichloroquinoline to give 14 in
53.09%, yield as a viscous semisolid which was purified by distilla~
tion.

N-(3-Diethylaminopropy!)-N-methylnitrosoamine (VII, R =
CH; n = 3, Ry = CHj;).—3-Diethylaminopropylamine was
formylated according to the procedure of Krapcho, et al.,% to
give the formyl derivative in 949, yield, bp 135-140° (8 mm).
This was reduced with LA to give N-(3-diethylaminopropyl)-N-
methylamine in 749, yield, bp 57-60° (8 mm). Munch, et al.)’
who prepared this amine by a different procedure, have reported
bp 58-60° (8 mm). This amine was nitrosated according to the
procedure already described to give the nitroso derivative, bp
117-118° (8 mm), in 75%, yield. Anal. (CsH1sN;0) C, H, N.

N-(3-Diethylaminopropyl)-N-methylhydrazine (VIII, R =
CH;, n = 3, R, = CH;).—A solution of N-(3-diethylaniino-
propyl)-N-methyluitrosoamine (17.3 g, 0.1 niol) in 60 ml of
glacial AcOH was slowly added to a rapidly stirring suspension
of Zn dust (52.0 g, 0.8 g-atoni) in 100 ml of H:O. During the
addition the temperature was maintained at 10-20° by external
cooling. The mixture was stirred for another 2 hr, when it was
slowly heated to 80° and maintained there for 0.5 hr. It was
then filtered hot and the filter cake was washed with two 100-ml
portions of hot 59, HCI solution. The combined filtrates were
evaporated to give a gumniy nmiaterial which was dissolved in H,0,
basified to pH 12 with 509, NaOH, and extracted with Et,0.
The Et:0 extracts were combined, dried (KOH), and concentrated
to give an oil in 70.09%, yield, which distilled at 72-74° (6 mm).

This was treated with 4,7-dichloroquinoline to give 15.

7-Chloro-4-{(N’-4-diethylaminobutyl)-N’-methyl] hydrazino-
quinoline (16) —N-methyl-(4-diethylamino)butylamine (VI, R
= CH;, n = 4, Ry = CH,), bp 110° (60 mim), was prepared in
88.09% yield by the LA reduction of the corresponding N-formyl
compound. It was nitrosated to give N-(4-diethylaminobutyl )~
N-methyluitrosoamine (VII, R = C,H; » = 4, R, = CHj;), bp
129° (6 mm), in 76.09, yield. Anal. (CoHuyN;3;0) N.  This was
reduced to the corresponding hydrazine in 80.0%, yield, bp 90°
(8 mm). It proved to be 97.04+ 9 pure by glpc and was treated
as such with 4,7-dichloroquinoline in the usual manner to give 16.
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