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from EtOH and dioxane to give 1.8 g (649;) of 16 as reddish gray
needles, mp 210° dec.

The 3-Me uunalog 17 and tlie 5-(5-nitro-2-furylucrylidene-
thiazolidene-2,4-diones 21-25 were prepd =innilavly.

5«(2-Furylidene )-2-methylrhodanine (27)—A solu of 3.0 ¢
{0.02 n1ole) of 3-methylrhodanine, 2.0 g (0.02 nwole) of furfural,
and 0.5 ml of piperidine was heated uuder reflux in 30 ml of
95¢; EtOH for 30 min. The cryst which forned on cooling
were collected, dried, and recrystd from 95¢ EtOH to give 4.25
g (959 ) of 27 axlong golden yellow needles, mp 142-143°.

5-(2-Furylidene)rhodanine (26) and the thiuzolidine-2,4-dionesx
28 und 29 were prepd similavly.

5-(2-Furylacrylidene )thiazolidene-2,4-dione (31).—A mixt of
1.2 g (0.01 mole) of thiazolidine-2,4-dione, 1.2 g (0.01 mole) of
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2-furylacrolei, attd 0.5 ml of piperidine in 30 il of 950, EtOH
was refluxed for 1 hr. The mixt was allowed to cool overnight
causing the pptn of a yellow solid which was collected, dried, and
recrystd from KtOH and dioxane to give 1.5 g (719;) 30 a= reddish:
browi needles, inp 217-218°,
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Twenty-six derivatives of 7-chloroquinoline have been prepared which incorporate a hydraziie feature i the

side chain attached at position 4.
it nice.

In a previous publication' we reported quinoline
derivatives with a “‘proximal” hydrazine feature as
shown in the generic structure I. We are now report-
g =onie derivatives with a “distal” hydrazine feature

as represented by the generic structure I1.  Compounds
CH,
| O
QNHN— QNHCH(CH;),NN__
1 11
CH, ('jH:,l
QNHCHCH,CH(OCH,), QNHCH(CH.),Br
11 v
, >~
n=12 Q= |
P
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21-26 (Table I) contain both the proximal and the distal
hydrazine moieties, Compounds 12-14 and 16 incorpor-
ate a hydrazinium bromide feature. These compounds,
although found active or curative, were also quite toxic.
Chemistry.—The intermediate IIT was prepared by
the reaction of 4,7-dichloroquinoline and g-amino-
butyraldehyde dimethyl acetal. It was hydrglyzed
in sttu to the aldehyde and reacted with the appropriate
hydrazine for the preparation of hydrazones 1-4.
These hydrazoues were intended for reduction to the
corresponding hyvdrazine derivatives. But our efforts
to reduce them catalytically or chemieally did not prove
successful. Fragmentation of the molecule generally
took place accompanied, sometines, by the reduction
of the quinoliue ring or removal of the riug Cl.  The Br
intermediate IV, » = 2. the preparation of which was

(1) T. Singh, R. G. Stein, and J. H. Biel, J. Yed. Chem.. 12, 801 (1969).

They were tested for their antimalavial activity agaiust Plasmodium berghey
They ranged in activity from extremely toxic to highly curative.

reported by us before,? proved to be very useful and
gave rise to 5, aud 7-14.  Similarly the Br intermediate
IV, n = 1, was made and used for the preparation of
15 and 16. For 17-20 and 21-26, piperazine and 1,4~
diaminopiperazine were used to react with 4,7-dichloro-
quinoline. The intermediates, thus formed, led to final
compounds through 1 or 2 steps without much diffi-
culty.

Biological Tests.——All compounds except 20 were
tested for their antimalarial activity agaiust Plasmo-
dium berghei in mice by Dr. L. Rane according to the
procedure already published.® The results are given in
Table I1.

In general, the hvdrazones 1-4 were extremely toxic.
Test results of hydrazine derivatives with an unsub-
stituted end NH. were mixed, showing activity as well
as toxicity except for 15 which showed excellent curative
aetivity without being toxie. Toxieity seemed to dis-
appear with substitution ou the end NH,. Compd 22
appeuars to be the best, in which the end NH, is sub-
stituted by a second molecule of 7-chloroquinoline.
It showed curative activity with as low a dose as 40
mg/kg, and 1o toxicity even up to the maximum dose of
640 mg/kg.

Experimental Section

7-Chloro-4-(2-dimethylacetal-1-methylethylamino)quinoline
(III).——A mixt of 4,7-dichloroquinoline (50.0 g, 0.25 mole), 8-
amitobutyraldehyde dimethyl acetal (67.0g, 0.5 mole), KI (0.2 g),
attd 200 ml of ethoxyethanol was heated under reflux fov 24 hr.
Ethoxyethanol was then removed under reduced pressure, the
residite was basified with 30¢; NaOH and extd with Et.O, and
the ext was dried (K.,CO3), filtered, and concd. The residue was
distd at 125-135° (5 X 1074 mm) to give 34.0 g (46.29%) of the
product which was crystd twice from Et,O, mp 138-141°.  Anal.
(C1:H1CIN-0-) C, H, N.
General Preparation of 1-4.—A soln of TIT (0.02 mole) in 100
nil of EtOH was added to anice-cold solu of the required hydraziue

2) T. Singh, R. G. Stein, J. F. Hoops, J. I1. Biel, W. K. Hoya, and . R.
C'ruz, ibid., 14, 283 (1971).
¢3) T.8. Osdene, P. B. Ruassell, and L. Rane, 7bid., 10, 431 {1967).
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TasBLE 1
R
L.
Cl N
Mp. °C, or
No. R Yield, % Crystn solvent bp, °C (mm)?® Formula?
1 NHC(CH:;)HCHQCH=NN(CH3)2 91 2 Cyclohexane 120-122 C15H1901N4
NHC(CH;)HCH,CH=NN(C,H;), 84.3 Cyclohexane 118-120 C17HxCIN,
3 NHC(CHS)HCHzCH=NN: > 83.0 Et,0 145-147 C13HyCING
VA
4 NHC(CHS)HCHZCH=NNUNCH3 9.5 Et,0 123-126 CisHxuCINg
5 NHC(CH,;)HCH,CH,N(CH;)NH, 56.0 Et,0 98-100 C1H,sCIN,
6 NHC(CH,;)HCH,CH,N (CH;)NHCOCH;, 66.7 Et,0 153-156 CisHxCIN O
7 NHC(CH:;)HCHQCHQN(CH:;)NHCH;; 682 n-Heptane 119—121 015H2101N4
8 NHC(CH,;)HCH,CH,N(CH(CH,);)NH, 29.8 Et,0 105-107 C1sH2CIN,
9 NHC(CH,;)HCH,CH.N (CsH;CH,)NH, 39.6 Et,0 112-114 CyHxCIN,
10 NHC(CH,;)HCH,CH,;N (0-CIC;H,CH,)NH, 40.0 Et.0 128-130 CapHxClaNyg
11 NHC(CHa)HCHzCHzN(CGHscchHg)NHg 50.8 Eth 125—128 021H2501N4
12 NHC(CH;)HCH,CH,(CH;)N (CH;)NH, 76.0 EtOH-PhMe 222-224 Ci:H»BrCIN,
+ . Br_
13 NHC(CH,) HCH,CH,— N<NH, 3.9 MeOH-EtOAc 239-241 C1sH2BrCIN,
‘Br~
14 NHC(CH;)HCHZCHZ—-I;J‘—BN_I-IZ 44.7 +PrOH 222-223 CysHxBrCIN,
‘br
15 NHC(CH,;)HCH,N(CH;)NH, 47.0 CsHs 198-200 C1sH,:CIN,
16 NHC(CH,;)HCH,(CH;3)N(CH;)NH, 52.0 EtOH 231-232 dec C1:H»BrCIN,
+ . BI‘_
™\
17 NuNNO 89.5 Et,0 122-124 C:H,,CIN,O
™\ -
18 N\_/NNHZ-ZHCI-ZH,O MeOH 245-248 CisHuCLN,O:
19 NCNN=CHCSH5 C:H, 165-167 CH,CIN,
/.
20 N\_/NNHCHO EtOH 208-211 C1sH1;CIN,O
21 NHN/—\NNHZ 72.0 CeHs 205-208 C1:H,sCIN;
\—/
cl
22¢ N”NCNNH N AcOH 336-338 dec Co:HoCLN,
23 NHNCNNHCHO 82.0 EtOH 287-290 CH1CIN;0
24 NHNCNN=CHCSHS 61.5 EtOAc 261-263 CuHuCIN;
25 NN NNHCH, 10.5 CeHs 210-214 C1sHisCIN;
AN—a
//\ -
26 N1»1N\_/1\:1\;1-[(30(:91.[5 52,7 EtOH 300-305 CpH»xCIN;O

@ All melting points are uncorrected. * Compds 1-1], 13-17, 19, 21, 23-26 were analyzed for C, H, N and 12, 18, 20, and 22 for N.

All anal. were within £0.49 of calcd values.

¢ While this work was in progress, the prepu of this compd was reported by E. F. Elslager,

F. H. Tendick, L. M. Werbel, and ID. F. Worth, J. Med. Chem., 12,970 (1969).

(0.2 mole) in 50 ml of coned HCl and 100 ml of EtOH. The mixt
was allowgd to stand at room temp for 48 hr. It was strongly
basified with 409, NaOH with cooling, EtOH was evapd under

reduced pressure, and the residue was extd with CH;Cl;. The
ext, after usual work-up, gave the product.
7-Chloro-4-(3-bromo-1-methylpropylamino)quinoline IV, =

= 2) was made according to the procedure previously? reported.
Genera}l Preparation of 5, 7-11.—A mixt of IV (0.03 mole),
the required hydrazine (0.3 mole), and 100 ml of EtOH was re-

fluxed for 12 hr. EtOH was evapd under reduced pressure, and
the residue was treated with K.CO; soln and extd with Et,O.
The ext, on usual work-up, gave the crude product.

General Preparation of 12-14.—A mixt of IV (0.03 mole),
the required hydrazine (0.15 mole), and 100 ml of EtOH was
refluxed for 4 hr  The vol of the mixt was reduced to half and
the product was pptd by the addn of Et;0. If gummy, further
trituration with Et,0 gave a cryst solid which was further puri-
fied by crystn.
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TasLE I1
~—Antimalarial activity-—. ~~=Antimalarial activity—-
No.? Db ¢ 7D T-C Remarks® No.° D* ¢ TD T-0C Remarks®
1 40 5 Toxic 14 40 0 0 1.3
160 0 ) Toxic 160 0 0 5.1 Active
640 0 5 Toxic 640 0 2 Toxic
2 40 0 5 Toxic 15 40 0 0 4.2
160 0 5 Toxic 160 0 0 13.2 Active
640 0 5 Toxie 320 3 0 Curative
3 10 0 5 Toxic 640 4 0 Curative
160 0 b} Toxic 16 40 0 0 10.6 Active
640 0 5 Toxic 160 0 0 5.4 Active
4 40 0 0 0.0 640 2 2 Curative; toxie
160 0 0 0.0 17 40 0 0 0.2
640 0 3 Toxic 160 0 0 0.6
5 40 0 0 8.6 Active 000 L0
80 0 0 11.8 Active 18 40 0 0 0.5
160 2 0 Curative 160 0 0 2.9
320 2 3 Curative; toxic 320 0 0 3.9
640 0 5 Toxie 640 0 5 Toxic
6 40 0 0 0.2 19 40 0 0 0.4
160 0 0 4.0 160 0 0 1.8
640 0 0 6.6 Active 640 0 0 3.4
7 40 0 0 6.1 Active 21 40 0 0 4.0
80 0 0 6.9 Active 160 £ 0 15.0 Active
160 0 0 13.1 Active 640 0 5 Toxic
& 10 0 0 0.5 22 40 1 D Curative
40 0 0 4.0 160 3 0 Curative
160 0 3 13.8 Active; toxic 320 5 0 Curative
0 10 0 o 0.6 640 ) 0 Curative
160 0 3 3.8 Toxic 23 40 0 0 3.8
640 0 5 Toxic 160 0 0 17.2 Active
320 3 0 Curative
10 400 0 0.6 640 3 0 Curative
160 0 0 h.4
640 0 3 8.8 Active; toxic 24 40 0 0 2.8
160 0 0 17.6 Active
1 40 0 9 (_) 7 . 320 1 0 Curative
160 0 ° 5.4 Tox%c 640 2 0 Curative
640 0 > Toxic
25 40 0 0 6.9 Active
12 40 0 0 4.7 . 160 3 0 Curative
160 1 0 Curat}ve ‘ 640 5 0 Curative
640 2 3 Curative; toxic
) . 26 40 ) 0 0.5
13 400 0 1.3 _ 160 0 0 6.5 Active
160 0 % 2.9 TOXTC 640 2 0 Curative
640 0 5 Toxic
« Numbers refer to those in Table I. * D, dose, mg/kg; €, cures; 7D, toxic deaths when mice die 2-5 days postinfection,
attributed to drug toxicity; 7' — C, iicrease in mean survival time of the treated mice over the control group. ¢ A compd i= act-

tve if the 7' — ( exceeds 6.1 dayx, and curative if one or more mice live for 60 days or more postinfection.

7-Chloro-4-(1-methyl-2-bromoethylamino)quinoline (IV, n =
1).-—A mixt of 7-chloro-4-(2-hydroxy-1-methylethylamino)quin-
oline* (9.4 g), 25 ml of 48¢, HBr, aiid 5 ml of coned HyS0)s was
Leated at 160-170° for 3 hr. It was cooled to room temp when
1 gumuy solid sepd. The aq layer was decanted and the gummy
solid was triturated with 109, NH,OH several times. The
residite was boiled with C¢Hs (3 X 150 ml), dried (MgSO.), and
coned to give 2.9 g (25%) of the product. The anal. sample was
recrystd onee, mp 132-133°.  Anal. (C1:H;2.BrCIN,) C, H, N.
This Br intermediate was used to prepare the distal hydrazine
15 and the hydrazinium salt 16 according to the general proce-
dures dexcribed for 5, 7-11, and 12-14, resp.

7-Chloro-4-(4-nitroso-1-piperazinyl )quinoline (17).—A soln of
7-chloro-4-(1-piperazinyl)quinoline? (24.8 g, 0.1 mole) in 200 ml
of H,0 and 100 mil of coned HCI was cooled to 0° and to this was

(4) Rhone-Poulenc 8. A., Belgian Patent 612,207: Chem. Abstr., b8, 9099)
(1963); U. 8, Patent 3,196,155, The prepn is given in the original, not in the
Abstraet.

added a cooled solit of NaNQ, (21.0 g, 0.3 mole) i1 75 ml of H-O
with stirring. After stirriug for 0.5 hr after the addn of NaNQ,
soln, the mixt was allowed to conie to room temp when a white
ppt formed. After 2-hr stirring, the mixt was basified (pH 8-9)
with cold NaOH soln and continuously extd with Et,0. The ext
was dried (K,COQ;y), filtered, and coned until erystu started; yield,
24.8 g. Au anal. sample was recrystd once more.
7-Chloro-4-(4-amino-1-piperaziyl)quinoline (18) and Its
Derivatives 19 and 20.—The nitvoso derivative 17 (20.7 g, 0.075
mole) was dissolved iu 50 ml of 509 AcOH and treated with Zn
dust (14.7 g, 0.225 g-atom) in small portions with stirring,
keeping the temp between 20 and 30°. After addn (0.5 hr), the
mixt was warmed to 50° for 1 hr. Excess Zn was filtered off, the
filtrate was concd ¢n vacuo (bath temp 50°), and the residue was
basified with excess of 50 NaOH with cooling aud extd with
CH;Cl;. The ext on work-up gave 18.5 g of crude product which
was distd at 135-140° (1073 mm). It was not pure etough to
give satisfactory analyses. A portionn was converted into the
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hydrochloride which analyzed satisfactorily. The benzaldehyde
hydrazone 19 was made in 509 AcOH at 50-60° and the form-
amido derivative 20 was prepd by refluxing the crude 18 with
979, HCO4H for 0.5 hr. Excess HCO;H was removed in vacuo,
the residue was basified with cold dil NaOH soln, and the product
was removed by filtration and purified by recrystn.

7-Chloro-4-(4-amino-1-piperazinylamino)quinoline (21) and
1,4-Bis(7-chloro-4-quinolylamino)piperazine (22).—A mixt of
4,7-dichloroquinoline (15.0 g, 0.075 mole), 1,4-diaminopiperazine
dihydrate (30.4 g, 0.2 mole), 60 ml of ethoxyethanol, and a cryst
of KI was refluxed overnight. The solvent was removed under
reduced pressure, the residue was basified with NaOH soln,
and the solid was collected by filtration and washed with H,O.
The solid was taken up in hot EtOH and filtered. The filtrate
was evapd to dryness and the residue was recrystd.

The solid insol in EtOH (22) was crystd from AcOH, as it
happened to be practically insol in all other solvents. The
crystd product retained some AcOH which was difficult to re-
move. The anal. sample was dried at 110° under high vacuum
for 24 hr.

7-Chloro-4-(4-formamido-1-piperazinylamino)quinoline (23).
—A mixt of 21 (5.56 g, 0.02 mole), 100 ml of HCO,Et, and 20 ml
of 999, HCO;H was refluxed for 4 hr. Excess HCO;Et and
HCO;H were removed under reduced pressure (bath temp not
exceeding 50°), the residue was treated with dil NaOH, and the
white solid was collected by filtration and purified by crystn.

7-Chloro-4-(4-benzylideno-1-piperazinylamino)quinoline (24).
—A mixt of 21 (5.56 g, 0.02 mole) and PhCHO (3.2 g, 0.03 mole)
in 50 ml of 509; AcOH was warmed on a steam bath for 0.5 hr.
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The solvent was removed under reduced pressure and the residue
was treated with dil K;CO; soln. The aq layer was decanted.
The semisolid mass, when triturated with Et,0, gave a fine
powder which was collected by filtration and crystd.

7-Chloro-4-(4-methylamino-1-piperazinylamino)quinoline (25).
—23 (1 g) was reduced with 1.0 g of LAH in 300 ml of anhyd
Et:0 over a period of 18 hr.  The color of the mixt turned green-
ish. The mixt was then refluxed for 5 hr more, decompd with
satd Na,SO, soln, and filtered and the filtrate, on evapn, gave
150 mg of cryst product which was purified by crystn.

7-Chloro-4-(4-benzoylamino-1-piperizinylamino)quinoline (26)
was prepd in 52.79; yield from the reaction of 23 with BzCl using
the usual Schotten-Baumann reaction condns.

N-Acetyl-N’'-methyl-N’-[3-methyl-3-(7-chloro-4-quinolyl-

amino)propyl hydrazine (6).—Compd 5 (3.0 g) was dissolved
in 30 ml of Ac,O at room temp and the soln was warmed at 60°
for 5 min. Excess Ac,0 was removed under reduced pressure,
keeping the bath temp below 60°. On addn of H,O to the resi-
due a clear soln was obtained. This was basified with cold
NaOH soln and the product was extd with Et;0. The ext was
dried (K,;CO;), filtered, and concd until crystn started.
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The antiviral activity toward influenza A S-14 (swine) of a number of eompounds related to l-adamantan-

amines has been determined.
mantanemethylamines, and homoadamantanamines.

Extensive laboratory studies?:? and clinical reports?4
have established the prophylactic effect of 1-adamant-
anamine-HCl (amantadine - HCl) (1) toward influenza
A virus strains. More recently, clinical investigators
have found a therapeutic effect with amantadine - HCI3:¢

(1) Paper 1: J. G. Whitney, W. A. Gregory. J. C. Kauer, J. R, Roland.
J. A, Snyder, R. E. Benson, and E. C. Hermann, J. Med. Chem., 18, 254
(1970).

(2) (a) C. E. Hoffmann, R. F. Haff, and E. M. Neumayer, Fed. Proc.,
Fed. Amer. Soc. Exp. Biol., 28, 387 (1964): (b) W. L. Davies, R. R. Grunert,
R. F. Haff, J. W. McGahen, E. M. Neumayer, M. Paulshock, J. C. Watts,
T.R. Wood, E. C. Hermann, and C. E. Hoffmann, Science, 144, 862 (1964);
(e) W. L. Davies, R. R. Grunert, and C. E, Hoffmann, J. Immunol., 98, 1090
(1965); (d) E. M. Neumayer, R. F. Haff, and C. E. Hofimann, Proc. Soc.
Ezp. Biol. Med., 119, 393 (1965); R. R. Grunert, J. W. McGahen, and W. L,
Davies, Virology, 26, 262 (1965).

(3) For summaries of other reports see E. C. Herrman, Jr., Annu. Rep.
Med. Chem., 1966, 122 (1967); C. E. Hoffmann, ibid., 1967, 116 (1968);
ibid., 1968, 117 (1969).

(4) (a) G. G. Jackson, R. L. Muldoon, and L. W, Akers, Antimicrob, Ag.
Chemother., 703 (1963): (b) H. A. Wendel, Fed. Proc., Fed. Amer. Soc. Ezp.
Biol., 28, 387 (1964): (c¢) H. A. Wendel, M. T. Snyder, and 8. Pell, Clin.
Phrarmacol. Ther., T, 38 (1966).

(5) (a) L. M. Baker, M. Paulshock, and D. G. Iezzoni, J. Amer. Osteo-
path. Ass., 68, 1244 (1969): (b) Y. Togo, R. B. Hornick, V. J. Felitti, M, L.
Kaufman, A, T. Dawkins, Jr., V. E. Kilpe, and J. L. Claghorn, J. Amer. Med.
Ass:.ﬂll, 1149 (1970).

(6) W. L. Wingfleld, D. Pollack, and R. R. Grunert, N. Engl. J. Med., 281,
579 (1969).

Among these compounds are N- and C-alkylated l-adamantanamines, 1-ada-

and with rimantadine HCI® (a-methyl-1-adamantane-
methylamine-HCl, 58) in patients with natu-
rally occurring influenza A. respiratory illness. Inhibi-
tion of rubella,” Rous sarcoma,® and Esh sarcoma
viruses has also been reported. Amantadine HCI
more recently has been demonstrated to benefit pa-
tients suffering from Parkinson's disease.’® Mean-
while, others!! have disclosed results from drugs that
include the adamantane moiety.

No systematic study of the effect of structural varia-
tions of 1-adamantanamine upon antiviral activity has

(7) (a) K. W. Cochran and H. F. Maassab, Fed. Proc., Fed. Amer. Soc.
Ezp, Biol., 28, 387 (1964): (b) A, Tsunoda, H. F. Maassab, K. W. Cochran,
and W. E. Eveland, Antimicrob. Ag. Chemother., 858 (1965).

(8) N.Oker-Blomand A. L. Anderson, Eur. J. Cancer, 2, 9 (1966).

(9) A. M., Wallbank, R. E. Matter, and N. G. Klinikowski, Science, 182,
1760 (1966).

(10) R.8.Schwab, A. C. England. Jr., D. C. Poskanzer, and R. R, Young,
J. Amer. Med. Ass.. 208 (7). 1168 (1969).

(11) (a) K. Gerzon, D, J. Tobias, Sr., R. E. Holmes, R. E. Rathburn,
and R. W. Kattan, J. Med. Chem.. 10, 603 (1967): (b) K. Gerzon, E. V.
Krumkolns, R. L. Brindle, F. J. Marshall, and M. Root, 1bid., 8, 760 (1963);
(e) R. T. Rapola, R, J. Kraay, and K. Gerzon, ibid., 8, 580 (1965);: (d) K.
Gerzon and D. Kau, ibid., 10, 189 (1967).



