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-411 timalarials. Unsaturation in Chloroquine Side Chain and -4ntimalarial -4c t iv i t  y 

Six c~liloroquine derivtttives with unsaturation in the diamine aide caliaiii i n  tlic ii!riii i j i  :icet\-lenira i d  (' ips ;end 
i m n s  ethylenic h n d s  have been prepared and their antimalarial activity 1i:w lieen coniptired v - i t h  that of c l i I ( ~ r ~ -  
quine against Plasniodiiim hprghei in mice. Some uf these were found t o  he niow potent :iiiil less tosic t l i : u i  
chloroquine. 

( 1 )  1L.  l l a h l l ~ o n ~ ,  R .  I<arlrn, K. George, a n d  D. J. Jenden, J .  M e d .  ( 'hem. .  9, 

f 2 )  H.  I indlsr ,  H e / ? .  Chim. .Ida, 35, 446 (1922). 
( 3 )  J,. 1'. I'ieser and 11. Fieser, "Reagents for Organic Synthesis," Jolin 

(4) 11. G .  Ettlinger and J. E. Hodgkiii, J .  . lmer. Chem. Soc.,  77, 1831 (1955). 
( 3 )  17. E. Hahn,  R .  L. O'Brien, J .  Ciak, 3. L. hllison. and  J. G. Olenick, 

MUiZilar~ .\led., Supp i .  131, 1071 (1966): also J .  Ciak and F. E. Hahn,  Science. 
156, 655 (11167). 

(6) KP do not have the results of similnt variations of side-chain ~ ~ i l ~ a t ~ w : ~ ~ i o n  
in  qiiinncrine as yet ,  h u t  no rk  i b  heing pnrsued in this nrea. 

84:3 (1960). 
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around C (' hoiids is iiiort lnbilc, c:in :~ssiiiiic t t i c ,  
"approximate" arrangement of trans 6 mid 
the trans cornpoiiiid is closer to cliloroquiti 
iii mice than the c i s  coinpound while hoth 
curative activity tliaii chloroquine. particulady c i s  5. 
From this, it inight be gcsted that chloroquiiir sick1 
chaiii is adjusted bet i t h  t w  p1ioq)lioric :ic.itl 
centers largely in the t m ~ s  miifig.uri\tioii :in11 to :I ~111:tll 
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extent in the cis configuration. The acetylenic com- 
pound 4, where the four C atoms are present in a 
straight line, exhibited greater curative activity in mice 
than chloroquine and no toxicity up to 640 mg kg. 

As soon as the 1-methyl group is eliminated, as in 
1-3, the structure-activity picture is considerably mod- 
ified again. 

The data presented in this paper are not adequate to 
justify concrete conclusions. They only indicate that 
the relationship of the geometry of the side chain in 
chloroquine analogs to biological activity might be 
more complex than the consideration of the additive 
bond distance between the two S atoms alone. Con- 
figurational differences seem to be important. Chem- 
ical involvements at  the DNA site, at  the time of adjust- 
ment or afterwards, cannot be ruled out. Besides, 
several other modes of antimalarial action of chloro- 
quine and its unsaturated analogs might also be con- 
sidered. I t  should be of interest to study the metabolic 
products of these unsaturated compounds to see how 
far the chemical action at the centers of unsaturation is 
(or is not) involved in modifying the antimalarial activ- 
ity. 

Biological Activity.-These 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 screening procedure has been described.‘ 

All six compounds showed a wide range of active, 
curative, and toxic properties as compared to chloro- 
quine (Table 11). Compound 1, with an acetylenic side 
chain without the 1-methyl group, was only slightly 
active a t  320 and 640 mg kg, while 4, with 1-methyl 
group, was active at  20 mg kg and cured two, five, and 
five mice a t  160, 320, and 640 mg kg, respectively. 
Compound 2, cis ethylenic without 1-methj 1, was toxic 
while 5, cis ethylenic with 1-methyl, cured five mice a t  
160 mg/kg and became toxic as the dose was increased. 
Compound 3, trans ethylenic without 1-methyl, was 
curative without showing any toxicity up to 640 ing, kg. 
while 6, trans ethylenic with 1-methyl, was highly toxic, 
killing all five mice a t  320 mg/kg. Chloroquine under 
the same screening conditions was more toxic than any 
of the six experimental compounds. 

Similarly, there are very significant differences in 
activity and toxicity when we compare 1, 2, and 3, or 
4, 5, and 6. 

( i )  T. S. Osdene, P. B. Russell, and L. Rane, J .  ‘Wed. Chem., 10, 431 (1967). 
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Experimental Section 
All melting points were taken in open capillary tubes in a 

Thomas-Hoover Unirnelt and are uncorrected. 
4-Dietl~ylamino-cis-2-butenylamine-N-phtlialimide (VII, 

R = H).---.\ mixture of 4-diethylamino-2-hutynylamiiie-N- 
phtlialirnide (\., J1 = HI (3.0 g, 0.011 mol), Liudlar catalyst 
(0.2 g ) ,  arid 50 ml of E t 0 . h  was hydrogenated at 22" and atmo- 
~ l ~ l i e r i c  pressure. One equivalent of Hz was absorbed in 2.5 hr. 
The mixture was filtered throcgli Celite, the filtrate was remen- 
traleti to an oil, and the oil was distilled at  130-115" (0.007 111111~ 

in the Kugelrohr apparatus to  give 2.S g (93.2i'i;~ of thc prod\Ict .  

4-Diethylamino-cis-2-butenylamine (IX, R = H).-- .I rliixt ure 
of the phthalimide 1'11 (R = H )  (14.5 g, 0.053 mol), ! ) 7 5  
hydrazine (1.75 g, 0.053 mol), and 60 nil uf EtOH was refliixed 
for 5 hr. The mixture was filtered, and the filtrate w~ts coniwi- 
trated to an oil and tlistil!ed t o  give 3.7 g (48.0(,.;) of IS, h p  1 6 5  
167' (760 nini), 7 1 1 9 ~  1.4674. GIpc on a %OL> Carbonas-firel)rick 
column, oven temperature 160', ShCJWived the niaterial t o  l ~ e  '35.0' b 
cis and 2.0q; trons isomer. 
reaction with 4,7-dichloroc~niiioliiie. 

- - 4 d .  (C~SHZOX~OZ) C, H, S. 

The pruduct was used 
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4-Diethylamino-trans-2-butenylamine (VIII, R = H).- 
4Diethylamino-2-butynylamine (VI, It = H )  (20.0 g, 0.143 
mol) was added dropwise to a stirred solution of Na (13.8 g, 
0.60 g-atom) in 500 ml of liquid NHs in 0.5 hr. The reaction was 
allowed to stir for an additional period of 2 hr. KHa was allowed 
to evaporate off. Some HzO was added to the residue and the 
mixture was extracted with Et20 (three 100-ml portions). The 
E t 2 0  extracts were worked up in the usual manner to give an 
oil which distilled at  80" (10 mm), yield 11.0 g (55.0%). The 
amine mas hygroscopic. I t  proved to be 99.0% trans with a trace 
of czs isomer by glpc on a 20(2 Carbowax-firebrick column at  
oven temperature of 160". I t  was used as such for its reaction 
with 4,7-dichloroquinoline. 

3-Hromo-l-butyne (111, R = CHs) was prepared by the method 
of Rogers and Panishs in 31.0y0 yield, bp 44-48' (0.5 mm), 
n Z 0 ~  1.4738. 

l-Methyl-2-propynylamine-N-phthalimide (IV, R = CHz).- 
3-Bromo-l-butyne (27.0 g, 0.15 mol) was slowly added to a mix- 
ture of potassium phthalimide (27.0 g, 0.15 mol) in 100 ml of dry 
DAIF maintained at  70". The mixture was stirred at  this tem- 
perature for 12 hr and then cooled and poured into 5 vol of HLO. 
The precipitated solid mas filtered off, washed (HzO), and crystal- 
lized (MeOH-HnO) to give 20.0 g (65.0%) of product, mp 111- 
112.5". Anal .  (CUH~SO,)  C, H, S. 

4-Dietl~ylamino-l-methyl-2-butynylamine-N-phthalimide (V, 
R = CHa).--A mixture of I V  (R = CHI) (60.0 g, 0.30 mol), 
paraformaldehyde (10.8 g, 0.36 mol), Et&H (24.0 g, 0.37 mol), 
and 50 ml of dioxane was refluxed for 4 hr. It was cooled and 
diluted with 7 vol of HzO. The mixture was acidified to pH 4 
and extracted with Et20 (two 200-ml portions). The aqueous 
layer was neutralized with K&OI to pH 10-11 and extracted 
with CH2C12 (three 250-ml portions). The CHzClz extracts were 
dried (CaC12) and concentrated to an oil which was distilled at  
110-115" (0.2 mm) to give 66.0 g (77.070) of the product. 4 n a l .  

4-Diethylamino-l-methyl-2-butynylamine (VI, R = CH3) 
Dihydroch1oride.--A mixture of V ( R  = CHI) (75.0 g, 0.264 mol), 
hydrazine hydrate (15.3 g, 0.27 mol), and 350 ml of EtOH was 
reHuxed for 4 hr. I t  was cooled, acidified with concentrated HCI, 

(C17H20~202) C, H, N. 

(8) &I. T. Rogers and ill. B. Panish, J .  Amer. Chem. Soc., 77, 3684 (1955). 

and filtered and the solid was washed with 95.0% EtOH (three 
100-ml portions). The filtrate was concentrated to a solid, dis- 
solved in a minimum amount of HzO, basified with 50c/;, KOH 
solution with cooling, and extracted with Et20 (three 100-ml 
portions). The combined Et20 extracts were dried (KzCOa), 
concentrated, and distilled at  90-92" (10 mm) to give 24.5 g 
(60.0y0) of the amine. A portion was converted to a dihydro- 
chloride salt which was crystallized from i-PrOH, mp 167-168.5 '. 
Anal .  (CsH2&&12) N. 

4-Diethvlamino-l-methyl-trans-2-buten~1amine (VIIL. R - 
CHs).-Compound VI (R CHI) (7.0 g, 0.045 mol) was reduced 
with Sa-liquid SH2 in 74.0% yield in the same manner as 
described for VI11 (R = H ) ;  bp 74" (8 mm). Glpc on a 20y0 
Carbowax-firebrick column showed it to be 100% pure irans 
isomer. 

Reaction of the Unsaturated Amines with 4,7-Dichloroquinoline 
(1-4, 6).-The same general procedure was followed for this 
reaction which consisted of heating a mixture of 4,7-dichloro- 
quinoline (0.04 mol) and the unsaturated amine (0.05 mol) in 
40 ml of phenol at 140-145' for about 4 hr. The mixture was 
cooled, poured into 155% SaOH solution, and extracted (CHzCIz 
or EtZO), and the extracts were dried (K&O3) and evaporated 
to give an oil which usually solidified on cooling, standing, or 
scratching. The solid was then crystallized from a suitable 
solvent (see Table I). In one case (6), the oil was distilled at  
155-160' (0.2 mm) in a Kugelrohr apparatus. The distillate 
solidified on standing. 

7-Chloro-4-( 4-diethylamino-l-methyl-n's-2-butenylamino)- 
quinoline (5).-A mixture of 7-chloro-4(4diethylamino-l- 
methyl-2-butyny1amino)quinoline (4)  (3.3 g, 0.0105 mol), 
Lindlar catalyst (0.3 g), and 75 ml of EtOAc was hydrogenated 
at  room temperature and atmospheric pressure. Hz uptake WRS 
complete in 3 hr. The catalyst was filtered through Celite and 
the filtrate was evaporated to dryness to give a white solid which 
was crystallized from cyclohexane (see Table I). 
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A series of substituted benzoic acid (5-nitrofurfury1idene)hydrazides has been prepared and screened ex- 
tensively for antibacterial and antiprotozoal activity. One of these compounds, 3,5-dinitrosalicylic acid (5- 
nitrofurfury1idene)hydrazide (I), has shown outstanding antihistomonal activity in poultry. The related com- 
pounds that have been synthesized and their test results in preventing blackhead disease in turkeys are pre- 
sented. Possible reasons for the high degree of activity and specificity of I are discussed. 

In  recent years, a considerable number of reports have 
been published on the biological properties of nitro- 
furans, especially their antibacterial activity. During 
a search for novel nitrofurans which might have anti- 
bacterial or antiprotozoal properties, i t  was noted that 
few benzoic acid (5-nitrofurfurylidene) hydrazide deriva- 
tives had been reported. Numerous nitrofurans of this 
type were subsequently prepared in our laboratory and 
were screened against the blackhead parasite Histomonas 
meleagridis as well as other organisms. One of these 
compounds, 3,5-dinitrosalicylic acid (5nitrofurfuryli- 
dene)hydrazide (I) was found to be exceptionally 
effective in preventing blackhead disease in poultry. 

All of the related compounds in Table I (II-XXI) that 
were prepared had little or no activity against black- 
head. Each of these 21 compounds was screened by 
administering the compound in the feed to turkeys a t  
0.05% or down to the least effective level. These com- 
pounds were prepared, with the exception of XVE, by 
one of three general methods: A, treatment of the 
substituted benzoic acid hydrazide with 5-nitro-2- 
furanmethanediol diacetate and mineral acid catalyst; 
B, treatment of the substituted benzoic acid hydrazide 
with 5-nitro-2-furaldehyde; C, treatment of the sub- 
stituted benzoyl chloride with the appropriate hydra- 
zoiie. 


