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Antimalarials. 11. 8- Quinolinemet hanols 

Sixteen new oc-(dialkylaminomethyl)-8-quirioliiiemethar~ols have been synthesized for evaluation of their 
antimalarial activity. Desired substitution on the quinoline nucleus required development of two synthetic 
pathways to the key intermediates, the 8-quinoliiiecarboxaldehy~es, which were coiiverted through the osirariea 
into the amino alcohols. 4-Xe substituted compounds required preparation of 4-me thyl-S-quinolinecarboxylic 
aridi, ejterificatiori, reduction with L.2H, and oxidation to t,he aldehyde. Intermediates without alkyl sub- 
stitution were prepared by oxidation of S-meth~-lquiriolines. Observations o n  reduction of S-quinolinecar- 
tmxylatea by LAH are described. Three 
of them produced curei at 640 ing,'kg. 6-Chloro-2-(4-chloropher1yI )-oc-(dibutylaminomethyl)-8-quinolinemeth- 
:mol hydrochloride (3b) w m  curative arid no t  phototosic. 

Thirteen compounds were tested against Plasmodium berghei in mice. 

Interest in yuiiioliriemeth:~nols as potentiwl '1 n t '  inin- 
larial agents has contiriued because this c1a.s of com- 
pounds has denion>trutcd qignificant activity against 
malarial infections in several \pecies, including man. 
The potent 2-pheny1-4-c~uinolirieinethariol~ are photo- 
toxic4 and unsuitable for field uw. *\[any molecular 
modifications5 of the basic structure have been prepared 
in efforts to rnitigate this Y i d t .  effect. This paper de- 
scribes a major modification, that of moving the amino 
alcohol side chain to thr  S position of the quinoline 
nucleus. 

The 8-quinolinemethanols have been studied6 orilj 
cursorily, and early work uncovered no activity in them. 
Since nuclear substitution is required for activity in the 
parallel 4-quinolinemethanols, the unsubstituted com- 
pounds tested would not be expected to have antinix- 
larial activity. The substitutcd 8-yuinolineniethanoli 
prepared by 11s are illustrated in Chart I. 

Conipoundb in series 1, 2, and 3 were prepared from 
appropriately substituted S-n~ethJ.lyuiIioliries by SeOL 
oxidation to the S-yuinolinec:irboxualdeh~d~~~, conver- 
sion of the aldehydes into o\ir:LricA> b\ the method ot 
Corey, e/  al.,' and coiidrns:ttioti of t h(1 ouir:ttic.s with 
dialkylarniries (Scheme I )  

Compounds in series 4, 5 ,  6, wid 7 R ere prepared from 
4-methyl-8-yuinolinecarbo lic acidh by rzterification, 
reduction of the esters h IAH, oxidation of thi. 
alcohols m-ith pyridine-S03 D.\ISO,r conversion of tht. 
aldehydes to oxiranes, i ~ n d  cotideniation of thc ouirnne- 
with dinlkylamines (Schtmt' TI). Thi. rathrr round- 
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about way m.: necessitated by f:dures of more dirtvt 
routes. 

A41though it is reported that  polyalkylquinolines c:in 
be selectively oxidized a t  the S p~s i t io r i ,~  we failed to 
accomplish it with 5- or 6-chloro-4,S-dimethylquino- 
lines. The mcthod of J,utz, et al.,"] for hyiithesiziiig 
the side chain of 4-quinolinemethanols faikd when wt' 
were unable I O  prepare acid chlorides from 5- or t i -  
chloro-4-methyl-b-quinolinecarboxylic acidh. Thih r(1- 
sult wab somewhat surprising in light of the successful 
preparation of 6-methoxy-8-quinolinecarboxylic acid 
chloride.6a 

IAH reduction of methyl 5- and 6-chloro-+methyl- 
b-quinolinecarboxylates by the usual procedure gave a 
mixture of products, including 1,2-dihydro-S-cjuinoline- 
niethanols (Scheme 111) identified by nmr. These di- 
hydroquinolinemethaiiols could riot be oxidized to 
quinolinemethanols with PhS02, FeC13, -L\s20j, or S. 
Treated with ceric ammonium nitrate" they yielded 
1,2-dihydro-8-quinolinecarbosaldehj-des. T h r  proce- 
dure chcribed in the Experimental Section gave ex- 
cc>llent yields of 8-yuinolinemethaIiols. 

Introduction of C1C6H, in the 2 position of the yuin- 
oliiitk riucleuh presented scveral problem>. I ?  A mix- 
ture of the desired 2-(4-chlorophenyl)-8-mrthylquin- 
o l i r ~ e ~ ~  :tnd the %-(3-chloropheriyl)-S-n~ethyl-1,~,3,~- 
tctrahvdrociuiiioline was obtnined by 4-chlorophenyla- 
t ion by Gilmnn's method. l 4  Apparently, the inter- 
mediate l,%-dihydroquiIiolint. disl-'roy)ortionsttPd to gi1.e 
t hc quinoline and t etrahydrociuinolirle. 

a-( Dial1iyl:tminome t hyl) -4-met hy1- S - quiriolinemet h- 
nnoh did not react with 4-ClC6H4Li even though suffi- 
cient reagi'tit w a h  u5ed to  react with t h e  acidic protons 

with tlir quinoline K . l 1  I ig the 4-methyl-S-quiri- 
oliiicnicth~~iiol S-oxidt~; : t i ~ d  :I 4 :  I niolc ratio of  J i l t .  

of tht' K ' H 3  :111d -CHOH ' O U ~  and t o  coordinatr 
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re of thr compound was obtained by nmr  apeatral 
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CHART I SCHEME I 
RQ-R-CH3 --f RQ-2-Ar-S-CHa 

.1 
J. 

.1 

RQ-2-Ar-8-CHO 
J. 

CHOHCH,NR’, CHOHCH,NR’, J. 

J. 

RQ-S-CHO 

R Q-2-Ar-S-CH-CH2 RlJ-8-CH-CHz 

‘O/ ‘0’ 

R-F-hcl R+?Q 
1, I< = H 
3, I <  = 6-C1 
5, 11 = 4-CH3, 5-C1 
7, 1: = 4-CH3, 6-C1 

2, R = 6-C1 
4, It = 4-CHs, 5-Cl 
6, I: = 4 4 1 ~ 1 ,  6-C1 

RQ-Z-Ar-&CHOHCH*NR*2 Rl = a, C2Hj RQ-8-CHOHCHzNR ‘2 

b, C4H9 
C, C7Hij Ar = 4-C1CsH4 

R Q  = substituted quinoline 

SCHEME I1 
RQ-S-COOH + RQ-8-COOCH3 + RQ-8-CHzOH + RQ-&CHO 

RQ-2-Ar-8-CHO C- RQ-2-Ar-S-CHzOH t- RQ-8-CHiOH RQ-8-CH-CH2 

I .1 ‘O/  
J. 

RQ-2-Ar-S-CH-CHz 

‘ O /  

0 
RQCHOHCH2NR’z 

RQ-2-Ar-S-CHOHCH2NR1z 
RQ = substituted quinoline 
Ar = 4-ClCsH4 

SCHEME I11 
CH3 

1. QCOO 
- _ _ _  

5. Qn+1 

0 5  M LAH 
QCH,OH - 

rcom temp 

’’% reverse addition 

CH, 
I t  - 2 .  QCH20H 

30min reflux ~. 
-120H 

COOCHj 

Xs LAH 
20-hr reflux 
standard addition I 

QH,CHO - QCH20H -3tt QCH,OH 
2 .  QH$H?OH 

Q = quinolyl nucleus 
QH? = 1,2-dihydroquinolyl nucleus 

or Grignard reagent the 2-(4-chlorophenyl)-S-quinoline- 
methanols were obtained in moderate yields. 

Biological Activity.-The 8-quinolinemethanols de- 
scribed herein have been tested for antimalarial activity 
against Plasmodium berghei in mice by Dr. Leo Rane16 
a t  the University of Miami. The results of these tests 
were furnished to us by Dr. D. P. Jacobus, Walter Reed 
Army Institute of Research. Antimalarial activity is 
summarized in Table I. The compounds, 6-chloro-2- 
(4-chlorophenyl)-a-(dibutylaminomethyl) -8 -quinoline- 
methanol hydrochloride (3b), 6-chloro-2-(4-chloro- 
phenyl) - a- (dibutylaminomethyl) -4-me thyl-8 -quinoline- 
methanol hydrochloride (7b), and 6-chloro-2-(4- 
chlorophenyl) -a- (diheptylaminomethyl) -4-methyl - 8- 
quinolinemethanol hydrochloride (7c) produced cures 
a t  dosages of 640 mg/kg. 

The pattern of antimalarial activity in the S- 

quinolinemethanols largely paralleled that of the iso- 
meric 4-quinolinemethanols. Those compounds which 
were unsubstituted a t  the quinoline 2 position were 
devoidofmeasurableactivity. Introductionof4-C1C~H4 
a t  the 2 position without other nuclear substitution did 
not increase activity. When additional substitution 
e . g . ,  6-C1, was made, activity appeared. The activity 
of the best of the compounds tested was substantially 
lower than that of the corresponding 4-quinolinemeth- 
mol. 

Two of the S-quinolinemethanols were evaluated for 
phototoxicity in albino mice. l7 6-Chloro-2-(4-chloro- 
p heny1)-a-(dibutylaminome t hy 1 ) -quinolineme t hano 1 - HCl(3b) was found to be nonphototoxic, but B-chloro- 
2-(4 - chlorop henyl)-4-me thyl-a- (dibutylaminome thy1)- 
8-quinolinemethanol .HC1 (7b) was reported as 
phototoxic. Although no supporting evidence for i t  

(16) Test procedure is described in T. S. Osdene, P. B. Russell, and I.. (17) W. E. Rothe,  Walter Reed Army Insti tute of Reaearch. private 
Rane, J .  Med.  Chem., 10, 431 (1967). communication. 



is available, an attractive hypothesis is that the pres- 
ence of the 4-Xe delayed the metabolism of the com- 
pound and allowed it to be retained in the tissues of thr, 
:iiiinial long enough for the phototoxic effect to appear. 

Experimental Section 
The general description of experimental procedures given in this 

section is supplemented by references t o  the appropriate table 
in which individual compounds are listed. All melting points 
were determined with B Thomas-Hoover capillary melting point 
apparatus and are uncorrected. 

6-Chloro-8-methylquinoline.~~-2-Amino-5-chlorotoluene 
(563 g, 3.98 moles), As206 (685 g, 2.98 moles), and anhyd glycerol 
(1468 g, 16 moles) were mixed and concd H2S01 (453 ml, sp gr 
1.84) was added, maintaining the temp below 130'. The temp 

WBS kept at 130-136" for 1 hr followed by refluxing for 24 hr. 
The mixture was diluted with ice-HpO and made alkaline with 
NaOH solution. The oil vhich separated solidified sufficiently 
iipon standing iii a refrigerator overnight t o  be removed from 
the liquor by fi1trat)ion. The wet solid was mixed with dilute 
NaOH solution and was steam distilled. The distillate was 
filtered arid the waxy solid was pressed on a filter until it, wss 
free from a yellow oil,lg yield 366.6 g (61.8%). The compound 
was crystallized from prtr  ether (30-60°), mp 60-63' (litj.18 
mp 65.5'). 

A. 8-Quinolinecarboxylic Acids.20-The chloroarithrltnilic acid 
(1 mole) was simpended in 500 ml of MeOH and methyl vinyl 
ketone (1 mole) vias added. The mixture was heated to reflux 
and after 30 min 120 ml of concd HCl was added slowly, followed 
by FeCla.6H20 (500 g). Refluxing continued for 3 hr and MeOH 
was distilled. The residue was suspended in hot H2O and was 

1 19) This oil mas tentatively identified as 6-chloro-8-merhyl-l,i?,3,.i- 
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made alkaline with NaOH soln. The mixture was heated to 
boiling and filtered. The black residue was extracted with hot H2O 
keeping the extracts basic until acidification of the extract did not 
give a precipitate. The extracts were pooled with the filtrate and 
heated to  redissolve the precipit.ate. The hot solution was acidified 
with AcOH. The precipitated acid was separated by filtration 
and washed (Me2CO). 

B. Methyl 8-&uinolinecarboxylates.-The 8-quinolinecar- 
boxylic acid was suspended in CHC1, and 2 moles of CH2?J2 in 
Et20/mole of acid was added. The mixture was st,irred over- 
night, filtered, and concd under vacuum. The residue was dis- 
solved in Et20 and filtered. The filtrate was charcoaled and 
evapd. 

C. 8-Quinolinemethanols.-h clarified 0.5 M soln of LhH 
in Et20 was added slowly with stirring to a soln of methyl 8- 
quinolinecarboxylate in Et20 a t  room temp, and the reaction 
was followed by monitoring C=O in the ir spectrum. As soon 
as the CO band disappeared t,he addition of hydride solution was 
stopped and the mixture was stirred for 5 min a t  room temp. 
The complex was decomposed by t,ivice the equiv of HzO saturated 
with NHhC1. The mixture was stirred for 1 hr and filtered. 
The filtrate was evaporated. 

8-Quinolinemethanol S-Oxides.-The 8-quinolinemethanol 
(1 mole) dissolved in CHCl3 was heated to  reflux. m-Chloro- 
perbenzoic acid (2 moles) in CHCL was added slowly. Total 
reflux time was 4-4.5 hr. (It is important neither greatly to 
reduce nor to exceed the total reflux time. Reduced reflux 
t,imes resiilted in recovery of a considerable amount of starting 
material, and excessive reflux times resulted in poor yields of 
highly contaminated product.) The CHC13 solution was cooled, 
extracted with lOy0 XasCOs, and dried (Sa2S04). The CHCb 
was removed and the A:-oxide was washed with hot THF.  

D. 2-(4-Chlorophenyl)-8-methylquinolines.-n-BuLi solution 
(1.1 moles; Foote Mineral) was diluted with Et20 arid cooled 
in an ice-salt mixture under X2. 4-Bromochlorobenzene (1.2 
moles) in Et20 was added within 4-8 min, and the solution was 
stirred for 3-5 min. The 8-methylquinoline (1 mole) in Et20 
was added ill 4 min, and the mixture was stirred for 15-20 min. 
It was poured into ice-HyO and the Et20 layer was separated. 
I t  was dried (XazSOd) and the Et20 was removed. The residue 
was distilled under reduced pressure and the distillate was crys- 
t'allized from dioxane-HZ0. Fractional crystallization from ble- 
OH-CeHe separated the product from the 1,2,3,4tetrahydro- 
quinoline. [6-Chloro-2-(4-chlorophenyl)-8-meth~~l-l,2,3,4-tetra- 
hydroquinoline, mp 120-122", was isolated and identified by 
nmr. Anal. (C16H1SC124) C, H, K.1 

2-(4-Chlorophenyl)-8-quinolinecarboxylic Acid.-2-(4-Chloro- 
phenyl)-8-methylquinoline (4.0 g, 15.8 mmoles) and 6 N H2S04 
(23 ml) were mixed a t  room temperature. K2Cr2O7 (9.0 g)  in 
concentrated H2SOa (11.8 g) and HZO (16.3 g)  was added in 20 
min. The mixture was stirred and heated for 22 hr. After 
cooling i t  was filtered and the collected solid washed with H20 .  

E. 2-(4-Chlorophenyl)-4-methyl-8-quinolinemethanols.-(l) 
A Grignard reagent from 4-bromochlorobenzene was prepared by 
the standard method and the N-oxide (0.25 mole/mole of Mg) was 
added as a slurry in EtnO. The mixture was refluxed overnight 
and poured into a cold dilut,e NH&1 solut,ion. The solid was 
separated. ( 2 )  n-BuLi (1 mole) soln in hexane was diluted with 
Et20 and cooled t o  -50". 4-Bromochlorobenzene (1.1 moles) 
in Et20 was added, maintaining the temperature of the solut,ion 
below -35', and the solution was stirred for 15 min a t  -35". 
The solution was forced by NZ into a stirring solution of K-oxide 
(0.2 mole) in T H F  a t  room temperature. The mixture was 
stirred for 3 hr and poured into H2O. The organic layer was 
separated and dried (N&SOd). The solution waa evaporated. 
F. 8-Quinolinecarboxa1dehydes.-( 1) The 8-methylquinoline 

was ground with equimolar amouns of freshly prepared and sub- 
limed Se02. The mixture was heated in an oil bath a t  200" for 
2-3 hr. After cooling the solid was extracted with boiling CHCls. 
The ext,ract was filt,ered and washed with 10% Na2COz to remove 




