
I\Iarch 1965 ASTIJIALARIALS. I V  278 

A solution of aldehyde VI (1.2 g, 5 mmoles) in T H F  (13 ml) was 
then added dropwise a t  20-30°, and the mixture was stirred and 
heated a t  40-50' for 3 hr. It was decomposed p i th  ice-cold 
saturated NH4C1 and allowed to  stand overnight. Ether and a 
little H20 were added, the ether layer wab separated, and the 
aqueous layer was extracted with ether. The combined ether 
extracts were dried (1\ZgSO1), the solvent was removed, and the 
residue was crystallized from petroleum ether, yielding 0.8 g of 
product. 

6-( 1-Hydroxy-2-nitroethyl)benzothiazole (V11).---4 solution of 
6-benzothiazolecarboxaldehyde ( V )  (3.25 g, 0.02 mole) and 
l I e S 0 2  (1.25 g, 0.02 mole) in dry Et20 ( 7 3  ml) was added to a 
mixture of 4 ml of 5 AT KaOlIe in l IeOH and ether (10 ml) over 
a period of 10 min. After being stirred a t  28' for 1 hr, the mix- 
ture was treated with AcOH (3 ml) in ether (20 ml) and stirred 
for another 15 min, and NaOAc was filtered off and washed with 
ether. The residue from the ether solution was a pale yellow 
solid. It was washed (H&) and dried and weighed 3.85 g. 
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New convenient syntheses of a-(2-pyridyI)- and a-(2-piperidyl)-2-aryl-4-quinolinemethanols are reported. 
The key steps involve addition of pyridyllithium to quinoline-4-carboxylic acids and subsequent one-step selective 
catalytic 8 H hydrogenation of the ketopyridyl system to the a-piperidylmethanol. All of the a-piperidyl- 
niethanols were highly active against Plasmod ium berghei in mice but were phototoxic, whereas the a-pyridyl 
analogs were considerably less phototoxic hut were inactive. 

This work is an extension of investigations carried out 
during the World War I1 antimalarial effort.2 Earlier 
results had shown that 4-quinolylamino alcohols, 
particularly with a 2-aryl substituent as a deterrent to 
metabolic inactivation, possessed considerable anti- 
plasmodial activity against avian i n f e ~ t i o n s . ~ ~ ~ ~ ~  

a-Pyridyl- and a-Piperidylquinolinemethanols. -In a 
recent preliminary conu-"ication'a n-e have reported 
new syntheses for the title compounds. We now de- 
scribe the details of the methods in full and report the 
anti plasmodial properties of these compounds. 

The previous method for preparing a-piperidyl- 
quinohnemethanols was a tedious and cumbersome 
six-step synthesis starting from quinoline-4-carboxylic 

The new synthesis which we have developed 
is a convenient two-step process which also starts from 
quinoline-4-carboxylic acid (see Scheme I). The 
initial step involves conversion of the quinoline-4- 
carboxylic acid (I) by 2-pyridyllithium into the 2- 
pyridyl ketone 11 (Table I). The second step is the 
selective reduction of the 2-pyridyl and carbonyl 
groups of I1 by hydrogenation in acid solution over 
Pt02 which produces the a-piperidylquinolinemetha- 
1101s (111) (Table 111). Recent reports of similar cata- 
lytic reductions include the selective reduction of the 
pyridine nucleus in 2-(2-pyridyl)-1,2-diarylalkanols6 
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and reduction of the pyridine portion of a quinoline ring 
system.' 

In  the conversion I1 + 111, the selectivity of reduc- 
tion presumably arises from selective protonation of the 
a-pyridyl ring which enhances the susceptibility of that 
ring toward reduction. The presumption of preferential 
protonation of the a-pyridyl ring is based upon steric 
considerations. Indeed, the hydrobromides of many 
2,s-disubstituted quinolines cannot be obtained, pre- 
sumably because of this eff ect,2 which demonstrates 
the sensitivity of protonation to steric effects by sub- 
stituents adjacent to the ring nitrogen. The reduction 
of I1 probably proceeds stepwise, first by reduction of 
the carbonyl group which is in conjugation with the 
imino groups of the pyridyl and quinolyl rings, followed 
by preferential reduction of the pyridyl ring. In  sup- 

( 7 )  J. G .  Cannon, s. A. Lazaris. and T. A. Wunderlich, J .  H e t e r o c y c l .  
Chem.. 4, 259 (1967). 
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hntimalarial act.b 
Dose, 

m d k g  Ciires 

160 1 
40 o c  

80 2 d  

20 1 
40 3 
40 Of 
80 2 
20 2 
20 OQ 
40 2 
20 1 
40 3 
20 > 

640' 1 
640 O k  
160 01 
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SO 1 
160 3 
80 1 0  

320 4 
20 2 
40 2 

4 Recrystallization solvent 1IeCX. *Antimalarial test results were supplied through the courteuy of Ilr .  David P. Jacobus of the Walter 
Reed Army Institiite of Research. Tests were carried out ill groups of five mice infected with Plasmodium berghei. The drugs were 
injected in doses of 20, 40, 80, 160, 320,  and 640 mg/kg. Cnless shown all the animals were cured at  higher doses up to the maximum 
of 640 mg/kg. Enhailcement in survival time of treated animals is regarded as evidence of antimalarial activity. A compound is 
considered to be active if the mean survival time of the treated group is more than double the mean survival time of the control group 
(7.0 + 0.5 days): it is said to be curative when the animal survives up to  60 days. d Two 
cures a t  160 mglkg. eSoftens 140'. f Increased survival time 9.6 days. QIncreased survival time 7.8 days. Lit.9 182.5-182.9'. 
1 Inactive below this dosage. j Softens 150". Increased survival time 9.6 days. Increased survival time 9.2 days. m C: calcd, 
72.02; found, 71.47. Lit.g 187.8-188.3'. One cure a t  160 mg/kg. 

c Active: increased siirvival time 7 days. 

port of the suggested steps are the following: (a) in a 
few cases the hydrogenation mas interrupted before 
completion and the first-stage reduction product, the 
a-pyridyl alcohol, was isolated; and (b) reduction of 
the 2-pyridyl ring of the alcohol 2g8 proceeded smoothly 
under the conditions which reduce the ketones I1 to 
111. 

That the nucleus of the quinoline ring in the ketones 
I1 was unaffected by the catalytic reductions was dem- 
onstrated by spectral methods. Uv absorption char- 
acteristics of 2-arylquinolines were obtained for the 
reduction products 111. The nmr spectra obtained from 
I11 were as expected for the type. In  our previous 
report'& the spectral data and their interpretations for 
a typical example of 111 were presented. 

The ultimate validation of the new synthetic scheme 
as an unambiguous route to  compounds of type I11 rests 
in the identity of samples of 53 obtained by both the 
new method and by the older methodG4 Further sup- 
port comes from the compoiuids 52 and 56 which mere 
prepared by the new scheme and have physical prop- 
erties n-hich are in accord with those reported in the 

( 8 )  .iraliic numbers used are f o r  the compounds listed in tlie tables 

literature for these compounds synthesized by the 
older route.9 

Two apparent exceptions have been observed; coni- 
pound 15 seemingly undergoes reduction beyond the 
desired stage III'O and 19 gave intractable resins. 
Thus, it  is necessary to confirm the structure of each 
new compound obtained by this new method. 

Reductions of the pyridyl ketones I1 by sodium 
borohydride produces in good yields the a-2-pyridyl- 
quinolineniethanols IT: (Table 11). The structure of 
the resulting compounds is based upon the method of 
synthesis arid their spectral properties n.hich are dis- 
tinctive and corroborat>ive (cf. ref la).  

Biological Activity.-The compounds of t'ypes 111 
arid IT' were tested for antimalarial activity against 
Plasmodiuin berghei i n  mice by the method of Rarie." 
A11 of the a-~~yridylquinolineniethariols of type IV 
(T:hle 11) n-erc inactivc in  this test, but they showed 
1)hototoxicity. However, all of the a-l)i~)eridyl(~uiiio- 

(9) E. I?.  I3uchman arid 13. R .  I ~ O ~ V I ~ I ~ ,  .I. . ? i n .  C/~e-in.  S o c . ,  68, 2 i 1 8  

(10) This requires frirtllei investigation. 
(11) T. S. Osdene, P. 13. Russell, and L. Kane, J. 3 r d .  Cirem., 10, 431 

(1946j. 

(1867). 
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To a solution of the foregoing ester (0.06 mole, 18.32 g) and ethyl 
6-ben~amidocaproate~" (0.061 mole, 16.06 g) in 50 ml of dry 
C6TT6, N a S H 2  (0.073 mole, 2.93 g) was added. The mixture was 
heated at 90' with vigorous stirring for 24 hr. iZfter cooling the 
mixture to .%", 32 ml of concentrated H2SO4 in 50 ml of H2O 
was added and refluxing was cont'inued for 65 hr. The C,& 
was then distilled off azeotropically and the residue was made 
alkaline with 30% aqueous NaOH keeping the temperature 
below 40". The mixture was then extracted with C6H6. After 
drying ( MgSOd) the solvent was removed under reduced pressure. 
The ir Fpectrum of the solid residiie indicated that the N-benzoyl 
group was not cleaved. The material was t'herefore suspended 
again in a solution of 30 ml of concentrated H2SO4 in 50 ml of 
IT20 and the mixt,ure was refluxed for 64 hr. After cooling i t  was 
made alkaline as before and extracted with CeH6. The dried 
CsFTe solution iipon concentration in vacuo left an oil to which 23 g 
of 4 8 7  HBr was added. Upon standing for a short while a yellow 
precipitate was obtained and filtered: the yield of 6-[6-methyl-2- 
ip-tolyl~cit~cho~ii~i~l]-n-amylamir~e dihydrobromide was 5.5 g 
(84'; based on recovered acid).': 

The aqueous alkaline phase was acidified with concentrated 
FICl and the resulting precipitate was filtered, washed with a 
little EtOH, and dried. The weight, of recovered 6-methyl-2- 
(p-tolyl)-4-cinchoninic acid from the unreacted ethyl ester was 
7.8 g. 

The foregoing amine dihydrobromide (0.008 mole, 4 g) was 
dissolved in hot l8Yc HBr and treated rapidly with a solution of 
Br2 (0.008 mole, 1.28 g) in an equal volume of 487, HBr. The 
crude product was filtered and dispersed in 40 ml of boiling 95% 
EtOH, and H20 was added until a clear solution resulted. Cool- 

(15) This intermediate and the ones which follow en route to  60 mere 
used directly in the  next synthetic step without characterization; c/ .  ref 
9 and 14. 

ing gave a light yellow precipitate. Concentration of the mother 
liquor yielded some additional product'. The total yield of 
6-bromo-6-[6-methyl-2-(p-tolyl)cittchonii1~l]-n-amylamine dihy- 
drobromide was 3.95 g (84(x). 

The foregoing product (1.5 g)  was dissolved in 50 ml of 93% 
Et013 and 7 ml of 14% aqueous Na2C03 was added. The mix- 
ture was shaken for 1 hr in a stoppered bottle and then hydro- 
genated over 20 mg of PtO2 in a Parr hydrogenation apparatus. 
The react,ion mixture was filtered and washed (Et,OH, hot 
CHC1,). The solvents were removed in vacuo. The residue 
was dissolved in hot CHC13 and filtered. Evaporation of the 
solvent left a brown residue. This was dissolved in absolute 
EtOH and the solution was saturated with dry HCI. After 
standing fnr a short while, Et,O was added and t,he precipitate 
was filt'ered to yield 0.5 g of t'he hydrochloride. A small amount, 
of this salt was converted into the free base 53. 

The ir spectra of the free base 53 and its hydrochloride salt 
were idelltical with those of t>he products obtained by catalytic 
reductions of the pyridyl ketone. 

2-Aryl-4-quinolinecarboxylic Acids (Cinchoninic Acids) (I) 
(Table IV).-A11 of the substituted cinchophens reqiiired as 
starting material were synthesized by the Pfitzinger'e condensa- 
tion. In general, i t  was found that better yields were obtained 
when the mixtures of the appropriate isntins and substituted 
acetophenones in EtOH-KOH were refluxed for 30 hr; shorter 
periods of time gave poorer yields. 

Acknowledgment.-The authors wish to  thank 
Professor A. Burger for fruitful discussion before and 
during the course of this work. 
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Various fluorine-containing ~-dialkylaminomethyl-2-phenvl-4-quinolinemethanol derivatives have been pre- 
pared for evaluation against Plasmod ium berghei in mice. Preliminary biological data indicate the fluorine com- 
pounds to be more potent a t  comparable doses than the corresponding chloro derivatives. a-Di-n-butyl- 
aminomethyl-2-(4-chlorophenvl)-7-trifluoromethvl-4-quinolinemethanol when administered to mice in a single . "  
subcut,aneous dose was curat,ive a t  40 mg/kg. 

A high degree of antimalarial act'ivity was discovered 
in the 4-quinolinemethanol series during the World 
War I1 program supported by the government. Re- 
views2 of this work indicated that the most notable 
changes in activity in this series n-ere caused by sub- 
stituent variations in the aromat'ic rings. A consider- 
able number of the chlorine-subst'ituted a-dialkylamino- 
methyl-2-phenyl-4-quinolinemethanols showed pro- 
nounced antimalarial action. 

In  the past two decades pharmacological investiga- 
tions have revealed that the replacement of chlorine 
and hydrogen in biologically active compounds by 
fluorine and fluorine-containing groups has provided in 
many cases highly potent fluorine-containing thera- 
peut,ic agents. 

We now report the synthesis and potent antimalarial 
activity of various fluorine-containing 4-quinoline- 

' 
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methanol derivatives. These compounds were pre- 
pared as part of a program to develop new and more- 
effective agents to combat drug-resistant malarial para- 
sites. 

Chemistry.-Our synthetic plan essentially paralleled 
those routes described previously for the preparation of 
4-q~inolinemethanols.~~~ The general route to the 
fluorine-containing 4-quinolinemet'hanol derivatives 
commenced with the preparation of the appropriately 
substituted cinchophens (2-phenylcinchoninic acids). 
The latt'er (Table I) were obtained (a) from readily 
accessible anilines via the Sandmeyer isatin synthesis516 
and the Pfitzinger r e a c t i o ~ i ~ * ~ ~ ~  and (b) through the 
Doebner-AIiller r e a c t i ~ n ~ ~ ~ ~ ~ ~  between the appropriate 
anilines, benzaldehydes, and pyruvic acid. 
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