
-1iiLiiiialarials. 111. Benzothiazole Aiiiiiio Alcohols',' 

I3ioryosteric suhititutioii of heiizothiazolc for quiiio- 
lim ha\ been tried oii three occa40ria,2--? each time for 
t1criv:itives containing the dialliylaniinoalk~-lamiiio 
chaiii characteristic of the prototypes, paniaquirie arid 
chloroquine. Only one group of authors2 reported lark 
of :mtimalarial activity for their compouiids, while the 
othersi left biological behavior as unfinished busines:, 
111 view of the reiien cd intere-t i r i  amiiio :tlcohols incor- 
porating some features of the quinine molecule' we iii- 
vr.itig:ited amino :ilcohols derived from benzothiazole 
:I\ n r i  exteiiiion of our htudies of quirioliiie nn:ilogs. 

& i l l  of the nmiiio xlcoholi dcscribed in this paper 
thc. fuiictional iide chaiii iii positiori (i (I), that iq. pala 
t o  the. ring riitrogeii. This siniihte- :I reliltion-hip to 
t hc 4-wbhtituted quirioliiie amirio alcohols a- far as the 

-!part from the other- 
wise iiiisubhti derivatives (In) ~ 2-phenyl-subati- 
i u t d  derivatives (Ih) were :\I prepared lxcausc 
2-phciiyl wbstitutioii in the quiiit ne  series had proved 
:tdvaIitageou:, to :mtimalarial perhapi due to 
inhibition of oxidative hiotlaniforniation. However, 
~ i i i c c  thc 2-phenyl-substit uted cluiiioliiieaniiiit) alcohols 
c:~iihe I.'liotoseiisitizatioii5 and this mi! be absociated 
\\.it11 their iiicmascd corijugiitioii,* 2-trifliioromethyl- 
whstituted benzothi:tzoIe:~iiiiiii I alcohols (IC) were prc- 
pired to avoid thi- effect ; in the cliiiiioline serie-, 
2-CFi qiihtitutioii furiiishctl ainiiio alcohols with 
iiiot1cr:ite aiitima1ari:il activii) m t l  le+ photo~~iisi t iz-  
iiig propertic$. 
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SCHEME I 

I11 
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VI, R CGH: 

Ib, n = 3 

mouse by the procedure of Rane, et aZ.13 Deaths oc- 
curring on days 2-5 after infection were attributed to 
drug action; infected control animals did not die before 
day 6. These compounds were highly toxic at  160- 
640 mg/kg. They exhibited negligible antimalarial 
action a t  lower doses, were not curative at 40-640 
mg/kg, and increased survival time from 0.3-2.9 days 
only. Substitution by phenyl or trifluoromethyl a t  
position 2 did not affect antimalarial behavior. l 4  

Experimental Section 
Melting points (taken in a heating bath) and boiling points 

are uncorrected. I r  spectra (KBr) were taken on a Perkin- 
Elmer Spectrocord and agreed with expected absorption bands. 
Where analyses in Table I are indicated only by symbols of the 
elements, analytical results obtained for those elements were 
within 3~0.3% of the theoretical values. Analyses were per- 
formed by Galbraith Laboratories, Knoxville, Teiiri. Yields, 
physical data, and solvents are listed in Table I .  

6-Acetylbenzothiazole (II).-A stirred mixture of 4-amino-3- 
thiocyanoacetophenone'0111 (48 g, 0.25 mole), NazS.9H20 ( 7 2  g), 
aiid HgO (150 ml) was heated under reflux for 45 min, cooled, 
and filtered from some undissolved material. The filtrate was 
neutralized carefully with AcOH. The semisolid was extracted 
into ether, washed (HzO), and dried (MgSOa), and the residue 
from the ether solution was refluxed with 90% formic acid (64 g) 
and a spatula-full of Zn dust for 3 hr. The cooled dark mixtiire 
was st,irred into H2O (400 ml), and the yellow solid which sepa- 
rated was filtered off, washed (HxO), dried, and crystallized 
(CsH6-pet'roleum ether (bp 30-60"), then EtOH), yield 30.5 g. 

6-Acetyl-2-phenylbenzothiazole.-4-Amint)-~-mercap toaceto- 
phenone was converted to ita hydrochloride with dry HC1 in 
ether. The salt (30.5 g, 0.15 mole) was dissolved in dimethgl- 
aniline (210 ml) and the solution was treated slowly, with stirring 
and cooling, with 30 g (0.21 mole) of benzoyl chloride. After 
heating under reflux for 1 hr, the mixture was cooled, poured into 
1300 ml of 3.9Yc HC1, and stirred for 2 hr. The solid ketone was 
filtered off, washed (HdJ), dried, and recrystallized from CGH, 
yielding 28 g of pale yellow shiny flakes. 

111 a similar manner, 6-(2-trifluoromethylbenzothiazolyl) 
methyl ketone was prepared, using 0.29 mole of (F3CCO),0/0.2 
mole of starting aniinothiol ketone. For additional data see 
Table I. 

6-Bromoacetylbenzothiazole.-A solution of Bra (16 g, 0.1 
mole) in 4800 HBr (100 ml) was added dropwise to a hot stirred 
solution of ketone I1 (17.7 g, 0.1 mole) in 200 ml of 48% HRr 

(1:O T. S. Osdene, P. n .  Riisseil, ani1 L. Ilane, J .  M e d .  Cliem., 10, 4:31 

(14) These test data were supplied h y  the Walter Reed h r m y  Institute 
(1967). 

ul Researcli, \\-adlington, 1). C. 

over a period of 1 hr, the mixture being maintained at  60-65". 
After addit,ional stirring for 2 hr at, 60-65' the mixture was cooled 
to 0" and the crystalline salt which separated was filtered off. 
This salt was stirred well with HzO, filtered, washed (HzO), 
dried, and crystallized from CCH6 as pale brown crystals, yield 
19 g. 

6-Bromoacetyl-2-phenylbenzothiazole.-A solution of 6- 
acetyl-2-phenplbenzothiazole (7.6 g, 0.03 mole) in AcOH (100 
ml) was refluxed until clear. A solution of Brg (4.8 g, 0.03 mole) 
in BcOH (30 ml) was then added droplyise over 1 hr and refluxing 
was continued for another hour. A light yellow solid separated 
from the cooled solution. It \%-as filtered off, washed (H&), 
dried, and recrystallized three times from CsHe to separat,e the 
product from dibromoacetyl material; yield 4.5 g. 

6-Dialkylamino- (or piperidino-) acetylbenzothiazo1es.-The 
respective 6-bromoacetylbenzothiazoles were treated m-ith a 
secondary amine in dry benzene or ether as specified in the foot- 
notes to Table I. The precipitated amine hydrobromide was 
filtered off, and the filtrate was washed (HzO), dried, and con- 
centrated at  reduced pressure. Solid amino ketones were purified 
by crystallization. Liquid products were reduced without piui- 
fication. 

6- [2-Dialkylamino- (or piperidino-) 1-hydroxyethyl] benzo- 
thiazoles (I, n = l).-The appropriate aminomethyl ketone 
(0.02 mole) was dissolved or suspended in NeOH (50-75 ml) 
and a solution of NaBH4 (0.01-0.015 mole) in HzO (5 ml) and 2 
.Y NaOH (1 ml) was added gradually with stirring at about 15'. 
After stirring the mixture for 3-5 hr at  25' about half of the sol- 
vent was removed, and the mixture n-as diluted with H 2 0  and 
alloa-ed to stand overnight. Solid amino alcohols were collected, 
washed (HzO), and recrystallized. Liquid products were ex- 
tracted (Et,O), dried, and converted to common salts. If these 
failed to crystallize, 1,l'-methylenebis( 2-hydroxy-3-naphthoate) 
salts were prepared for testing purposes. Picrates for char- 
acterization were usually prepared in ether. 

Mannich Bases.--A solution of a 6-benzothiazolyl methyl 
ket'one (0.05 mole), a secondary amine hydrochloride (0.055 
mole), paraformaldehyde (0.08-0.12 mole), and 1-2 ml of ethereal 
HCl in 3-methylbutanol (50 ml) was refluxed. If the reaction 
required 12 hr, the paraformaldehyde was added in two to three 
portions. The p-amino ketone hydrochlorides either crystallized 
on cooling or could be precipitated with ether. The bases were 
liberated with aqueous l\'aaC03, purified, and reconverted to 
hydrochlorides in dry ether. 

6- [3-Dimethylamino- (or piperidino-) 1-hydroxypropyl] benzo- 
thiazoles (I, n = 2).-The Mannich bases were obtained from 
their hydrochloride salts in 11eOH-2 S SaOH and reduced with 
NaBH4 as described for the preparation of I ( n  = 1) above. 

6-Benzothiazolecarboxylic Acid (111, R = H) and Ethyl Ester. 
-A stirred mixt,ure of ethyl 4-amino-3-thiocyanobenzoate~o 
(22 .2  g, 0.1 mole), Na2S.9Hz0 (29 g, 0.12 mole), and HgO 
(60 ml) was refluxed for 45 min, cooled, and filtered from 
any undissolved material. The filtrate was neutralized with 
AcOH, and the precipitating semisolid aminothiol was extracted 
(EtxO), washed (HgO), and dried (l\lgS04). Ether was removed 
under reduced pressure, and the residual aniinothiol was cyclized 
by refliixing with 25 g of 90% formic acid and a little Zn dust for 
3 hr. The cooled reaction mixture was poured into cold wat,er, 
the slowly solidifying material was filtered off and boiled with 
5% NaHCO3, and the solid was again filtered off after cooling. 
It was dissolved in ether, dried (MgSO,), and distilled. The 
ester had bp 122-125O (0.2 mm), yield 11.5 g. 

The NaHC03 solution was acidified to  furnish 3 g of the free 
acid. 

Ethyl 2-Phenyl-6-benzothiazolecarboxylate (111, R = CCH5).- 
A crude mixture (11.7 g) of ethyl 4-amino-3-mercaptobenzoate 
and 4-amino-3-mercaptobeiizoic acid hydrochlorides was dis- 
solved in 75 ml of dimethylaniline and treated gradually, with 
cooling and stirriiig, with 10 g of benzoyl chloride. After refiiixing 
for 90 mill the mixture was cooled and poured into 400 ml of 
9% HC1. A solid precipitated, n-as filtered off', aiid worked up as 
above. 

6-Benzothiazolemethanol (IV, R = H) and 2-phenyl-6-benzo- 
thiazolemethanol (IV, R = CCHs) were prepared by reduction of 
ethyl 6-benzothiazolecarboxylate and ethyl 2-phenyl-6-benzo- 
t'hiazolecarboxylate, respectively, with LiAlH? by the method 
of Zubarovskii and Khod0t.1~ Oxidation of these alcohols (0.05 

(15) V.  M. Zubarovskii and G. P. Khodot, J .  Gen.  Chem. ZISSH, 30,  
1268 (1Y60). 
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a ('oinporiridi q i th  Arabic numerals have been tested for a n t u x & "  activiti . PI,; = petroleiim ether (bp 30430"). lteitrlidifietl 
Prepared by 

f I)ouble 
Piciate from EtOAc, mp 183-184", wa5 

Babe 
ln Ilecom- 

Piepared ftoni the ketone and Br:! iii -4cOH at 80-70". 
g Prepared from the crude base bq the general procednre of J. €I. Billmati, I). (;. 

Weaction 
Lit.s mp 243'. 

at 140", decompoyed at 230-240'. 
nilxing eqiiimolai arnoiints of the amine .HBr and the ammoiiiiim wi t  uf the oiganic acid in HJ0, filtering, and drying (P,O,). 
nip 128-130", 240-2jO" dec 
iiot analy/,ed 
a a y  V I - ~ O I I I  I i q i t i d ,  dihydrochloride a a s  prepared in dry Et20 .  
posed on heating in ,olveiits. 
7' Fium the bromo ketoiie in Et20 at 27" for 24 hr. 
Thomai, Xi. Hedrick, G. Schrotenboer, 11). K. Bariiei, J. Nemee, P. TXIY, a i d  E. Clelaiid, J .  Org. Chem., 11, 773 (1964). 
time l h  hr ;  separated on addition of Et20.  

d The ketone, 1: = COCHzNP\2, %ah piepared 111 c6116 uiider S, at 27" for 3 hr. 

Q Piepared from the hydrobromide. XCJIIO = pipeiidirio 
9 Slaliiiich ieartion time 1 hr, separated 011 cooliiig, llght yellm sohd, recig>ta!li/,ed after chalcoal treatmelit. 

Piepaied iii C6fI6 a t  27" for 4 hr, then a t  50' for 1 hx. 
7~ IZeaction time 12 hi ; separated 011 cooliiig 

a S. G. Fridman, J. Gen. Chem. I SSR, 20, 1191 (1950), give< mp 64". 
Lit.' nip 261'. Prepared from aldehyde 1-1 as described for the 2-uiisubstituted derivative, but uslng THF instead of EtzO. 

mole) with nc-live AI1iO2 (80 g) in dry CITC13 (1 1.) at 27" for 24 
hr, filtrativii from SIirO and removal of the solvent gave6-benzo- 
thiazolecarboxaldehyde (V)  and 2-phenyl-6-benzothiazolecarbox- 
aldehyde (VI), respectively. 

6-(4-Dimethylamino-l-hydroxybutyl)-2-phenylbenzo~hiazole 
(Ib,  I( = 3;  R = C6Hj).-A solution of 1.5 g (0.012 mole) of 

~-diniethylaniiiiopropyl chloride in T H F  ( 2  ml) was added drop- 
wiqe lo :L stirred misiure of AIg (0.:; g, 2 rng-atoms), dry TITI" 
( 2  ml), a i d  I, (one crystal) which had been activated wilh 0.1 
nil of 11eI. JVhen t,he vigorous reaction had subsided t.he mix- 
t lire %as healed nt  60' for 4 hr, another 0 .2  g of 5-diniethylamiiio- 
pwpyl c*hloride was :itlded, s i l d  heating was corit,iiiued for 1 hr .  
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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. 

Antimalarials. 1V.l A New Synthesis of a-(2-Pyridyl)- and 
a-(2-Piperidyl) -2-aryl-4-quinolinemethanols 

D. W. BOYKIS, Jn., A. R. PATEL, AND R. E. LUTZ 

Cobb Chemical Laborafory,  Cnioersity of V i r g i n i a ,  Charlotlesville, V i r g i n i a  22802 

Received IYovember 14, 1967 

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 

(1) (a) Par t  I :  D.  W. Boykin. J r  R .  Patel, R .  E.  Lutz. and A. Burger, 
J .  Heterocycl. C h e m . ,  4, 45Q (1987). ( h )  Par t  111: A.  Burger and S. N .  
dawhney, J .  N e d .  C h e m . ,  11, 270 (1968). (c) Supported h y  G. S. . h m y  
3Iedical Research and Development Command, Contract KO. L)h-49-193- 
AID-2955, Contribution No. 311 to the  . irmy Research Program on  
Malaria (Par t  I ,  S o .  306), b. Burger and R.  E .  Luta co-investigators. 

(2)  R. E .  Luta. et al . ,  J .  Am. C h e m .  Soc., 68, 1813 (1946). 
( 3 )  R. T. Williams, "Detoxication Mechanisms," John Wiley and Sons, 

Inc. ,  New York, N. Y., 1959, p 655. 
(4) A. D .  Ainley and H.  King, Proc. Roy .  Soe. (London) ,Bl%,  60 (1938); 

(b) 11. M. Rapport ,  A .  E .  Senear, J. F. Mead, and J. B. Koepfli, J .  .4m. 
C h e m .  Soc., 68, 2697 (1916); ( c )  R. F. Rroxn,  et al., i b i d . ,  68, 2705 (1946). 

(5) F. Y. Wiselople, "A Survey of Antimalarial Drugs, 1941-1945," 
J. W. Edwards, Ann drhor ,  blich., 1946. 

(6) J. H.  Uurckhalter, W. D. Dixon, M. L. Black, R .  D .  Westland, L .  AI, 
Werbel, H. .I. DeWald, J. R. Dice, G. Rodney, and D.  H. Kaump. J .  M e d .  
Ciiem., 10, 565 (1967). 
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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). 


