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A series of a-(2-piperidyl)-2-trifluoromethj-l-4-quinolinemethanols was synthesized in the hope that replace
ment of 2-aryl by 2-CF3 would decrease the photosensitizing qualities of the 2-aryl analogs. All of the 2-tri-
fluoromethyl derivatives carrying 6- or 8-CH3, -CH30, or -Cl substitiients increased the survival time of mice 
infected with Plasmodium berghei, but they retained photosensitizing properties, albeit less than the 2-aryl-sub-
stituted analogs. 

A number of a-(2-piperidyl)-4-quinolinemethanolsIa'2,3 

have high antiplasmodial activity in avian infections.4 

High activity is associated with a substituent in the 2 
position of the quinoline nucleus, particularly phenyl, 
which will prevent oxidation at that position; the 
cinchona alkaloids and related compounds are rapidly 
biotransformed in man to the inactive carbostyril 
derivatives.8 The most promising compound, 6,8-di-
chloro-2-phenyl- a- (2-piperidyl)-4-quinoli nemethano l , 
was eighty times more active than quinine against 
Plasmodium cathemerium in the duck,4 but it pro
duced severe photosensitivity and did not find clinical 
use in man.6 There is renewed interest in this type 
of antimalarial, both because it is firmly bound to 
host tissues and slowly released and therefore has 
repository properties, and because it has shown one of 
the highest recorded activities against Plasmodium 
berghei in mice.7 It has been theorized that photo
toxicity arises because of the increased resonance con
jugation from the 2-aryl group;7 a trifluoromethyl 
group in lieu of a 2-aryl group may modify this prop
erty and still prevent oxidation to the carbostyril. 
We are therefore reporting the synthesis and antimalar
ial activity of a series of a-(2-piperidyl)-2-trinuoro-
methyl-4-quinolinemethanols (I) and of the corre
sponding a-(2-pyridyl) compounds (II) which represent 
a new type of analog. 

The synthetic approach to amino alcohols of types I 
and II, starting from the corresponding quinoline-4-
carboxylic acids (IV), is outlined in Scheme I and re
duces the number of steps from six2,3 to two. la Addi
tion of 2-lithiopyridine to the acids at —60°, followed 
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by hydrolysis, gave the pyridyl ketones (III). Cata
lytic hydrogenation of III selectively reduced the car-
bonyl group and the pyridine nucleus without attacking 
the qunoline nucleus, giving the amino alcohols of type 
I, while reduction with sodium borohydride gave amino 
alcohols of type II. 

The 2-trifluoromethylcinchoninic acids (IV) were 
prepared by the route outlined in Scheme II. Con
densation of a substituted aniline (V) with ethyl 4,4,4-
trinuoroacetoacetate8 in the presence of polyphosphoric 
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T . \ B L E I 

ANTIMALARIAL ACTIVITY (IF 

K-Ci- I ' l l ' lCl i lDVl .J - ' J -TUlKIyUOUOMETHYlM-t jUINoLINEMK'r l lANOLS 

K 

li-OClI, 

,e in mean suryivai 
t ime, d a y s 

S , . ) 

s.3 

S.7 

SO (T) 
160 (\) 
320 (2) 
640 ('4) 

0-CIIa 160 (0J 
320 (0) 
640 (0) 

N-CII3 100 (0) 
320 i l l 
640 i'.">) 

li,S-(CHi). 160(0) 
320 (2) 
640 (;j) 

0-C1 160 !0) 
320 (0j 
640H) 

" Tests were carried out in mice infected with P. berghet.1"-
Test results were supplied by Walter lieed Army Institute of lie-
search, Washington, D. C. Enhancement in survival time of 
treated animals is regarded as evidence of antimalarial activity. 
A compound is considered active if the mean survival time of the 
treated group is more than double the mean survival time (7.0 
± 0.5 days) of the control group; it is said to be curative when 
t he animal survives up to 60 days. 

acid gave only the 4-quinolinols (VI). This reaction 

with ethyl acetoacetate itself gives a mixture of the 2-

and 4-quinolinols, depending upon whether the amine 

reacts with the ester or the /3-keto group.9 The elec

tron-withdrawing power of the trifluoromethyl group 

apparently leads to exclusive reaction of the (now) elec

tronegative /3-keto group with the amine.10 The 

4-quinolinols were brominated1 1 or chlorinated1" with 

phosphorus oxybromide or oxychloride in excellent 

yields. The 4-bromoquinolines (VII) reacted readily 

with n-butylli thium at —35°, and t rea tment of the 

resulting lithioquinolines with dry C 0 2 gave the re

quired cinchoninic acids (IV). The 4-chloroquinolines 

(VIII) were converted to the corresponding nitriles by 

reaction with cuprous cyanide in N-rnethylpyrroli-

done,1'- and the nitriles were then hydrolyzed to the 

cinchoninic acids. 

Biological Data. - T h e antimalarial test13 da ta for 

the a-(2-piperidyl)-2-trifluoromethyl-4-quinolinemeth-

anols are listed in Table I. These compounds possessed 

moderate antimalarial activity but were photosensitiz

ing. The unsubsti tuted a-2-piperidyl-2-trifluorometh-

yl-4-quinolinemethanol, however, was inactive. The 

corresponding a-(2-pyridyl) compounds were inactive, 

but did not cause photosensitization. 

(9) K. C. Elderfield, "He te rocyc l i c C o m p o u n d s , " Vol. IV, J o h n Wiley 
and Sons, Inc . , N e w York, N . Y'., 19,52, p 30. 

(10) A. S, D c y a n d M . M . .foullie, J. Hetirocycl. Chem., 2, 111! (1U05). 
(11) C. K. Kaslow and W . TS. Lawton , J. Am. Chem. Soc, 72, 172-1 
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(12) M . S. N e w m a n ami IT. l ioden, ./. Org. Chem., 26, 2525 (1981). 
(l:S) T . S. Osdene , P . 1). Russell , and L. I tal ic , J. Med. Chem., 10, - t i l 

(1967). 

Experimental Section 

.Melting points were determined in a capillary melting point 
bath and are uncorrected. Where analyses are indicated only 
by symbols of the elements, analytical results obtained for tho.-o 
elements were within ±4).4',' of the theoretical values. 

In accordance with previous observations11 regarding the prop
erties of 2-1 rifitiorotnetliylquinolines, the compounds described 
herein did not form salts due to the decreased basicity of the 
quinoline nitrogen atom. The 2-trifluoroinethyl-4-quinolinols 
(Table II) and 2-trih,uoromet,hyl-4-chloroquinolines (.Table III.) 
were prepared according to Dey and Joullie.10 

T . U i L E I I 

2-Tl in>T.tH>KO\IETHYI.-4-qlJIN'OLl. \OLS 

OH 

(i-Cl 

s-ai 
0,S-C12 

nMCihh 

70 
• ) , ) 
5S 
(So 

v ormulu, 

CdloClFaNO" 
C,oHbClF3XO 
C,oH4ClaF,,XO 
C.IboFsXO 

" X ^ X F , 
Mp. "'C 

274-27.") 
134-13.") 
ISO-IS 1 
1.")l )-].-> I 

" Recrystallized from EtOII. '' All compounds were analyzed 
for C, H, X. Their ir spectra were as expected. c X : calcd, 
5.32; found, 5.S2. 

TABLE III 

2 -T] ! I l ' I . r i>UOMETl !YLQt : iNOLlNE DERIVATIVES 

li 

H 
11 

6-c:n3 
6,s-(cn3)» 
6,8-(CII3)2 

6,8-(CII3)2 

s-cn3 
6-C1 
6-CI 
6-C1 
S-Cl 
S-Cl 
6,S-CI2 

(i,8-Cl, 
6-OC.Tfs 

X 

Br 
CX 
Br 
Br 
CI 
CX 
CX 
Br 
CI 
CX 
CI 
CX 
Br 
CI 
Br 

Yield. ' , 

SO 
63 
til 
it.") 

!).") 
76 
6."> 
00 
02 
51 
S4 
42 
1)7 
Ss 
02 

X 

6. 
.NTTF, M p , =•('" 

3S-39 
130-131 
70- 71 
11.VI Hi 
i)i)-l()I 
126-127 
S0-S1 
110-120 
103,-104..") 
142-143 
oS .">--.")().."> 
167 169 
75- 76 
7.V 76 
124-12.") 

Formula' 

C1(dI6BrF3X 
C H 5 F 3 X / 
C„H,BrF8X 
C l2II„BrF3X 
C,,II9C1F.,X 
C13II0K3X-: 
C,2Ii;F.,X2 

C,„II4BrClF8X 
C,JT4C12F3X'' 
C l U C l F s X , 
<.',„ir4Cl...F3N 
CnHiClFsX 
C„,n3BrCl2F.,X 

c,„ir8ci3F;!x 
ClbBrF.-.XO 

1 liecrystallized from KtOH. ' All compounds were analyzed 
for C, H, N. Their ir spectra were as expected. ' X: calcd, 
12.61: found, 12.20. '' C: calcd, 45.13; found, 45.56. 

2-TrifluoromethyI-4-bromoquinolines (Table III). In a 
typical preparation, a mixture of 2-trifluoromethyl-4-quinolinol 
(3.0 g, 0.14 mole) and P()Br3 (57 g, 0.2 mole) was stirred at 140° 
for 3 hr. The warm mixture was poured into ice-water (600 ml), 
and the solid material was filtered off and recrystallized from 
ElOH, yield 31 g. 

2-Trifluoromethylcinchoninic Acids (Table IV). A. In a 
typical example, a solution of 4-bromo-2-trirliioroinethyIqiunoline 
(55 g, 0.2 mole) in dry ether (600 ml) was added over 15 min to 
an E t 2 0 solution of n-BuLi (prepared from 3.5 g of Li wire and 
35 g, 0.25 mole, of n-BuBr), stirred under X2 at —35° for 20 min, 
and was then poured, with vigorous stirring, onto powdered 
solid C02 . After removal of ether, the residue was dissolved in 
H2() and the acid precipitated by careful acidification with AcOH. 
The collected solid was recrystallized from EtOAc, yield 31 g. 

B.—The 4-chloroquinolines were converted to the 4-cin-
choiunonitriles (Table I I I ) by the method of X'ewman and 
Boden.12 In a typical hydrolysis, a mixture of S-methyl-2-
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TABLE IV 

2-TRIFLUOROMETHYLQUINOLINECARBOXYLIC ACIDS 

C02H 

.Method Yield, % 

A, B 65, 51 
A 67 
B 51 

A, B 62, 65 
A, B 72, 74 

B 18 
A 63 

" Yield from sequence B is based on the starting 4-chloro-
quinolines. 6 Recrystallized from EtOAc. " See footnote b. 
Table III. d C: calcd, 47.93; found, 47.36. ' No N analysis 

TABLE V 

2 -TRIFLUOROMETHYL-4-PYRIDOYLQUINOLINES 

E 

H 
6-CH3 

8-CH3 

6,8-(CH; 
6-C1 
8-C1 
6-OCH3 

'CF( 

M p , °Ch 

196-197 
215-216 
199-200 
224-226 
226-227 
210-212 
238-239 

Formula '̂ 
C u H 6 F 3 N0 2 

C12H8F3N02 

Ci2H8F3N02 

C13H10F3NO2-
CuH5ClF3N02

d 

C nH 6ClF 3X0 2
e 

CuHsFsNOa 

R 

H 
6-CH3 

8-CH3 
6,8-(CH3)2 

6-C1 
8-C1 
6,8-Clj 
6-OCH3 

Yield, % 

63 
60 
64 
73 
48 
31 
34 
67 

Up, ° C 

130-132 
125-126 
98-99 

119-120 
152-153 
116-117 
138-139 
132-133 

^ C F , 
Formula 

C16H9F3N20 
CnHnFaNjO 
CnHnFjNsO 
Ci8H13F3N20 
CnHaClFsNijO 
Ci6H8CLF3N20 
G6H,C12F3N20 
Ci,HiiF3N202 

Analyses 

C, H, N 
C , H 
C, H, N 
C , H 
C , H 
C, H 
C, H, N 
C, H, N 

" Pvecrystallized from EtOH. 

trifluoromethvlcinchoninonitrile (23.6 g, 0.1 mole) and a solution 
of NaOH (12" g, 0.3 mole) in H 2 0 (50 ml) and EtOH (120 ml) 
was stirred under reflux for 12 hr. The solution was evaporated 
to dryness, and the residue was dissolved in H 2 0 and filtered 
through Celite. The clear nitrate was acidified by dropwise 
addition of AcOH, and the white precipitate was collected and 
recrystallized from EtOAc, yield 20 g. 

2-Pyridyl 4-Quinolyl Ketones (Table V).—To an ethereal 
solution of n-butyllithium (0.05 mole) at —60° was added rapidly 
2-bromopyridine (8 g, 0.05 mole), and the brown mixture was 
stirred at —60° for 1 hr. Finely powdered 6-methoxy-2-tri-
fluoromethylcinchoninic acid (5.4 g, 0.02 mole) was added all at 
once and the mixture was stirred at —60° for 2 hr. I t was al
lowed to warm to room temperature and then hydrolyzed by 
addition of H 2 0. The ether layer was dried (MgSO.1) and distilled 

TABLE VI 

2-TRIFLUOROMETHYLQUINOLINE-4-METH.VNOL D E R I V A T I V E S 

CHOHX 

R 

H 
H 
6 - C H s 

6-CHj 
8-CHa 
8-CH3 

6 ,8- (CHi) ! 
6,8-(CHs)2 

6-C1 
6-C1 

8-C1 
8-C1 

6,8-Cb 
6,8-CU 

6-OCHs 
6-OCH3 

<• Pip = 
Table III. 

X " 
P i p 
P y r 
P i p 
P y r 
P i p 
P y r 

P ip 
P y r 

P i p 
P y r 

P i p 
P y r 

P i p 
P y r 

P ip 
P y r 

Yield, 
% 
50 
80 
66 
91 
60 

100 

28 

33 
82 

52 
100 

M p , °C 
254-255 
115-116 
254-256 
139-140 
284-286 
120-122 

279-280 
128-129 

265-266 
149-150 

248-250 
124-125 

262-264 
138-139 

241-242 
172-173 

r T T F j 
R e c r y s t n 

so lvent 
E t O H 
M e O H 
E t O H 
E t O H 
E t O H 
M e O H -

CeHs 
E t O H 
M e O H -

CeHt 
E t O H 
E t O H - p e t r 

ether"* 
E t O H 
M e O H -

CeHs 
E t O H 
E t O H - p e t r 

e the r* 
E t O H 
M e O H 

Formula^ 

C W H H F J N S O -

CieHnF.NsO 
C n H i . F a N s O ' 
C n H u F a N z O 
C H H U F I N I O ' 

C17H13FSN2O 

HC1 

HC1 

HC1 

2-piperidyl; Pyr = 2-pyridyl 
' N : calcd, 7.35; found, 7.80. 

C i s H g i F i N i O - H C l 
CisHisF 3N20 

C i e H n C l F i N i O ' H C l 
C H H I O C I F I N J O 

C i 5 H , 6 C l F 3 N ! 0 - H C l c 

Ci6HioClF3N"!0 

C u H n C U F i N i O ' H C l 
CnHjClsFaNiO 

C n H n F j N s O r H C l 
Cl 7Hl!FsNj02 

6 See footnote 6 
d Bp 30-60°. 

to give a yellow solid, which was recrystallized from EtOH as 
yellow needles, yield 4.7 g. 

a-(2-Piperidyl)-2-trifluoromethyI-4-quinolinemethanoIs (Table 
VI).—A solution of 6-methoxy-2-trifluoromethyl-4-quinolyl 2-
pyridyl ketone (4 g) in EtOH (300 ml) containing 1 molar equiv 
of HC1 was shaken with P t0 2 (200 mg) at 2.8 kg/cm2 under H2. 
The reduction was stopped when 4 equiv of H2 had been absorbed; 
the catalyst was filtered off, and the residue was concentrated 
until crystallization began. Recrystallization from EtOH gave 
white needles, yield 2.2 g. 

a-(2-Pyridyl)-2-trifluoromethyl-4-quinolinemethanols (Table 
VI).—NaBH4 (0.26 g, 0.007 mole) was added portionwise to a 
stirred solution of 6-methoxy-2-trifluoromethyl-4-quinolyl 2-
pyridyl ketone (2.2 g, 0.007 mole) in MeOH (200 ml), and the 
mixture was stirred at room temperature for 2 hr. MeOH was 
removed under reduced pressure and the residue was taken up 
in ether, washed (H 20), and dried (MgS04). The ether was 
distilled, and the residue was recrystallized from MeOH, yield 
2.3 g. 
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