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A series of a-(2-piperidyl)-2-trifluoromethyl-4-quinolinemethaiols was synthesized inn the hope that replace-

meint of 2-aryl by 2-CF; would decrease the photosensitizing qualities of the 2-aryl analogs.

All of the 2-tri-

fluoromethyl derivatives carrying 6- or 8-CH;, -CH;0, or -Cl snbstituents increased the survival time of mice
iufected with Plasmodium berghei, but they retained photosensitizing properties, albeit less than the 2-aryl-sub-

stituted analogs.

A number of a-(2-piperidyl)-4-quinolinemethanols!a23
have high antiplasmodial activity in avian infections.*
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.®* The most promising compound, 6,8-di-
chloro-2-phenyl-a-(2-piperidyl)-4-quinolinemethanol,
was eighty times more active than quinine against
Plasmodium cathemeriuwm in the duck,* but it pro-
duced severe photosensitivity and did not find clinical
use in man.! 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
bergher in mice.” It has been theorized that photo-
toxicity arises because of the increased resonance con-
jugation from the 2-aryl group; 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-trifiuoro-
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 aleohols of types I
and 1I, starting from the corresponding quinoline-4-
carboxylic acids (IV), is outlined in Scheme I and re-
duces the number of steps from six2?® to two.'* Addi-
tion of 2-lithiopyridiue 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 tvpe
I, while reduction with sodium borohydride gave amino
alcohols of type II.

The 2-trifluoromethyleinchoninic acids (IV) were
prepared by the route outlined in Scheme II. Con-
densation of a substituted aniline (V) with ethyl 4,4,4-
trifluoroacetoacetate® in the preseuce of polyphosphoric
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« Pests were carried ont i mice infected with 7. bergher 1
Text results were supplied by Walter Reed Army Institute of Re-
search, Washington, D. C. Luhancemeut in survival tinie of
treated animals is regarded as evidence of autimalarial activity.
A comtpond is considered active if the mean survival time of the
treated gronp is more than double the niean snrvival time (7.0
+ 0.5 days) of the contral group; it i= said to be enrative when
the animal survives ap to 60 days.

acid gave ouly the 4-quinohnols (VI). This reaction
with ethyl acetoacetate itself gives a mixture of the 2-
anid 4-quinolinols, depending upon whether the amine
reacts with the ester or the g-keto group.’ The elee-
trau-withdrawiig power of the trifluoromethyl group
apparently leads to exelusive reaction of the (now) elee-
tronegative B-keto group with the amine.’ The
d4-quinolinols were brominated!' ar chlorinated with
phosphorus oxybromide or axyehloride in excellent
vields. The 4-bromoquinalines (VIT) reacted readily
with n-butyHithium at —35°, and treatment of the
resulting hithioquinolines with drv COs gave the re-
quired einchoniiie acids (IV).  The 4-chloroguinolines
(VIII) were converted to the corresponding nitriles by
reaction with cuprous cyanide in N-methylpyrroli-
done,™ and the nitriles were then hydrolyzed to the
cinchouninic acids.

Biological Data.—1lic antimalarial test data for
the  a-(2-piperidyl)-2-trifluoromethyl-4-quinolinemeth-
anals are listed in Table I These compounids possessed
moderate antimalarial activity but were photosensitiz-
ing. The uusubstituted o-2-piperidyl-2-trifluorometh-
yl-t-quinolinemethanol, hawever, was inactive.  The
corresponding a-(2-pyridyl) compounds were inactive,
but did not cause photosensitization.
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Experimental Section

AMelting points were determined in o capillary melting ponn
batll and are nneorrected. Where analyses are indicated only
by symbols of the elements, analytical resnlts obtained for thase
elements were within 0.4, ol the thearetical valnes,

T accordance withh previons ohservationst! vegarding the prop-
erties of 2-triflnorontethylquinolines, the compaounds deseribed
herein did ot Torm <abis dne to 1he derreased hasicity of the
guineline nitrogen atom.  The 2-arifluoromethiyl-4-guinolinels
{Table 11} and 2-triffinoromethyl-4-chilorogninalines (Table 17}
were prepared gccording tao Dey and Jonllié.
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X Yiwll, < Mp, O Forumla”
6-Cl 70 274270 CuHCIFaN O
8-Cf BN 134~ 155 CylH,CIFsNO
6,8-Cl. a8 IN0--1R | CyHCLFNO
6,5-(CHj ). () £A0--151 Cial1, FsNO

@ Reerystallized from EtOH. * All compannds were analyzed
tar C, H, N. Their ir spectra were s expected. ¢ N:  ealed,
5.32: found, 3.82.
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2T RIFLUOROMETHYLQUINOLINE DERIVATIVES
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6,8-(CIy). N T4 126127 Cral el N
S-CHy N i RO--X1 CrlEFaN,
6-C1 Br ] 110--120 Cyol LiBrCHSN
6-C’1 €1 g2 G-104.0 CigHCLE N
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6,8-Cl. Br i 50 CiollsBrCLIaN
$5,%-Cl, (1 K8 -6 Crol CLEFN
6-OC1H; I3 b2 124-125 Cy HBryNoO

* Recrystallized from KIOH.  * All componnds were analyzed
tar C, H, N, Their ir spectra were as expeeted. = N caled,
12.61; fonnd, 12.20, <4 C:  ealed, 43.135; found, 43.36.

2-Trifluoromethyl-4-bromoquinolines (Table III).--I1n :t
typieal preparation, n mixture of 2-triffnoromethyl-4-guinilinal
(30 g, 0.14 mole) and POB; (57 g, 0.2 mole) was stirred at 140°
for 3 hr. The wann mixture was poured into ice-water (600 ml),
and the solid material was filtered ol and recrystallized from
EtOHH, yield 31 g.

2-Trifluoromethylcinchoninic Acids (Table IV). A.—In n
typical exaniple, a solution of 4-bromoe-2-trifluoromethylguinaoline
(35 g, 0.2 mole) in dry ether (600 ml) was added over 15 niin to
ant Et,0 solution of n-Bulli (prepared from 3.5 g of Li wire and
35 g, 0.25 niole, of n-BuBr), stirred under Ny at —35° for 20 niin,
and was then poured, with vigorous stirring, outo powdered
solid CO.. After removal of ether, the residue was dissolved in
L0 and the acid precipitated by careful acidification with AcOlI1.
The callected sulid was recryvsiallized from EtOAc¢, yvield 31 g.

B.--The 4-chloroquinolines were converted to the d4-cin-
choninonitriles (Table II1) by the mtethod of Newman and
Boden.'* In a typieal hydrolysis, a mixture of S-methyl-2-
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TasLe IV
2-TRIFLUOROMETHYLQUINOLINECARBOXYLIC ACIDS
CO,H
=
R
NZCF,
R Methiod  Yield, %¢  Mp, °C? Formulal
H AB 63, 51 196-197 CuHF;NO,
6-CH, A 67 215-216 C:HsF:NO;
8-CH; B al 199200 C.HgF;NO,
6,8-(CHy), AB 62, 65 224-226 CiH FaNO,
6-Cl AB 72,74 226227 CnH;CIFsNO24
8-Cl B 18 210-212 CuH:CIFsNO,°
6-OCH; A 63 238-239 C,HgF3NOs

@ Yield from sequenice B is based on the starting 4-chloro-
quinolines. ? Recrystallized from EtOAc. ¢ See footnote b,
Table III. ¢ C: caled, 47.93; fouud, 47.36. ¢ No N analysis.

TaBLE V
2-TRIFLUOROMETHYL-4-PYRIDOYLQUINOLINES
4
CO \N
N
R
NZ\CF,
R Yield, 9% Mp, °C® Formula Analyses

H 63 130-132 C;sHoF3N0 C,H N
6-CH; 60 125-126 C:HuF:N:0 C,H
8-CH; 64 98-99  Ci:H,uF3NO C,H,N
6,8-(CH;)» 73 119-120 C;sHyF3NO C,H
6-Cl 48 152-153 CeHCIFsN.O C/H
8-Cl 31 116-117 CieHsCIFsN,O C, H
6,8-Cl, 34 138-139 CiH.CLF;:N,0 C,H, N
6-OCHs 67 132-133 Cy;H, FiN,0, C, H, N

s Recrystallized from EtOH.

trifluoromethylcinchoninonitrile (23.6 g, 0.1 mole) and a solution
of NaOH (12 g, 0.3 mole) in H,O (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,O and filtered
throngh Celite. The e¢lear filtrate was acidified by dropwise
addition of AcOH, and the white precipitate was collected and
recrystallized from EtOAc, yvield 20 g.

2-Pyridyl 4-Quinoly! 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-
flnoromethyleinchoninic acid (5.4 g, 0.02 mole) was added all at
once atid the mixture was stirred at —60° for 2 hr. It was al-
lowed to warm to room temperature and then hvdrolyzed by
addition of HoQ. The ether layer was dried (MgSO,) and distilled
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TasLe VI

2-TRIFLUOROMETHYLQUINOLINE-4-METHANOL DERIVATIVES

CHOHX
x
R
N CF,
Yield., Recrystn
R Xe Yo Mp, °C solvent Formula?
H Pip 30 254-255 EtOH CisHirFsN:O « HC1
H Pyr 80 115-116 MeOH CieHnF3N:20
6-CHs Pip 66 254-256 EtOH CyHisF3NsO - HCI
6-CHs Pyr 91 139-140 EtOH CrHisF3sN:20
8-CHs Pip 60 284-286 EtOH CrHisFsN20 - HC1
8-CHs Pyr 100 120-122 MeOH- CrHisF3N:0
CsHs
6.8-(CHs): Pip 55 279-280 EtOH CisHa FiN20 - HC1
6.8-(CHs)2 Pyr 86 128-129 DMeOH- CisHiF3N:0
CeHs
6-C1 Pip 43 265-266 EtOH CisHisC1F3N:0 - HC1
6-Cl1 Pyr 89 149-150 EtOH-petr CisHioClFsN20
ether?
8-C1 Pip 28 248-250 EtOH CisHisC1F3N20 - HC1¢
8-C1 Pyr 8 124-125 MeOH- CisH1oCI1F3N20
CsHs
6.8-Cla Pip 33 262-264 FEtOH CisHisClFiN:0 - HC1
6.8-Cla Pyr 82 138-139 EtOH-petr CisHClaF3sN:20
ethierd
6-0CHj Pip 52 241-242 EtOH CrHigF3N202+ HC1

6-0CH; Pyr 100 172-173 MeOH
¢ Pip = 2-piperidyl; Pyr = 2-pyridyl.
Table III. ¢N: caled, 7.35; found, 7.80.

CrHuFiN:0:

b See footnote b,
4 Bp 30-60°.

to give a yellow solid, which was recrystallized from EtOH as
vellow needles, yield 4.7 g.
a-(2-Piperidyl)-2-trifluoromethyl-4-quinolinemethanols (Table
VI).—A solution of 6-methoxy-2-trifluoromethyl-4-quinolyl 2-
pyridyl ketone (4 g) in EtOH (300 ml) coutaining 1 molar equiv
of HCl was shaken with PtQ, (200 mg) at 2.8 kg/cm? under H,.
The reduction was stopped when 4 equiv of H, 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)—NaBH, (0.26 g, 0.007 mole) was added portionwise to a
stirred solution of 6-methoxy-2-trifluoromethyl-4-quinolyl 2-
pyridyl ketoue (2.2 g, 0.007 mole) in MeOH (200 ml), and the
niixtire was stirred at room temperature for 2 hr. MeOH was
removed uttder reduced pressure and the residue was taken up
in ether, washed (H,0), and dried (MgS0,). The ether was
distilled, aid the residue was recrystallized from MeOH, yield
23 g.
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