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centrated to an oil, which was distilled under high vacuum.
Componnd 6 solidified after the reaction mixture was poured into
2 N NaOH and left overnight and was crystallized from EtOH-
H.O. The same was the case with 14, which was crystallized
from DMF-H:O. Compounds 10 and 11 solidified after the
dried Et,0 extract was concentrated and were crystallized from
EtOAc and petrolenm ether (bp 30-60°), respectively.

7-Chloro-1,3-dimethyl-4-(3-diethylaminomethyl-4-hydroxy-
anilino)-1H-pyrazolo]3,4-b] quinoline (15).—A solution of 3-
diethylaminomethyl-t-hvdroxyaniline (5.7 g, 0.02 mol) int a mini-
mnm amoint of HaO) was nentralized with dilute NaOH to congo
red paper. To this was added 4,7-dichloro-1,3-dimethyl-1H-
prrazolo]3,4-b]quinoline (5.0 g, 0.02 mol) and 100 ml of ethoxy-
ethanol. The mixture was refluxed for 4 hr. A clear solution
formed after 2 hr and then a yellow solid separated. The reac-
tion was cooled, and the vellow solid was filtered and crystallized
from Me.CO-H,0.
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Febrifugine Antimalarial Agents. 1. Pyridine

Analogs of Febrifugine
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The alkaloid febrifugine (1) has been shown to be
the active ingredient of the ancient antimalarial prepara-
tion Ch’ang Shan.' Although 1 is effective against
avian malarias,? Plasmodium cynomolyi in monkeys,3
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showed an improved chemotherapeutic index against
Plasmodium lophurae in ducks:? one analog was tested
in limited clinical trails, but was meffective against
P. vivax and P. falciparum.

We have now prepared 3-[8-keto-y-(3-hydroxy-2-
pyridyl)propyl]-4-quinazolone (3¢) (Table I), in which
the piperidine ring of the side chain has been replaced
by pyridine. Baker and McEvoy® synthesized the
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b, X=0CH,
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pyridinium derivative 2b, and described hydrogenolysis
of the corresponding free base to the methyl ether 3b
using Raney Ni catalyst. However, no attempt to
prepare 3¢ by cleavage of the MeO group was reported.

Working with the desoxy analog 2a® as a model com-
pound, we found that hydrogenolysis of the benzyl
group could be effected smoothly over Pd-C, affording
3-[8-keto-v-(2-pyridyl)propyl]-4-quinazolone (3a).
The MeO derivative 2b gave 3b under identical condi-
tions,

TaBLE I
3-[8-KrT0-v-(3-8UBSTITUTED 2-PYRIDYL)PROPYL]-4-QUIN AZOLONES
Compd X Yield, % Mp, °C Formula®
3a H 59 209-212¢ CisHisN:0.-2HCI-H,0
3b OCH;, 41 151-155P C7HisN:O;4
3¢ OH 33 211-214 dece ClsHmNaOs'zHCl . IBHlO

@ Washed with AcMe, Et,0.

and Plasmodium berghei in mice,* it has poor activity
against Plasmodium falciparum and  Plasmodium
vivax,;4~¢ in addition, it is a powerful emetic and has a
low chemotherapeutic index.* Several analogs of 17

NCH.COCH,” N
: S

Z

N

1

(1) J. B. Koepfli, J. A. Brockman, Jr., and J. Moffat, J. Am. Chem. Soc.,
72, 3323 (1950).

(2) R. Hewitt, E. R. Gill, W. 8. Wallace, and J. H. Williams, Am. J.
Trop. Med, Hyg., 1, 768 (1952).

(3) F. G. Henderson, C. L. Rose, P. H. Harris, and K. K. Chen, J. Phar-
macol. Exptl. Therap., 95, 191 (1949).

(4) R. N. Chaudhuri, B. N. Dutta, and N. K. Chakravarty, Indian Med.
Guz., 89, 660 (1954).

(3) G.R. Coatnev, W. C. Cooper, W. B. Culwell, W, C. White,and C. A.
Imboden, Jr., J. Natl. Malaria Soc., 9, 183 (1950).

(6) V. A, Trevino, L. A. Reyes, and M. F, Mendoza, Rev. Inst. Salubridad
Enfermedades Trop. (Mex.), 18, 253 (1953).

(7) B. R. Baker, R. E. Schaub, J. P. Joseph, F. J. McEvoy, and J. H.
Williams, J. Org. Chem., 17, 141, 149, 137, 164 (1952); 18, 133, 138 (1953).

b Recrystallized from MeOH; lit." mp 157-158°. ¢ All compounds were analyzed for C, H, N,

For the preparation of 3¢, the intermediate 1-benzyl-
3-hydroxy-2-[8-keto-v- (4-quinazolon-3-ylpropyl Jpyri-
dinium chloride hydrochloride (2¢) was hydrogenolyzed
over Pd-C.

Compounds 3a-¢ were assaved against P. berghei in
mice and Plasmodium gallinaceum in chicks.® No
antimalarial activity was observed.

Experimental Section

Melting points were determined on a Thomas-Hoover ‘‘Uni-
Melt”” capillary melting point apparatus and are not corrected.
The ir and nmr spectra were as expected.

1-Benzyl-3-hydroxy-2-]s-keto-v-(4-quinazolon-3-yl )propyl] -
pyridinium Chloride Hydrochloride (2¢).—A solution of 2b (13.7
g, 0.029 mole) in 573 ml of 489, aqueous HBr was refluxed for
18 hr. After cooling, the solution was evaporated to dryness
in vacuo. A saturated solution of NaHCO; was added to the
residue; the resulting mixture was extracted (CHCI), and the

(8) B. R. Baker and F. J. McEvoy, 7btd., 20, 118 (1955),

(9) The screening tests were carried out at the University of Miami,
Miami, Fla., under the direction of Dr. L. Rane. Details of the mouse screen
with P. berghei have been published [T. S. Osdene, P. B, Russell, and L.
Rane, J. Med. Chem., 10, 431 (1967)].
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extracts were dried (MgSQO,) and councentrated in racuo. An
HCI salt of the residue was prepared; yield 3.80 g (24¢), mp
178-180°.  Anal. (CyuHsCIN;O;-HCI-2H,0) C, H, N.
3-168-Keto-v-(3-hydroxy-2-pyridyl)propyi] -4-quinazolone (3c;.
A solution of 2¢ (1.91 g, 0.004 mole) in 100 ml of dixtilled H.O wis
liydrogenated over 0.3 g of 55 Pd—C at atmospheric pressure and
temperature. Afrer 18 hr the catalyst was removed, a saturnted
solution of NaHCO; was added, and the mixture was extracied
with CHCls. The CHCl; solution was dried (MgSO) and con-
centrated in vacuo. The residue was converted to an HCl salt.

Acknowledgments.—The authors wish ti thank M.
Harold Jarrow for his technical assistance and Miss
Christine Miles for help in interpreting the nmr spectra.
This work wuas supported by a research contract with
the U, 8. Army Medieal Research and Development
Command (DA-49-193-MD-3020).  This i« Contribu-
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Synthesis and Antimalarial Activity
of Amodiaquine Analogs!
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Ever since the nitial discovery that certain a-dialkyl-
amino-o-cresols possessed antimalarial activity, chem-
ists have tried to meorporate this moiety in a host of
candidate drugs. Onesuch agent, 7-chloro-4-(3-diethyl-
aminomethyl-4-hydroxyanilino)quinoline or amodia-
quine, wag first prepared by Burckhalter’s group.*
Today, amodiaquine is one of the most widely used drugs
for the strains of parasites susceptible to its schizonto-
cidal properties. It displays gametoeyvtocidal action
against Plasmodium vivax, Plasmodium ovale, and Plas-
modium malariae but not against Plasmodium falcip-
arum.” Substituted analogs of amodiaquine have
been prepared, but virtually none of these appeared to
be superior to the parent compound.**

We wish to report the synthesis of three related 4-
aminoguinolines bearing the same pendant phenolic
Muannich base at C-4 asx amodiaquine. In primary
mouse screens against Plasmodium berghet and in Plas-
modium gallinacewm infected chicks, these materials
displayed impressive antimalarial acitivity.

The synthetic route in all cases involved displacement
upon the corresponding 4-chloroquinoline by the deacet-
vilated, in situ generated 4-hvdroxy-3-diethylamino-
methylaniline. The requisite 4-chloroquinolines were
prepared by standard methods from the 2-carbome-

i1) Supported in part -y Contract DA-49-193-MD-3011 fromn the U, 3.
Army Medical Researchi and Development Command. This publication
represents (lontribution No. 698 from the Army Research Program on Ma-
laria.

{2) NDEA Predoctoral Fellow 19681964,

‘3) J. H. Burckhalter, F. H, Tendick, E. M. Jones, W. F. Holcoml, and
A. L. Rawlins, J, Am, Chem. Soc.. 68, 1844 (1946). For recent work in this
area see W, G. Duncan and D. W, Henry, J. Med. Chem., 12, 711 (1969).

{4) 1. H. Burckhalter, F. H. Tendick. E. M. Jones, P. A. Jones, W. F. Hol-
comb, and A, L. Rawlins, J. 4A»nt. Chem. Soc., T0, 1363 (1948).

(5) “'Chemnotherapy of Malaria.”” World Health Organization Technical
Report No. 375, Geneva, 1867, p 25,

{8) J. 1I. Burckhalter. W, H. Edgerton, and J. A. Durden, J. Am. Chenc.
Noc., 76, 6089 (1454), and references cited therein.
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thoxy-+(1Hj-quinolones™ by =aponifieation, decarboxyi-

ation, und chlorination.  The selection of the G-
[N O
R “ A AHNEL
R S \ |
NH
uN O
R, N CHNE
R, N

ILR,=0CH;;R.,=(l

2.R,=0CH.R.=F

3.R,=0CH;;R,=CF,
amodiaqume, Rg=H:R.= (1

methoxy- aud 7-halo-containing funetions for incor-
poration in these candidate materials was predieted by
thenr demonstrated potency in many other aminoquino-
line antimalarials.

Biological Activity.—-Showu in Table [ are conmparison
data for amodiaquine’ and our syuthetic anulogs in the
Rauie mouse and chiek profiles.  I'rom this primary
sereening 1t would appear that 1 and 2 are somewhut
more active against 2. berghel than amodiaquine itsclf.
These substances effected four cures out of five text
amimals at the 160-mg kg level vs. three for amodia-
quine. Comparison at the 40-mg kg level in the nmouse
screcn permitted the same conclusion.  The trifluoro-
methyl analog 3 i~ less active than the comparisou
compounds.

Experimental Section®

Alelting points were obtained in nicrocapillaries on a Mel-
Temp apparatus and are nncorrected. Nmr =pectra werr oh-
tained on a Varian A-60 spectrometer and are reported in 6 ppnt
unit= zg. TMS standard.

6-Methoxy-7-trifluoromethyl-4 (1H )-quinolone.- - A solition of
0.04 mole of methyl 6-methoxy-7-triflitoromethyl-4(1H )-quin-
olone-2-carboxylate’ tn 40 ml of 1097 (w,w) aqueons NaOH was
refluxed for 1.5 hr, filtered while hot, covled to ice-bath tempera-
nres, and nentralized with 6 ¥ HCIl.  The precipitated acid was
collected, washed well (H.O), vacimm dried, and added ax a
powder in small portions to 50 ml of boiling Ph.O. After the
addition process, which required approximately 1 hr to minimize
frothing, the medinm was heated for an additional 10 min, cooled,
diluted with 800 ml of 30-60° petrolenm ether, and filtered. The
crude product (7.3 g or 755%) was purified by thorough washiug
with hot petroleiun ether and double vacuum sublimation, uip
256-264° dec. Anal. (ChHF;NO,) C, H, N.

4-Chloro-6-methoxy-7-trifluoromethyiquinoline.- ~A  wmixture
of 0.46 mole of G-methoxy-7-triflnoromethyl-4(1H)-quinolone
and 200 ml of POCl; was refluxed for 2 hr.  Fxeess POCI; was
removed by vacimun distillation and the residue was cooled and
poured over 300 g of chopped ice. After | hr, the solution was
adjusted to pH 9 with aqueons NHjy and the precipitated halo
heterocycle was tkolated by filtration, yield 106 g (88C¢)  An
analytical sample was prepared by vacummn sublimation. mp
153-155°.  Anal. ‘CLWH:CIFsNO)C, H, N.

4-Chloro-6-methoxy-7-fluoroquinoline.---A solttion of 1.16

Ty N. D). Heinde?, 1. ¥, Bechara, P. 1D. Kennewell, J. Molnar, (. J. Oho-
macht, 8, M. Lemnke, aund . F. Lemke, /. Med, Chem., 11, 1218 (1968).

(8) Testing data in the Rane mouse screen for amodiaguine (Camonuin «
or SN 10,751 are equivalent names) was provided by Dr. Bing T. Poon of the
Walter Reed Army Institute of Research.

(9) Where analyses nre indicated only by symbols of the elements, anals ti-
val resylts obtained for tlnse elemnents are within == 0.4¢; of the theoretival
valnes.



