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BACIKGROUND:

The number of papers dealing with the synthesis and study of anti-

malarial agents is indeed legion. This extensive amount of work has led

to certain conclusions regarding the types of peripheral substituents

on quinoline-like compounds which are necessary for antimalarial activity.

No definitive work has yet been described concerning the structural

requirements of the aromatic moiety of the antimalarial drugs (this

excludes the "quinone" theory).

The general structural requirements for antimalarial activity appear

to be the following: H CN

1) For "quinine-like" compounds: R0,. A

2) For 8-aminoquinolines: 0 0

NI- (CH 2) 5NR2

Nil- (CH2 ) n (C2H5) 9

3) For 4-aminoquinolines:

STATEMENT OF PROBLEM:

It has been shown that the oxidation of the quinoline nucleus at

position 4 is involved in the antimalarial activity of these compounds.
2

"Medicinal Chemistry", ed. A. Burger, Interscience Publishers, Inc.

New York, 1960, pp/814 ff.

2 Schulemann, Proc. Roy. Soc. Med., 25, 897 (1932).



Consequently, if oie could prepare structurally related compounds which

are more readily oxidized at the 4-position of quinoline-like compounds

(to form quinones, for example), and if those compounds have the "active"

peripheral substituents described in the introduction, one might well

obtain improved antimalarial agents.

Furthermore, the introduction of another hydrogen-bonding site of

low chemical reactivity might well enable larger amounts of tile drug

to be retained at the "active-site" without interfering with the chemical

reactions involved.

Published preliminary molecular orbital calculations from our

laboratories 3 and unpublished data of polarographic reduction potentials

indicate, that the above goals can be achieved by two, as yet untested,

classes of compounds:
1) Naphthyridines:

2) Polyazaindenes:

3 W. W. Paudler and It. L. Blewitt, Tetrahedron 21, 353 (1965).
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A'PROACHl TO Tnu1;' PRO BLEM

A) Naphthyridinez:

I) IHydroxy-naphthyridines:

The follow -ig compounds of this type were prepared by the general

method outlined in the "synthetic section" ofi this report and the

activities indicated have been este.blished:

Code No.
-o, oH
79319A N a) negative in rodent

antimalarial screen
b) 23,r toxic deaths in

mosquito test (0.1
concentration)

OH
NC02H a) negative in rodentKXCO2Hn timalarial screen

b) ll toxic deaths in
mosquito test'(0.1
concentration)

C02 Et

HO
~79322A H0 a) negative in rode&.

IIantimalarial screen
N b) Udi0 toxic deaths in

mosquito test" (0. 1,
concentration)

OH
79323A c02Et a) negative in rodent

antimalarial screen
b) 94-100 toxic deaths in

mosquito test (3.4
concentration)
574 toxic deaths in mosquito
est (O.1 concen- o

tration)
Partial sporozoite supp.

3



I-Oil

BNAC 30570 d, toxic deaths in mosquito
test (0.1l concentration)

79323,A 1(t0 or i 3dtoxi~cldeathseti) in mosquito

~~O H test (0.1% concentration)oSiI0 0

2) A) i.o-naphthyridinos:

79324A 34% toxic deaths in mosquito
test
No cures

'(9325A 31% toxic deaths in mosuito
test

In M1 1 No curesI

OH

79320A Et02C 0% toxic deaths in mosquito
test
Parti.l sporozoite'supp.

-t t I," (0. I concentration)
No cures
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B]3NC 30552 N reported as "active"
(BNAC 30552)

UIC(C12).1T(~p No report

0113,II

M1C11( OH2 ) 31(Et )2

No report (Will be re-
submitted if lost)

3) "Other" Naphthyridines:

Cl
BNAC 30561 -% toxic deaths in mosquito

test (0.1 concentration)
Inactive

B) Polyazaindenes:

These heteroderivatives of the indenyl c-arbonion, in the opinion of this

writer, should definitely be studied in fmuther detail. The f'ollowing

screening results are available:

Code No.

BNC 29595 f lOp toxic deaths in Diosquito
•+ test

complete sporozoitc supp.
(0.1p concentration)
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II1

BJAC 29602 CDN 1, N toxic deaths in mosquito
test

y C! (0.i, concentration)

BNAC 29620 t toxic deaths in mosquito
test
(0.4.i1 concentration)

CHs

BNC 29639 ISIT 4% toxic deaths in mosqnito

Yc test
41 (0. concentration)

Cl'3

C113

BITC 29657 71001 toxic deaths in mosquito

6i -test

(0.i% concentration)

C:I. I

-6es
-01 conenraton



MAFr 92673 :1:or 11Nll toxic deaths in mosquito
test
(0. J. concentration)
(abnorma oocytes)

NH

CH-g-CH( CIr1) 3u1Et 2

C) Synthetic Sequenceo: -

A) lAPIITHYRDj2M-S:

0

N~ Nl CO2Et

00 
0

A- Q f COH

NaflH2

OH

EIVE EtO2C

N N UT2

2 1TH

M1h2



Oil 0 Oil

OEt 1)ol

NN

fO3C1 3

rC.1

031

c2
POC1 3 N

8 -



0 00 110 O
C12 (Cl'i) 2 .- EtOCCH& 20 20Lt -

INH

0 0

B) POLYAZAIIHDEIiES

CH3
01

0 .( H 2  CI2C 31

CH3

I 'N
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'A'A

EMRIAM.NTAL. A

The followin- will serve to indicate the transformations in the naphthyridine

series, Zhu syntheses of the different naphthyridines have been described by

W. W. Paudler and T. J. Kress, in Advances in HeterocyclLc Chemistry, Vol. 12,

Academic Press, New York, N. Y., 1970.

1h-Hvdroxy-l, 6 -Nahthvri dine:

i-Hdroxy-1, 6-nap.hthyridinc-3-carboxylic acid (6.0 g.; 0.031 mole) was

placed in a pyrex test tube (2-1/2 x 20 cm.), connected to a vacuum (0.05 imu)

and the test tube was lowered into an oven (10 cm deep) at 3100. The tube

was kept in the oven for 5-10 min. On cooling, 3.1 g (68°/o theory) of

4-hydroc'y-l,6-naphthyridine (B) was collected from the upper walls of the tube,

m.p. 297-301°• The test tube was again placed in the oven and heated at

2000C/0.05 nsn for 2 hours; on cooling 0.5 g of additional B was collected. A

small sample of B was sublimed and submitted for elemental analysis.

Anal Calcd. for: sH6 NaO: c, 65.741 H, 4 .14 N, 19.17

Found: C, 65.60 H, 4.04 N, 21.50

4-Chloro-l, 6-Nahthrridine:

4-iJydroxy-l, 6-naphthyridine (0.635 g (0.00S4 mole)) and POC4l (5 ml) wer6

heated on a steam bath for 1 hour, and the mixture was poured on an excess

of crushed ice with vigorous stirring. Sodium acetate vas added until solution

was neutral to Congo red paper. The solution was then extracted with 300 ml

of' diethyl ether. The ether solution was washed (Aice) with a saturated

solution of NaIIC%, dried over NaSO4, and evaporated to dryness to yield

0.4, g l --ciloro-Jl,6-naphthyridine (B) (m.p. 87-89). Some of the material (B)

had sublimed out of the reaction mixture and 0.1 g was recovered, giving a

total yield of 0.5 g (700/o of theory), m.p. 8T-890 C.
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4- (5- diethylamino- 2-DentyI ami no)- ", 6-Nahthyridino:

4- ydroxy-l, 6-naphtliyridine (0.5 g) dissulved in 5 g of 5-diethylaminopentylmine

was heated under reflux for).2 hours. The reaction mixture was then subjected

to vacua distillation to remove the unreacted amine. This material was

dissolved in 15 rl of water and extracted with CHCls ( 3 x 125 ml. ). The dried

(Na2 CG3 ) chlorofcrmi extracts were evaporated to dryness. The residue was

fractionally vacuum distilled. The high-boiling Traction (1.8 g.) (220°C/0.005

rm. Hg) crystallized upon cooling and gave the correct elemental analysis for

4- (5-diethylw-ino-2-pentylwaino)-l, 6 -naphthyridine.

The following exer.mlifies the reaction conditions involved in the Dolvnzaindene

transformations:

The appropriate chloro-polyazaindene (2 g.) in 6 g of the selected amine

(e.g. l-diethylamino-4-aminopentane) was heated under reflux for 18 hours.

The reaction mixture was diluted with water and extracted with CHClS. After

removal of the chloroform, the residue was vacuum distilled ( 1 mm. Hg),

affording the unreacted amine. The remainder was then distilled at 0.09 mm. Hg.

The high-boiling fraction (140-160*, depending upon the particular polyazaindene

employed) was exrained by mass spectroscopy and by elemental analysis.
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CONCLUSIONS AND RECOMMEND~fIONS

An cxaminatic n of the test data appears to imply that a more extensive

investigation of tne polyazaindene quarternary salts may well be worthwhile.

These ring systpes which are relatively new and have been subjected to

limited examination only should be readily biodegradable.

If this is indeed the case, these conipounds could then be used as

mosquito repellents or as spray agents to control the mosquito population.

I believe such an investigation would be of greater potential use than

further study of these compounds as potential antimalarial drugs.

1

- 12 -



berurztv C~a~. ih~cptio.

DOCUMENT CONTROL DATA - R & D
(Seclrily cla -!ti;catiMn a title. body at i,batract mid Indvxiin atiotiot.,o niw.t be entered Whi& the oat'.,lj tfepe.t Is CltaIlle

1. ORtIC!NATI 40 ACTIVI TY (C2a. ora. th 2 REPORT' cCUFiIrY CLAS51F ICATION

Ohio University Unclassified; 2. GROU

Athens, Ohio 45701 . OUP

3. REPORT TITLt:

NEW ANTIM\ALARIAL AGENTS

4. DESCRIPTIVE NOTES ('Type ot toport and Inchisivu (etat&)

S. AijTHOR&. (,Fire natno, cuddle 1111tial, lanineb)

iilliam IV. Paudler

6. RL PrRY DATE a 7. TOTAL tJO. OF PAGES 7. NO. OF REFS

July, 1970 3
Pa. COI; rRAC OR GRANT NO. 9&. ORIGINATOR'S REPORT NUWMERIESI

DADA 17-67-C-7063
'b. PROJCCT NO. ' None

thio toport)
: [ €. i I 

* [b, hlOTHE4 ~tREPORT (S) (Any oth~er aw ere Mt m " y be *48 ll# ed

None

?0. DISTRIBUTION STATEMENT

This document has been approved for public release and sale; its distribution is
, ) !. unlimited.

I ti. SUPPLICMVNTAAY NOTES 12. SPONSORING MILITARY ACTIVITY

"US Army Medical Research & Development
Command, Washington, D.C. 20314"

'It. AGSTRAC T

*---,'A series of:substituted naphthyridines was prepared and the compounds

were screened for their antimialarial activity. Among these compounds,

BNAC-305S2- the l,6-naphthyridine, substituted in position four by

-NHCl CH(C2) 2 N(CII2CH3) 2H was reported as active.

:lIn addition to these compounds a number of polyazaindenes were also

* . prepared. 'Compound BNAC-29595, 1,8-dimethyl-imidazo [l,2-a]-pyridinium

iodide, showed complete sporozoite suppression.

Most of the N-methyl salts of the polyazaindenes tested showed a high

percentage of toxic deaths in the mosquito tests. We suggestithat these

compounds, because of their potential bibdegradability, might replace some.

of the currently available non-biologically degradable chemicals, such as

K " DDT,,.in thI control of mosquitos.
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