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Synthesis of Potential Antimalarial Agents. II. ' 
6,8-Disubstituted Pyrido[2,3-fo]pyrazines 
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Resistance to chloroquine of strains of Plasmodium 
beiyfiei and presumably of Plasmodium falciparum has 
been shown to involve the decreased accumulation of 
chloroquine in parasitized erythrocytes apparently 
caused by an impairment of the transport mechanism 
or a loss in the efficacy of intracellular binding to DXA.-
As part of a program to develop compounds effective 
against chloroquine-resistant strains of P. berghei, the 
effect on antimalarial activity of the addition of (1) 
ring nitrogens, (2) exocyclic groups containing electron-
rich centers, and (3) groups capable of hydrophobic 
bonding3 to the quinoline ring was investigated by the 
preparation of some ()-amino-8-substituted amino-
pyrido [2,3-6 Jpyrazines. 

Reaction of ethyl 6-amino-4-chloro-o-nitro-2-pyr-
idinecarbamate4 with X'jX'-diethyl-l.-t-pentanedi-
amine, /)-chloroaniline, a-amino-p-toluenesulfonamide, 
/;-(2-aminoethyl)benzenesulfonamide,5 and /)-(2-amino-
ethyl)-X,X-diethylbenzenesulfonamide, respectively, 
gave the corresponding o-iiitropyridines 1-5 (see 
Table I and Scheme I). Hydrogenolysis of these pyri-
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dines with Raney nickel gave the o,6-diaminopyri-
dines 6-9 and ethyl o,6-diamino-4-{ [4-(diethylamino)-
l-methylbutyl]amino}-2-pyridinecarbamate. The lat
ter was sensitive to air and was condensed in situ with 
40% aqueous glyoxal, 30% aqueous pyruvaldehyde, 
benzil, /;-chorophenylglyoxal, and 4,4'-dichlorobenzil, 
respectively, to give the ethyl pyrido [2,3-6 ]pyrazine-6-
carbamates 10, 12, 14, 16, and 18. The carbamates 10 
and 12 were purified by column chromatography to give 
the products as amorphous glasses. The assignment 
of the orientation of the methyl group in 12, and the 
/)-chlorophenyl group in 16 is based on analogy with 
the direction of cyclizatioii in the condensation of 
pyruvaldehyde with other 0,6-diaminopyridines.6 

Similarly the condensation of the 0,6-diaminopyr-
idines 6-9 with the a-dicarbonyl reagents described 
above gave the other pyrido[2,3-6]pyrazine-6-carba-
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7 CII2C6H4S02NH2-p 
8 CH2CH2C6H4SO,NH2-p 
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" A, E t O H - E t , 0 ; B, EtOH-EtOAe; 
apparatus unless otherwise indicated, 
titration. " Room temperature. 

B 
B 
B 
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S3 
85 
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170-171'' 
223-226* 
190-192* 
169-170* 

C„H16C1N502 

Ci5H20N6O4S 
Ci6X22X604S 
C2„H3„N604S 

C, II, CI, X 
C, II, N 
C, H, X 
C, II, X 

C, E tOH; D, D M F - E t O H ; E, D. \1F-H,0. '' Melting points were determined with a Mel-Temp 
* Dried at 100° in vacuo over P ,0 , . d Kofler Heizbank apparatus. * Decomposition. / Tri-
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mates listed in Table II. To eliminate the diamino-
pyridine as an impurity in the product, it is important 
to dissolve the diaminopyridine in D.MF completely 
before the addition of the a-dicarbonyl compound. 
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T. iBLE I I 

PYHIDO[2,3-6]PYRAZINES 
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. . . ' 
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. . . ' 

2 5 4 - 2 5 6 ' 
2 7 8 - 2 7 9 ' 
242-245* 
280-281 *' 
2 5 1 - 2 5 3 ' 
281-283*' 

196-198*' 
307-308* 

. . . " 
287-288*' 
190-193'<m 

. . . ' 

180-182* 
116-118' ' 
142-145 
151-153 

. . J 
202-203 ' ' ' " ' 

F o r m u l a 

Ci.HaoN602 
C n H M N e - 2 H C l 
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CaiHa6Cl.N'602 
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Ci .HuClNsOs 
CisHioClNs-HCI 
Ci7Hi6ClNi02 
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CuH22N 6 0 4 S 
Ci6Hi s N602S-2H.O 
CaoH2»N604S 
CeiHsiNiOsS 

C22H!,N604S 
CisH2 4 N,02S-HCl 
CiaHacNa04S 
Ca4H36N604S 
CaiHa2N«02S-HCl 
C » H a i C l N s 0 4 S 

Analyses 

C, H, N 
C, H, CI, N 
C, H, N 
C, H , C 1 , N 
C, H, CI, N 
C, H, N 
C, H, CI, N 
C, H, CI, N 
C, H, CI, X 
C, H , CI, N 

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

C, H , N 
C, H, N 
C, H, X 
C, H, CI, X 
C, H , X 
C, H, X 

C, H, X, S 
C, H, CI, X 
C, H, X , S 
C, H, X, S 
C, H , X 
C, H, X , S 

C, H , X 
C, H, CI, X 
C , H , X , S 
C, H, X 
C, H, CI, X 
C, H, CI, X 

" A, EtOH; B, E t 2 0 ; C, MeOH; D, EtOH-HCl ; E, H 2 0; F, MeOH-HCl; G, D M F . " Melting points were determined with a Mel-

Temp apparatus. c Room temperature. d Amber glass. e Dried in vacuo over P20,5 at 65°. /Indefinite. » Dried in vacuo over P203 

at 78°. * Dried in vacuo over P205 at 110°. * Decomposition. ' Extracted into C6H6 and treated with charcoal. * Resolidified and 

remelted 276-278° dec. ( Extracted into E t 2 0 and washed (H20). ™ Presoftening. " Extracted into CHCI3 and washed (H20). 
0 Trituration. " Soxhlet extraction. « Resolidified and remelted at 222-224°. ' Dried in vacuo over P205 at 100°. * Run in a glass-

lined stainless steel bomb. ' Precipitated from aqueous MeOH-NaOH with HC1. " Precipitated from aqueous EtOH-HCl with 

NaOH. 

The resulting carbamates were converted to the cor
responding 6-aminopyrido [2,3-6 ]pyrazine with refluxing 
ethanolic KOH with the exception of carbamate 30, 
which did not react at this temperature. However, 
the conversion of 30 to 31 was successful with ethanolic 
KOH in a bomb at 150°. Also, the cleavage of the 
urethan group of 34 to give 35 was conveniently carried 
out in hot DA IF. 

The compounds listed in Tables I and II were evalu
ated against mice infected with a lethal dose of P. 
berghei.7 No significant activity was observed in the 
nitropyridines (1-5), diaminopyridines (6-9), or pyrido-
[2,3-6 ]pyrazines containing a benzenesulfonamide 
moiety (30-47). Also no activity was observed in the 
p-chloroanilino derivatives 20, 21, 24-27, and 29. 

(7) For a description of the test procedure, see T. S. Osdene, P. B. Russell, 
and L. Rane, J. Med. Chem., 10, 431 (1967). 

Preliminary results indicated that 6-amino-3-(p-chloro-
phenyl)-8- { [4- (diethylamino) -1 - methylbutyl ]amino} -
pyrido [2,3-6 ]pyrazine (17) cured mice at doses of 320 
and 640 mg/kg. This compound represents a new type 
of antimalarial structure. No significant activity was 
observed with the related compounds 10 and 14-16. 
Screening results on some of the other pyrido [2,3-6]-
pyrazines (11-13, 18, 19, 22, 23, and 28) are incomplete. 

Experimental Section8 

Typical procedures are given for the preparation of the com

pounds listed in Tables I and II. 
Method A. Ethyl 6-Amino-5-nitro-4-[(p-sulfamoylbenzyl)-

amino] -2-pyridinecarbamate (3).—A mixture of a-amino-p-

(8) Silica gel H was obtained from Brinkmann Instruments, Inc., and 
Raney Active Catalyst Xo. 28 from W. R. Grace & Co. Where analyses are 
indicated only by symbols of the elements, analytical results obtained for 
those elements were within ±0.4% of the theoretical values. 
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loluenesulfonamide hydrochloride (20.0 g, 00.0 mmoles), ethyl 
(>-amino-4-chloro-.Vnitro-2-pyridinecarbamate (23.4 g, '^0.0 
mmoles), and Et : lN (25 ml) in 300 ml of MeOII was refluxed for 
8 hr tinder N2. The .yellow solid which formed upon cooling was 
collected bv filtration, triturated with boiling KtOH (200 nil i, 
and dried (P205) at 100° for 8 hr; yield 2!)..") g. 

In the preparation of 1-HOl the reaction was carried out in the 
absence of Et3N. 

Method B. Ethyl 5,6-Diamino-4-( p-chloroanilino)-2-pyridine-
carbamate (6).—A suspension of 2 (o.O g, 14.2 mmoles) in DMF 
'200 ml) was hydrogenated over RaNi catalyst (ra. 10 g) at an 
initial IE pressure of 3.OS kg cm2. After about 30 min the 
catalyst was removed by filtration under X-. The colorless fil
trate wits poured into cold H2() (1 1.) through which a vigorous 
st ream of N2 was bubbling. The precipitated white solid was col
lected by filtration under Nj and dried in rurtio over P>( ).• ; 
yield 3.S g. 

Method C. Ethyl 8-{ [4-(Diethylamino)-l-methylbutyljarmno |-
pyrido|2,3-6]pyrazine-6-carbamate (10).—A suspension of 1-IIC1 
(lo.O g, 35.8 mmoles) in EtOIl (300 ml) was hydrogenated (Ha, 
Xi) Ira. 10 g) at an initial IE pressure of 3.67 kg cm2. The 
catalyst was removed by filtration under X.., and the nearly 
colorless filtrate was treated with a 4 0 ' , aqueous solution of giy-
oxal (5.80 g, 30.4 mmoles). The resulting dark red solution was 
stirred under X2 for 48 hr at room temperature. After evapora
tion of the solvent in vacuo, addition of IIjO (50 ml) and 10' , 
X'aOII (pll 8-0) caused separation of an orange oil, which was 
extracted with EtOAc (three 250-ml portions). Removal of the 
solvent left tin oil, which did not solidify either as the free amine 
or as the corresponding HOI salt. A solution of the oil in OHOL 
was poured onto a silica gel H column (150 g), which had been 
washed well with OTIOb. The column was elated successively 
with OH01* and OHOh-MeOH (05:5). Evaporation of the 05:5 
fraction and prolonged drying of the residue in ruriio yielded a 
brittle timber glass, which WHS shown to be homogeneous by 
tic; yield 12.4 g. 

Method D. G-Amino-8-| [4-(diethylamino)-l-methylbiityl!-
amino |-3-methylpyrido[2,3-6]pyrazine Dihydrochloride (13). 
A solution of 12 (5.50 g, 14.2 mmoles) and KOFI pellets (4.0 g, 
71 mmoles) in absolute EtOH (100 ml) was refitixed under \... 
for 7 hr, then cooled to room temperature. The reaction mixture 
was ac:dified with 5.5 .1/ ethanolic HOI ('40 ml), and the precipi
tate 1 KOI was removed by filtration. The dark brown filtrate 
wits treated with charcoal, concentrated to ra. one-third volume 
•in vacuo, and diluted (EtA), 200 ml). The semisolid which pre
cipitated was separated by decantation and redissolved in warm 
EtOH (200 ml) containing 5.5 M ethanolic HOI (20 ml). EuO 
(500 ml) was added in small portions over it 2-day period until 
precipitation of the product appeared complete. The off-white 
solid was collected by filtration under X% and dried in vacuo 
over IV),-,; yield 4.70 g. 

Method E. Ethyl 8-{ i(4-Diethylamino)-l-methy!butylj-
amino!-2,3-diphenyIpyrido[2,3-6|pyrazine-6-carbamate Hydro
chloride (14).—A solution of 1 - l i d (15.0 g, 35.8 mmoles) in 
MeOII (250 ml) was hydrogenated over RaNi at an initial pres
sure of 3.67 kg/cm2. When the reduction was complete (3 hr), 
I he catalyst was removed by filtration tinder X"2 and washed 
(MeOII). The combined filtrate and wash were treated with 
benzil (7.50 g, 35.8 mmoles); the resulting yellow solution was 
stirred under X\ at room temperature for 24 hr, then at reflux 
temperature for 0 hr. The solvent was removed in vacuo. 
leaving it resinous mass which was purified by twice dissolving in 
MeOII and pouring into Et.O. After the second precipitation 
the solid was collected by filtration, washed (Et20), and dried 
in vacuo over PA),-, at 110°; yield 1.5.7 g. 

Method F. Ethyl 8-(p-ChloroaniIino)-3-(p-chlorophenyl)-
pyridof2,3-6]pyrazine-6-carbamate (26).—To a solution of 6 
(12.7 g, 39.5 mmoles) in DMF (20 ml) was added EtOH (200 
ml) and p-chlorophenylglyoxal hydrate (7.8 g, 42.0 mmoles). 
The resulting bright orange solution was stirred on a 00° IPO 
bath for 30 min under N2. A yellow solid began to crystallize 
after about 10 min. After standing at room temperature for 2 
hr, the solid was collected by filtration and dried in vacuo over 
P2<);,: yield 17.2 g. This solid was recrystallized by dissolving 
in hot DMF, adding EtOH (800 ml), and cooling: yield 13.0 g. 

Method G. 6-Amino-8-(p-chloroanilino)-2,3-bis(p-chloro-
phenyl)pyrido[2,3-6]pyrazine (29).—A suspension of 28 (16.8 
g, 29.8 mmoles) and KOII pellets (8.40 g, 150 mmoles) in absolute 
ElOII (300 ml) was refitixed for 7 hr under N2, then cooled to 
r n temperature. The crystalline yellow solid was collected 

by filtration, washed with EtOIl , and suspended in Il2(> (400 
nil) by vigorous si irring. Excess 6 .A 1101 (II) ml) was added, and 
stirring was continued until effervescence ceased. The mixture 
was readjusted to pll 8 with 1.0 .1/ XaOIl, and the yellow solid 
was collected by fill rat ion, washed with IPO, and dried in raruo 
over P,():, at 7.8°; yield 12.9 g. 

Method H. «-[(6-Amino-2,3-diphenyIpyrido;2,3-6|pyrazin-
8-yl)aminoJ-/i-toluenesulfonamide (35).—A solution of 3 (15.0 
g, 36.6 mmoles) in DMF i'2.50 ml) was hydrogenated over Ra Xi 
:il an initial pressure of 3.67 kg cm2. When the reduction was 
complete, I he catalyst was removed by filtration under N2 and 
washed with DMF. Henzil i'7.60 g, 30.0 mmoles) was added to 
the combined filtrate and wash, and the mixture was allowed to 
stand at room temperature overnight. Then the reaction mix-
lure w;ts healed under X_> for 8 hr at M)° and 8 hr a! reflux temp
erature on successive days. The reaction mixture was poured 
into I 1. of IPO, and the precipitated solid was collected by filtrit-
lioii and dried in vacuo over P2<),; yield 15.3 g. The product 
Wits extracted for 48 hr with MeOII in a Soxhlet apparatus. 
The yellow solid obtained from the cooled exlracl was dried in 
vacuo over P.O.- a( 110°: yield 10.5 g. 

Method I. Ethyl 8-| [/j-(Diethylsulfamoyl)phenethyl|amino j -
3-methyIpyrido;2,3-Mpyrazine-6-carbamate (44). A solution 
of 9 (20.9 g, 4(5.3 mmoles) in I IMF (50 ml) was diluted wit h EtOH 
(350 ml) and a 3 0 ' , solution of pyruvaldehyde (11.7 g, 48.0 
mmoles). The red reaction mixture was stirred under XL. for 
48 hr: then the volatile matter was removed in vacuo, leaving a 
brown gummy residue. The gum was dissolved in a small volume 
of (MIOls, and t lie so]in ion was poured onto a silica gel II column 
:400 g) which had been washed with 0HC1;1. The column was 
eluled first with CHOI,, then with 0H01,-Me<)H (95:5). Evap
oration of the -olvent from the combined eluates gave 13.s g 
) 6 1 ' , ) of dark orange crystals. A contaminant, delected by 
thin layer chromatography, was present in the solid after four 
recrystallizations from EtOH and EtOH IPO. The solid was 
redissolved in OIK'b and added to another silica gel II column 
(200 g). Klul ion with OIICi3 gave homogeneous yellow crystals 
upon evaporation of the OIIOI;,. The combined fractions were 
recrystallized from hot ElOII; yield 12.2 g. 
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The interest in 4(lH)-quinolone.s has largely been 
directed toward their utility as intermediates in prep
aration of 4-aminoquinolines as antimalarial agents. 
In general such quinolones have been synthesized by 
thermal cyclization of the enamino esters obtained by 
condensation of anilines with ethoxymethylenemalo-
nic ester (Gould-Jacobs reaction2) or 0-keto esters 

i t ) Th is wiirk lias l.een s u p p o r t e d l>y Con t r ac t Xo . I.)A-4H-lH.'t-MI)-:i()l 1 
trom ttie U. S. Army Medical "Research and Development C o m m a n d , and 
represents C o n t r i b u t i o n \ o . -10!) from the Army Kesea t rh P rogram on 
Mala r ia . 

'2) H, ( t o u t ! ami W .IMCOI.*. ./. Atnrr. Chim. Sor.. 6 1 , 28!l(l ( IM' .n . 


