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Synthesis of Potential Antimalarial Agents. II.!

6,8-Disubstituted Pyrido[2,3-b]pyrazines

I Jeriry DL Rosy,
AND JOHN AL MONTGOMERY

CannroLn TeMeLe,
Rowrrr D, Ernnorr,

Kettering-Meyer Laboratory, Southeen Rescarch Insiiiute,
Biemingham, Alabama 35205

Recetved May 27, 1968

Resistance to chloroquine of strains of Plasmodium
berghel and presumably of Plasmodium falciparum has
been shown to involve the decreased accumulation of
chloroquinne 1 parasitized crythroeytes apparently
caused by an impairment of the transport mechanism
or a loss In the efficacy of intracellular binding to DNA.®
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) exoeyelic groups containing electron-
rich centers, and (3) groups capable of hydrophobic
bonding?® to the quinoline ring was investigated by the
of

preparatiorn some  G-amino-8-substituted  amino-
pyrido|[2,3-b |pyrazines,
Reaction of ethyl 6G-amino-t-chloro-3-nitro-2-pyr-

idinecarbamate!  with N, N'-diethyl-1,4-pentanedi-
amine, p-chloroaniline, a-amino-p-toluenesulfonamide,
p-(2-aminoethyl) benzenesulfonamide,” and p-(2-amino-
ethyl)-N . N-diethylbenzenesulfonamide, respectively,
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dines with Ranev nickel gave the 5,6-diaminopyri-
dines 6-9 and ethyl 5 6-diamino-4-{ [4-(diethylamino)-
I-methylbutyl]amino {-2-pyridinecarbamate.  The lat-
ter was sensitive to air and was condensed in situ with
409, aqueous glyoxal, 309, aqueous pyruvaldehyde,
benzil, p-chorophenylglyoxal, and 4,4’-dichlorobenuil,
respectively, to give the ethyl pyrido[2,3-h 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
p-chlorophenyl group in 16 is based on analogy with
the direction of cyclization in the condensation of
pyruvaldehyde with other 5,6-diaminopyridines.®
Similarly the condensation of the 35,6-diaminopyr-

gave the corresponding S-nitropyridines 1-5  (sec idines 6-9 with the a-dicarbonyl reagents desecribed
Table I and Scheme I). Hydrogenolysis of these pyri- above gave the other pyrido(2,3-b]pyrazine-6-carba-
Tanne I
~-=Reaction---
Tiiue, Teuqs, Recrysiu Yield,
Cowpd R Methiod lir o solvent® v _\11;," o Iorraula Aualyses
NHR
s | N02
Et0,CHN-"SN-\NH,
1 CHs(:TH(CI{:)ngll;x A N 65 A DB ¢ 42 215¢ Ci7H3oNsOy- HCL C, 1, N
2 CsH,Cl-p A 12 75 1) 62 232-235¢ CH . CIN;0O, C ML CLN
5 CH.CsH SO, NH-p A 8 65 (i R() 242-243 C:HisNgOeS C,H N
4 CH.CH.CsHSO,NH.-p A 2 65 (e 2 198-200 C a2 N 08 C,H N
N CH.CH.C¢H,SO,NEt-p A 16 78 e 04 165-169 CaHusNgOeS CV, N
NHR
_A_-NH,
Et0,CHN-" SN \NH,
6 CeH,Clop B . s E Sit 170171 CuHgCINLO. C.ILCLN
7 CH.CsH,80,NH.p 13 R o 85 223-226° (), HuNeO,S C.H.N
8 CH,CH.CsH,SO.NH.-p B . | B 96 190-192¢ CieNnNgOS ¢, HN
8] CH,CH,CsH,SO:NEts-p B L. I 03 169-170¢ CyH3NeO,S C. 1, N
© A, KtOH-EtO; B, EtOH-EtOAc¢; C, EtOH; 1) 1)\IF—LtOH E, DMF-H.O. * Melting points were determined with a Mel-Temp

appara(ns nnless otherwise indicated.
turation. ¢ Room temperature.
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¢ Dried at 100° 0 zacuo over P.O,.

* Kofler Heizbank apparatus. ¢ Decomposition. / Tri-

mates listed in Table II. To eliminate the diamino-
pyridine as an impurity in the produect, it is importait
to dissolve the diaminopyridine in DMI" completely
before the addition of the a-dicarbonyl compound.

¢5) E. Miller, J. M. Sprague, L. W, Kissinger, aud L. F.
Amer. Chem. Soc., 62, 2099 (1640).

6) R. D. Ellicct, C, Tewmple, Jr.,
33, 2393 (1668).

AMe¢Burney, J.

and J. A, Montgowmery, J. Ocg. Chepo.



November 1968

NoTES 1217

TasLe I1
Pyripo[2.3-b]PYRAZINES

NHR
(X
RHN" N SNPNp,

—————Reaction —_—
Time, Temp, Time, Temp, Recrystn® Yield, Mp,b:d
Compd Method hr °C hr °C solvent % °C Formula Analyses
R = CHaéH(CHzMNEt:
10, Rt = R: = H: Rs = CO:Et C 48 LLLC 92 ... Ci1sH3oN 602 C.H N
11,Ri=R:=Rs = H D 7 78 A+ B° 87 i CusHesNe-2HCL C.H CLN
12, Ri = H: R: = CHs; R; = CO:Et C 48 ..c - 81 . C20H3N50: C.H.N
13, Ri = Ry = H; R: = CHs D 7 78 D+ 3B 85 S CrH=»Ng 2HCL C.H.CLN
14, R = Rs = Ce¢H;; Rs = CO:Et E 24 L€ 6 78 C+ Bh 78 211-213° C3 HisN6O2- HCY C,H,CI,N
15,Ri = R: = CeHs; Rs = H D 7 78 AL 77 183-184  CusHwuN; C, H N
18, Rt = H: R: = C¢HsCl-p; Ry = CO:Et E 2 65 24 L A4+ B 84 136-1397 C2H33CINsO2- HCL C,H CLN
17, R1 = Rs = H: R: = CsHsCl-p D 6 78 D + B¢ 30 116-118% C2HeCINg-2HCI C,H,CL N
18, R1 = Ras = Ce¢HuCl-p; Rz = CO:Et E 1 78 48 o] . 85 80-82™ Cs1H36ClLN¢O2 C,H,CL, N
19, Ri = R: = CeHiCl-p; R = H D 7 78 L 100 St CosHuClLN C.H,CLN
R = CsHiCl-p
20, Ri = R: = H; Rs = CO:Et F 2 55 24 L€ A+ E 86 164-1661 Ci1sHisCIN;0: C,H,CL,N
21, Ri = Rs = Rs = H G 6 78 F+B 71 N CuisHioCINs - HCI C.,H.CLN
22, Ri = H: R: = CHs: Ry = CO:Er F 4 50 48 L A+ E¢ 38 144-1451 CriHisCIN;Os C.H CLN
23, Rt = Rs = Hi R: = CH;s G 7 78 E° 97 264-265° CuHCINs C,H CLN
24, Ri1 = R: = C¢Hs: Rs = CO:Et F 6 Lot 18 50 Aok 94 243-246° CaHaeCIN;50-2 C,H,CLN
25, Ri = R = CsHs: Rs = H G 7 78 F 96 225-228 CxHisCINs- HCY C,H,CLN
26, R1 = H; R: = CsHiCl-p; Rs = CO:Et F 0.5 60 2 L G+ A 73 207-208¢ C22HisClaN;O2 C,H,CLN
27, Ri = Rs = H; R: = CsH(Cl-p G 18 78 E° 88 315-316° CisH1i3ClaN; C,H,CI,N
28, R1 = Re: = CsHyCl-p; Rs = CO:Et F 1 78 AP 83 1507 CusHayClN;0: C,H N
29, Ri = R: = CeHuCl-p; Rs = H G 7 78 E° 88 . C2HisClsNs C, H, CLN
R = CH:C¢HsSO:NHap
30, Rt = R: = H; Rs = CO:Et F 1 60 24 L cor 97 254-2561 CeHisNeO4S C,H, N
31, Ri = R2 = Rs = H G 4 150° Eo¢ 49 278-2797 CuHuNO0:8 C.H/N
32, Rt = H: R: = CHs; Rs = CO:Et F 18 ¢ cor 82 242-245" CisH2N 043 C,H N
33, Ri = Rs = H; R: = CHj G 7 78 F + B" 69 280-281° CisHi16Ns0:5-HCl C,H CI,N
34, R1 = R+ = CeHs; Rs = CO:Et F 48 A 14 60 cer 81 251-253" C2uHasN 6048 C,H N
35, Ri = Re = CsHs: Rs = H H 8 80 8 153 crh 59 281-283"  CiHaN0:8 C.H.N
R = CH:CH:C¢HsSO:NHo-p
36, Ri = R: = H; R. = CO:Et F 1 30 18 L€ A° 74 196-198¢ CisH20N 6048 C,H, N, S
37, Ri= R =Rs = H G 7 78 F+13 71 307-308° CisHisNs0=S - HCL C,H,CILN
38, R1 = H; R: = CHs; Rs = COEt F 2 60 48 L€ C + E¢ 47 . C1eH2aN604S C.H,N, S
33, Ri = Rs = H; R. = CH; G 7 8 . 41 287-288° Ci1sHisN 028 -2H-.0 C.,H N. 8
40, R1 = R: = C¢Hs; Rs = CO.Et F 3 70 16 L€ Aor 88 190-1930™  CaHxNgOs8 C.,H,N
41, Ri = R: = CeéHs; Rs = H G 7 78 G+ Ce 79 Lt CuH2xuN0s8 C,H,N,S
R = CH:CH:CsHsSO2NEts-p

42, Ri = Re = H: Rs = CO:Et F 1 30 72 ..c L 51 180-182¢  C2HixN:04S C.H,N
43, Ri = Re = Ry = H G 7 78 F + B¢ 85 116-118¢ C1sHuNs0.S-HC1 C,H,CLN
44, Ri = H; R:s = CHs; Rz = CO:Et 1 48 L A 54 142-145 CasH3eN 048 C,H,N,8
45, R1 = Ra = C¢Hs; Rs = CO:Et F 6 60 AC 83 151-153 C3sHasNsO04S C,H,N
46, Ri = R» = CsHs: Rs = H G 7 78 C+ B 90 S CaHpNO:S-HCl C.H C,N
47, Ri = H; R: = CsHsCl-p: Rs = CO:Et F 2 60 18 L€ AP 49 202-203"" CouHauCINO«S C, H, CLN

¢« A, EtOH; B, Et,0: C, MeOH; D, EtOH-HCI; E, H,0; F. MeOH-HCl; G, DMF. °? Melting points were determined with a Mel-

Temp apparatus. ¢ Room temperature. ¢ Amber glass.
ar 78°. # Dried in vacuo over P:O; at 110°. ¢ Decomposition.
remelted 276-278° dec.
o Trituration.
lined stainless steel bomb.

NaOH.

» Soxhlet extraction.

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

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

¢ Dried in vacuo over P;0; at 65°.
7 Extracted into C¢H; and treated with charcoal.
¢ Extracted into Et:0 and washed (H;0).
7 Resolidified and remelted at 222-224°.
¢ Precipitated from agueons MeOH-NaOH with HCI.

7 Indefinite. ¢ Dried in vacuo over P;O;
k Resolidified and
m Presoftening. * Extracted into CHCl; and washed (H:0).
r Dried in vacuo over PiOy at 100°.  * Run in a glass-

« Precipitated from aqueous E(OH-HCI with

Preliminary results indicated that 6-amino-3-(p-chloro-
phenyl)-8-{ [4-(diethylamino) -1-methylbutyl]amino |-
pyrido[2,3-b]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 14-186.
Screening results on some of the other pyrido{2,3-b]-
pyrazines (11-13, 18,19, 22, 23, and 28) are incomplete.

Experimental Section®

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 No. 28 from W. R. Grace & Co. Where analyses are
indicated only by symbols of the elements, analytical results obtained for
those elements were within =0.49, of the theoretical values.
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tolmenesnlfonamide hydrochloride (20.0 g, 90.0 mmoles), ethyl
G-amino-4-chloro-3-nitro-2-pyridinecarbamate (254 g, 890
mmoles), and KGN (25 ml) in 500 ml of MeOT was refluxed far
8 lrunder Nao The yellow solid which formed npon cooling was
collected by filtration, trinnrated with boiling IX(OH (200 mly,
and dried (P.O;) at 100° for & hr; vield 20.5 g.

In the preparation of 1-HCI the reaction was carried ont in the
nbsence of BN,

Method B. Ethyl 5,6-Diamino-4-( p-chloroanilino )-2-pyridine-
carbamate (6).— A snuspension of 2 (5.0 g, 14.2 nunoles) in DN P
200 ml) was hydrogenated over RaNi eatalyvst (ca. 10 g) at an
imitinl e pressnre of #5.68 kgoem® After abam 0 mim the
catalyst wax removed by filtration mder No.o The colarless fil-
rate was panred into cold Ha0 (1 Ly throngh which a vigorans
siream of Newnsbnbbling.  The precipitmed white <olid was eol-
leeted Dy filtration npder Na oand dvied e racia over Pat)::
vield 3.8 g.

Method C. Ethyl 8-{{4-(Diethylamino )-1-methylbutyliamino}-
pyrido|2,3-b|pyrazine-6-carbamate (10).—A =nspension of 1-11C]
(15.0 g, 35.8 mmoles) in E(OH (300 ml) was hydrogenated (Iina
N fea. 10 g) aC an initinl 1 pressive of 3.67 kg /em? The
catalvst was removed by filtration ninder Nuoo and the nearly
calarless filtrate wax treated with a 4077 agneons =olntian of gly-
oxal (7.80 g, H0.4 mmoles).  The resnlting dark red solnrion was
stirred imder N for 48 I at room temperatnre.  After evaporn-
tion of the =olvent in vacuo, addition of TLO (50 ml) and 10,
NaOll (pIT 895 cansed separation of an orange oil, which wax
extraeted with FOAe ((hree 250-ml portions).  Hemoval of the
solvent left an oil, which did not =olidify eiher ax the free amine
or = the corresponding HCI =alt. A solntion of 1he ail in CHCL
wirs ponred onto a siliea gel Hocolnmn 7150 g), which had been
washied well with CHCly. The colimmn was elnted snecessively
with CTICl and CHCL=-MeOH (03:0)  Evaporarion of the 95:5
fraction and prolonged dryving of the vesidne in reewo vielded o
little amber glass, which was <hown 10 he hamagencons by
tUer vield 12.4 ¢

Method D. 6-Amino-8-{[4-(diethylamino)-1-methylbutyl|-
amino ;-3-methylpyrido[2,3-/]pyrazine Dihydrochloride (13).---
A solntion of 12 (0.00 g, 14.2 mmoles) and KOH pellet= (4.0 g,
71 mimales) in absolite E(OH (100 ml) was reflnxed nnder N
for 7 hir, then cooled (o robm temperatnre.  The reaction mixtine
wax nefdified with 5.5 M ethanolic HCL 140 ml), and the precipi-
inte] KCI was removed by filtration.  The dark brown filtiie
was reated wich charcoal, coneentrated ta ea. one-third vohne
in eacio, and dilnted (.0, 200 mh. The semisolid which pre-
cipitated was separated by decantation and redissolved in warm
FUOT (200 ml) eontaining 5.0 M cthanolic 11Cl 220 ml) 1510
1500 ml) was added in small portions over a 2-day period nnril
precipitation of the prodnet appeared complete.  The off-whire
<olid was collected Dy filtration nnder No and dried o carua
pver PuOs vield 4.70 g

Method E. Ethyl 8-![(4-Diethylamino)-1-methylbutyl;-
amino }-2,3-diphenylpyrido|2,3-5 | pyrazine-6-carbamate Hydro-
chloride (14).—A =olution of 1-1ICI {15.0 g, 538 mmolex) in
MeOTT (250 ml) was hydrogenated over RaNi at an initial pres-
sure of 3.67 kgeem® When the rednetion was complete £33 1),
the catalyst was removed by filtration under N and washed
INMeO1). The combined filtrate and wash were treated with
Dhenzil (7.00 g, 45.8 mmoles}; the resnlting vellow solntion wax
stirred nndee Ns at room temperature for 24 hre, then at reflux
temperative for ¢ hr. The solvem was removed /i racao,
leaving a resinons mass which was pirified hy rwice dissolving in
MeOIT and ponving into B0, After the second precipitanion
1he solid was collected by filivatian, washed (1303, and dried
frcraeno over PuO; ai 110°; vield 15.7 g

Method F. Ethyl 8-(p-Chloroaniline)-3-(p-chlorophenyl)-
pyrido[2,3-b]pyrazine-6-carbamate (26).—To a =olntion of 6
1127 g0 39.5 mmoles) in DMEF (20 ml) was added EtOIL (200
mly and p-chloraphenvlglvoxal hydrate (7.8 g, 42.0 mmolex).
The resnlting hright orange solntion was stirred on a 60° 1T.0
bath for 30 min nnder Nao A vellow solid began to crystallize
after about 1O min.  After standing at room temperative for 2
hr, the solid was colleeted by filiration and dried /n vacuo over
P.0: vield 17.2 g0 This solid was reervstallized by dissolving
in hot DNF, adding ErOIT (800 ml), amld cooling; yield 15,0 g.

Method G. 6-Amino-8-(p-chloroanilino)-2,3-bis(p-chloro-
phenyl)pyrido|2,3-hlpyrazine (29).-—A snspension of 28 1l6.8
g, 29.8 minoles) and KOTT pellets 18.40 g, 150 mmoles) in absolnre
FAOTT 100 mh was reflnxed for 7 Inomwmder Ny, rhen cooled

raonn dTemperatie, The ervstalline vellaw solid was eallected
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by floratian, washed with TOT], ood snspended Do 110 1400
mh by vigarons siiming,  lixees< 6.V T1CH10 mD was ndded, and
stirring was continned nntil effervescercee censed.  The mixtire
was readinsted (o ol S with 10 37 NaOTl, and the vellow salid
was collecred by filtration, washed winh 11.0, and dried 0 roeso
over Pal),at 78 vield 2.9 g
Method H. «-|(6-Amino-2,3-diphenylpyrido;2,3-/|pyrazin-

8-ylamino|-p-toluenesulfonamide (35).—A solntion of 3 {15.0
e, 36,6 mmolesy in DME 1250 ml) was hydrogenated over 1in N1
i initial pressiee of 3.67 kgfem® When the rednetion was
compleie, the cmalyst was remaved by filteation mder Ny ol
wasbhed with DME.D Benazl 7.69 ¢, 260 mmoles) was odded e
the combined filtrate and wash, sond ihie nuxtomre was allowed 1.
stand at room remperatnre overpight. Then the reactian mix-
e was heated nuder Ny far 8 ot SU? and 8 e at refins vemp-
eratnre on sneeessive days. The reaetian mixinre was peaired
in1o b Laf THLO, wid thie precipitated salid was collected by it
ton und dried 7 ociews over Pul)ar vield 15:1 g The prodnet
was extracted for 45 I with MeOIT in a Soxhlet apparatns.
The vellow solid obtained from the cooled extier was dried 7n
saeso over PLO: at 110°:0 vield 1005 g

Method 1. Ethyl 8-} |p-(Diethylsulfamoyl)phenethyljamino}-
3-methylpyrido:2,3-b|pyrazine-6-carbamate (44).--A =olntion
of 9 (20.9 g, 46.5 mmole<) in DNEF GO ml) was dilnted with 121011
G50 mhy and o B0C0 solmian of pyvnvaldehyde (11,7 g, 4806
mmole<f  The red vencrion mixtnre was <ined nopder No for
48 I then the volatile matter was removed 7 racuo, leaving o
Drown gnmmy vesidne. The gnm was dissolved 111 a <mall vohnne
of CHCly, and the <ohmion was penred onta a siliea gel T1 eolinnn
1100 gy which bad been washed with CIICl,. The cohumn was
elnted fuse with CIICL, ther with CHCL=MeO11203:55 vap-
oratiom af the <olveni from the combined elnnies gnve 10N ¢
B1005 af dark coapge ervsials. A contaminant, derected Dy
thin Tayer chrommography, was present iy the salid after fonr
recrystallizntions iram FrOI and FoOT-TLO. The solid was
redizs=olved ip CTIC], and added 19 another siliea gel T eolnmn
200 g Elntion winh CHCly gave homogeneons yellow ervstals
npan evapararion o the CICL. The combined fractions were
reervstallized from hor FOTT: vield 12,2 ¢,
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The interest in 4(1H)-quinolones has largely been
directed toward their utility as intermediates in prep-
aration of 4-nminvquinolines as antimalarial agents,
In general such quinolones have heen gynthesized by
thermal cyvelization of the enamino esters obtamed by
condensation of anilines with ethoxymethylenemalo-
nie ester (Gould-Jacobs reactinn?) or g-keto esters
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