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WR22T815 is an antimalarial pyrrologuinazolinediamine derivative with a high potency but a low thera-
peutic index. A series of carbamate, earboxamide, suceinimide, and alkylamine devivatives of WR227825 were
prepared Lo search for compounds with an improved therapentic index, The new acctamides and imide showed
potent cell growth inhibition against four clones of Plesmoedinm faleipararm (T-6, RCS, W-2, and TM910235),
with a 50% inhibitory concentration of ~0.01 ng/ml, and were highly active against Plasmodium berghei, with
100% cure at doses from <0.1 mg/kg of body weight to 220 mg/kg. The carbamates and alkyl derivatives,
however, showed weak activity against Plasmodium faleiparum cell growth but were highly efficacious in tests
against F. berghed by the Thompson test. The best compounds, bis-ethylecarbamate {compound 2a) and tetra-
acetamide (3a) derivatives, further demonstrated high potency against the spovozoite Plasmadinm veelii in mice
and P, faleiparum and Plasmodinm viver in avtus monkeys, Against the AMRU-1 strain of P wivax, which has
four dibydeofolate reductase mutations and is highly resistant to antifolates, tetra-acetamide 3a curved the
munkeys at doses of Land 3 mg/g. Compound 2a cured only one out of two monkeys at 3 mg/kg, The resnlts
indicated that the new derivatives 2a and 3a not only have retained/improved the antimalarial efficacy of the
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parent compound WR22T825 but also were less toxie to the animals uged in the tosis.

Malaria is one of the most comman discases in countries of
Africa, Southeast Asia, and South America (12, 27, 28, 31, 32).
The increasing prevalence of multiple-drug-resistant strains of
Plagmodiven falciparam in most areas where malaria is en-
demic has signilicantly reduced the clicacy of current anlima-
lacial drugs Tor the prophylaxis and treatment of this disease
(17, 19). Furthermore, the usefulness of many newer antima-
larial drugs was impaired by their side effects. Lethal hemolysis
side effects were observed in glucose-G-phosphate debydroge-
nase-deficient recipients of &-aminoguinoline drugs (2, 3),
namely, primaquine and tafenoguine. Central nervous system
Loicily was @ problematic side effect in the patients treated
with mefloquine {22, 24), Thercfore, there is an eminent need
for new and safe antimalarial drugs to combat this disease in
arcas of malaria endemicity.

Pyrroloquinszolinediantine {POZY derivalives were reported
to possess anticancer, antimicrobial, and antimalarial activilies
(13}, Among the POZ derivatives, WR227825 (compound 1) is
one of the most potent antimalarial agents ever reporled (20).
This compound not anly displaved high in vitro eficacy against P
Jalgiparem, with a 50% inhibitory coneentration (1Cs,) of —-0.01
ngfinl, but was also highly active against Plassodian Dergfer o a
redent model, with a 100% curative oral dose of =21 to 20 mgke
of body weight. However, WR22T825 alsu exhibited high host
tlosieity, with a suboutanecus 509 lethal dose in mice at less than
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20 mgkg, and produced deaths in aotos monkeys at doses less
than 2 mgke (33), The PCRE was demonstrated o be an antifolate
(15). The Iow therapeutic index of compound | bas severely
linited its walue as an antimalarial agent. Nevertheless, the high
ellicacy and lew therapeutic index of WR227E25 make it a chal-
lenging lead compound for oplimizing the fabrication of new
derivalives with improvement in their therapeutic index or phar-
macological profiles. In addition to its ligh host toxdcily, the lead
compound L is sparngly soluble in common organic salvents and
water, a highly undesiralle physical property for larpe-scale syn-
thesis and purification (g, 1},

To overcome the loxicity and solubility problems of the lead
molecule, a series of WR227825 decivatives were prepared in
this study, wherein the amino groups sl positions 1 and 3 were
substituted to render the new carbamate, carbosamide, suoein-
imnicle, or alkyamine derivatives. The antimalacial ellicacy ol all
new derivatives was lirsl assessed inovitro against oor clones of
P fulciparunr, D-6, RS, W2, and TM9LC235, Tollowed by the
Thompson test againsl P berghef in mice, Hased on the pre-
liminary test resulls, two of the most promising compounds, 2a
and 3a, were further tested in aotus monkeys against % firfei-
parmre and Foviva, the latter of which is highly resistant to
antifolates. Chemical synthesis and antimalarial activities of
these new derdvatives are discussed in this report,

MATERIALS AND METTIONS

Materiuls. The lead compoond WRIATELS wos prapored by ChemPacitic
[Daltimore, MDY according e the published gprecedure (133, Mew carbamate
(voanpounads Inoand Zhy, acetamide (3a and 3b}, succinimids (3c), and alkyl
{compound 3) derivatives (Fig. 2} were prepared by treating WR227825 (com-
pound I} with ethyd chlorofermate, soctic anhydride, saecinie ankydride, and
athyl bromide, respectively. The hydzosy analug 4 was prepared by acid hydro-
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FIG, I Chemical structure of the lead compound WR2278235.

Iysis of compeand 1 in & M lydrochloric acid saluion, Detailed informution e
chemizal synthesis znd physical properties of the new derivatives con be fousd in
ihe suppdenental materal.

Arsessiient of antimalavial activigies, (1) In vites antimalacial studics, The in
vilrg assays wene conducted by using & modification of e semiselomated )
erodilution technique of Desjarding et al. (7] and Chulay et al, (4}, Four
P falciganaes malarin parasite clones Trom the C0 (Indochina 101, W-2: Sierns
Leane [, D-0), Southeast Asia (TR91CI35Y, and Bzl (RCEY weere utilized in
suseefitility testing. They wene derived T direct visealEzation and micio: tip-
whition from patieat isolines (203, The W2 clane is seseeplitle to mefloguing bt
resistant o chlgrogquine, sulfadoxine, prrimethamine, and fquiining, whereas {he
It clome s naturally resistan meloguine but susceptible o chleroguing,
sulfadoxine, perimethamine, and guinine. TMUIC21S and ROS are muliple-
drup, resistance P faleisemgn Golates from Southeast Asin and Brazil, raspe-
livaly, Tesl eompannds were indteally dissolved in dienethyl sulfoxide and Giluoed
AUD-fold in REML 1640 cultisre mediom sepplementsd with 25 my HEPES, 32
mkd MaHCO, and 108 Albemax [ {Giteo HEL, Grand lslsod, MY These
solutions were subszquently serially diluted swofold with a Biomek 1000 gy
rats (Hevieman, Fullerien, ©A) over L1 dillerent concentations, The parasiles
were expasal o serind diluticns of mach compond Tor £8 b and incubated a: 3790
with 3% O, 5% COu, amd S0% My prics 1o the additien of [*F1] kypoxanthine.
Adter w Terther incubaton of 18 b, parasite TNA ans barcested From cach
nsicroeiier wiell using a Mackard Filtermate 196 harvester {Meriden, T onm
elass Bliers, The wptake of ["H]hyposanthine was measured with 1 Packarnd
TopCount seintiliation counter, Coneentralion-response data were analyzed by a
wonlingnr regression opistic dose-response model, and the I, values Tor ench
compound were ealealuled, The resulis are shown in Table 1,

(i) I vive antimalarial studies of 7, terglied imoanice. The in vivo elheacies of
the itew compaunds were determined by a modfied Thompson tzse (1), This test
miasures the survivabliy of mice and parazite clearanee folleswing admifnista-
tion ol the <drg on days 3 o0 5 postinfeetion. I briel, 5 3 10% 2 fephei-infecied
erythrocytes {KBG-193 strwn) were incculited inte te intraparitoneal cavity of
il mice that weighed 24 00 3 p. By day 3 postinfeetion, parasitenia ranped
from 10t 500%, Each drog, suspended in 0059 Lydrmevatieloslluloge- 0,15
Tween 80, was administered orally (poo.) onee daily from diys 3 to 5 postinfes-
lien. The volume of drep suspension ziven depends on the weight of the mouse
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Flfi. 2. Chemical siructures of pyrroloquinazefinediamine de-
rivatives,
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TABLE 1. Antimalavial activity against Slasmodinn fulciparsumn
cell lines

Componnd 105 {ngfml} for parasite clone”;

ko -6 Wl RCS TMOLEs
1 DRANES! {4453 (1,35360 F2178
2a TATE 127 50k =250 =250

2 =250 =250 =250 30

3a 0.0256 nos2 CLOk236 0845
3b (LI [LLE3 IRIANI [LELEd bt
i 1.1284 L1254 1,257 04021
4 272403 530027 B3 5000
5 46033 1040182

* D, CIMC Sierra Leone [; Wo2, CDC Indoching [0 BOS, isolales from
Brail; TRBLOC2A, Southenst Aciu isolates

ind the diug concentration of the suspension. by general, the volme is piven
0.00 mifgram of body weight, £

Five mice weres wsad in cach dosaps groop. Blacd Glms were taken on day &
il Biweckly Gor 31 clays. Mice that were blood Blm negative on Hv 31 postine
feetion were considered cured. Compounds were congidered notive when the
survival time af the treated mice was groater than Dwice that of e control mice
(e, 12 0 14 days). Mice losing =20% of their Tendy weight were saerificed. The
et reselis are shown in Tahle 2.

[Ei} Sporozoite induction tesl. Mace are fnoculaced s their intraperitonaal
cirvi ties wich 2500050 5p-0roz-:-'r|¢:1 of Plesmadive voolii on day & Blood examing-
tiens and weights are taken ar frequent intervals, al least twice 5 weak, The s
of sxamination relative o day U vary to avoid weekend work, This sporoEnile
induction test (5, 25) is run for aominimoem af 31 iy, Al mice alive an 1he Iast
dity with negative blood films are considered cured. Mics lasing = 20% ol 1heir
Busdy weighi ot any lime are sacrilized,

Infected, wontreated nepative controls are Included in every cxperiment 1o
validats the infectivity of the sporozoites. While these sporazoites wszlly pro-
duce patent infections. a small number of mice remain hlood negatve. Chution
must Be taken when judging & componnd as praplydactic wher the patenuy Tals
in the pegatve controls is less than 10055,

Positive control growps are included aceagionally, and they an: trented with
wither primaquine or tafenogquine.

Reautinely, 2000 exd Blood cells are examinzd in & thee Bleod Blm befare an
animal is judged negitive. The seasitivity of this technigue is 0015 infeeoed ned
Blood cells. Each compound was prownd with 2 mostar and pestle and suspezded
in 0.3% hydrowpethyleellulose ane 0.0% Tween & for compounds ko be admin.
istered pon., and those given sobratanecusly (5} wers suspended i peanut oil.
Each compound was pregared an three different dose levels,

Four-week-nld male C0-1 mise, purehased Frem Charles Bives and weighing
about 18 o 17 g, were placad five per eage and allowsd 1o acelimane for 4 dava
Lefre being treated and then inoculated witl sporozaites. They were Fed Fand
amet witer ad lib and maintoined &t 29°C with 126 of light and 12 bof darkess,
The cages nnd witer bortles were changed biweekly. The mice were wiighed on
days 0,3, and & and then biweekly when blood films were taken.

Flavmeeditm poelii (ITHMLY was used 10 infect mice thal would he ssed o
infest the mosquiloes. Compounds were administered onee 2 day for thres
comserutive dogs, either po. o s, o mice on the day before [day ~I],4h
before (day 0, and the day after {day 1) the inaeulation of sporoTaites into the
intraperitosieal cocity with 2.5 # 108 sporazoites of I vocti on day 0. Whils bedy
wiights wiere taken on day 0 and day & and then twice 2 week for 31 s, A blood
film wag taken on day & aed then twice a week Tor 31 days. Mios loging more tlan
about 20%: of their body weight were sacificed. Al mice alive o day 31 with ao
patasiles inoa blood filee were considoied cured, A compound was congidarad
active apainst cither the sporeeoite or the exorryiirocytio stage if no pirasines
wieze fmad in Lhe Blocd Blns saken on day & or in sobsequeat bl films 1gen
weekly for 2 days. A compound was considered to exkivic marpio activity if
nnby low fevels of parasiies were found (less han aboot BOSEY i blaud lilms taken
on day 6 ar in any hiood films tken biweekly for 31 days. Mice alive oq day 32
wilh no pazasaes Tound in any blood films were eonsidered cared,

{iv) Antimalarial activity sgainst P, ffeiperem in notus monkey. Sis malaria-
naive Avter dgnprnns (iale and female; 787 10 978 g) monkeys of Barvolypes
WEIE and IX {14) were hovsed ar the Ceorgas Memarial lestitute in Pannma and
cared for and wwsintined as desciibed by Ohaldia (18). They were divided ino
a0 groups of wo Aot monkess gach plus two controls and iefected with
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TABLE 2. Antimalarial activity against Pasmiadim Frerghe

Compomnd Dral dosels) Mo of mive thar N-.'-.-ur mige alive on diy
nek, or drug Mzt chigdiday of death Moozl no, of mice
! 40 115, 1/16 315 {toxic)
20, 10, 2.5, and 1.25 Mone a5
2a EOL 40, 20, 10, and 2.5 Mune &
123 124, 12 M5
2h ni), 4, 20, B, 2.5, and 1.25 Mome 55
3a 440) 212, 1714, 218 5 (i)
330 12, 2014, 216 075 {toxic)
B0, 120, 40, 100 2.5, and 0,625 Mone 55
0 220, 120, 40, and 10 Mane 55
2.3 and D625 reath in each groonp” 415, 35
ks Sl 2, 1 25
AL 20, and 10 Death in tach proup” k3
4 320 G, 117 Efa
161, 80, and 40 Mome 55
20 and 10 Dreath in each group” HE s
b 10 110, 1412, 1713, 1714 45"
B0, 40, M0, and 10 Mo il
Mefloguine 236 17, 10 A (towic)
128, 64, and 32 Mons 514
1f 1118, 11w N5
4 1013, 118, 119 25
2 208, L2l 1725 1/3
1 0, 11, 10 (5

! Dreach cine to malaria.
" Separate Lest (eight mice por dese grooph.

5 10 P faleiperen FVO malaria parasites (1 mlof an appropriate dilition ) in
RPMD Loall medivm intravenousty in the saphenous vein. When their para-
sitemiz reached 5 % 1Y parasitesful, treatment was started, Ciemsa-stiined
theck blood smears were prepared daily with » prick in the ear marginal vein, and
parsites were enumerated by the Earle and Peres meihod {5). Gronp 1 aotus
monkeys received compound 3a an | mp'kg anee a sk for 3 days. Group 2 zotus
mekeys received compomed I at | mg'ky nnee a day for 3 chiys, The monkeys
were weighed and prebled for complete biood count [CHTY and chemisry
detenmination [alanine aminotrassierase, blood ures nitropen [BUN], amd rre-
atinine} on day 4 postireatment (7). Bleedings fos pharmazokineiic delermi-
nations were carried out on day | PT at time zem, | h, 7.5 Iy, and 24 b PT.

(v} Antimalnrial activily apainst & vfear in astos mon key. Fourleen P i
pactim-cured A, femeinas monkeys (male and females T00 o 925 ) were in-
feeted intravenonsly Witk 5 5 10" parasites of the P vives AMEL - strain diluced
i RFML 1690 medium cliained from a donos aed divided inio two larper proups
Caeovp Land group ] of s monkeys each (two monkeys per doge lewal]. Group
T monkeys and groop I monkeys neseived comgesnds 3a and 2o, respectively,
duily ac 0.3, 10, amd 3 mpkpiday for o total of 2 days. Two monkeys were 1ot as
untreated controbs. Trepiment startesd when parasitemia reached 5500 -
silesfe] onoday 6 postineculation. Daily food intake was documented. Daly
Giemea-stained thick blood smcans were prepared from a prick in the nEgingl
et vedn, oo parasites were cnumerated by the Bacle and Perez metlod {51, The
animals were weighed a2 weekly intereals. Blood samples for hlnod chemistegy
delarmination were collacled at ile f-;;llu-.ving Limue il day O (TR and
chemisly panel [alanine aminntransferase, cecatinine, and BUN] and day 4
[CBC and chemistry panel). OO and chemisiny panels werz dong the day piior
Ier e frst dose and 24 b oafrer the last dose and at weekly imtereals igiealler,

RESULTS

Antimalarial assessment, A scries of carbamate, acet-
amide, succinimide, and alky] derivatives of WR227825 and

the hydroxy analog 4 were prepared {Fig. 2), and their
antimalarial activities were assessed in four clones of P
faleiparwm cell lines (Table 1) and in o mouse test model
against £ berghed (Table 29, The most active cornpounds, 2a
and 3a, were [urther tested against i foloipariom and P, vivax
in aotus monkeys and in the £ yvoelid sporozoite-infected
MoEe modle],

Carbamates 2a and 2b showed low in vitro activitics against
D-6, RCS, W-2, and TMY1CZ35 clones of £ faleiparmin
(Table 1, with an 1€, in the range of 8 to =250 ngimi, vet
retained high in vive activity against P, berghel (Table 2) in the
mouse tests. Both compounds 2a and 2k cured five out of five
mice in all dose groups from 2.5 to =80 mghkg No significant
hiost toxicity was observed. In the same test, WR2Z27825, the
lead compound, showed host toxicity at 40 mgfke, Lilling one
out of five mice, In contrasl 1o carbamates 2a and 2b, acel-
amide Jderivatives 3a and 3b not only exhibited high in vivo
antimalarial activity against P berghei (Table 2) but also were
highly potent in vitro against four clones of P faleiparim, with
an 10, of =002 ng/ml (Table 1), Io the Thompson test,
compound 3a produced 2 0% cure of mice in all dose EICHaps
from 0.625 to 220 mgfkg but exhibited delayed toicity (o all
foice at 330 and 440 mgkg (deaths on davs 12 10 16). Com-
pound 3b, though less active than compound 3a, cured more
than half (three out of five) of the mice in the low-dose (11625
mglkg] groups.
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TABLE 3. Antimalarial activities against 7, ferteparum and P wivax
in aclus monkeys

Mo, of monkeys curediobal

CL"I'ILFII.IIJI'II:I llﬁ;ﬂi} e, o |:||-;_:.|:.kg_j:_.-5"
Howies P Feleipaneny
a 0.5 0z
! 0/2 22
3 12
*a 0.5 02
! 22 242
3 27

* Cured monkeys stayed parasite Tree for LG divs PT.

Succinimide 3¢ showed good cell growth iohibition in all
four cell lines, with an [C,; equal to or beller than that of the
parent drug (compound I). However, in the Thompson test,
compound 3¢ showed only moderate activity, with no cures in
the groups treated with doses of 10 or 40 mipkg. At a higher
close of 80 mghke, two out of five mice showed carly death on
days 8 and B, indicaling host toxicity at this high-dose level,

Both 1-bydroxy analog 4 and tetraethy] derivative 5 were
more than L000-fold less active than the lead compound
WRIITEZS in an in wvitro fest against the cell growth of
P falciparun isolates (Table 1) vet were highly potent apainst
P berghel in a mousc test (Table 2. Compound 4 cured five out
of five mice in doses from 80 to 160 mgkge. Deaths due to
toxicity were observed at a higher dose lovel of 320 ma'ke.
Tetracthyl derivative 5 produced 100% cure al doses ranging
[romy 10 to 80 mgdkg, Host toxicity became obwious at the
higher dose of 160 mg/kg, killing four out of eighl mice. Com-
pound 3 was tested in & separate experiment using eight in-
stead of fve mice per dosc grong.

During testing against . fulciparin in aotus monkeys, both
compounds 3a and 2a cleared parasitemia by day 3 at an oral
dose of 1 mp/flg, and no recrudescence was observed for =100
days, Against £ vivar, which has four dihydrofolate ceductase
{DHFR} muatations and is highly resistant w antifolates, such
as pyrimethamine and cycloguanil, compouned 3a cured aotus
mankeys at T and 3 mgfkafday p.o for 3 days. Compound Za
was, however, less aclive at the same doses, with only one out
of owo monkeys cured at 3 mgkg and none cured at 0.5 and
I mgikg (Table 3).

Against £ yoelif in sporozoile-challenged mice, compound
da completely prevented the development of parasitemis at
doses ranging from 0,65 to 40 mgke for 3 days by oral admin-
istration (Table 4}, In this test, tafencguine (21, 2%, 30), & new
malatia prophylactic drug, was used as a positive control, Com-
pound 3a showed 0% protection of the mice at a dosage
as low as 0625 mgdg compared 1o 5 dosage of 5 mghg for
tafenoquine in the same Lest,

Preliminary toxicologival stucdies in aotus monkeys were car-
vied out using the same species of monkeys as in the cfficacy
studics. Two monkeys were used per group. The results indis
cated that no changes in behavior, weight, or blood chemistry
were observed when monkeys were treated with a single oral
dose (3 mefkg) of 2a or 3u, Mo adverse effects regarding an-
orexia, vomiting, diarchea, or behavio changes were abserved
during a 28-day observation period. No significant changes in

ANTIMALARIAL ACTIVITIES 1M MICE AND ADTUS MONKEYS 453

TARLE 4. Antimalarial activity of compouwnd s sgaingt  voelii

Conspoumnd Cienll dose M, of mice cured!
o, or drug (mpg) tocil me, of mice
2a A0l 55
e 55
2.5 55
s Si5
03125 4/5
1.15025 a/h
Tafenoquine 101 5
5 55
25 45
1.25 A

body weight were abserved. CBC parameters remained within
normal ranges. A steady decrease of the hepatic enzvme serum
glutamic-pyruvic transaminase from 75.3 to 177 units and a
decrease of BUM from 24,35 to < 10.00 units were observed in
onc monkey ducing the observation period, However, the mon-
key did not present any gastrointestinal or renal abnorinal
symptoms, although these parameters are indicative of a de-
crease in hepatic function,

DISCUSSION

The antimalarial efficacics of the new compounds were eval-
uated against the cell growth of four P falcipamm isolates,
-6, W-2, RCS, and TM91C235, and by the Thampson lest
against P berghed. Two of the compounds, 22 and 32, were
tested further in aotus monkey against I falciparzen and
F. vivax. The slructure-activity relationship studies indicated
that carbamylation or alkylation of WR227825 {compounds 24,
2b, and 3] resulted in a dramatic reduction in eell growth
inhibition against clones of B faleiparon Trom several hun-
dredfold to more than 1,000-fold, Conversion of the 3-amino
group o hydroxy analog 4 likewise decreased the in vitro
amtimalarial activity, Tn contrast, acetamide and suceinimide
derivatives {compounds 3a, 3b, and 3¢} retained or increased
the cell growth inhibicory activity in all four isolates of P
Jalciparon, D-6, W-2, RCS, and TM9LC235, Nevertheless, all
five classes of derivalives prepared in Ihis study exhibited
strong antimalarial activity in the Thompson test against
berghei (Table 2). Ethyl carbamates 2a and 2h cured five out of
five mice treated with doses from 2.5 mgikgp 1o 80 migdkg.
Acetamide detivalive 3a cured 1% of mice groups rreated
with doses ranging from (U625 to 220 mg'kg. Toxicity was found
al doses of 330 and 440 mgidp. Suceinimide 3¢, although it
showed potent in vitro activity, is the least active in the Thomp-
son test againgt P berghel among the compounds studied, sug-
gesting a bioavailability problem of oral administration. Fur-
ther structure-activity relationship studies led to the synthesis
of 1-hydroxy-3-amine analog of WR227825, compound 4, an
anzlog of compound | with the I-amino group replaced with a
bydroxy group. As expected, compound 4 showed na inhibitory
activity againat cell growth in an in vitre test, since hoth amino
groups at positions [ and 3 of the lead molecule WR227R23 are
essential for the inhibition of DHFLR (15}, Surprisingly, com-
pound 4 showed potent antimalarial activity in animal studies.
Tt cured 100%: of mice infected with B berghel at an oral dose
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range of 80 o 180 mg'ke (Table 2). Poor in vitro and good in
wivg activity of carbamates 2a and 2b are typical biochemical
responses of a prodrog, However, the in vivo antimalarial ac-
tivity of compound 4 cannot be explained by the prodrug ra-
lionale, Sioce the 1. 3-diamino functions in the quinazoline ring
of the lead molecule WHR22TEZS are essential for the inhibition
of DHFR, which was believed to be the mechanrism of action of
WERE2ZTH25, compound 4 may inhibit & target other than DHER,
The idestification of active metabolites of compound 4 in rals or
monkeys is in progress.

The alkylation of compound | gave tetracthylaming {com-
pound 53, which is over 10,000-fold less active than the lesd
compound 1 against both sensitive and drug-resistant P falai-
prrurn cell Bines in vitro (Table 1), However, compound 5
exhibiled potent in vivo activity against P berglred, with curative
oral dosages of 10 to B0 mefkg in the Thompson test (Table 2),
Compound 3 05 an analog of compound 3a, with the aceny]
prowps being replaced with chemically stable ethy] substituents,
Like the carbamates (2a and 2b), tetraethyl derivative 3 is
praobably a prodrog of the lead compound 1. However, for
compound 5 wooact as a prodrog, extensive metabolic dealky-
lation of compound 3 to compound T must take place prior to
ils antimalasial action.

In contrast to compouncs 2a, 2b, 4, and 5, both the acet-
amides {compounds 3a and 3b) and succinimide 3c showed
high antimszlarial potency inoin vitro and in vivo tests. The
results suggest that compounds 3a, 3b, and 3c may posscss
intringic antimalarial activitics or that these compounds are
unstable chemically, resulting in hydrolysis in the tissoe culture
to lead componnd 1, In the case of hydrolysis, bhigh host toxicity
is expected in mice treated with compounds 3a, 3b, and 2,
However, the efficacy and toxicity resulls supporl the intrinsic
aclivily contention,

Among the new derivatives, acetamide 3a and carbamate 2a
were the most potent compounds, with no obvious signs of
toxicity at 220 mghke buf with toxicity at 330 mgkg in host
animals in Thompson tests against P beegfel, and were, thas,
further tested against 2 falciparon and I vivey I aotus mon-
keys, Against P falciparin in aotus monkey, both compouncs
i and 3a are equally active and cleared parasilernia by day 3
at an oral dose of 1 mgke, and no recrud escence was observed
[or == 100 days. However, compound 3awas more active than
compound 2a against a clone of P ovivax which bas four DHER
mutations and is highly resistant (o antifolates, Compound 3a
cured aotus monkeys at both 1 and 3 mgfdday pao for 3 days.
Howewver, compound 2 was much less active at the same dose
level; only one out of the two monkeys was cored at 3 mgkp,
bul o monkeys were cured at 1 mgkg I compound 3a also
acts as a prodrog of WR227823 as does compound Za, onc
wotld expect bath Za and 3o to be equal Dn efficacy in the test
against P vivax, This obsereation plus the fact that acelamides
and succinimides are generally very stable chemically and met-
abolically further suggest that compounds 3a and 2 may pos-
sess intrinsic activity and may not simply act as a prodrug of
WI22T825.

The chemical modifications of WR22TEZS pave now com-
pounds with not only retained or enhanced efficacy but also
much less toxicity than the lead compound. While an oral
lethal dose of WR22TE23 in aotus monkey is less than 2 mgdkg,
no changes in bebavior, weight, or blood chemistry in aotus
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monkeys were observed with a single oral dose of compound 22
ar 3a at 3 mefkg. Furthermore, no high-dose-related deaths in
mice treated with B0 or 220 mg'kg of compounds 2a and 3a,
respectively, were demaonstrated by the Thompson test (Table 2).
A level af 330 mpfkp of compeund 3a was toxic.

The inhibition of IDHFI was reported o be the mechanism
ol action of 1 3-diaminopyrrologuinazelines (15), Cell growth
inhibition by 1 3-diaminopyrroloquinazoling derivatives and
the analogous diaminoguinazolines or trigzines, bowever, was
not reversed by the addition of folinic acid in the cell culture,
indicating that this class of compound may also inhibit enzyme
targels other than DHER (16). Since carboxamides and espe-
cially acetamides are chemically and cozymatically stable and
1 3-diaming groups of compound 1 are essential for the inbi-
bition of DHFR (6, %, 10, 11, 23), the extremely high anti-
malarial activities of acetamides (2a and 31 in the cell culture
ag well as in the Thompson test were an umexpected and soar-
prising discovery, Furthermore, the alkylearbamate and actt-
armide derivalives (22 and 2b and 3a and 3b) are all substan-
tially Jess toxic than the parent compound, 1. The resulls of
toxicological and pharmacokinetic studies in rats [urther indi-
cate thal componnds 2a and 3a are superior to the lead com-
poienel 1. The results will be published in separate reports.
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