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A new, orally-active inhibitor of ditvvdrololic acid reductase (DHFR). P&-135
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hydrochloride), has signilicant aetivity against dreg-resistant Plasmodiien faleiparym. TLis
wot cross-resistant with other inhibitors al TYHFER (e.g., pyrimethamine and cycloguanil).
Although it hears similarities 1o proguanil, PS-15 represenis a new antifolate class of drugs
that we hove named oxvpuamls or hyd roxvlaminge-derived biguanides. This compound
displavs intrinsic antimalurial activity and also is metabolized in vivo 10 WRO9210, an

extremely active trigzine inhibitar of DHFEI

$When tosted 1 vilra agains drug-resistant

clanes of £ fideiparam, PS5« 15 was more active than proguantl, and the putsive metabalite,
WSS 10, was mare active than the proguanil metabolite cvelaguanil. The drug s also
more active as well as less toxic than proguanil when administered oraily to mice infected

with P Derghel. When adminisiered orally
pesigtanel L fedeiparin, PRe 15 was nore active

i Aofus monkeys infected with mulidrug-
than either proguanil or WRHSZ10. 1o 1973,

WO L0 anderwent glinical trials for safety and tolerance in volunteors. The trials showed
pastrointestinal intolerance el limtited Bioavailabilive further development of the drug

was abancdoned. Beeause PS-15 las inrinsic antimalarial activity.
with ether DITFIR inhibitors, and can be met
ierration of this new drug should circumvent 1

find with both proguanil and WRIDZ 10

Drrug-resistant Plaginadie fidciparias malar-
iy will continue te be a serious clinical prabiem
far the Moreseeaile fulure, Al prescnt, this prob-
lern can only be controlled by the periodic in-
wraduction of new antimalarial drugs from novel
classes: Ph-13 i such o new drug (Figure 1), 1
was desipned Lo 1ake advantage of the positive
aptributes of two old antimalarial drugs. pro-
guanil and WR92 10 Although never produced
for clinical use, the antimalarial activity al
WRESI 0 was first reported by Ricckmann in
1973 when in vitro nhibition studies with £
Jexlelparins showed marked activity against kol
5}'_-;1'1'111ellmmi11e-sun.~si1iw: and  pyrimethamine-
roststant isolates.' Clinical pharmacology studies
of WRESS21{ in humans, however, showed that
doscs ol 200 me five tmes a day for three days
prodizced severe gast raintestinal symploms and
development of the drog was ahandoned.”

Proguam has remained an important anti-
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bde proguanil 1o the rringine cvelopuanil, also an
inhibitor of dihvdrololic acid reduciase (130 FE).
Tascd on analogy, the biguanide precursor for
Uhe triazine WRIS210 was designed and syolhe-
siwed. This report summarizes the synthesis and
resulis ol antimalarial westing for 1his novel com-
pound designated P3-15.

MATERIALS ANMD METHODS
Svatiesis

The drup P5-15 was prepared as 1he hydro-
chloride hydrate from 3024, 5-mchlorophen-
oxvipropvioxy aming hydrochloride and excess
isopropy] dicyandiamide heated i ethanol at re-
flux, The prepyloxyimine was synthesized in 58%
yvicld by modilication of the method of Mamalis
and Outred (U5, Patemt 3723429, March 27,
197731, Elemental analysis, infrared, and nuclear
magnetic resonance (NME] proton spocira con-
Voo e r wee peoee T divvandiznide was

. - Pt

- - ~ 3 ] r



—
[}
[}

H M

|
O = CHe CHe CH- O — M- € — NIE- € — NE- CINCIL),

'-,f 1
- i
| 5145
Cr S
il
CH,
o |
Iy
O — i Ol Ol G — N \>—.‘~'.‘I=
| F
il _
H M
il
N WR 110
Figiose L, Chemeal stractures of P5-15 and WE
Sez210.

af Curd and others. . The reaction product was
recrystallvecd om cthyl acetate e give | 53% P5-
13 as the hvdrochloride monohydrate with a
melting peint of 102-106°C, The strecture was
confirmed by elemental, infrared, and NMR
fpraton and carbon) analyses. The calculnted el-
emental composition for PS-13 00 H L OLN, O
HCL-H,OVs C: 3727 H: 3. 14 N: 15 32 analvsis
found C:; 37.44; H: 5.05; N: 15,29,

fo witee activity

In witra tests of activily Tor PS-15, WRS9210,
proguantl, and cvclopuanil were performed
against & afeimanan using modifications! ol the
semiautomated mierodifution technigue of 1ies-
Jarding gnd others.” Antimalarial activity in this
systom was assessed by inhibition of radiolabeled
hvpoxanthing incorporation inlo parasiles Dy
graded concentrations of drugs during incuba-
ton for &8 hr o colture medium containing
physiolopic concentrations of folic acid, Three
parasite clones were sindied: the [ndoching W-2
clone {resistant to chloroguine, guinine, sulfa-
doxine, and pyrimethamine, the Sierra Leone
[2-6 clone (resistant 1o mefloguane), and the Co-
lombian FCB clone (resistant to ovelogusanilp s’
Adl drugs studied, as well as control drugs, were
tested tn duphcate, To thes test svatem, the resules
are expressed by estimating the concentrations
ol diugs that prodoced 50% inhibition of radio-
Iabel incorporation (1C..1
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Tests for drug interaetions between F5-13 and
opiher selected antimalarial drogs were done by
combimng PS-135 with another drug in fixed ra-
ties proportional o their respective 105 and
serially diluting the com binations for assessiment
af i vitoe activily as described above, The os-
tirmated 1.5 ol PS-13, the drug being combined
with 1, as well as all fixed ratios studied, were
normaltized to unitv. From these data, isobolo-
grams were constructed 1o visually demaonsirate
the degree of interaction® Syoergy 15 demon-
strated when the data )l below an imaginary
ling connecting the [, of PS-15 with the 1T,
of the ather antimalarizl drog.

D owive aeniviey

[n wvivo tests ol antimslariad activity were con-
ducted in mice infocted with drog-sensitive
berphef KBCE 173 by adoimistering graded doses
af drug 1o groups of Dve C0-1 Swiss mice three
davs alter being injected with lethal inocula of
parasiies.” For subcutaneous adovnistraion, the
drugs were suspended or dissalved in peanut oil
for oral administration, the drgs were suspend-
cd in hydroxyethyvleellulose and Tween S0, Con-
troal mice nod recciving drug treatment died of
their infections within 6-7 days, mice receiving
curalive doses of deugs suevived Tor ot least 60
davs, The resulty of these wests are expressed by
log-probat estimiations of the dose of drog that
cured 30% of the mice (CE.)

Tests ol i vivo antimalarial &ctiviny wene also
conducted in Panamaniim owl monkeys (Ao
fewmnrings Jesnnrrines) infected with mulidzug-
resislant Yietnamese steains of & faloimarin,
Frogueanil, cveloguanil and Ps-15 were tested
against the Victpam Smith/RE strain and
WROGI T apainst the Victnam Monterey strain.
Both strains are selidly resistant 1o chloroguine,
gquining, and pyvrimethamine, '™ Drogs wers sus-
pended 1 omethyleellulose and administered in
pracicd doses orally enee a day for three days 1o
groups of monkevs with established inlections.
Serial blood fihns were oblained 1w determine
parasite suppression o clearance. [T parssites
cleared angd there was no evidence of ecrodes-
cence within 100 davs, the infections were can-
siddered cured. The results of these studies are
cxpressed by log-probit estimations ol the C1,
cxpressed in total dose of drug administered dur-
ini the three days,
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The results of the in wilro sensitivily 10§15
zoainst £ fafeiparie are shown in Table 1. The
drog [PS-15 was more active than progLinil
against all three clones of parasites studied, In
eddition, 1he putative metabolite WRY9 20 was
mere active than cvcloguanil, except against the
mefloguine-resistant -6 clone.

In wvitre tests for deug interaction (Figure 2)
showed PS-13 10 exhibit synergy with sulfame-
thoxazale and atovaguone (BW3S6607), a new hy-
droxynaphthoquinone being evaluated for ant-
malarial eflicacy by Welleome Rescarch
Eaborateries, Beeckenham, UK {Hutchinson
DBA, unpublished data,
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The reselis of the in vive studics in mice e
summanrized in Tahle 2. When administercd
orally in doses up to 640 mp/ke, WRSSZID, pro-
guanil, and cyclopuanil showed no acuvity,
whereas PS-15 was curative (CDy, = 345 mg/
kgl When administered subcutaneously, pro-
guanil was toxie, but PS-15, evelogoanil, and
WIRGG 10 were all active, with P5S-13 heing the
sl metive (C12,, = 134 mpfke)

In viva studies in monkeys conlirmed these
findings; the resutlts are shown in Table 3. When
administered orally, neither proguanil nor cyelo-
punnil were curative ar ihe doses wesied. Hiwwe-
pver, both PS-15 and WRO92 10 were cxtremely
active, with PS-13 heing more active than
WROGZ 0
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Lyuring Waorld War 11, British investigators
svithesized a series of new substituted biguan-
ides that were active againsl both Blood and ex-
oerythrocytic forms of malaria parasites mn
chicks ' The most active of 1his soros was pro-
guanil, [Despite the demonstration af in vivo an-
timalarial activity ol this componnd by Curd and
cthers! ! in vitro studics showed that the growth
ol P gallinageen in tissue cullures was nat in-
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hibited a1 concentrations of drug thought 1o be
present in human plasma.'” ln contrast, serum
taken from a paticnt being treated with progoanil
arrested the in vitro development of £ fafeipa-
't Experimental studies of this phenomenon
esing Fcvnsnadgi-inteeted blood confirmced the
Iack of in viteo activity of proguanil itsell, and
substantiated the activily of serum taken from
monkevs treated with progoanil when the serum
weng eldedd to malacia cultures. ™ Additional slud-
ics showed thal proguami could he activated, not
anly by administration o animals, but alse by
incubation with minced liver.'® These results led
the investigators to conclude that proguant! itself
was nol aclive against malaria, but that & me-
taholite was responsible for its antimalarial ef-
fect.

Because proguanil was strocturally similar 1o
pyrimidine derivatives that had been shown 1o
inhibit ihe growlh of Loectobaciifus casei in the
abwence of purines, Faleo and others tested pro-
guanil and found that it also inhibited prowth of
Focowed, bat only a1 high concentrations, ' Like
the pyrimidines, proguantl inhibition aof growth
could be reversed by either preroviglutamic acicl
GF PR,

The explanation for theapparent discropancics
between polent in vivo antimalarial activily,
minimal in vitro nhibation of L. casel growlh,
and the apparent absence ol in vitro antimalaral
activity, began Lo unfold two yvears later when
metabolic studies wil proguanil were reporied,
The imitial stucdies suggesied the presence of two
metabolites, as well as unchanged drog, in the
Hvers of rhesus monkess and i the urine of hu-
mang aod menkeys 1o whom proguanil had been
administered,”” One metabolite was thought 1o
b M1 -p-chlorophenylbiguanide and the second
a dibvdretriazine. The correct structure for the
terazane was described by Curringlon and others
shortly thereafter, and the compound is now
called eycloguanil.'® This triaxoe was later iso-
Ll Tronmy the wrinte of rabhits after adminisira-
tionaf proguanil and was reported to be ten times
more actve than proguanil ivsell against 7 gal-
linaeewm in chicks '™ This was considered 1o be
convincing evidence tlat the antimalarial activ-
ity of proguanil resulied solely Tram conversion
of propguanil o eyveloguanil,

This conclusion, however, was questioned
when Schemidt and others compared the efbicacy
of proguanil with cycloguantl m chesos mankeys
and found proguanil 1o be more potent thian oy-
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cloguanil.™ This study ol anumalarial eflicacy in
mankevs was [ollowed by o series of metabalic
siudies i owhicl Snvth and others measured the
concentrations of progeanil and its metabolites
in plasmn and wrine from chesus monkeys by a
combination of chemical assay and micrabio-
logic assay for antifolale activity** These stodies
shiowed 1hat the amount of eycloguam! produced
afler administration of propuanil was alaays less
than the amount of cvcloguanil measured afler
administration of an coqual dose of cvcloguanil.
Based on the superior activity of proguanil in
monkevs observed by Schmidt and others, Smith
and oihers concluded, therefore, that the ant-
malarial activity of proguanil must be dus in part
to antimalarial activity of the parent drug.

This posttion was supparted by 11 vitro studies
witl & fafeipaeis inowhich the media containged
anly phvaislogic concentrations of fole actd and
peamincbenroic acid (PABRA). Previows studies
conducied by Milhous and others showed tha
the excess cxopenons Tolie found o ooerosl
B RAL LGS0 culture media nurkedly antagoniyed
the activity of both DHFRE inhibitors and PABA
antagonisls The present studies, which wsed
media containing physiclogic concentrations ol
folic acid and PALRA, showed that net only that
proguanil has intrinsic antimalarial activity, but
that inhibitory concentrations could probably be
achicved with ordinary human doses doe 1o ac-
comulation of proguanil in red blood cells. In
thisin vitra systen, propuamlalso exhibited syn-
ergy with sullonamides and activity wis reversed
with folinic acid (Mithous W, wunpublished
catal

The dhrg WRYD210 (alse known as BRL 6231
was selected [or development by the LIS, Army
Antimalarial Drup Development Program from
A series of Mosubstituted trigzines inhibiors of
DHFR with antimalaral activite?® This com-
pound was initally seleced because i1 was ox-
tremely active 1m0 vitro and becouse il showed noe
cvidence af cross-resistance with pyrimetham-
ing! Further studies in vive confirmed the lack
of cross-resistance with pyrimethaming, and
showed only nephigible cross-resistance with oy-
cloguanmil,”® The compound WRSS21D alse
showed evidence of causal prophvlactic aclvity
i ath vniee challenged with 7 feepfief and mon-
kews chatlenged with £ cenoneolyl, Further stud-
ws in £ herghei-inlected mice showed that -
though resistance to WIL992 L0 could be nduced
by inereasing drog pressure, the rate of devel
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opment and degrec of resistance was less than
with other inhibmors o DITR, notably pyri-
methiming and cvelopuanil.®s

Preclinical studics with WIHSYZ L0 were done
in 1972, The acute aral and imraperitoneal 30%
lethal doses were LS80 mgfke and 84 mp/ke.
respectively, inorats and 3510 mefke and 103
mgdke, respectively, o mics, Repeated oral doses
of 30 mpbkp ol WEIS210 for 28 consecutive davs
wera well-tolerated tn rats, but repeated oral dos-
e af 100, 200, or 400 mpfkp prodoced dose-
related gastrointestinal Andings. In dogs, repeat-
ed doses of 3 medked/day were well-tolerated, but
doses of 10 meke/day procduced gastromitestinal
aymptoms and hndings; doses of 23 madkasiday
wire lethal, A repeat study in beagles confirmed
the presence of gastrointestinal intolerance at
doses of 15 makgfday, but these Andings could
be albrogated by concurrent administration of
felinie acid in doses of 0.3 mefke/day,

Phase [ olerance studics were inttiated with
WHRGY 1 0an E4T73 usir'nga cdouble-blinded rising-
dose design. Dosces of 200 mg or greater per day
lor three davs produced mald intermaent an-
orexii, nausci and abdominal pain; divided dos-
esof T e/day for three davs produced severs nau-
sea, vomiting, and diarchea 1hat persisted for two
davs after drop administration was stopped. A
subseguent pharmacokinetc study with single
doses of 50 me or 200 mg of WRO9Z I was
performed using a bioassay for DEHFR inhibition
with Sregtococeny feealis. Only trace amounts
of IXHFR inlibition were detected in plisma from
Pwo volunteers recciving single 30-me doses) no
activily was detected o volunteers recei ving sin-
gle 200-mg doses, Because of the gastrointestinal
intelerance and poor bioavailability, clinical de-
velopment of WRO9210 by the Army Anlima-
larial Drug Program was abandoned.

In 1985, P5-13 was conceived as a member of
a new elass of drugs with antimalarial activity
by analogy 1o proguanil. 1t was reasonad that this
drug maght not only have inherent activity, but
could also be orally Boavailable as a lipophalic
hguanide and metabolically converted to
WSR2 10 by the same macrosomal mixed fune-
rroe oxidase that converls progoanil 1o ovelo-
guanil” To evaluate this possibility, the deag
wits syl siecd and wested o botl tn o vitro and
i vive tesl systema. Prelimanary studies in mon-
kevs demonstrated the presence o WR99210 in
plasma frorm animals receiving PS-13 (Edsiein
MY, unpublished data)

When administered orally to mice with £~
berghed inlections, PS-135 was found to be moere
active than proguantl, eveloguanil, or WRSG2 1{),
These findings were confivmed when 1he same
comparisons were made in Aoty monkeys in-
fected with P fadcipariom. When adminsiered
subcutancously o infected mice, PS-13 was as
active as cycloguaml and showed no evidence of
toxicity. In contrast, proguanil in doses greater
than 160 meke was lethal 1o some mice.

Studicsolantimalanal activity in vitro showed
that "S-15 was more active than proguanil agaimst
all three P fafciparee clones tested. Although
in vitro conversion 1o WR99210 by infected red
blood cells cannat be excluded, this seems highly
unlikely based on the known method of conver-
sion of proguanil 1o cycloguaml, The drug PS-
13 also potentiated the activity of sulfamethox-
arole n vitro, supgesting that it i an inhibitor
of DHFR nself, Such anbibators are wsually as-
socigted with rapid induction of resistance. How-
ever, P5-15 15 converted 1o WR9210, 8 drug to
which resistance develops slowly in antmal maod-
els. Furthermaore, hased on the in vitro evidence
for synerey wilh sullameihoxaeele and atova-
quone, concurrent use of P5-15 and one ol these
drugs showld not only increase the potency of
hath compounds, but alsa delay the develop-
ment of resistance 1o the combination.

[n summary, PS-13 represents a new class of
falic acid antagonists that demonstrates surpris-
img activity when lested in o witro aganinst both
drug-sensitive and sresistant Pfafogaran as well
as when ested in vivo i Aorus monkevs, Both
P5-13 and i3 metabolite WRES92 10 are active,
and thus achieve the same patiern of activily as
proguanil and 115 metabolite eveloguanil. How-
ever, PS-15 was more active than progeanil and
WRSS I was more aclive than oveloguanil.
Further studies with PPS-13 are planned e de-
termine t this new drog class will be as safe and
well-1oleraled as proguanil, and to detcrmine
whether the problem of the gastrointestinal in-
tolerance, wiich is associated with WESS2 10 ad-
mimistration (o0 humans, has been elirminated,
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