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AbstractÐNew analogues of the venerable antimalarial drug primaquine have been synthesized and bioassayed in vivo against
Pneumocystis carinii, a life-threatening infection common among immunosuppressed patients. Two of these new compounds are
signi®cantly more active than primaquine itself, and provide new information for future drug design and development in this area.
# 2000 Elsevier Science Ltd. All rights reserved.

Introduction

Primaquine (1), an 8-aminoquinoline antimalarial,1 in
combination with clindamycin, an antibacterial agent,
was shown in model assays to be e�ective in vitro and in
vivo against Pneumocystis carinii pneumonia (PCP), a
leading cause of morbidity and mortality in immuno-
suppressed patients.2 This treatment was subsequently
used successfully in human AIDS patients.3

In the necessary and continual search for new and more
active drugs in this area, primaquine analogues with
improved therapeutic ratios versus malaria4 have also
exhibited improved e�cacy against PCP.5 Compound 2,6

for example, is much more e�ective than primaquine
against malaria, and in both an in vitro culture model of
P. carinii proliferation and a rat model of PCP.5c Thus,
drug design can take advantage of apparent synchrony
between structure±activity relationships (SARs) for two
devastating and quite di�erent human diseases, one
protozoal in origin (malaria), and one fungal (PCP).
The rationale for a new foray along these lines is pre-
sented below.

Following the general SAR guidelines of Pick,4b Chen
and co-workers prepared a homologous series of pri-
maquine analogues (3, R=n-C3±C12) and tested them
against malaria as blood schizonticides in mice, and as
tissue schizonticides in monkeys.7 The C5 and C6 com-
pounds were said be ``remarkably e�ective blood and
tissue schizonticides'', and one of these (3, R=n-C6)
was later shown to be quite active against P. carinii in a
rat model.5a

Synthesis

Based on the leads described above, a homologous ser-
ies of 5-(4-alkoxyphenoxy)-4-methyl primaquine ana-
logues was deemed worthy of testing against PCP and
malaria. Initially, three homologues (8, 9, and 10) were
synthesized from 5-chloro-6-methoxy-4-methyl-8-nitro-
quinoline (5) starting from 1,2-dimethoxybenzene (4).6,8,9

Following substitution by the appropriate 4-alkoxyphenol
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to provide compounds 6,7,10 the nitro group was
reduced by palladium-catalyzed transfer hydrogenation
using ammonium formate to give amine 7,11 followed by
attachment of the primaquine sidechain12 to provide the
desired products (Scheme 1). Fumarate salts were pre-
pared for stability and bioassay purposes.13,14

PCP Bioassay

Materials and methods

Primaquine analogues were tested in the immunosup-
pressed rat model described previously.15 Five female
Lewis rats (Harlan Sprague±Dawley, Inc., Indianapolis,
IN) were assigned to each of the following treatment
groups: P. carinii-infected, nontreated rats (infected
controls), P. carinii-infected rats given the positive con-
trol drugs, 0.2mg/mL of trimethoprim and 1mg/mL of
sulfamethoxazole (TMP/SMX), and P. carinii-infected
animals receiving primaquine analogues. Three weeks
after intratracheal inoculation with P. carinii, immuno-
suppressed rats with heavy infection (approximately 107

P. carinii organisms/g lung) were used to screen drugs
for therapeutic activity. Experimental compounds were
administered by intraperitoneal injection or oral gavage
one to two times daily. Infected controls received vehicle
only, and positive drug controls received TMP/SMX ad
libitum in the drinking water. After 2 weeks of ther-
apy, animals were euthanized and the lungs were
removed and homogenized. Methenamine silver-stained
lung homogenates were examined microscopically and
infection scores, a logarithmic representation of the
actual number of P. carinii cysts, were determined. E�-
cacy was determined by comparing the P. carinii cyst
burden in lungs of treated rats to that of infected con-
trols and positive control compounds.

Results

Primaquine analogues 8 and 9 were very e�ective
against established P. carinii infections in the rat model
when administered intraperitoneally or orally. Com-
pound 8 was the more active, and when given at 2mg/kg
intraperitoneally once or twice daily, or orally once
daily, it was more e�ective than the positive control
drug, TMP/SMX (Table 1 and Fig. 1). A dose±response
relationship was demonstrated when the fumarate of
compound 8 was administered intraperitoneally once
daily at doses from 0.25 to 2 mg/kg (Fig. 1). When this

Scheme 1.

Table 1. E�cacy of primaquine analogues in a rat model of P. carinii

Compounda Dose Route of
administration

Infection scoreb

Mean � SEM

8 2mg/kg Intraperitoneal 0
9 2mg/kg Intraperitoneal 0.71 � 0.38
10 2mg/kg Intraperitoneal 4.50 � 0.35
9 2mg/kg Oral 1.25 � 0.39
TMP±SMXc Approx.

2±10mg/day
Drinking water 1.31 � 0.42

Infected controld Vehicle Intraperitoneal 4.90 � 0.21
Primaquinee 2mg/kg Subcutaneous 4.30

aPrimaquine analogues were tested as their fumarate salts.
bInfection scores are a logarithmic representation based upon blinded
microscopic evaluation (400�) of numbers of cysts quanti®ed in lung
homogenates: 0, no cysts found in 30 microscopic ®elds; 1, 1±5 cysts
per 10 ®elds; 2, approximately 1 cyst per ®eld; 3, 2±10 cysts per ®eld; 4,
>10 but <100 cysts per ®eld; 5, >100 but < 1000 cysts per ®eld.
cTrimethoprim (0.2mg/mL)±sulfamethoxazole (1mg/mL), positive
treatment control. Mean � SEM for three studies.
dVehicle-treated (10% DMSO in water), P. carinii-infected controls.
Mean � SEM for three studies.
eFor comparison; infection scores were based upon microscopic eval-
uation (1000�) of numbers of cysts and trophozoites in 50 microscopic
®elds. Primaquine was tested as its phosphate. SEM were not repor-
ted. Untreated infected controls in these studies had scores of 4.3±4.6
� 0.2 SEM. Primaquine data are from Ref. 5c.
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salt form was given intraperitoneally at 2mg/kg twice
daily, no cysts were found in lung homogenates (Table
1). The fumarate of the more hydrophobic compound
10 was not active against P. carinii when given intra-
peritoneally at 2 mg/kg twice daily (Table 1). Based on
studies in a comparable animal model,5c primaquine
alone, when given at 2mg/kg, appeared similar to com-
pound 10 with no e�cacy observed against rat PCP
(Table 1).

Conclusion

After a review of the literature describing bioassays of
primaquine and primaquine analogues against malaria
and P. carinii, a short homologous series of new prima-
quine analogues was designed, prepared, and tested
against PCP in vivo. Two of these compounds (8 and 9)
proved to be signi®cantly more e�cacious than prima-
quine, thus providing additional information for the
design of new drugs in this area.5c
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