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New Semisynthetic Quassinoids with in Vivo Antimalarial Activity
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On the basis of a comparative analysis for stability in mouse serum between 15-O-
acetylbruceolide and bruceolide 15-methyl carbonate, several 3,15-dialkyl carbonates of
bruceolide were synthesized and their in vitro antimalarial activity was assessed. Methyl, ethyl,
and isopropyl carbonates with pronounced in vitro activity were further evaluated for in vivo
antimalarial potency. Both the methyl and ethyl carbonates significantly increased the life
span of mice as compared with 3,15-di-O-accetylbruceolide and chloroquine.

Introduction

Malaria remains the greatest human Killer among
parasitic infections, despite worldwide efforts to combat
the disease and attempts at eradication of the causative
organisms. The emergence and ongoing spread of the
drug-resistant strains of Plasmodium falciparum, in-
cluding multidrug resistant strains, the most lethal
malaria parasite, poses a serious health-care problem
in the malaria-endemic countries, and among inter-
national travelers.!

Some species of the Simaroubaceae family have been
traditionally used as a cure for malaria.?2 Under the
assumption that this potency is attributed to the major
constituents of these plant medicines, the antimalarial
activity of several naturally occurring quassinoids was
investigated. As a result, some quassinoids were dis-
closed to inhibit proliferation of P. falciparum potently
in vitro.2 However, intensive assessment of antimalarial
potency by bioassay test in vivo has been performed
with respect to only limited quassinoids because of the
scarcity of natural supply.* Among the antimalarial
active quassinoids, bruceolide (1) is one of the repre-
sentative compounds as a common core skeleton.

In this regard, we undertook to establish a practical
procedure for preparing bruceolide (1) from a readily
available Chinese crude drug, “Ya-tan-tzu” and to
explore antimalarial semisynthetic quassinoids using 1
as the starting material.® Previously, it was found that
3,15-O-diaccetylbruceolide (5) showed potent in vitro
antimalarial activity as well as a high selective index
against mouse mammary tumor FM3A cells, represent-
ing a model of host cells.> Furthermore, 5 was also
shown to possess potent in vivo antimalarial activity
against P. berghei infected mice.® As a part of a program
aimed at more promising quassinoid derivatives with
high antimalarial potency in vivo, several carbonates
of bruceolide (1) were designed and evaluated for their
biological properties. This paper describes several new
semisynthetic quassinoids with in vivo antimalarial
potency.
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Synthesis and Biological Property of Bruceolide
Derivatives. Despite potent antimalarial activity in
vivo (EDsp = 0.46 mg/kg), 3,15-O-diacetylbruceolide (5)
was unable to completely remove malaria parasites in
the blood stream in the 4-day suppressive test. Bru-
ceolide (1) displayed a slightly weaker antimalarial
effect in vivo (EDsp = 1.1 mg/kg) than 5.6 This finding
led to the consideration that the acetyl functions in 5
were readily metabolized in mice. Thus, the stability of
the acetyl residues, linked to the hydroxyl groups on
C-3 and C-15, in mouse serum was examined. Both 3-O-
acetyl (4) and 15-O-acetylbruceolide (11, = brucein B)?
were respectively synthesized from the precursor tri-
ethylsilyl (TES) ethers (2 and 3), as shown in Scheme
1. Synthesis of 3-O-acetylbruceolide (4) was conducted
using the following protocol. Protection of the 3- and 15-
hydroxyl groups in 1 by treatment with TESCI in
pyridine at 50 °C gave 3,15-O-diTES ether, in which the
3-O-TES group was selectively deprotected using n-Bugs-
NF at — 20 °C to afford the 15-O-TES ether 3 in 92%
yield for the two steps. Acetylation of 3 with Ac,O/
pyridine followed by removal of the TES residue with
HF—pyridine in THF at 0 °C furnished 3-O-acetylbru-
ceolide (4) in 89% yield from 3. 15-O-Acetylbruceolide
(11, = bruceine B) was prepared as follows. The 3-hy-
droxyl group in 1 was treated with TESCI under dilute
conditions to give 3-O-triethylsilylbruceolide (2) selec-
tively in 90% yield. Successive acetylation with Ac,0O
in pyridine and desilylation with HF-pyridine in THF
at 0 °C provided 11 in 88% yield for the two steps.

The stability of bruceolide (1), and the monoacetyl (4,
11) and diacetyl (5) derivatives of 1 in mouse serum was
assessed and their time-course of disappearance is
depicted in Figure 1. Both 4 and 5 with the 3-O-acetyl
residue decreased in the mouse serum at nearly the
same rate and disappeared completely after 3 h treat-
ment. On the other hand, about 50% of 11 was pre-
served after exposure in mouse serum for 3 h. This
finding indicates that retention of the acetyl residue at
the 15-hydroxyl group in 5 is crucial to exert the in vivo
antimalarial potency of 5. In addition, the carbonyl
residue attached to the 15-hydroxyl group was shown
to play an important role in the antimalarial activity of
bruceolide derivatives during the course of an extensive
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bruceolide (1 : R =H)
a
E 2:R=TES

dorf,g

5:R=CH, 8: R = O(CH,),CH,
6:R=0CH; 9:R=0CH(CHs),
7 : R = OCH,CHj, 10 : R = O(CH,);CHg

11 : R = CHj (brucein B)
12: R=0OCHg

a Conditions; (a) TESCI, pyridine, 50 °C, (0.015 mM of 1 in pyridine); (b) TESCI, pyridine, 50 °C, (0.24 mM of 1 in pyridine); (c) n-BusNF,
CHCly, —20 °C; (d) Ac20, pyridine); (e) HF-pyridine, THF; (f) alkyl chloroformate, pyridine, 0 °C; (9) HF—pyridine, THF, 0 °C
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Figure 1. Stability of bruceolide (1) and its derivatives (4, 5,
11, and 12) in mouse serum.

analysis of their structure—activity relationships.8 This
structural requirement led to the proposal of 3,15- and/
or 15-alkyl carbonates as further candidates. Therefore,
the 15-methyl carbonate (12) was synthesized in order
to compare the antimalarial activity, as well as the
stability in serum, between 11 and 12. Treatment of
3-O-TES-bruceolide (2) with methyl chloroformate in

Table 1. In Vitro Antimalarial Activities of Bruceolide
Derivatives

ECso values (nM)2

selectivity
compound  P. falciparum? FM3Ac° indexd clogP
4 880 >3.2 x 104 >36
5¢ 39 1.6 x 104 410 —0.67
6 90 >6.3 x 104 >700 —1.08
7 64 3.6 x 10* 563 —0.01
8 100 6.6 x 103 66 1.05
9 80 1.1 x 104 138 0.61
10 14 7.0 x 102 50 2.13
11¢ 24 8.0 x 103 333
12 53 8.7 x 103 164
chloroquine 18 3.2 x 10* 1780

2 1n vitro antimalarial activities and cytotoxicities are described
in the Experimental Section. ? Chloroquine-sensitive (FCR-3 strain).
¢ Mouse mammary tumor FM3A cells are used as a control for
mammalian cell cytotoxicity. 9 Selectivity index = (mean of ECs
value for FM3A cells)/(mean of ECso value for P. falciparum).
¢ Biological scores were reported in our preliminary communica-
tion.®

pyridine at 0 °C provided the corresponding carbonate,
which was submitted to the same deprotection proce-
dure as in the preparation of 11 to furnish bruceolide
15-methyl carbonate (12) in 82% yield for the two steps.
Notably, the methyl carbonate 12 showed higher stabil-
ity than 15-O-acetylbruceolide (11) after exposure in
mouse serum for 3 h, and similar antimalarial potency
to 11 in vitro, as shown in Figure 1 and Table 1. This
interesting biological outcome encouraged the design
and synthesis of several 3,15-dialkyl carbonates and an
evaluation of their antimalarial activity.

For the purpose of rationally designing carbonate
derivatives of 1 in expectation of in vivo potency,
effective use was made of calculated logP (clogP) values.®
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Figure 2. The dose-response curve for antimalarial potency
of the three carbonates (6, 7, and 9) in P. berghei-infected mice.
Parasitemia was determined by the following formula: (num-
ber of infected erythrocytes/number of total erythrocytes).

ClogP is a parameter correlated to the permeability of
drugs, and is thus believed to be an important index in
predicting biological activity in animal models. Gener-
ally, clogP values larger than 3 and less than —3 tend
to reduce in vivo pharmacological efficacy significantly
regardless of a good in vitro biological score.l® Thus,
easily accessible 3,15-dialkyl carbonates with moderate
clogP values were explored. In the first instance, the
logP values of bruceolide (1), 3,15-O-diacetyl (5), 3-O-
hexanoyl,®> and 3-O-ethyl® derivatives were experimen-
tally measured. On the basis of the observed logP values
and the estimated clogP values of the four compounds,
which are determined by commercially available soft-
ware,!! five 3,15-dialkyl carbonate derivatives (6—10)
of bruceolide (1) were designed as promising candidates.
The carbonates (6—10) were prepared in 71 to 100%
yield from 1 through the treatment with the corre-
sponding alkyl chloroformate in pyridine.
Antimalarial Activity of the Carbonate Deriva-
tives of Bruceolide. The semisynthetic quassinoid
derivatives were tested for in vitro antimalarial activity
against P. falciparum. Furthermore, their cytotoxicities
against FM3A cells, the model cells of the host animal,
were also assessed in order to determine the selectivity
index.12 Table 1 summarizes the in vitro biological
activity of the carbonate derivatives. All of the carbonate
derivatives potently inhibited proliferation of the ma-
laria parasite and exhibited similar 1Csg values, regard-
less of the difference in the alkyl residues. In particular,
two of the carbonates (6 and 7) demonstrated outstand-
ing selectivity indices, as well as antimalarial potency.
By comparing the biological outcome between the 15-
methyl carbonate (12) and 3,15-dimethyl carbonate (6),
the introduction of a carbonate function to the 3-hy-
droxyl group is likely to diminish cytotoxicity against
host cells. In contrast with brucein B (11) and 3,15-O-
diacetylbruceolide (5), 3-O-acetylbruceolide (4) showed
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Table 2. In Vivo Antimalarial Activity of the Carbonate
Derivatives of Bruceolide

EDsg EDgo increase of life span
compound (mg/kg) (mg/kg) (ILS, %)2
5 0.46 0.98 49 [dose: 1 mg/kg]
6 1.3 3.0 196 [dose: 3 mg/kg]
7 0.49 1.9 182 [dose: 3 mg/kg]
9 14 >3.0 86 [dose: 3 mg/kg]
chloroquine 2.0 3.3 15 [dose: 3 mg/kg]

a Antimalarial potency was evaluated by the increase of life span
(ILS): (T/C — 1) x 100%, where “T” is the mean survival days
(MSD) of the treated group and “C” is the MSD of the control
group.

reduced antimalarial activity, suggesting that the pres-
ence of a carbonyl residue adjacent to the 15-hydroxyl
group is beneficial to antimalarial potency. With respect
to the length of unbranched alkyl residues in the
carbonates, the carbonates with longer carbon chains
showed stronger cytotoxic activity against host cells.
This biological behavior due to the carbon chains linked
to the 3,15-hydroxyl functions was also observed in the
case of the acyl derivatives of 1.5

Based on this encouraging in vitro biological activity,
the antimalarial potential of the three carbonate deriva-
tives was examined in vivo with the 4-day suppressive
test using P. berghei infected mice. The dose—response
curves given in Figure 2 indicate that the antimalarial
effects of all of the derivatives tested on mice are
enhanced dose-dependently. Judging from the EDsy and
EDq values, the three carbonates exhibited similar or
slightly less potent antimalarial activity in vivo in
comparison with 3,15-O-diacetylbruceolide (5), as de-
picted in Table 2. However, all of the carbonates showed
superior EDsg values to chloroquine (2.0 £+ 0.2 mg/Kkg),
a clinically used antimalarial drug. No obvious signs of
toxicity, such as diarrhea, body weight loss, and mortal-
ity were observed during the treatment at doses of 3.0
mg/kg per day among the three carbonates. Notably, the
mean survival days of the treated mice with all of the
carbonates are significantly prolonged as compared with
5 and chloroquine. In particular, it should be noted that
the methyl and the ethyl carbonates (6, 7) showed about
four times longer increase of life span than 5.

In summary, the new semisynthetic quassinoids, the
3,15-dimethyl and 3,15-diethyl carbonates (6, 7) of
bruceolide (1), with in vivo antimalarial potency, fol-
lowing the results of stability testing in mouse serum
and rational design by use of adequate clogP have been
disclosed. Work is now in progress to evaluate curability
in detail.

Acknowledgment. This work was supported in part
by Grant-in-Aids for Scientific Research on Priority
Areas (Grant No. 11147215, 12307007, and 14021072)
from the Ministry of Education, Culture, Sports, Science
and Technology of Japan. The authors are grateful to
the Kanae Foundation for Life and Socio-medical Sci-
ence for financial support.

Supporting Information Available: Experimental Sec-
tion and elemental analysis data. This material is available
free of charge via the Internet at http://pubs.acs.org.

References

(1) Butler, D.; Maurice, J.; O'Brien, C. Time to Put Malaria Control
on the Global Agenda. Nature 1997, 386, 535—541.



Brief Articles

@

@3

~

(©)

Okano, M.; Fukamiya, N.; Lee, K.-H. Biologically Active Com-
pounds from Simaroubaceous Plants. In Studies in Natural
Products Chemistry, 7th ed.; Atta-ur-Rahman, Eds.; Elsevier
Science Publishers B. V.: Amsterdam, 1990; pp 369—404.
Trager, W.; Polonsky, J. Antimalarial Activity of Quassinoids
against Chloroquine-resistant Plasmodium falciparum In Vitro.
Am. J. Trop. Med. Hyg. 1981, 30, 531-537. (b) Chan, K. L.;
O'Neill, M. J.; Phillipson, J. D.; Warhurst, D. C. Plants as
Sources of Antimalarial Drugs. Part 3. Eurycoma longifolia.
Planta Med. 1986, 2, 105—107. (c) O'Neill, M. J.; Bray, D. H;
Boardman, P.; Phillipson, J. D.; Warhurst, D. C.; Peters, W.;
Suffness, M. Plants as Sources of Antimalarial Drugs: In Vitro
Antimalarial Activities of Some Quassinoids. Antimicrob. Agents
Chemother. 1986, 30, 101—104. (d) Pavanand, K.; Nutakul, W.;
Dechatiwongse, T.; Yoshihira, K.; Yongvanitchit, K.; Scovill, J.
P.; Flippen-Anderson, J. L.; Gilardi, R.; George, C.; Kanchana-
pee, P.; Webster, H. K. In Vitro Antimalarial Activity of Brucea
javanica against Multi-Drug Resistant Plasmodium falciparum.
Planta Med. 1986, 52, 108—111. (e) Lee, K.-H.; Tani, S.;
Imakura, Y. Antimalarial Agents, 4. Synthesis of a Brusatol
Analogue and Biological Activity of Brusatol-Related Com-
pounds. J. Nat. Prod. 1987, 50, 847—851. (f) Chan, K. L.; Lee,
S. P.; Sam, T. W.; Han, B. H. A Quassinoid Glycoside from the
Roots of Eurycoma longifolia. Phytochemistry 1989, 28, 2857—
2859. (g) Ekong, R. M.; Kirby, G. C.; Patel, G.; Phillipson, J. D.;
Warhurst, D. C. Comparison of the In Vitro Activities of
Quassinoids with Activity against Plasmodium falciparum,
Anisomycin and Some Other Inhibitors of Eukaryotic Protein
Synthesis. Biochem. Pharmacol. 1990, 40, 297—301. (h) Ander-
son, M. M.; O'Neill, M. J.; Phillipson, J. D.; Warhurst, D. C. In
Vitro Cytotoxicity of a Series of Quassinoids from Brucea
javanica Fruits against KB Cells. Planta Med. 1991, 57, 62—
64. (i) Cabral, J. A.; McChesney, J. D.; Milhous, W. K. A New
Antimalarial Quassinoid from Simaba guianensis. J. Nat. Prod.
1993, 56, 1954—1961. (j) Allen, D.; Toth, I.; Wright, C. W.; Kirby,
G. C.; Warhurst, D. C.; Phillipson, J. D. In Vitro Antimalarial
and Cytotoxic Activities of Semisynthetic Derivatives of Brusatol.
Eur. J. Med. Chem. 1993, 28, 265—269. (k) Ang, H. H.; Chan,
K. L.; Mak, J. W. In Vitro Antimalarial Activity of Quassinoids
from Eurycoma longifolia against Malaysian Chloroquine-
resistant Plasmodium falciparum lIsolates. Planta Med. 1995,
61, 177—-178. (I) Kitagawa, I.; Mahmud, T.; Yokota, K.; Naka-
gawa, S.; Mayumi, T.; Kobayashi, M.; Shibuya, H. Indonesian
Medicinal Plants. XVII. Characterization of Quassinoids from
the Stems of Quassia indica. Chem. Pharm. Bull. 1996, 44,
2009—-2014.

Fandeur, T.; Moretti, C.; Polonsky, J. In Vitro and In Vivo
Assessement of the Antimalarial Activity of Sergeolide. Planta
Med. 1985, 51, 20—23. (b) Phillipson, J. D.; O’'Neill, M. J. Novel
Antimalarial Drugs from Plants? Parasitol. Today 1986, 2, 355—

Journal of Medicinal Chemistry, 2003, Vol. 46, No. 4 641

®)

(6)

(7
®
(©)
(10

~

(11

(12

359. (c) O'Neill, M. J.; Bray, D. H.; Boardman, P.; Chan, K. L.;
Phillipson, J. D.; Warhurst, D. C.; Peters, W. Plants as Sources
of Antimalarial Drugs, Part 4: Activity of Brucea javanica Fruits
against Chloroquine-resistant Plasmodium falciparum In Vitro
and against Plasmodium berghei In Vivo. J. Nat. Prod. 1987,
50, 41-48. (d) Bray, D. H.; Boardman, P.; O'Neill, M. J.; Chan,
K. L.; Phillipson, J. D.; Warhurst, D. C.; Suffness, M. Plants as
a Source of Antimalarial Drugs. 5. Activities of Ailanthus
altissima Stem Constituents and of Some Related Quassinoids.
Phytother. Res. 1987, 1, 22—24. (e) O'Neill, M. J.; Bray, D. H.;
Boardman, P.; Wright, C. W.; Phillipson, J. D.; Warhurst, D.
C.; Gupta, M. P.; Correya, M.; Solis, P. Plants as Sources of
Antimalarial Drugs, Part 6: Activities of Simarouba amara
Fruits. J. Ethnopharmacol. 1988, 22, 183—190. (f) Moretti, C.;
Deharo, E.; Sauvain, M.; Jardel, C.; David, P. T.; Gasquet, M.
Antimalarial Activity of Cedronin. J. Ethnopharmacol. 1994, 43,
57—-61. (g) Francois, G.; Diakanamwa, C.; Timperman, G.;
Bringmann, G.; Steenackers, T.; Atassi, G.; Looveren, M. V.;
Holenz, J.; Tassin, J.-P.; Assi, L. A.; Vanhaelen-Fastre, R.;
Vanhaelen, M. Antimalarial and Cytotoxic Potential of Four
Quassinoids from Hannoa chlorantha and Hannoa klaineana,
and their Structure—Activity Relationships. Int. J. Parasitol.
1998, 28, 635—640.

Murakami, N.; Umezome, T.; Mahmud, T.; Sugimoto, M.;
Kobayashi, M.; Wataya, Y.; Kim, H.-S. Anti-malarial Activities
of Acylated Bruceolide Derivatives. Bioorg., Med. Chem. Lett.
1998, 8, 459—462.

Kim, H.-S.; Shibata, Y.; Ko, N.; lkemoto, N.; Ishizuka, Y.;
Murakami, N.; Sugimoto, M.; Kobayashi, M.; Wataya, Y. Potent
In Vivo Antimalarial Activity of 3,15-Di-O-acetylbruceolide
against Plasmodium berghei Infection in Mice. Parasitol. Int.
2000, 48, 271—-274.

Phillipson, J. D.; Darwish, F. A. Bruceolides from Fijian Brucea
javanica. Planta Med. 1981, 41, 209—220.

Murakami, N.; Sugimoto, M.; Tamura, S.; Wataya, Y.; Kim, H.-
S.; Kobayashi, M., unpublished results.

Leo, A. J. Calculating log Poct from Structures. Chem. Rev. 1993,
93, 1281—-1306.

Obata, Y.; Sato, H.; Li, C. J.; Takayama, K.; Higashiyama, K;
Nagai, T.; Isowa, K. Effect of Synthesized Cyclohexanol Deriva-
tives Using L-Menthol as a Lead Compound on the Percutaneous
Absorption of Ketoprofen. Int. 3. Pharm. 2000, 198, 191—-200.
ClogP was calculated using the computer program (version 4.0,
Bio Byte Corporation, Claremont, CA, 91711).
Likhitwitayawuid, K.; Angerhofer, C. K.; Cordell, G. A.; Pezzuto,
J. M.; Ruangrungsi, N. Cytotoxic and Antimalarial Bisbenzyl-
isoquinoline Alkaloids from Stephania erecta. J. Nat. Prod. 1993,
56, 30—38.

JM0201971



