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ABSTRACT
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An efficient method is developed for the synthesis of the modified triprenylated chalcone, munchiwarin (1), isolated from the roots of Crotalaria

medicagenia. The synthesis of 1 utilizes a Claisen —Schmidt condensation between 2,4-dihydroxy-3,5-  C-diprenyl acetophenone and 4-methoxy
benzaldehyde in the presence of Ba(OH) , to yield the unusual chalcone 5 that contains a nine-membered ether ring. Further prenylation of 5
with 1-bromo-3-methylbut-2-ene and its subsequent demethylation with BBr 3 gave munchiwarin (1).

Chalcones are main precursors for the biosynthesis of a largji NN Q R NN

number of ubiquitous flavonoids, which are frequent com-
ponents of the human diet. In vitro and in vivo antimaldrial
and antileishmanial activifyhas been reported for licochal-
cone A (Figure 1) isolated fror®lycyrrhiza inflataBatalin
(licorice). Medicagenir? isolated from the roots ofrota-
laria medicagenieDC, exhibits antimalarial activi(Figure

1). 3-Methoxy-4-hydroxy lonchocarpin isolated from the
Lonchocarpus utilisA.C. Sm. inhibits NADH:ubiquinone
oxidoreductase activity (Figure 1).
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T Total synthesis of the munchiwarid)(and its analogues. ; ; T
* Isolation of the munchiwarinl) from C. medicagenia. Figure 1. Naturally occurring chalcones: licochalcone A from
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s With use of the retrosynthetic strategy outlined in Scheme

Scheme 1 1, 2,4-dihydroxy-3,5-C-diprenyl acetophenddewas pre-
pared from 2,4-dihydroxy acetophenchand 2-methyl-but-
3-en-2-ol with BR—Et,0.1¢ It was originally planned to carry
out a ClaisenSchmidt condensation between 2,4-dihydroxy-
3,5-C-diprenyl acetophenorga and 4-methoxy benzalde-
hyde to obtain the diprenylated chalcofe(Scheme 2).
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tuberculosis, cardiovascula? cell differentiation inducing® Lo

5
nitric oxide regulation modulatord},and antihyperglycemic |
activities1? o oRr
As a part of our ongoing interest in developing new ] _ O “ O
antiparasitic agents, we have recently reported the antima- Q" activated Ba(OH), b b

. .. . HO. EtOH, reflux, 4 h
larial activity of a few naturally occurring prenylated 2R=H, 6:R=CH,

chalcone%and the antileishmanial activity of chromenodi- _ _J §, § SHo o O O OH
hydrochalcone&® 3a ~
In continuation of our search for an efficient antimalarial 7 °H7°

agent, munchiwarin 1) was isolated from the roots of
Crotalaria medicagenidC (yield: 0.0025% from 1 kg of
roots)* Munchiwarin (1) was the first naturally occurring
chalcone with a 2,2,6-triisoprenylcyclohex-5-ene-1,3-dione
skeleton previously isolated from anott@mtalaria species

(C. trifoliastrum) and characterized by 2D NMR spectros-
copy and X-ray crystallography; however, the antimalarial
activity was not studieéf The goal of the present investiga-
tion was to devise and execute a practical synthesis of

Further prenylation on the diprenylated chalcdhenight
then provide the triprenylated chalcoh& and subsequent
demethylation ofl1 would give desired munchiwarirl.
However, the ClaisenSchmidt condensatidhinstead pro-
vided the unusual chalcorsan 92% isolated yield (Scheme
2), which possesses a nine-membered ether ring. The
structure of5 was confirmed by 2D NMR experiments

munchiwarin () and its analogues and to study their ;. 4ing HMBC, HSQC, and COSY (Figure 2). Compound
antimalarial activity.
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1-bromo-3-methyl-but-2-ene
NaH, DMF, -50°C,2h

83%

ring and subsequent Claisen rearrangement dbtheodified
prenyl group (Figure 3) to generate the diketo system in ring
B with the activated C-3as in12. Further prenylation with
Figure 3. Possible reaction pathway in the formation of chalcones prenylbromide gave the triprenylated chalco@emethyl-
5,10, and11. munchiwarin 11. Finally O-methylmunchiwarin11 was
demethylated with borontribromide (Bftin anhydrous Cht
Cl, at —78 °C to rt to provide the desired munchiwarin (1)
Condensation of 2,4-dihydroxy-3G-diprenyl acetophe-  in 53% isolated yield.
none3awith 4-hydroxy benzaldehyde instead of 4-methoxy  prenylation of chalcon® under similar conditions also
benzaldehyde led to formation of chalcoie in which provided the triprenylated chalcoa® with the munchiwarin
migration of the C-5prenyl group to the C-ydroxy group  skeleton (Scheme 3). These results support our proposal that
(retro-Claisen rearrangement) and subsequent cyclization ofthe O-methylmuchiwarirl1 and its analogu&0 might have
the migrated C-5prenyl group and C-3renyl group ledto  formed through intermediatd® and 14 (Figure 3), respec-
a nine-membered ether ring (Scheme 2). To confirm the tively. However, further studies are required to confirm the
sequence of reactions (ClaiseBchmidt condensation, retro-  reaction mechanism.
Claisen rearragement, and subsequent cyclization) in the Munchiwarin (1) was evaluated for antimalarial activity
formation of 5 and 7, a reaction was carried out in the against the chloroquine (CQ) sensitive 3D7 strainPof
absence of benzaldehyde. There was no retro-Claisen rearfaiciparum by SYBR Green based asd@yand 1Dy, for

rangement and subsequent cyclization supports that theantimalarial response was determined ag/Rwhile the IDso
Claisen—Schmidt condensation is the first step to give the

diprenylated chalcon®/6 (Figure 3). The extended conjuga-
tion in the diprenylated chalcori®'6 permits further rear-
rangements to give chalconsaand7 (Scheme 2).

To determine the role of the substituent effect in ring-A a
reaction was carried out with aldehydes with deactivating 9" BFsEL,O, 2-methyl-but-3-en-2-ol o
groups instead of ring-A activating groups. Condensation of HOJ? [Adoene Ba 10
o 54% 30H I OH 5
a

2,4-dihydroxy-3,5-C-diprenyl acetophenoBa with 3-py-
ridinecarboxaldehyde and 2,4-dichlorobenzaldehyde surpris-

Scheme 4

ingly gave chalcone8 and 9, respectively (Scheme 3). In _ activated Ba(OH), t-oromo-3-methybut-2-ene

the presence of activating groups on ring-A (OMe and OH), EIOH, reflux, 4h o & _NaH DMF, 5076, 20
. . . . 3a+

prenyl group migration occurs to giveand7, whereas in 92% O _ O 95%

the presence of deactivating groups on ring-A reaction occurs cHo 50 OH

without migration to give8 and9.

Further prenylation 06 by using 1-bromo-3-methylbut-
2-ene (prenyl bromide) and NaH in DMF-a60 °C provided
O-methylmunchiwarinll in 95% isolated yield, which
possesses three prenyl groups in ring-B (Scheme 4). This
might be occurring via opening of the nine-membered ether

BBr;, CH,Clp Np
78°%C-1t,5h
—_—

53 %
MeO
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for the reference drug, chloroquine, was 0.Q44 in the Acknowledgment. The authors are grateful to the Direc-
same assay. The ¥pof 1 for cytotoxicity assa$f against tor of the CDRI in Lucknow, India, for his constant en-
the Vero cell line (C-1008: monkey kidney fibrobl&dtyvas couragement and support to our program on the isolation of
determined as 15.4M, thus 1 showed a poor therapeutic bioactive compounds from the Indian medicinal plants and
index (TI) of 7.55. synthesis of antiparasitic agents. We also thank Dr. Katherine
In summary, we isolated the triprenylated chalcone Maloney, UCSD, USA, for editing the manuscript, the SAIF
munchiwarin 1 from the roots ofC. medicageniaand Division for spectral da}ta, J. P. Ch_aturv.edl f(_)r technical
evaluated its antimalarial activity. We also achieved the first SUPPOrt, and the CSIR in New Delhi for financial support.
total synthesis of munchiwarih and its analogue0 and o
11 from commercially available 2,4-dihydroxy acetophenone Note Added after ASAP Publication. There was an error
4, discovering an unexpected route to the nine-memberedin Scheme 4 in the version published ASAP on November
ether ring containing chalcones and 7 in the process. 22, 2007; the corrected version was published November 26,

Further studies are underway to examine the reaction 2007-

mechanism, to adjust the conditions to synthesize larger
cyclic ether compounds, and to synthesize munchiwdnn ( Supporting Information Available: One- and two-
analogues for further biological activity studies. dimensional NMR, mass, and IR spectral data of compounds
1, 5, and 11, and one-dimentional NMR, mass, and IR
(18) Evalution of 1D of munchiwarin (1): SYBR Green I-based  SPectral data c8aand7—10. This material is available free

fluorescence (MSF) assay was used. A 20Gample of AsynchronouB.  of charge via the Internet at http://pubs.acs.org.
falciparum parasites at 0.5% parasitemia, 1.5% hematocrit, and varying
concentration of munchiwarirl] was incubated at 37C for 72 h. After OL702187M

the incubation, 10@L of lysis buffer 20 mM Tris (pH 7.5), 5 mM EDTA,
0.008% (w/v) saponin, and 0.08% (v/v) Triton X-100] containing SYBR
Green | (1x final concentration) was added to each well and plates were
reincubated for another hour at room temperature. The plates were examined (19) Smilkstein, M.; Srivilaijaoren, N.; Kelly, J. X.; Wilairat, P.; Risocoe,
for the relative fluorescence units (RFUs) per well using the FLUOstar, M. Antimicrob. Agents Chemothe2004,48, 1803.

BMG labtechnologies. The 50% inhibitory dose {§pwas determined with (20) The cytotoxic activity of munchiwarinlj was determined against
GraphPad Prism software by nonlinear regression analysis of log-dose the Vero cell line (C-1008; monkey kidney fibroblast) by MTT assay. The
response curves. For both assays, micro titer plate wells containing non-cells (1 x 10%well) were incubated with varying concentrations of
infected erythrocytes in the absence of drugs served as negative control,munchiwarin (1) for 72 h and inhibitory dose @§) values represent the
while parasitized erythrocytes in the presence of chloroquine (CQ) served concentration of compound required to kill 50% of the fibroblast cells.
as positive control. (21) Mosmann, TJ. Immunol. Method4983,65, 55.
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