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Malaria is one of the most serious parasitic diseases, in
addition to AIDS (HIV) and tuberculosis. According to the B
recent WHO report, 306500 million people are infected TsO
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with the disease and 1-2.7 million people, mostly infants Q;j»)/ Me Q:; =/ R
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or young children, die each year in tropical and subtropical N\F: Q X

zones. Even the temperate zones will be exposed to the 5 ", =N"

danger of infection, owing to problems such as global 6 N

warming and traffic globalization. In the last few decades,  a(i) NEts, CHsCN, rt; (i) TsOMe, DMF, 120°C; (iii) 6, NEt;, CHiCN,
rapid and widespread movement of drug-resistant malaria70°C.

parasites has reduced the effectiveness of commonly useGr pia 1. chemical Yields, EI-MS Results (1), and

chemotherapeutic agerft3Thus, the development of a novel Absorption Properties of the Merocyanine Dye Librsty
class of antimalarial compounds has become essential and a

worldwide issue. In this regard, new antimalarials, displaying 3
different mechanisms of action in the patients infected with sa 3b 3¢
drug-resistant parasites will gain more prominehce. 2a  4a 4b 4c

We have recently discovered that rhodacyanine dyes 81% (M* 246)  84% (M"308)  80% (M" 316)

L . . o f Aabs396.5 nm Aabs398.0 nm Aabs398.0 nm

show strong in vitro antimalarial activitiy againBtasmo- 2b ad de af
dium falciparum(Figure 1)} As a result of our preliminary 929% (M*328)  90% (M*390)  94% (M+ 398)
structure-activity relationship (SAR) study, MKH-571§), Aabs430.0 nm Aabs432.0 nm Aabs431.5 nm
a member of this family, was found to display high 2¢ 49 4h 4i

91% (M"344)  89% (M™406)  96% (M 414)
Aabs444.0 nm Aabs445.5 nm Aabs445.0 nm
aPurities of all synthetic merocyaningswere 95% or more

(estimated by*H NMR). P UV —vis spectra of the dyed were
measured as CHgbolution.
reported strategie's,these dyed can be obtained with ease
using a three-step synthetic sequence: (i) merocyanine
formation by condensation of methylthioiminium s2lvith
rhodanine3 to afford 4, (ii) activation by S-alkylation o#4
to give the corresponding thiocimidate cati®n and (iii)
cyanine formation by condensation®fvith methyliminium
salt6 (Scheme 1). All three processes proceed in a very clean
fashion that requires only simple operations throughout the
reaction and purification steps. Finally, the pure rhodacya-

antimalarial activity and a significantly good selective
toxicity. In light of this finding, we envisioned that a
chemical library of cationic rhodacyanine dyes would be
useful as a tool to understand both their mechanism of action
and SAR. We have planned to develop a combinatorial
synthesis of rhodacyanine dyes to provide a diverse com-
pound library for an antimalarial screening test. Since it is
already known that the dyek can be used as anticancer
agents;® fluorescent dyes$,and photo sensitizefsa new
study on the library of rhodacyanine compounds would offer
much more useful information. In this Report, we describe
a one-pot parallel synthesis of antimalarial rhodacyanines
by combining three components in a solution phase and

studying their antimalarial acpwﬂe%. . nines could be obtained in good yield. Notably, all synthetic
In general, the rhodacyanine dygdave two different . . : o -
intermediates in every stage ifiii) can be purified by

conjugated systems, a neutral merocyanine and a cationic . - =L .
. . i : simple crystallization and filtration without any chromato-

cyanine moiety, consisting of three heterocyclic components, X . .

in which two end heteroaromatic rings, and y, flank a graphic handling. We thought that the use of a heat-resistant

. : . . . filter tube, a syringe-type vessel equipped with a microfilter
rhodanine moiety; (Figure 1). On the basis of the previously at bottom side, would offer much easier operation throughout

t Tohoku University. the synthetic sequence; hence, a one-pot multistep synthesis
* Okayama University. of rhodacyanines could be accomplished.
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Chart 2 Table 2. Chemical Yields, FAB-MS Results (), and

Absorption Properties of Rhodacyanine Dye Libpdry
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6¢C
5a 1b 1c 1d
41% (M* 432)  319% (M 432)  39% (M' 458)
Aabs505.0 nm Aabs519.5 nm AabsD514.5 nm
Initially, we optimized each step in this process from (i)  5b le 1f 19
to (iii), separately, using the filter tube equipment. As a first 49% (M* 412)  57% (M"412)  39% (M' 438)
step, a combinatorial synthesis of different merocyanies . ’11‘;5500'5 nm ’i?b5514'5 nm ’i;‘b5507'5 nm

was carried out. To an equimolar mixture of methylthio-
iminium 2 and rhodaning in a filter tube capped with a

69% (M*+ 376)
Aabs546.0 nm

59% (M*+ 376)
Aabs560.5 nm

74% (M* 402)
Aabs543.5 nm

septum at the bottom end was added a solution of triethy- "2 p rities of all synthetic rhodacyanindswere 95% or more
lamine in acetonitlile. After being stirred f@ h atambient (estimated by'H NMR). b UV—vis spectra of the dyeg were
temperature, the desired merocyanine was obtained as aneasured as MeOH solution.
precipitate. By opening the bottom cap, the Ll solvent 4 The jsolated yields in this combinatorial synthesis were
was removed through the filter. The precipitate was washed mediym, ranging from 31 to 74% vield; however, the yields
with CH;CN twice and dried in vacuo overnight to afford = compare favorably with the yield in the synthesis of MKH-
merocyaningh. Thus, all merocyanine compounéis—i were 57. Itis interesting to note that the merocyanides-i and
obtained from the combination @—c and3a—c (Chart1)  rhodacyaninedb—j display a range of colors in the solid
in 80~96% isolated yield and-95% purity (Table 1}° state as well as in the solution phase, depending on their
In the next stage of our synthetic plan, we observed that partial structure. The absorption maximumig.4 = 397—
the S-methylation reaction could be successfully carried out 561 nm) of merocyanines in GBI, and rhodacyanines in
in the filter tube apparatus to givein quantitative yield° MeOH are shown in Tables 1 and 2, respectively.
To a suspension of merocyanidein distilled DMF was Having established the reaction conditions for each step,
added methyp-toluenesulfonate, and the mixture was heated we next examined a single-pot reaction for all three steps.
for 4 h at 120°C. The precipitate was collected and washed Following the optimized conditions, we conducted the 3
with acetone to giveb as a solid. In this step, it is very 3 x 3 parallel synthesis using methylthioiminiuréis,cd,
important to avoid contamination of water; otherwise, side rhodanines3c,d,e, and iminiums6ac,d as substrates to
reactions will occur to furnish oxothiazolings(Chart 2),  furnish 27 different kinds of rhodacyaninggTable 3). All
which are hard to separate frofn rhodacyanines except fddca and 1dcc were obtained in
Finally, this combinatorial approach was validated by the moderate to good overall yields, in comparison with the
cyanine formation reaction (Table 2). Nine rhodacyanines reported overall yields~<40%)?! The poor yielding ofLdca
1b—j from a combination oba—c and6a—c were obtained  andldccmight be caused by their poor ability to crystallize.
in analytically pure forms X95% purity) by a procedure  Their purities were acceptable in the combinatorial chemistry.
similar to that described for the preparation of mericyanines A characteristic feature of our method, as compared to
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Table 3. Summary of One-pot 3 Components Combinatorial

Synthesis; Chemical Yields and Purities (parenthéses)
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Table 4. Antimalarial Efficacies in Vitro of Selected
Synthetic Rhodacyanineis

3 ECso (M)
2 3c 3d 3e 6 compd P. falciparum FM3A selectivity
2b 1lbca 1bda lbea 6a 1b 1.8x 108 6.4x 1077 36
22% (>95%)  28% (>95%)  27% (>95%) 1c 5.4x 1078 5.6 x 1077 10
1bcc 1bdc lbec 6C 1d 6.0x 107° 5.1x 1077 85
36% (>95%) 18% (>95%) 26% (>95%) le 1.4x 108 1.2x 105 860
1bcd 1bdd 1bed 6d 1f 2.3x 108 >1.5x%x 10°° >650
47% (>95%)  44% (>95%) 49% (85%) 19 1.1x 108 3.6 x 10°° 0.3
2c  lcca lcda 1cea 6a 1h 24x 107 2.8x10° 120
33% (>95%)  54% (80%) 33% (>95%) 1li 1.3x 107 >1.7x 10 >130
1ccc lcdc lcec 6¢C 1 1.0x 108 21x10° 210
26% (>95%)  53% (80%) 25% (90%) ldda? 2.3x10°8 11x10° 480
1 ccd 1lcdd 1ced 6d 1lddada 2.6x 1077 7.2x 1077 3.0
56% (>95%)  64% (>95%)  53% (>95%) la(MKH-57)2 1.2x 108 1.2x 10°° 1,000
2d  1dca 1dda 1a(MKH-57)  6a ldec 52x10°% 5.8x 1077 11
3% (90%) 34% (>95%)  26% (>95%) chloroquine 1.8x 108 3.2x10° 1,800
ldcc lddc ldec 6C aSee ref 1.
3% (80%) 30% (>95%)  26% (>95%)
1dcd 1ddd 1ded 6d

63% (>95%)

58% (>95%)

60% (90%)

a Purities were estimated By NMR.

conventional combinatorial technology, is that neither polymer-
supported material nor chromatographic purification is

necessary. Using this combinatorial technique, a number of
rhodacyanines could be prepared in large quantity.

Research (no. 13877378) from the Ministry of Education,

Culture, Sports, Science and Technology, Japan.

Supporting Information Available. General experimen-

tal procedures and characterization data of selected com-
pounds. This material is available free of charge via the
Internet at http://pubs.acs.org.

The antimalarial activities of the selected synthetic References and Notes

compounds were evaluated in vitro agaiRstfalciparum
(chloroquine-sensitive FCR-3 strain), and their cytotoxicities
were determined against mouse mammary tumor FM3A
cells!! Selective toxicities, defined by the ratio EFM3A)/
EGCso(P. falciparun), were determined (Table 4). Several
rhodacyanines exhibit in vitro antimalarial activity as strong
as traditional antimalarial drugs, such as chloroquine. In
accordance with the earlier structuractivity relationship
(SAR) study, the introduction of too many hydrophobic
aromatic rings into the rhodacyanine skeleton leads to a
decrease in selective toxicity.For example, although
compoundld has the most potent antimalarial activities, it
shows fairly high toxicity. Finally, we conclude that, among
the several rhodacyanines we prepared, compotiadsd

1f, which have a methoxy substituent on thenit, show a
very good antimalarial activity that is comparable to our
previously reported compourith (MKH-57).

In summary, we have developed a one-pot three-step
combinatorial synthesis of rhodacyanirigsy the sequential
condensation of three components: methylthioiminidns
rhodanines3, and iminiumse6. It is noteworthy that the
method requires neither solid support nor chromatographic
purification. Among the synthesized rhodacyaniriesand
1f exhibit good antimalarial efficacy. We believe this work
will provide a wide and rapid survey of the biological
activities and physical properties of rhodacyanine dyes.
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