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Anti-malarial activity of Baylis–Hillman adducts from
substituted 2-chloronicotinaldehydesq
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Abstract—New Baylis–Hillman adducts are synthesized based on substituted 2-chloronicotinaldehydes and screened for their in vitro
anti-malarial activity against chloroquine sensitive and chloroquine resistant Plasmodium falciparum. Out of the six new compounds
synthesized and screened, 2b, 2c and 2d compounds showed substantial anti-malarial activity.
� 2005 Elsevier Ltd. All rights reserved.
Malaria remains a major problem exacting an unaccept-
able toll on the health and economic welfare of the
world�s poorest communities. Over 200–500 million
cases and 0.7–2.7 million deaths occur each year due
to malaria.1–3 Every 30 s one child is killed by this dis-
ease. Malaria in pregnancy kills up to 2,00,000 newborn
babies each year. Plasmodium falciparum and Plasmodi-
um vivax are the two major human malarial parasites of
which P. falciparum is responsible for most of the malar-
ial deaths. Over the years chloroquine has been used as
an anti-malarial drug due to its availability, effectiveness
and low toxicity. Presently it is found by many users that
chloroquine is no longer effective in most of the world
because of the resistance to it that has developed.4 The
mechanism of chloroquine resistance in Plasmodium
was first reported by Donald Krogstad.5 The develop-
ment of safe and effective anti-malarial agents has been
realized as a challenge in recent years because of the ra-
pid spread of drug resistant P. falciparum strains.6

Recently, several groups have contributed to the devel-
opment of elegant anti-malarial agents.7–9 Mrinal
et al.10 reported the anti-malarial activity of Baylis–Hill-
man adducts. Our interest is in the design and synthesis
of a diverse range of biologically active heterocyclic
compounds,11 and to this end we have developed a
new method for the synthesis of substituted 2-chloronic-
0960-894X/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2005.09.008

Keywords: Substituted 2-chloronicotinaldehydes; Baylis–Hillman

adducts; Anti-malarial activity.
q IICT Communication No. 050820.
* Corresponding authors. Tel.: +91 40 27160124; fax: +91 40 27160757

(V.J.R); e-mail addresses: suklabiswas@yahoo.com; jrao@iict.res.in
otinaldehyde12 from enamide; these substituted 2-chlo-
ronicotinaldehydes served as synthons for the present
Baylis–Hillman (BH) adducts prepared. In this paper,
we report the synthesis and anti-malarial activity of
new Baylis–Hillman (BH) adducts.

The new compounds 2a–2f were synthesized by using
the Baylis–Hillman reaction13 between substituted 2-
chloronicotinaldehydes 1a–1d and acrylonitrile or meth-
yl acrylate (Scheme 1 and Table 1). Substituted 2-chlo-
ronicotinaldehydes are found to be highly active
towards Baylis–Hillman reaction and the reaction went
to completion within 10–15 min with excellent yields
(>96%; Table 1). It is known that the protic solvents
or water accelerate the Baylis–Hillman reaction, either
through stabilization of the enolate by hydrogen bond-
ing or by activation of aldehyde, again through hydro-
gen bonding or indeed both.14 More interestingly, the
reaction is completed within 10 min under neat condi-
tions (without any added solvent) with excellent
yields.15,16 Until now this was the fastest Baylis–Hillman
reaction reported with respect to substrate aldehyde.
The Baylis–Hillman reaction using substituted 2-chloro-
nicotinaldehydes was also examined using various
organic bases like DABCO, DBU, DMAP, 3-hydroxy
quinuclidine (HQD), etc. Among these, except for
DMAP, all the remaining bases were found to work very
well at room temperature. Crystal structure solved for
one of the compounds 2c is given in Figure 1.17

The compounds 2a–2f were evaluated for in vitro anti-
malarial activity18 against both chloroquine sensitive
(FDL-B) and chloroquine resistant (FDL-NG) strains
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Table 1. Synthesis of Baylis-Hillman (BH) adducts

No. Substituted 2-chloronicotinaldehyde (1a–d) Activated alkene BH adduct (2a–2f) Mp (�C) Yielda (%)

1

1a N

CHOH3C

Cl

CN

2a N

OH
CNH3C

Cl

143 98

2

1b N

CHOC2H5

Cl

CN

2b N

OH
CNC2H5

Cl

96 98

3

1c N

CHOPh

Cl

CN

2c N

OH
CNPh

Cl

136 98

4 N

CHO

ClMeOOC

1d

CN

N

OH
CN

MeOOC Cl

2d

88 98

5

1a N

CHOH3C

Cl

COOMe

2e N

OH
COOMeH3C

Cl

92 97

6

1c N

CHOPh

Cl

COOMe

2f N

OH
COOMePh

Cl

86 97

a Isolated yields.

N

CHO

Cl

R2

R1
+

EWG

N Cl

R2

R1

EWG
OH

DABCO

10 -15 min.

1a : R1  = H, R2  = CH3,
1b : R1  = H, R2  = C2H5,
1c : R1  = H, R2 = Ph,
1d : R1  = COOMe, R2 = H

2a: R1 = H, R2  = CH3, EWG = CN
2b: R1 = H, R2 = C2H5, EWG = CN
2c: R1 = H, R2 =Ph, EWG = CN
2d: R1 = COOMe, R2 =H, EWG = CN
2e: R1 = H, R2  = CH3, EWG = COOMe
2f: R1 = H, R2 = Ph, EWG = COOMe

Scheme 1.
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of P. falciparum at different doses starting from 100 lg/
well (500 lg/ml) onwards with 5-fold serial dilutions up
to 0.0064 lg/well (0.032 lg/ml). Doses were kept con-
stant for all compounds to have a comparative profile
of their activities. Results obtained from the in vitro
schizont maturation inhibition (SMI) and total parasite
growth inhibition (PGI) of both FDL-B and FDL-NG
strains are summarized in Tables 2 and 3. Among all
the six compounds screened, 2b, 2c and 2d exhibited sig-
nificant anti-malarial activity with low IC50 and IC90

values in both chloroquine sensitive and chloroquine
resistant strains.

The compounds studied for anti-malarial activity
showed a good structure–activity relationship. The
Baylis–Hillman adduct 2c with electron-withdrawing
cyano and R2 as phenyl groups exhibited substantial
anti-malarial activity against both strains. The IC50

values of 2c for resistant strain are 0.9 and 2.2 lg/ml
for schizont maturation inhibition (SMI) and total
parasite growth inhibition (PGI), respectively. Chang-
ing the substitution of cyano to methyl ester in com-
pound 2f (R2 remains phenyl only) showed a
relatively lower anti-malarial activity in the resistant
strain and its IC50 values are 5 and 10.75 lg/ml for
SMI and PGI. The compounds 2b and 2d having a
cyano group along with different R1 and R2 groups
exhibited good anti-malarial activity. The remaining
compounds also displayed comparable activity. These
results show that the 2-chloronicotinaldehyde-based
Baylis–Hillman adducts having a cyano group exhibit
anti-malarial activity and further their activity is im-
proved with the phenyl group as R2 substituent rather
than R2 as alkyl group.

In conclusion, six new Baylis–Hillman adducts based on
substituted 2-chloronicotinaldehydes were synthesized.
All six compounds were found to exhibit anti-malarial



Figure 1. Crystal structure of 2c.

Table 2. Anti-malarial activities, IC50 and IC90 of BH adducts 2a–2f,

against chloroquine sensitive (CQS) Plasmodium falciparum strain

(FDL-B)

Compounds Inhibitory activity in lg/ml

IC50 IC90

SMI PGI SMI PGI

2a 1.25 1.3 25.5 85

2b 1.8 4 15.5 31

2c 3.6 8 25.5 23

2d 3.4 7 22 29

2e 18 28.5 32 115

2f 45 115 125 350

Chloroquine 0.004 0.005 0.018 0.02

SMI, schizont maturation inhibition determined after 24 h; PGI, total

parasite growth inhibition determined after 48 h.

Table 3. Anti-malarial activities, IC50 and IC90 of BH adducts 2a–2f,

against chloroquine resistant (CQR) Plasmodium falciparum strain

(FDL-NG)

Compounds Inhibitory activity in lg/ml

IC50 IC90

SMI PGI SMI PGI

2a 22.5 10.5 125 300

2b 2.5 5.5 6.5 26

2c 0.9 2.2 1.5 6.75

2d 5.75 6.75 25.5 29

2e 3.05 5.75 7 27.5

2f 5 10.75 30 77.5

SMI, schizont maturation inhibition determined after 24 h; PGI, total

parasite growth inhibition determined after 48 h.
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activity. Interestingly, the compounds 2b, 2c and 2d dis-
played a relatively significant activity. Evaluation of
activity results informs us that cyano- and phenyl
groups on the Baylis–Hillman adducts play a role in
determining the activity. These molecules are very
useful for further optimization work in malarial
chemotherapy.
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