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Abstract: Several Baylis-Hillmau adducts and their derivatives were synthesized 
and evaluated as targeted potential anti-malarials. The compounds 4, 7 and 9 were 
found to have highest potency against P. falciparum in vitro. The m vivo test 
result of  compound 4 and 9 against P. berghei demonstrated activity at 80 mg/Kg 
dose level. © 1999 Elsevier Science Ltd. All rights reserved. 

Malaria has been a serious disease throughout recorded history and it continues to be one of the 

most widely spread health hazards. The causative organism was found to be mainly the dreaded parasitic 

strains ofP. falciparum. The efficacy of  even the most generally useful anti-malarial drugs is continually 

challenged by the genetic plasticity of  this parasite. Therefore, the discovery of  the resistance against 

chloroquine marked the be~nning of  the modem era of  anti-malarial chemotherapy. 

Recently, anti-malarial activity of  c~,13-unsaturated carbonyl systems L2 and 4-quinolino-methanols ~ 

has been reported. The structural similarity between the Baylis-Hillman (BH) adducts and these class of 

compounds led us to investigate anti-malarial activity of  BH adducts. Continuing our studies in the 

design and synthesis of  novel anti-malarials 4 we report herein the synthesis as well as m vitro and in Wvo 

anti-malarial activity studies of  2-methylene-3-hydroxyalkyl propionic acid derivatives. 

The Baylis-Hillman reaction s is an carbon-carbon bond formation reaction between an aldehyde 

and cc,13-unsaturated system in the presence of  1,4-diazabicyclo-2, 2, 2 - octane ( DABCO ) to produce 

c~-hydroxyalkyl vinyl system, commonly known as Baylls-Hillman (BH) adduct. 

Chemistry: The compounds (1-16) were synthesized through Baylis-HiUman reaction. The compounds 

were prepared either at room temperature ~ or under microwave irradiation 6. The compound 4 was also 

produced from p-nitrobenzaldehyde, acrylonitrile and DABCO (1:1:0.05 mmol) in 4M NaI/water and 

tetrahydrofuran solution at room temperature. 7 The compound 14 s was obtained from piperonal and 

acrylonitrile in the presence of  DABCO at room temperature. Compound 14 showed the absence of-OH 

peak and the presence of  two cyanide peaks at 2260 & 2240 cm -1 in IR and the presence of two triplets 
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at fi 2.60 & 3.70 in IH NMR. The compound 15 was obtained through dimerization of  methyl vinyl 

ketone in the presence of  DABCO. 9 The compound 16 was prepared from compound 3 by treatment 

with isopropylamine in methanol at 0-10 °C. 1° 

OH 

R2 
(1-7) 

I, Rj = R 2 = R 3 = R4 = H, X = CO2CH3 

2, R1 = R2=  R3 = R4=  H , X  = C N  

3, R1 = R2 = R4 = H, R3 = NO2, X = CO2CH3 

4, R l = R2 = R4= H, R3 = NO2, X = CN 

5, RI = NO2, R2 = R3 = R4 = FL X = CN 
6, Ri = R4 = H, R2 = R3 = OCH3, X = CN 

7, R I = F L R  2 = R 3 = P - ~ = O C H  3 , X = C N  

OH 

8, X = CO2CH 3 

9, X = C N  

O / ~ / C N  

O ~  CN 

14 

~ OH ~ / X  

X 

10, X = CO2CH 3 . . H3C CH3 
I I , X = C N  

! 2, X = CO2CH3 

13, X =CN 

O O 

O ~ C O 2 M  e 

15 O2N" ~ "NHCHN'~ 

16 

B i o l o g i c a l  E v a l u a t i o n  N 

Ant i -malar ia l  activRy: In vitro: Fourteen synthetic compounds (1-11, 14-16) were evaluated 

against P. fa lc iparum at different doses starting from 500 ~tM/well onwards with five fold or two fold 

serial dilution. Doses were kept constant for all compounds to have a comparative profile. Results 

obtained from the m vitro schizont maturation are listed in Table 1. All the compounds displayed anti- 

malarial activity at l0 -6 dose level, the compounds 4, 7 and 9 exhibited more efficacy. The m vitro 

parasite growth inhibition results are summarized in Table  2. The most active compounds m vitro 4 and 
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7 were again tested in vitro against chloroquine resistant P. falciparum strain and the results are 

s .mmarized in T a b l e  3and T a b l e  4 respectively. 

Tab le  1: A n t i - m a l a r i a l  ac t iv i ty  of  3 -hydroxya lky l -2 -me thy lene -p rop ion ic  acid der iva t ives  

(in pmol/weH) 
% Schizonts Maturation Inhibition (Assay time 24h) 

Compound 500 

1 . . . . . .  

2 . . . . . .  

3 100 81.6 

4 100 100 

6 100 100 

7 100 100 

8 . . . . . .  100 

9 100 100 

14 . . . . . .  100 

15 100 100 

16 . . . . . .  100 

Chloroquine phospha~ (pmoVwe~) 

% Sch~on~Matura~onlnhibi~on 

100 50.0 20.0 lO.O 

lO0 lO0 lO0 100 

lO0 . . . . . .  85.0 80.0 

52.6 . . . . . .  44.7 

iO0 100 lO0 

71.0 . . . . . .  42.0 

100 100 

100 100 

100 100 

100 100 

100 . . . . . .  

100 80.0 

5.00 2.50 1.00 

93.0 64.0 43.0 

65.7 62.8 25.7 

18.4 . . . . . .  2.60 

100 84.0 75.2 

21.0 . . . . . .  5.26 

100 82.4 76.5 64.0 

100 100 64.0 43.0 

100 100 100 93.0 

93.0 64.0 57.0 43.0 

100 100 . . . . . .  52.6 

29.0 29.0 25.0 14.0 

64 32 16 8 

100 100 100 86.8 

0.50 0.25 0.10 

7.00 0.00 0.00 

8.60 0.00 0.00 

68.0 56.4 41.2 

0.00 0.00 0.00 

42.4 30,0 0.00 

29.0 5.00 0.00 

50.0 12.0 0.00 

36.0 6.00 0.00 

0.00 0.00 0.00 

4 2 1 

39.4 16.0 0.00 

Table 2: Anti-malarial activity of 3-hydroxyalkyl-2-methylene-propionic acid derivatives 
(in I~mol/weH) 

Total Parasite Growth Inhibition (% PG1, Assay Time 72h) 
Compound 100 50 25 20 10 5.0 2.5 1.0 0.5 0.25 

1 100 100 . . . . . .  100 100 82.5 62.5 40.0 7.50 0.00 

2 100 . . . . . .  85.0 . . . . . .  80.0 65.7 62.8 25.7 8.60 . . . . .  

4 100 100 100 100 100 100 100 100 92.0 83.0 

5 100 . . . . . . . . . . .  100 100 100 77.2 18.0 . . . . . .  0.00 

7 100 100 100 100 100 100 100 94.0 86.0 73.0 

8 1 0 0  100 . . . . . .  100 100 92.5 75.0 50.0 25.0 5.00 

9 100 100 . . . . . .  100 97.5 90.0 82.5 77.5 55.0 20.0 

10 100 . . . . . .  100 . . . . . .  98.0 85.7 42.8 20.0 . . . . . .  0.00 

11 100 . . . . . .  84.0 . . . . . .  79.0 68.6 40.0 31.4 14.0 . . . . .  

14 100 100 . . . . . .  95.0 90.0 52.5 40.0 25.0 10.0 0.00 

15 100 . . . . . .  100 . . . . . .  100 88.6 65.7 8.60 . . . . . . . . . . .  

16 100 100 . . . . . .  92.5 42.5 25.0 15.0 10.0 0.00 0.00 
Chloroquine phosphate  64 32 16 8.0 4.0 2.0 1.0 

(pmoPwe~) 
Total Parasi~ Growth ]nhibi~on I 100 I00 100 100 91.7 58.3 16.7 

In vivo activity." The compounds 1, 4, 7, 9, 12-14 and 16 were tested in vivo against P. berghei in 

mice. On comparison o f  activities (Tab le  5) the compound 4 and 9 were found to be most potent. 

Both the compounds  showed activity at 80 mg/Kg dose level. 
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Table 3: Anti-malarial activity against chloroquine resistant P.falciparum (in ~tmol/well) 
% Schizonts Maturation Inhibition (Assay time 24h) 

Compound 500 100 50.0 20.0 10.0 5.00 2.50 1.00 0.50 0.25 0.10 
4 . . . . . .  100 100 100 100 100 100 86.0 75.0 58.0 47.7 
7 . . . . . .  100 100 100 100 81.0 69.0 65.0 48.6 30.0 4.20 

Chlorocluine phosphate (pmoFwell) 64 32 16 8.0 4.0 2.0 1.0 
% Schizonts Maturation Inhibition 100 100 100 86.8 39.4 16.0 0.00 

Table 4: Anti-malarial activity against chloroquine resistant P. falciparum (in lamol/well) 
Total Parasite Growth Inhibition (% PGI, Assay Time 72h) 

Compound 100 50 25 20 10 5.0 2.5 1.0 0.5 0.25 
4 100 100 100 100 100 100 100 94.0 82.0 73.0 
7 100 100 100 100 100 100 100 90.0 81.0 70.0 

Chloroquine phosphate (pmol/well) 64 32 16 8.0 4.0 2.0 1.0 
TotalParasiteGrowthlnhibition ] 100 100 100 100 91.7 58.3 16.7 

Table 5: Anti-malarial activity of selected compounds against P. berghei 

Compounds Untreated 
control 
(days) 

Doses 
mg/kg 

1 6.2 

4 6.0 

7 6.2 

9 6.2 

12 6.2 

13 6.2 

14 6.2 

16 6.2 

20 

6.0 

9.4 

6.0 

6.4 

7.2 

7.3 

7.8 

7.0 

Mean Survival Time 
(days) 

40 80 160 

7.0 10.2 12.0 

11.8 12.8 14.4 

7.6 10.4 12.4 

8.8 13.4 15.2 

8.4 9.6 11.4 

8.6 9.8 11.6 

9.2 11.4 14.2 

8.2 9.8 11.8 

Remarks 

Inactive 

Active at 80 & 160mg/kg 

Active at 160 mg/kg 

Active at 80 & 160 mg/kg 

Inactive 

Inactive 

Active at 160mg/kg 

Inactive 

In conclusion, 3-hydroxyalkyl-2-methylene propionic acid derivatives are found to be novel anti-malarials 

among which the compound 4 and 9 has the highest potency. Further studies on these adducts and their 

derivatives are in progress. 
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