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Abstract:  

A series of indolylglyoxylamide derivatives have been synthesized and evaluated in vitro against 
amastigote form of L. donovani. Compound 8c has been identified as the most active analog of 
the series with IC50 value of 5.17 µM and SI value of 31.48, and is several folds more potent than 
the standard drugs sodium stilbogluconate and pentamidine. 
 
 

 

Leishmaniasis is one of the most neglected tropical diseases caused by an obligate intracellular 
protozoan parasite belonging to the genus Leishmania.1 It is transmitted to mammals by the bite 
of an insect vector, namely, the phlebotomine sand fly. The parasite exists in two different forms, 
the motile flagellated form (promastigotes) found in the gut of the sand fly vector and the non-
flagellated form (amastigotes) found in the mammalian host that is the cause of the acute 
disease.2 It manifests mainly in three clinical forms: visceral leishmaniasis (VL), cutaneous 
leishmaniasis (CL), and mucocutaneous leishmaniasis (MCL).Visceral leishmaniasis (VL) 
commonly known as kala azar is caused by Leishmania donovani and is most lethal, if left 
untreated.3 According to WHO estimations, 12 million people are infected worldwide, with 2 
million new cases per year, out of which 5, 00,000 cases correspond to the visceral form.4
Unfortunately, treatment options for Leishmaniasis are very limited. Antimonials which have 
been the first line of treatment options for VL for more than 50 years suffer from major side 
effects including cardiac arrhythmia and pancreatitis.5 The second line treatment option for VL 
includes pentamidine, miltefosine, and amphotericin B. However, all of these drugs suffer from 



moderate to severe side effects. Pentamidine, which is an aromatic diamidine, can lead to renal, 
pancreatic, and hepatic toxicity along with hypotension and dysglycemia.6 Miltefosine, a 
phosphocholine analogue, is the first oral antileishmanial agent used to cure both visceral and 
cutaneous leishmaniasis. Despite its great efficacy, miltefosine is limited by its extremely long 
half-life (6-8 days), low therapeutic index, and teratogenicity in animals.7 In view of the 
foregoing facts, there is an urgent need for the development of antileishmanial agents based on 
new molecular scaffolds.  
It has been reported earlier that indolylglyoxylamide derivatives have anticancer activity.8 More 
recently, we have demonstrated indolylglyoxylamide derivatives as potent antileishmanial 
agents. Here, it was observed that indolylglyoxylamide derivatives, obtained from tryptamine 
were more active as compared to those obtained from cyclic/acyclic amines.9 Based on the above 
report and our continuation of studies on chemotherapy of Leishmania, we planned to synthesize 
a series of indolylglyoxylamide derivatives using L- and D-tryptophan methyl ester, followed by 
the conversion of these esters into their corresponding acids (Table. 1).  
Moreover, natural and synthetic β-carbolines and tetrahydro-β-carbolines alkaloids are well-
known compounds that possess a variety of biological properties. 10 Recent studies have pointed 
β-carboline alkaloids as potential antileishmanial agents. 11 Further, our group has also 
synthesized some novel β-carboline derivatives showing good antileishmanial activity.12 
Prompted by this and in continuation of our efforts towards synthesis of novel 
indolylglyoxylamide derivatives as antileishmanial agents we further planned to synthesize 
another series of indolylglyoxylamide derivatives with various tetrahydro-β-carbolines (Table.1).  
All of these compounds were investigated for their in vitro antileishmanial activity. Many of 
these derivatives were found to possess strong inhibitory activity against L. donovani when 
compared to the standard drugs. In this communication, we have reported the synthesis of novel 
indolylglyoxylamide derivatives and their in vitro antileishmanial activity. 
Various indolylglyoxylamide derivatives (6a-h) were synthesized in high yield by reaction of 
D/L-tryptophan methyl ester (2) with different indole oxalyl chlorides (5) in presence of Et3N in 
THF at room temperature for 4h and were then converted to their acid derivatives (7a-h) by 
refluxing them with 2N HCl and acetic acid (Scheme 1). The ester (2) was prepared by reaction 
of D/L-tryptophan (1) with thionyl chloride in methanol. Similarly, another series of 
indolylglyoxylamide derivatives (8a-p) were also synthesized in high yield by reaction of indole 
oxalyl chloride (5) with different tetrahydro-β-carboline derivatives by refluxing in THF in 
presence of K2CO3 (Scheme 2). These cis/trans isomers of β-carboline derivatives were prepared 
by the reaction of D/L tryptophan (1) with thionyl chloride in methanol and then the methyl ester 
(2) was cyclized by Pictet–Spingler cyclization in the presence of different aromatic aldehydes.13 
All the synthesized compounds are well characterized by spectroscopic method such as IR, mass, 
NMR and elemental analysis.14

For assessing the activity of compounds against the amastigote stage of the parasite, mouse 
macrophage cell line (J-774A.1) infected with promastigotes expressing luciferase firefly 
reporter gene was used. Cells were seeded in a 96-well plate (4×104 cells/100 µL/ well) in 
RPMI-1640 containing 10% foetal calf serum and the plates were incubated at 37°C in a CO2 
incubator. After 24h, the medium was replaced with fresh medium containing stationary phase 
promastigotes (4×105/100 µL/well). Promastigotes invade the macrophage and are transformed 
into amastigotes. The test material in appropriate concentrations (0.62-40 µM) in complete 
medium was added after replacing the previous medium and the plates were incubated at 37°C in 
a CO2 incubator for 72h. After incubation, the drug containing medium was decanted and 50 µL 

 



PBS was added in each well and mixed with an equal volume of Steady Glo® reagent. After 
gentle shaking for 1-2 min, the reading was taken in a luminometer.15 The inhibition of parasitic 
growth is determined by comparison of the luciferase activity of drug treated parasites with that 
of untreated controls as described above. IC50 of antileishmanial activity were evaluated by logit 
regression analysis. 
Indolylglyoxylamides derivatives (6a-h) prepared by combining L- and D-tryptophan methyl 
ester with substituted indole oxalyl chlorides, were evaluated in vitro against transgenic L. 
donovani amastigotes. Though, a few of these compounds showed up to 99-100% inhibition at 
40 µM concentrations but on further screening, they were not selective against amastigote model 
and were overall found to be inactive and toxic. In order to increase the activity and decrease the 
toxicity we converted these indolylglyoxylamide derivatives (6a-h) into their corresponding 
acids (7a-h) but unfortunately this resulted into the complete loss in activity. Interestingly, the in 
vitro biological activities of indolylglyoxylamide derivatives (8a-p) prepared by combining 
tetrahydro-β-carbolines (3) with indole/5-bromo indole oxalyl chlorides, have shown 
encouraging results with IC50 values in the range of 3.79-8.04 µM (Table 2.).  
Among all the indolylglyoxylamide derivatives (8a-h), synthesized by combining indole oxalyl 
chlorides with tetrahydro-β-carbolines, most of them showed better inhibitory activity with the 
IC50 values in the range of 3.79-8.04 µM and S.I. values in the range of 2.60-31.48 when 
compared to the standard drugs like Pentamidine (IC50= 20.43, S.I. = 2.58) and SSG (IC50= 
71.90, S.I. = 5.53). Among these indolylglyoxylamides, compound 8c having ethyl group at the 
para position of the phenyl ring of tetrahydro-β-carboline has emerged as the most promising 
candidate of this series which possess strong inhibitory activity with IC50 of 5.17µM and high 
selectivity index of 31.48. This lead molecule is 12- and 5-fold more selective than the standard 
drugs Pentamidine and Sodium stibogluconate (SSG), respectively. With the aim to study the 
influence of structural parameters on the antileishmanial activity, we made several structural 
modifications in the molecules. In order to find the influence of stereochemical modulations on 
the antileishmanial activity of these indolylglyoxylamide derivatives, we used different isomers 
of tetrahydro-β-carbolines but no significant change was observed in its activity. Variation at the 
phenyl ring of tetrahydro-β-carbolines showed remarkable influence on the antileishmanial 
activity of these indolylglyoxylamide derivatives. It was observed that an electron withdrawing 
group at phenyl ring resulted in the decrease in IC50 values of these compounds. Compound 8g, 
with chloro group at para position of the phenyl ring showed IC50 of 4.36 µM and compound 8h 
with bromo group at the ortho position of the phenyl ring showed IC50 of 3.76 µM. These values 
are much lower than their corresponding analog 8b having methyl group at para position of 
phenyl ring with IC50 of 6.79 µM. 
Further, to investigate the SAR effect of electron withdrawing substituent on indole, we 
synthesized another set of indolylglyoxylamides (8i-p) by combining 5-bromoindole oxalyl 
chloride with same tetrahydro-β-carbolines as above. These compounds also showed good 
inhibitory activity with IC50 values in the range of 3.91-5.86 µM and these values were lower 
than their analogous derivatives (8a-h). Moreover, compound 8j, with methyl-substituted phenyl 
ring of tetrahydro-β-carboline showed IC50 of 4.79 µM and their corresponding analogs 8o and 
8p with chloro and bromo-substituted phenyl ring showed slightly low IC50 of 4.02 µM and 4.09 
µM respectively. It reflects that an electron withdrawing group at the phenyl ring of tetrahydro-
β-carboline showed similar effect on the IC50 value as in above case. But, by analyzing their in 
vitro activity data, it was found that though their IC50 was lower than that of their corresponding 
analogs (8a-h), they were more toxic and less selective. All these results clearly indicate that 

 



inclusion of 5-bromo indole in place of indole in indolylglyoxylamide significantly increases the 
toxicity of the final compounds (8i-p). 
In conclusion, this study has identified indolylglyoxylamides of tetrahydro-β-carbolines as an 
entirely new structural class of indolylglyoxylamides with antileishmanial activity. The potent 
activity and simple synthesis of these indolylglyoxylamides suggest that they are potential 
candidates for the development of new antileishmanial drugs and have opened a new avenue for 
further exploration. 
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Table 1. All the synthesized compounds (6a-h), (7a-h) and (8a-h) 

Compd No.           Isomer                   R1                     R2                    R3                   R4

        6a                     L                         H                      H                      -                     - 

        6b                     D                        H                      H                      -                     - 

        6c                      L                         H                     Cl                      -                     - 

        6d                     D                         H                     Cl                      -                     - 

        6e                      L                         Br                     H                      -                     - 

        6f                      D                         Br                     H                     -                     - 

        6g                      L                         OCH3                H                     -                     - 

        6h                      D                        OCH3                H                     -                     - 

        7a                      L                          H                      H                     -                     - 

        7b                      D                         H                      H                     -                     - 

        7c                       L                         H                     Cl                     -                    - 

        7d                      D                         H                     Cl                     -                    - 

 



        7e                       L                         Br                     H                     -                    - 

        7f                       D                         Br                     H                     -                    - 

        7g                       L                         OCH3                H                     -                    - 

        7h                       D                        OCH3                 H                     -                    - 

        8a                     L/cis                       H                      H                   CH3                H 

        8b                     L/trans                    H                     H                   CH3                 H 

        8c                     D/cis                       H                     H                   C2H5                      H 

        8d                     D-trans                   H                      H                   C2H5                      H 

        8e                     D/cis                       H                      H                  CH(CH3)2       H 

        8f                      D/trans                   H                      H                  CH(CH3)2       H 

        8g                     L-trans                    H                      H                    Cl                  H 

        8h                     L-trans                    H                      H                     H                  Br 

        8i                      L/cis                       Br                     H                    CH3                H 

        8j                      L/trans                    Br                     H                    CH3                H 

        8k                     D/cis                       Br                     H                    C2H5                     H 

        8l                      D/trans                    Br                     H                    C2H5                    H 

        8m                    D/cis                        Br                     H                   CH(CH3)2       H 

        8n                     D/trans                     Br                     H                  CH(CH3)2        H 

        8o                     L/trans                     Br                     H                    Cl                   H 

        8p                     L/trans                     Br                     H                    H                    Br 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2.  Antileishmanial in vitro activity against intracellular amastigotes 

  Compd                  Antiamastigote                  Cytotoxicity               Selectivity index a

  no.                         activity IC50(µM)              CC50 (µM)                         (SI) 

    8a                           7.37                                   27.43                              3.72 

    8b                           6.79                                   34.40                              5.07    

    8c                           5.17                                   162.76                            31.48 

    

    8d                           8.04                                    30.90                              3.84 

    8e                           6.74                                    32.65                              4.84 

    8f                            6.02                                    15.09                              2.51 

    8g                           4.36                                    11.35                              2.60 

    8h                           3.79                                    30.09                              7.94 

    8i                            5.18                                    10.08                              1.95 

    8j                            4.79                                      8.83                              1.84 

    8k                           5.36                                     11.62                             2.17 

    8l                            5.86                                       9.48                             1.62 

    8m                          3.91                                       7.77                             1.99 

    8n                           4.44                                       9.04                             2.04 

    8o                           4.02                                       7.64                             1.90 

    8p                           4.09                                       7.25                             1.77                  

Pentamidine®           20.43                                     52.82                            2.58                         

SSG®                        71.90                                   398.26                            5.53    

 
SSG® = sodium stibogluconate. 
aSelectivity index (SI) defined by the ratio CC50 (J-774 A-1 cells)/IC50 (Leishmania 
amastigotes). 
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Reagents and conditions: a) SOCl2, MeOH, reflux; b) (COCl)2, THF, 0°C; c) THF, Et3N, r.t., 

4h; d) 2N HCl, acetic acid, reflux, 2h. 
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Reagents and conditions: a) different aromatic aldehyde, MeOH, reflux; b) THF, K2CO3, 

reflux, 5h 

 

 

 


