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Podophyllotoxin (1), is a most abundant naturally occurring 

cyclolignan, isolated from the different plants of the genus 

Podophyllum. 
1
 Over the last decade, there has been a plenty of 

research on podophyllotoxin primarily for antimitotic activity, 

even though wide range of other pharmacological attributes of 
podophyllotoxin derivatives viz., cathartic, antirheumatic and 

antiviral properties have been reported. However, the anticancer 
activity of these cyclolignans proved to be promising and several 

research groups worldwide engaged in the structural modification 
around the podophyllotoxin scaffold resulting in the development 

of clinically approved cancer drugs like etoposide, teniposide and 
a soluble prodrug of etoposide-etopophos, against various types 

of cancers, including  small cell lung cancer, testicular 

carcinoma, lymphoma, and Kaposi’s sarcoma and some of them 
are in  late stage clinical development like  NK-611, NPF and 

GL-331(Figure.1).2-4 The cytotoxic mechanism of these 

semisynthetic derivatives was explained by the inhibition of 

topoisomerase-II mechanism whereas its lead compound 
mechanism was explained by assembly of microtubule.

5
 SAR of 

podophyllotoxin indicates that 4-β substituted, 4’-demethyl and 
trans lactone moieties are essential to maintain the antimitotic 

activity.
6
 Previously our group designed and synthesized some 

potent anilino, phenol, thiophenol, carbohydrate, aliphatic 

substituted 1, 2, 3- triazole derivatives of podophyllotoxin and it 
was found that some of these derivatives are more potent than 

etoposide.
7
 In continuation of our work, we synthesized a series 

of tetrazolyl  derivatives of  podophyllotoxin via.  click chemistry 

 

 
*Corresponding authors Tel.: +91-40-27193005 Fax: +91-191-2569333, 

Email: sampath@iict.res.in. kalivendi@iict.res.in 

approach by using azide and nitrile with a view to examine their 

effect on the cytotoxicity pattern on cancer cell lines and the 

interactions of these ligands with tubulins. Genesis of this 
chemistry is also derived from the fact that tetrazole containing 

moieties were found to be cytotoxic.
8
 Microtubules are the 

cytoskeletal structures formed due to the self assembly of two 

homologues proteins, α and β tubulin which are present in all 
eukaryotic cells. Microtubules are significant target for many 

natural product anticancer agents. The taxane domain, the vinca 
domain and the colchicine domain are the characteristic binding 

sites of tubulin.
9
 There are several reports proving that 

podophyllotoxin derivatives were known to inhibit tubulin. 

Recently Chunyan Zhao et al proved that these semi synthetic 

derivatives can act as tubulin polymerization inhibitors 
interacting with the colchicine-binding site.

10
 Keeping all these 

reports in view, our attention was drawn towards tubulin 

inhibition of the novel podophylloxin analogues and interestingly 

these derivatives are also proved to be tubulin inhibitors. 
 

As illustrated in Scheme-1, 4β-[(5-susbtituted)-1,2,3,4-tetrazol-1-
yl] podophyllotoxin derivatives were synthesized by the 

cycloaddition reaction of C4β-azidopodophyllotoxin, 9 and C4β-
azido-4′-O-demethyl podophyllotoxin, 10 with various cyano 

compounds. Compounds 9, 10 were prepared by the previous 
literature procedure.

11
 Compound 9 was synthesized by treating 

podophyllotoxin with MeSO3H and NaI in acetonitrile which 
forms the corresponding iododerivative followed by hydrolysis 

with H2O/Me2CO/BaCO3 then treatment with NaN3, TFA in 
chloroform. Similarly compound 10 was synthesized by treating 

podophyllotoxin with MeSO3H and NaI in presence 

dichloromethane which forms the corresponding iododerivative 
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followed by hydrolysis with H2O/Me2CO/BaCO3 which forms 4’-
O-demethyl podophyllotoxin followed by treatment with NaN3, 

TFA in presence of chloroform. 12, 13 Compounds 9, 10 were 

allowed to react with various cyanides in two different methods. 

Sulphonyl cyanides treated with compounds 9, 10 at 100 
0
C 

without solvent for 10 hours to form corresponding tetrazolyl 

derivatives. Whereas acyl cyanides treated with 9, 10 at RT in 

presence of ZnBr2 to form corresponding tetrazolyl derivatives in 

moderate yields.
14-16
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Figure.1; Structures of some podophyllotoxin derivatives 
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Reaction conditions: Method-I: Suphonyl cyanides, heat at 100 
0
c; Method-II: Acyl cyanides, ZnBr2, RT,  48 hrs. 

 
Scheme-1. Click-chemistry strategy for the synthesis of 4β-[(5-

substituted)-1,2,3,4-tetrazolyl]podophyllotoxin derivatives. 

 
All the synthesized compounds were characterized by IR, 1H and 
13

C NMR spectroscopy and ESI-MS. 

 
All the 4β-[(5-susbtituted)-1,2,3,4-tetrazolyl] podophyllotoxin 

derivatives were screened for their cytotoxicity against a panel of 

four human cancer cell lines(SK-N-SH, A549,HeLa and MCF-7) 

and the results are summarized in Table1. Podophyllotoxin and 

Doxorubicin were taken as taken as positive controls. Majority of 
compounds exhibited IC50 values less than doxorubicin across the 

panel of all the four cell lines tested. While the IC50 values were 

in the range of 3.44 -6.5 µM in SK-NSH, the corresponding 

values were 2.4-4.29 µM, 3.05 – 5.25 µM and 4.85 – 9.44 µM in 
A549, HeLa and MCF-7 cells respectively. However, compound 

11h exhibited either comparable (6.48 µM in A549 and 12.43 

µM in MCF-7) or greater IC50 values (25.95 µM SK-N-SH and 

29.06 µM in HeLa) than doxorubicin. Since a majority of 
compounds exhibited lower IC50 values in A549 cells amongst 

the cell lines employed hence further studies were carried out in 

this cell line. 
 
 

Compound 

 

R
1
 

 

R
2 

IC50 values (µµµµM) 

SK-NSH A-549 HeLa MCF-7 

11a 

11b 

11c 

11d 

11e 

11f 

11g 

11h 

11i 

11j 

1 

Doxorubicin 

Me 

Me 

Me 

Me 

Me 

H 

H 

H 

H 

H 

I 

II 

III 

IV 

V 

I 

II 

III 

Iv 

V 

5.31±0.12 

6.5±0.23 

3.61±0.30 

4.68±0.19 

4.58±0.02 

3.44±0.09 

5.64±0.57 

25.95±5.11 

3.49±0.06 

6.16±0.78 

7.92±1.23 

7.36±0.01 

2.89±0.43 

3.11±0.31 

2.4±0.05 

4.29±0.89 

2.48±0.25 

3.29±0.28 

2.44±0.01 

6.49±0.77 

2.71±0.53 

2.98±0.48 

2.55±0.27 

6.13±0.54 

3.15±0.11 

5.25±0.06 

4.76±0.73 

4.76±0.45 

4.01±0.08 

3.05±0.02 

3.95±0.33 

29.06±4.18 

3.61±0.18 

4.77±0.11 

1.92±0.06 

10.78±0.69 

6.99±0.08 

6.97±0.36 

7.47±0.05 

6.89±0.04 

4.85±0.46 

5.29±0.10 

5.27±0.51 

12.43±1.08 

7.02±0.92 

9.44±0.42 

3.34±0.15 

12.34±2.57 

Table 1.IC50 values (µM) of various 4β-[(4-Substituted)-1,2,3,4-

tetrazol-1-yl] podophyllotoxin derivatives. 

 
Cell viability assays revealed that a majority of derivatives 

exhibited effective antiproliferative activity against all the four 

cell lines tested. To investigate further, the anti-tubulin activity of 

the compounds (5 µM) was evaluated using podophyllotoxin as a 
positive control. Results as shown in Figure.2/Table-2, 

demonstrate that podophyllotoxin inhibited the polymerization of 
tubulin to nearly 90% at 5 µM concentration.  Under similar 

experimental conditions, compound 11c inhibited in vitro tubulin 
polymerization to 99%, whereas, 11d, 11e, 11f, 11g and 11j 

exhibited 72, 57, 22, 28 and 29% inhibition respectively.  
However, no significant anti-tubulin activity was observed with 

compounds, 11a, 11b, 11h and 11i.  
 

Molecules that inhibit tubulin polymerization are known to 
induce cell cycle arrest at G2/M or mitotic phase.

13 
To elucidate 

the down-stream consequence of anti-tubulin effects of 

derivatives, we analysed the effect of individual compounds on 

cell cycle by flow cytometry, which is used to quantitatively 
determine the population of cells in each phase of the cell cycle 

by measuring the DNA content of individual cells. A549 cells 

were treated individually with compounds (5 µM concentration) 

for duration of 24 h and found that compounds that exhibited 
anti-tubulin activity such as, 11c, 11d, 11e, 11f, 11g and 11j 

induced cell cycle arrest at G2/M phase(Figure.3).  Even, the 

compounds that did not affect tubulin polymerization (11a, 11b, 

11h and 11i) also induced mitotic arrest.  Further, 11a and 11b 
which possess either negligible / no anti-tubulin activity induced 

cell cycle arrest at both G2/M to a lesser extent of 54 and 45% 

respectively as compared to other derivatives, but significantly 
induced arrest even at sub-G0 phase. The observed findings 

could be due to the possible topoisomerase inhibition of the 

derivatives as it has been shown previously that modification at 

C-4 position on podophyllotoxin leads to the generation of topo 
II inhibitors capable of inducing cell cycle arrest at G2/M as well 

as in sub G0 phase of the cell cycle. 
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Figure.2; Effect of tubulin Polymerization on 4β-[(5-susbtituted) 

-1,2,3,4-tetrazol-1-yl] podo-phyllotoxin derivatives. 

 

 
 

 
 

 

 

 
 

 
 

Figure.3; Antimitotic activity of compounds by FACS analysis: 
A549 cells were harvested after treatment with compounds at 

5µM for 12h. Untreated cells and DMSO treated cells served as 
controls. The percentage of cells in each phase of cell cycle was 

quantified by Flow cytometry and the values indicate the number 
of cells stalled at G2/M phase. 

 
 

Most of the sulphonyl and acyl tetrazolyl podophyllotoxin 
derivatives exhibited uniform cytotoxicity against four different 

cell lines without profound effect of the substituion on tetrazolyl 
ring on the derived cell viability with an exception of compound 

11h bearing ethyl substitution on tetrazole moiety with free 

hydroxyl on the phenyl ring of podophyllotoxin scaffold(R
1
=H), 

exhibiting least cytotoxicity amongst all the compounds studied.  

Except compound 11h, all compounds shown comparable IC50 

values with parent compound podophyllotoxin against  human 

neural bone marrow metastasis cancer cel line(SK-NSH) and 
human lung adenocarcinoma epithelial cell line (A-549). 

However, the observed IC50 values for the compounds were 

slightly higher than that of podophyllotoxin in cervical cancer 

(HeLa) and breast cancer (MCF-7) cell lines.  Again, except 11h, 
most of the compounds exhibited lower IC50 values in all four 

cell lines when compared to doxorubicin. Based on this premise, 
all compounds were tested for their in vitro inhibition of tubulin 

polymerization and it was observed that compound 11c shown 99 
% inhibition as compared to podophyllotoxin (93% inhibition) 

followed by other derivatives. However, cell cycle arrest at both 
G2/M phase and very significant induction of cell cycle arrest at 

sub-G0 phase by the compounds viz.,11a, 11b and 11i which did 
not otherwise inhibit tubulin polymerization,  may be attributed 

to the topoisomerase inhibition which contribute to apoptosis. 
Thus, the tetrazolyl derivatives of podophyllotoxin might be 

inducing apoptosis in cancer cell lines through dual target 

interaction  i.e., tubulin polymerization inhibition as well as 

topoisomerase-II inhibition as observed previously by other  C-4 
substituted podophyllotixin analogues leading to induction of 

apoptosis.    

 

 
Table 2. In vitro tubulin polymerization assay. Values are 

indicates as % inhibition with respect to control. 
 
In summary, a series of novel 4β-[(5-susbtituted)-1,2,3,4-

tetrazolyl] podophyllotoxin derivatives were synthesized and 

evaluated for their cytotoxicity against a panel of four cell lines. 

The IC50 values varied from 2.4µM to 29.06 µM. These 
derivatives showed inhibition of tubulin polymerization in vitro 

and arrested the cells at G2/M phase 
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3H), 3.74-3.68 (m,1H), 3.09 (dd, J = 14.3, 4.4 Hz 1H); 
13

C NMR (75 MHz, 

CDCl3): δ 37.7, 44.0, 45.4, 55.9, 60.3, 66.3, 69.4, 101.7, 106.2, 107.7, 110.3, 

125.5, 128.6, 130.8, 133.1, 133.8, 134.1, 148.8, 152.9, 163.3, 172.1; IR 

(KBr): 3414, 2924, 2853, 1783, 1748, 1591, 1496, 1238, 1123 cm-1; ESI–MS: 

m/z 547 [M +Na] +; 

 

 

 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 
 

 
 

 
 

 
 

 

 

 
 

 

 

 
 

 
Supplementary Material: 

  Copies of 1H, 13C NMR and mass spectra of all the new compounds can 

be obtained free of charge from the internet. 
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