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Chalcones constitute an important group of natural 

products belonging to the flavonoid family.1 They are open-chain 

molecules in which two aromatic rings are joined by a three-

carbon enone fragment. Chalcones and derivatives received 

significant attention due to their wide range of pharmacological 
activities, including anti-inflammatory,2 anti-bacterial,3 and anti-

cancer properties.
4-6

 More particularly, some of these compounds 
have been found to induce apoptosis in a variety of cell lines.

7-10
 

Considering structure-activity relationship, a trimethoxyphenyl 

ring is thought to be of great interest for anticancer activity of 

chalcones.
11-13

 As reported by Ducki et al., 3-hydroxy-3’,4,4’,5’-
tetramethoxychalcone (chalcone 1 in our study, Figure 1), have 

shown an important antiproliferative activity against K562 cell 

line.
12

 This chalcone, bearing the same aromatic substitution 

pattern as combretastatin A4 (CA-4) (Figure 1), a highly 
cytotoxic natural product, also demonstrated an antiproliferative 

effect against various cancer cells and was further used as a lead 

compound of a series of anti-mitotic and pro-apoptotic agents.
14 

Besides, Qi et al. reported a series of CA-4 related chalcones;
15

 
among them, 3’,4,4’,5’-tetramethoxychalcone (chalcone 2 in our  

 

study, Figure 1) was found to inhibit the proliferation of ovarian 

cancer cells. Considering these findings, we became interested in 

performing structural modifications of the chalcone core to 

improve both bioavailability and selectivity towards cancer cells. 

Our study focused on the derivatization of chalcones 1 and 2. 
An interesting approach for enhanced drug delivery is the use of 

polyamine-based vectors. Polyamines such as putrescine, 
spermidine or spermine, play an essential role as regulators of 

cell proliferation and differentiation.
16-17

 It has been shown that 

many tumor cell lines are highly dependent on these growth 

factors.
18

 Cancer cells are unable to biosynthesize enough 
polyamines to sustain their rapid growth rate. They consequently 

rely on exogenous polyamines, imported by the polyamine 

transport system (PTS) which is actually hyperactive in cancer 

cells. This system has been shown to display a relatively loose 
specificity;

19
 accordingly, some polyamine-drug conjugates have 

been reported to be delivered into tumor cells expressing the 

PTS.
20-25 

 

 

 

 

Figure 1 Chemical structures of combretastatin A4 (CA-4), 3-hydroxy-3’,4,4’,5’-tetramethoxychalcone (1) and 3’,4,4’,5’-tetramethoxychalcone (2). 
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The aim of this study is to synthesize chalcone-polyamine conjugates in order to enhance

bioavailability and selectivity of chalcone core towards cancer cells, using polyamine-based vectors.

3-hydroxy-3’,4,4’,5’-tetramethoxychalcone (1) and 3’,4,4’,5’-tetramethoxychalcone (2) were selected

as parent chalcones since they were found to be efficient anti-proliferative agents on various cancer

cells. A series of ten chalcone-polyamine conjugates was obtained by reacting carboxychalcones with

different polyamine tails. Chalcones 1 and 2 showed a strong cytotoxic activity against two prostatic

cancer (PC-3 and DU-145) and two colorectal cancer (HT-29 and HCT-116) cell lines. Then,

chalcone-spermine conjugates 7d and 8d were shown to be the most active of the series and could be

considered as promising compounds for colon and prostatic cancer adjuvant therapy. 
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Figure 2 Chemical structures of chalcone-polyamine conjugates

The present work deals with the synthesis of chalcone-polyamine 

conjugates 7a-e, 8a-e (Figure 2). Then, antiproliferative activities 
of these derivatives were evaluated against two colorectal (HT-29 

and HCT-116) and two prostatic (PC-3 and DU-145) cancer cell 
lines, and compared with those of parent chalcones 1 and 2. 

Chalcones 1 and 2 were prepared using the Claisen-Schmidt 
condensation from building-blocks, namely 3,4,5-

trimethoxyacetophenone and appropriate benzaldehydes.
10, 15

 
1
H 

NMR spectra showed that the (E)-stereoisomers were specifically 

generated since the coupling constant between the two ethylenic 

protons was about 15-16 Hz. Chalcone 2 was obtained from 4-

methoxybenzaldehyde in 51% yield while chalcone 1 was 

prepared in a good yield (69%) from 3-hydroxy-4-
methoxybenzaldehyde.  

Ten polyamine-chalcone conjugates (7a-e, 8a-e) were 
synthesized, following a multistep strategy where chalcone core 

and polyamine tails were fused through an amide bond. The 
synthetic pathway involved the preparation of carboxy-chalcones 

4 and 6 for the synthesis of the series 7 and 8 respectively. The 
preparation of carboxy-chalcone 4 first started with alkylation of 

the phenolic function of chalcone 1 by ethyl-4-bromobutyrate, to 

give 3 in a quantitative yield (Scheme 1A). Finally, the ester 

function was turned into a carboxylic acid in quantitative yield 
too, through the action of lithium hydroxide.  

The synthesis of carboxy-chalcone 6 used a different synthetic 
pathway in order to avoid the multistep synthesis of the 4-

hydroxy-3’,4’,5’-trimethoxychalcone as an intermediate. Indeed, 
the preparation of 4-hydroxychalcones involved a preliminary 

protection step of 4-hydroxy-benzaldehyde prior to the Claisen-
Schmidt condensation. A new pathway consisted in the O-

substitution of 4-hydroxy-benzaldehyde, by reaction with ethyl-

4-bromobutyrate, followed by the Claisen-Schmidt condensation 

with 3’,4’,5’-trimethoxyacetophenone (Scheme 1B). Due to the 

alkaline conditions, condensation and saponification occurred 
during the same step, leading directly to compound 6. This 

strategy only involved two steps with a 57% global yield. 
Protected linear polyamines were purchased whereas ramified 

polyamines were prepared following the strategy developed in 
our laboratory and previously described.23 Many ways for the 

selective protection of polyamines have been reported.
26

 In our 
study, we chose the BOC-protective group that can be selectively 

removed with TFA or HCl. 
 

 

 
 

 
Scheme 1 A: Reagents and conditions for synthesis of compound 4: (i) K2CO3 (20 eq), ethyl-4-bromobutyrate (10 eq), DMF, rt, 2h, 98%; (ii) 
LiOH (5 eq), THF/H2O (8/2), rt, 3h, 94%. B: Reagents and conditions for synthesis of 6: (i) K2CO3 (20 eq), ethyl-4-bromobutyrate (10 eq), 

DMF, rt, 1h, 98%; (ii) 3,4,5-trimethoxyacetophenone (0.84 eq), NaOH (4.17 eq), MeOH, reflux, 1h, 58%.

 



  

 
 

Scheme 2  (i) Corresponding polyamine tail (1.1 eq), DCC (1.1 eq), HOBt (1.1 eq), CH2Cl2/MeOH (10/1), rt, 4h; (ii) HCl (12 eq), EtOH, reflux, 1h30. 
 

 
The synthetic pathway of polyamine-chalcone conjugates 

through the formation of an amide bond was described in Scheme 
2 ; it involved the coupling of the carboxylic acid function of 

chalcones 4 and 6, with the primary amine function of the 
polyamine tails, in presence of N,N'-dicyclohexylcarbodiimide 

(DCC) and hydroxybenzotriazole (HOBt) as coupling agents. 
Removal of the tert-butoxy-carbonyl (BOC) was performed 

using aqueous hydrochloric acid in ethanol at reflux. All the 
yields are reported in Table 1. 

 
Table 1: synthesis conditions of polyamine-chalcone conjugates 7 & 8. 

Compounds Coupling yield 

(%) (i) 

BOC removing 

yield (%) (ii) 

Global yield 

(%) 

7a 77 74 57 

7b 88 95 84 
7c 66 82 55 

7d 96 54 52 

7e 87 49 43 
    

8a 68 44 30 

8b 64 51 33 
8c 64 38 25 

8d 62 45 28 

8e 68 33 23 

 

The coupling reaction between the carboxy-chalcones and 
polyamine tails, using DCC and HOBt as coupling agents, was 

really efficient since all yields were higher than 60%. On the 
other hand, removal of the BOC groups was more difficult. Usual 

conditions with trifluoroacetic acid (TFA) in dichloromethane 
(CH2Cl2) led to the degradation of the reaction mixture. Improved 

results were obtained in presence of hydrochloric acid (HCl) in 
ethanol (EtOH) although with variable and sometimes moderate 

yields, due to the formation of by-products. Synthetic procedures 
and characterizations (FTIR, 

1
H and 

13
C NMR, MS) are detailed 

in supplementary data. 

In medicinal chemistry, balance between hydrophilicity and 

lipophilicity has proven to be an important molecular descriptor 
that often is well-correlated with the bioactivity of drugs. 

Lipophilicity could be indicated, for example, by the logarithm of 
a partition coefficient, log P, which reflects the equilibrium 

partitioning of a molecule between a nonpolar and a polar phase, 
such as the 1-octanol/water system.27 In this work, we determined 

log P of parent chalcones 1, 2 and chalcone-polyamine 
conjugates 7a, 8b, 7d and 8d as log ([Chalcone]1-octanol 

/[Chalcone]water) (see supplementary data). Results indicated that 
the addition of polyamines tails strongly increased the 

hydrophilic character of chalcones which is a very interesting  
property for biological applications.  (Table 2). 

 
Table 2: partition coefficients of chalcone 1, 2 and chalcone polyamine 

conjugates 7a, 8b, 7d and 8d. 

  
Derivatives 1 2 7a 7d 8b 8d 
log P 2.99 3.10 -1.28 -1.57 -1.43 -1.98 

 

Parent chalcones 1 and 2, considered as reference standards, as 

well as the synthesized polyamine-chalcone conjugates were 
evaluated for their antiproliferative effect against two colorectal 

(HT-29 and HCT-116) and two prostatic (PC-3 and DU-145) 

cancer cell lines using a MTT-based assay (supplementary data). 

 Chalcones 1 and 2 are known to possess promising anticancer 
activity. Thus, chalcone 1 was identified for antiproliferative 

activity on leukemia (K562) and lung (A549) cancer cell lines,11-

14
 while chalcone 2 proved antiproliferative activity against 

ovarian cancer cell lines.
15

 Our work is focused for a long time 
on colorectal and prostatic cancers.

28-31
 Thus, a previous study 

was performed to explore the cell death pathway induced by 
chalcone 1 in colorectal cancer cell lines.

32
 

 
In the present work, chalcones 1 and 2 were found to be active on 

all the cancer cell lines studied. The results are outlined in Table 
2. Chalcone 1 showed a higher activity than chalcone 2 except 

against HT-29 cell line, which is COX-2 sufficient. Meanwhile, it 

has been demonstrated that COX-2 plays a critical role in 

resistance to apoptosis.
28,29,32

 Antiproliferative effects of 

chalcone-polyamine conjugates were moderate in comparison 
with those of parent chalcones 1 and 2. Comparison of the IC50 



  

values between the two series 7 and 8 shows that compounds 
bearing the same substituent pattern do not display significant 

differences in their respective cytotoxicities, with the exception 

of experiments on HCT-116 cell line. Indeed, in this case, IC50 of 

series 8 conjugates are generally lower than IC50 of series 7 ones. 
Considering the four cell lines, HT-29 appeared as the most 

resistant. Indeed, all the IC50 were higher than 70 µM. On the 

contrary, HCT-116 which is COX-2 deficient, seemed to be the 

most sensitive cell line. Among the ten conjugates, half of them 
possessed IC50 lower than 40 µM. Thus, 8a conjugate was the 

most active compound against HCT-116 cells, with an IC50 of 20 

µM. These results highlighted the potential of the N
8
 spermidine 

tail and the total lack of interest of the N
1
 spermidine tail, and 

were in agreement with those obtained against PC-3 and DU-145 

cell lines. The 7b and 8b conjugates were devoid of activity 

against these prostatic cancer cells whereas 7a and 8a exhibited a 
weak, but measurable, activity. Therefore, the architecture of the 

spermidine tail clearly affected the bioactivity. As described for 

artemisinin spermidine conjugates,
25

 coupling at the N
8
-centre of 

the spermidine tail provided compounds more active than the N
1
-

conjugates (Figure 2). 

Concerning PC-3 and DU-145 cell lines, interesting results were 
obtained with derivatives built with the linear spermine pattern as 

shown in 7d and 8d. Indeed, in both series 7 and 8, this 
polyamine moiety provided compounds with IC50 values around 

30 µM whereas all other conjugates gave IC50 higher than 50 µM. 
 

In a global manner, spermine conjugates 7d and 8d appeared as 
the most interesting compounds. These two compounds were not 

only the most active against PC-3 and DU-145 cell lines but they 
also presented an antiproliferative effect against HCT-116 cells. 

These results are in agreement with published studies showing 

that the spermine tail is able to increase the water solubility of the 

spermine-drug conjugate, to serve as cell delivery vector by using 
the PTS for tumor cell delivery as well as DNA anchor.

20, 33,34
 In 

our case, and even if these conjugates are less active in vitro than 

their parent chalcone 1 and 2, the water solubility is really 

increased and, the lower cytotoxicity of 7d and 8d, can be 
explained by the higher affinity of spermine for DNA which are 

not the key intracellular target of our chalcone derivatives. 
 
Table 2: IC50* values (µM) from MTT assay with colorectal (HT-29 and 

HCT-116) and prostatic (PC-3 and DU-145) cancer cell lines. 

 
Compounds HT-29 HCT-116 PC-3 DU-145 

7a >100 38.0±3.1 51.0±8.5 99.3±5.6 

7b >100 >100 81.0±9.3 >100 

7c 74.7±2.9 73.6±4.2 60.6±9.0 82.3±5.3 

7d >100 55.8±5.4 31.8±4.8 28.5±1.5 

7e 89.1±6.4 29.5±9.7 48.1±2.9 84.9±1.3 

8a >100 20.0±1.2 79.3±4.1 54.8±3.3 

8b >100 >100 >100 >100 
8c 87.2±3.2 29.2±6.4 55.4±6.4 86.8±0.2 

8d 98.0±4.8 33.8±3.3 34.0±4.5 35.4±5.2 

8e 91.7±5.3 75.4± 2.1 81.6±9.9 92.5±5.7 
1 23.1±1.7 0.85±0.11 0.09±0.002 6.3±1.2 

2 7.4±0.6 10.7±0.6 7.8±0.5 13.8±1.7 

 
*IC50 values are the average of three determinations at least. 

In summary, this study allowed to confirm the great interest of 

chalcones 1 and 2 for anticancer activity since they were found to 

be active on two prostatic (PC-3 and DU-145) and two colorectal 
(HT-29 and HCT-116) cancer cell lines. Polyamine conjugates 

(compounds 7a-e and 8a-e) were designed, based on an amide 
linkage, from these two chalcones. Contrary to our expectations, 

the parent chalcones remained more active than their polyamine 
counterparts. Nevertheless, some conjugates could be efficient 

therapeutics since, on the one hand, their polyamine tail is 
intended to increase their hydrophilic character and improve drug 

delivery and selectivity toward cancer cells and, on the other 

hand, their in vitro antiproliferative effect is significant.
35

 Thus, 

N
8
-spermidine conjugate 8a could be a promising compound for 

colon cancer adjuvant therapy since it demonstrated a great 

antiproliferative activity against HCT-116 cells. Besides, 

spermine conjugates also gave good results: 8d displayed an 

interesting effect on three cancer cell lines (HCT-116, PC-3 and 
DU-145) and 7d even showed a slightly better activity than 8d on 

prostatic cancer cell lines. These latter molecules may be 

considered as potent compounds for prostatic cancer therapy. 
Further studies are necessary to more closely examine the 

underlying molecular mechanisms of these compounds but also 

to design new polyamine-chalcone conjugates with a view to 

studying the influence of the linker and the length of the spacer 
on cytotoxic properties. 

 
Acknowledgments 
We thank the ‘Conseil Régional du Limousin’ for financial 

support. The authors are indebted to Dr. Michel Guilloton for 

manuscript editing and to Dr. Cyril Colas, from the "Fédération 
de Recherche" ICOA/CBM (FR2708) platform, for the HRMS 

analysis. 

 
Supplementary data  

Supplementary data (experimental procedure for the synthesis, 
spectral data, and experimental information concerning partition 

coefficient measurement) associated with this article can be 

found in the online version, at 
References and notes 

 
1. Ghedira K Phytotherapy 2005;3 162-169. 

2. Vijaya Bhaskar Reddy M, Hung HY, Kuo PC, Huang GJ, Chan 
YY, Huang SC, Wuf SJ, Morris-Natschke SL, Lee KH, Wub TS 

Bioorg. Med. Chem. Lett. 2017;27:1547-1550. 

3. Sivakumar PM, Ganesan S, Veluchamy P, Doble M Chem. Biol. 

Drug Des. 2010;76:407-411. 

4. Ducki S, Hadfield JA, Lawrence NJ, Liu CY, McGown AT, 

Zhang XG Planta Med. 1996;62:185-186. 

5. Kim SH, Lee E, Baek KH, Kwon HB, Woo H, Lee ES, Kwon Y, 

Na Y Bioorg. Med. Chem. Lett. 2013;23:3320-3324.  

6. Bhale PS, Chavan HV, Dongare SB, Shringare SN, Mule YB, 

Nagane SS, Bandgar BP  Bioorg. Med. Chem. Lett. 2017;27:1502-

1507. 

7. Hussaini SMA, Yedla P, Babu KS, Shaik TB, Chityal GK, Kamal 

A Chem. Biol. Drug. Des. 2016;88:97-109. 

8. Wani ZA, Guru SK, Subba Rao AV, Sharma S, Mahajan G, Behl 
A, Kumar A, Sharma PR, Kamal A, Bhushan S, Mondhe DM 

Food and Chemical Toxicology 2016;87:1-11. 

9. Yan J, Chen J, Zhang S, Hu J, Huang L, Li X J. Med. Chem. 
2016;59:5264-5283. 

10. Ducki S, Forrest R, Hadfield J.A, Kendall A, Lawrence NJ, 

McGown AT, Rennison D Bioorg. Med. Chem. Lett. 1998;8:1051-
1056. 

11. Ducki S, Rennison D, Woo M, Kendall A, Fournier Dit Chabert J, 

McGown AT, Lawrence NJ Bioorg. Med. Chem. 2009;17:7698-

7710. 
12. Ducki S, Mackenzie G, Greedy B, Armitage S, Fournier Dit 

Chabert J, Bennett E, Nettles J, Snyder JP, Lawrence NJ Bioorg. 

Med. Chem. 2009;17: 7711-7722. 
13. Boumendjel A, McLeer-Florin A, Champelovier P, Allegro D,  

Muhammad D, Souard F, Derouazi M, Peyrot V, Toussaint B, 

Boutonnat J BMC Cancer 2009;9:242-252. 
14. Kamal A, Mallareddy A, Suresh P, Shaik TB, Nayak VL, Kishor 

C, Shetti RVCRNC, Rao NS, Tamboli JR, Ramakrishna S, 

Addlagatta A Bioorg. Med. Chem. 2012;20:3480-3492. 

15. Qi Z, Liu M, Liu Y, Zhang M, Yang G Plos One 2014;9:e106206. 

doi:10.1371/journal.pone.0106206. 

16. Pegg AE, Cancer Res. 1988;48:759-774. 

17. Seiler N Current Drug Targets 2003;4:537-564. 



  

18. Persson L, Holm I, Ask A, Heby O, Cancer Res. 1988;48:4807-

4811. 

19. Seiler N, Delcros JG, Moulinoux JP Int. J. Biochem. Cell. Biol. 

1996;28:843-861. 

20. Barret JM, Kruczynski A, Vispé S, Annereau JP, Brel V, 

Guminski Y, Delcros JG, Lansiaux A, Guilbaud N, Imbert T, 

Bailly C Cancer Res. 2008;68:9845-9853. 

21. Tian Z, Xie S, Du Y, Ma Y, Zhao J, Gao W, Wang C Eur. J. Med. 

Chem. 2009;44:393-399. 

22. Wang C, Delcros JG, Biggerstaff J, Phanstiel O J. Med Chem. 

2003;46:2672-2682. 

23. Sol V, Lamarche F, Enache M, Garcia G, Granet R, Guilloton M, 

Blais JC, Krausz P Bioorg. Med. Chem. 2006;14:1364-1377. 
24. Garcia G, Sarrazy V, Sol V, Le Morvan C, Granet R, Alves S, 

Krausz P, Bioorg. Med. Chem. 2009:17:767-776. 

25. Chadwick J, Jones M, Mercer AE, Stocks PA, Ward PA, Park KB, 
O’Neill PM Bioorg. Med. Chem. 2010;18:2586-2597. 

26. Blagbrough IS, Geall AJ Tet. Lett. 1998;39:439-442. 

27. Garcia, G.,Sol, V, Lamarche, F., Granet, R., Guilloton, M., 
Champavier, Y., Krausz, P., Bioorg.Med.Chem.Lett. 2006, 

16 :3188-3192  

28.  Limami Y, Pinon A, Leger D.Y, Mousseau Y, Cook-Moreau J, 

Beneytout JL, Delage C, Liagre B, Simon A Biochimie 
2011;93:749-757. 

29. Limami Y, Pinon A, Leger D.Y, Pinault E, Delage C, Beneytout 

JL, Simon A, Liagre B Biochimie 2012;94:1754-1763. 
30. Ismail B, Ghezali L, Gueye R, Limami Y, Pouget C, Leger D.Y, 

Martin F, Beneytout JL Duroux JL, Diab-Assaf M, Fagnere C, 

Liagre B Int. J. of Oncology 2013;43:1160-1168. 
31. Ismail B, Fagnere C, Limami Y, Ghezali L, Pouget C, Fidanzi C, 

Ouk C, Gueye R, Beneytout JL, Duroux JL, Diab-Assaf M, Leger 

DY, Liagre B Anti-Cancer Drugs 2015;26 :74-84. 

32. Semaan J, Pinon A, Rioux B, Hassan L, Limami Y, Pouget C, 

Fagnère C, Sol V, Diab-Assaf M, Simon A, Liagre B J. Cell. 

Biochem. 2016 ;117 :2875-2885. 

33. Kruczynski A, Vandenberghe I,  Pillon A, Pesnel S, Goetsch L, 

Barret  J-M, Guminski Y, Le Pape A, Imbert T,  Bailly C, 

Guilbaud N, Invest New Drugs 2011; 29 :  9–21 

34. Brel V, Annereau J-P, Vispe S, Kruczynski A, Bailly C, Guilbaud 

N, Biochemical Phamacology, 2011, 82; 1843–1852 

35. Dai F, Li Q, Wang Y, Ge C,  Feng C,  Xie S,  He, H, Xu X, Wang, 

C. J. Med. Chem., 2017, 60 (5), 2071–2083 

 
 

 

 
 

 


