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Abstract 

 

Name: Ahmed Sabt Ibrahim Mohamed 

 

Title: Synthesis of some new coumarin derivatives and study 
their antitumor  

activity 

 

Coumarin was subjected to chlorosulfonation via chlorosulfonic aicd 
 

to  yield   coumarin-6-sulfonylchloride 1 which  was utilized  as a  key 

intermediate to  prepare new  series from  coumarin-6-sulfonamides 

derivatives. Therefore, compound  1 was  refluxed in  ethanol with 
 

sulfanilamide, pyridine sulfanilamide and/or 4-aminoacetophenone to 

afford the corresponding coumarin-6-sulfonamides 2 - 4, repectively. N- 
 

(4-acetylphenyl)-2-oxo-2H-chromene-6-sulfonamide 4 reacted with 
 

phenyhydrazine derivatives in absolute ethanol and triethylamineto afford 

5a-c. On the other hand, when compound 4 reacted with p-toluene 

sulfonylhydrazide, compound 6 was isolated. When compound 4 was 

refluxed with thiosemicarbazide in the presence of ethanol and acetic 

aicd, the thiosemacarbaone 7 was obtained. 
 

The reaction of thiosemacarbazone 7 with chloroacetone, ethyl-2- 
 

chloroacetoacetate, hydrozonylchlorides-p-Cl and p-CH3, 

phencylbromide and/or 3-(2-bromoacetyl)-2H-chromen-2-one under 

reflux condition in dioxane and triethylamine gave the corresponding 
 

coumarinthiazole derivative 8-12, repectively. 
 

Also, thiazolidinone derivatives were obtained via reaction of 

thiosemicarbazone 7 with bromoacetic acid and/or 2-bromopropanoic to 

afford the thiazolidinone derivatives 13 and 14, repectively. 
 

2-((6-hydroxyhexyl)oxy)isoindoline-1,3-dione 15 reacted with 4,4-

dimethoxy tritryl chloride (DMTrCl) in dry pyridine to give 16. 
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Compound 16 strirred with hydrazine hydrate at room temperature to give 
 

O-6-dimethoxytritylatedhexylhydroxylamine 17. 3-acetylcoumarin 
 

condensed with compound 17 in the prescence of ethanol and pyridine to 
 

yield coumarin O-alkyl oximetritryl 18 and a subsequent conversion to 
 

19 via the acid catalyzed detritylation process. Phosphitylation of 19 
 

via three steps to give final product 20. by similar way compound 4 
 

reacted with aminooxy and then  Phosphitylation to afford compound 23. 
 

Moreover , 6-bromohexanol 24 reacted with tritrylchloride in 

pyridine yielded 6-bromotritryl 25. The later was subjected to react with 

4-hydroxycoumarin to afford compound 26. Detritrylation of compound 

26 and then Phosphitylation to convert to the final target 28. 
 

Coumarin-3-carboxylate 29 was allowed to reflux with 6-aminohexanol 
 

in the prescence of ethanol and piperdine as a catalyst and afforded 
 

coumarin-3-carboxamide 30. Compound 30 subjected to 
 

Phosphitylation process to yield final target 31. 
 
 

 

The newly synthesized compounds 2-14 were evaluated for their anti-

proliferative activity against three human tumor cell lines HepG2, CaCo 

and MCF-7. The most active compounds 11 and 13 were further studied 

for their apotosis inducing properties. a 2D-QSAR model was performed 

on these synthesized compounds. also, the four final compounds from 20, 

23, 28 and 31 were evaluated as potent KRAS-PDEδ interaction 

inhibitors. Computational docking of the compounds into the PDEδ 

crystal structure was performed. 

 

 

            Key words: Synthesis, Coumarin derivatives, Phosphitylation, apopotosis, 

anti-proliferative activity and k-ras. 
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SUMMARY 
 

 

The present research work aimed to synthesize new series of coumarin-6-

sulfonamides bearing Schiff’s bases, thiazole or thiazolidinone moieties. 

In addition the coumarins derivatives linked to the protected phosphate 

moiety via a hexyl hydrocarbon chain were prepared. All the target 

compounds were subjected to antitumor activity assessement. Moreover, 

molecular docking and quantative structure-activity relationship were 

perforemed to help the experts to better predict the possible activity of 

target compounds. 

 

 

Coumarin was subjected to chlorosulfonation by chlorosulfonic acid 

yielded coumarin-6-sulfonylchloride 1 which was utilized as a key 

intermediate to prepare new series from coumarin-6-sulfonamides 

derivatives. Therefore, compound 1 was refluxed in ethanol in presence 

of glacial acetic acid with sulfanilamide and/or pyridine sulfanilamide to 

afford the corresponding coumarin-6-sulfonamides 2 and 3, repectively. 

Coumarin-6-sulfonylchloride 1 was allowed to react with 4-

aminoacetophenone in presence of dichlormethane and pyridine to yield 

N-(4-acetylphenyl)-2-oxo-2H-chromene-6-sulfonamide 4 [cf.scheme1]. 

 

 

Moreover, Schiff’s bases derivatives were prepared via condenation of 
 

N-(4-acetylphenyl)-2-oxo-2H-chromene-6-sulfonamide 4 with 

phenyhydrazine derivatives in absolute ethanol and triethylamine to 

afford 5a-c. On the other hand, when compound 4 reacted with p-toluene 

sulfonylhydrazide, compound 6 was isolated. When compound 4 was 

refluxed with thiosemicarbazidein the presence of ethanol and acetic aicd, 
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the thiosemacarbazone 7 was obtained [cf.scheme2]. 
 
 

 

The reaction of thiosemacarbazone 7 with chloroacetone under reflux 

condition in dioxane and triethylamine gave the methylthiazole derivative 

8. Also, when compound 7 was allowed to react with ethyl-2-

chloroacetoacetate, the thiazolecarboxylate compound 9 was obtained. 

refluxing thiosemicarbazones 7 with different hydrozonylchlorides-p-Cl 

and p-CH3, it gave coumarinthiazole derivatives 10a and 
 

10b[cf.scheme3]. 
 
 

 

When thiosemicarbazone 7 was allowed to react with phencylbromide in 

the prescence of dioxane and triethylamine, compound 11 was isolated. 

Compound 7 reacted with 3-(2-bromoacetyl)-2H-chromen-2-one to give 

the thiazole derivative 12 [cf.scheme4]. Also, thiazolidinone derivatives 

were obtained via reaction of thiosemicarbazone7 with bromoacetic acid 

and/or 2-bromopropanoic acid under reflux in acetic acid in the presence 

of an excess anhydrous NaOAc to afford the thiazolidinone derivatives 
 

13 and 14, repectively [cf.scheme 4]. 
 

 

Moreover, The newly synthesized compounds 2-14 were evaluated for 

theier anti-proliferative activity against three human tumor cell lines 

HepG2 hepatocellular carcinoma,CaCo cancer and MCF-7 breast cancer. 

In particular, HepG2 cancer cell line was more susceptible to the 

synthesized derivatives. Compounds 11 and 13 (IC50 = 3.48 ± 0.28 

and5.03 ± 0.39μM, respectively) were found to be the most potent 

derivatives against HepG2 being more active than doxorubicin (IC50 = 

5.43 ± 0.24). In addition, compound 14 showed the most promising 

results against MCF-7 with IC50 =10.62 ± 1.35μM. Moreover, 

cytotoxicity evaluation of the newly synthesized compounds in CaCo 
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revealed that compound 5a exhibited significant antiproliferative activity 

with IC50 value 8.53 ± 0.72μM. Therefore, a 2D-QSAR model was 

performed on these synthesized compounds, to extract out the key 

regulatory features controlling the anticancer activity. The most active 

compounds 11 and 13 were further studied for their apoptosis inducing 

properties. 

 

 

In the continuation of work, 2-((6-hydroxyhexyl)oxy)isoindoline-1,3-

dione 15 reacted with 4,4-dimethoxytrityl chloride (DMTrCl) in dry 
 

pyridine and afforded 2-((6-(bis(4-methoxy phenyl) (phenyl) methoxy) 

hexyl)oxy)isoindoline-1,3-dione 16. Compound 16 strirred with 

hydrazine hydrate at room temperature to give O-6-dimethoxytritylated 
 

hexylhydroxylamine 17 [cf.scheme5]. 
 
 
 
 

 

On the other hand, 3-acetylcoumarin condensed with compound 17 in the 

prescence of ethanol and pyridine to yield coumarin O-alkyl oximetritryl 
 

18 and a subsequent conversion to 3-(1-(((6-hydroxyhexyl) oxy) imino) 

ethyl)-2H-chromen-2-one 19 via the acid catalyzed detritylation process 
 

[cf.scheme5]. 
 
 

 

Phosphitylation of 19 with 1-chloro-N,N-diisopropyl-1-methoxy-

phosphinamine followed by tetrazole promoted displacement of the 

diisopropylamino ligand by 4-acylthio-2-hydroxymethyl-2-methyl-3-

oxobutanoate and oxidation of the resulting phosphite triester to 

phosphate triester with iodine in THF/H2O/2,6-lutidine completed the 

synthesis to give final product 20 [cf.scheme5]. 
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When compound 4 reacted with O-6-dimethoxytritylated 

hexylhydroxylamine 17, O-alkyl oxime 21 was isolated. Compound 21 

was stirred in dichloroacetic acid in prescene of dichlormethane and 

afforded hydroxyhexylcoumarin 22. Compound 22 was subjected to the 

phosphitylation process by using three steps to yield the target 

coumarinhexylphosphate 23[cf.scheme6]. 

 
 

On the other hand, 6-bromohexanol 24 reacted with tritylchloride in 

pyridine yielded 6-bromotritryl 25. The later was subjected to react with 

4-hydroxycoumarin to afford compound 26. Detritylation of compound 

26 in the prescence of dichloroacetic acid and dichloromethane gave 

coumarin-4-hydroxyhexyl 27. Similarly, compound 27 was converted to 
 

the final target 28 via Phosphitylation [cf.scheme7]. 
 
 

 

Coumarin-3-carboxylate 29 was allowed to reflux with 6-aminohexanol 

in the prescence of ethanol and piperdine as a catalyst and afforded 

coumarin-3-carboxamide 30. Compound 30 reacted with 1-chloro-N,N-

diisopropyl-1-methoxy phosphine amine followed by tetrazole promoted 

displacement of the diisopropylamino ligand by 4-acylthio-2-

hydroxymethyl-2-methyl-3-oxobutanoate and oxidation of resulting 

phosphite triester to phosphate triester with iodine in THF/H2O/2,6-

lutidine completed the synthesis to give final target 31 [cf.scheme8]. 

 

 

In order to demonstrate the validity of these reported research 

information, the synthesized target compounds were screened for their 

antitumor activity. Therefore, the four final compounds of coumarin 

linked to the protected phosphate moiety via a hexyl hydrocarbon chain 

(20, 23, 28 and 31) were evaluated as potent KRAS-PDEδ interaction 

inhibitors. Computational docking of the compounds into the PDEδ 
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crystal structure was performed. Our model compound, Deltaflexin1, 

selectively disrupts K-Ras, but not H-Ras membrane organization. This 

selectivity profile is reflected in its anti-proliferative activity on breast 

and colorectal cancer cells. 
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