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Abstract -: 

      A heterocyclic compound 2,4-imidazolidinedione commonly well known as Hydantoin. It is found that 

this molecule is synthesized with three substitutions where different organic reactive groups import 

different pharmacological properties in the molecules of hydantoin derivatives. The broad pharmacological 

activities of 2,4-imidazolidinedione is also discussed in this work for more than 16 diseases. some 

imidazolidine-2,4-dione,2-thioxoimidazolidin-4-one derivatives and synthesized compounds were 

evaluated for anticoagulant and anticancer activities. by cyclization method 2a-2h, 3a-3h, 4a-4h and 5a-5h 

were prepared. (1) 

Compounds imidazolidine-2,4-dione (hydantoin) is a versatile scaffold that exerts a wide range of 

pharmacological effects such as anticancer activity and inhibition of COX-1/2 and carbonic anhydrase (2) , 

5,5-diphe nylimidazolidine-2,4-dione derivative (I) displayed a promising growth inhibitory activity 

against several distinct cancer cell line, Another imidazolidine-2,4-dione derivative (II) showed good 

antiproliferative activity against the lung cancer cell line A549 and inhibited autophosphorylation of 

epidermal growth factor receptor (EGFR) in the same cell line, isatin-containing compounds and their 

Schiff’s bases are known to possess anticancer activity (3), Sunitinib (III) is an isatin-containing drug 

approved by the FDA for the treatment of renal cell carcinoma (RCC) and gastrointestinal stromal tumor 

(GIST) isatin-containing drug approved by the FDA for the treatment of renal cell carcinoma (RCC) and 

gastrointestinal stromal tumor (GIST), isatin derivative (IV) is a potent growth inhibitor of colorectal and 

breast cancer cell lines at an average IC50 of 10 lM that induces apoptosis at the same concentration 

showed good inhibitory activity against cellular EGFR compounds were screened for MCF-7 breast cancer 

cell line and anti-coagulant activities. Anticoagulant activity was determined by Activated Partial 

Thromboplastin Time (APTT) and Prothrombin Time (PT) coagulation assays.  

Compound 3-(2,6-bis (4-methoxyphenyl)-1,3-dimethylpiperidin-4-ylideneamino)-2-thioxoimi dazolidin-4-

one 5f (>1000 in APTT assays) was highly response in anticoagulant screening compared with the 

reference of heparin while the compound 3- {[-1,3-Dimethyl-2,6-di (4ʼ-nitrophenyl) piperidin-4-ylidene] 

amino} imidazolidine-2,4-dione 3e (LD50: 20.4 µg mLG1 was highly active against MCF-7 breast cancer 

cell line compared with the reference. (4) 

The synthesized compounds were confirmed by Fourier transform infrared spectroscopy (IR), proton 

nuclear magnetic resonance (1H-NMR), carbon nuclear magnetic resonance (13C-NMR), Mass 

Spectrometry (MS) and elemental analyses. The synthesized compounds were screened for MCF-7 breast 

cancer cell line and anti-coagulant activities. Anticoagulant activity was determined by Activated Partial 

Thromboplastin Time (APTT) and Prothrombin Time (PT) coagulation assays. (5) 

 

Keywords- imidazolidine, hydantoin, anticancer, antifungal, 2,4 Thiazolidinedione, cyclization, 

methemoglobinemia 
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Introduction 

Cancer is an abnormal cell growth caused by changes in gene expression, with the potential to metastasis; 

this is in contrast to benign tumors, which do not spread to other parts of the body. Tumor continues to be a 

major health threat worldwide; in spite of the tremendous achievements reached in cancer chemotherapy 

researchers the need of developing new anticancer agents remains critically important. Sulofenur 

(LY186641, A), its analogs B and C (LY295501) are antineoplastic agents that have been clinically proven 

to be active in lung, breast, colon, ovarian, pancreatic, and gastrointestinal tract (GIT) cancers with no 

decisive known mechanism. This discovery led to the increased attention to developing diary sulfonylureas 

as antineoplastic agents. However, clinical trials of Sulofenur have yielded unsatisfactory results because of 

its high protein binding and limited dosing caused by the appearance of anemia, and methemoglobinemia, a 

side effect that is likely caused by its aniline-related metabolites Many attempts were carried out to 

overcome the said side effects. Several imidazolidinone derivatives containing diary sulfonylurea 

pharmacophore have been synthesized and screened for their antitumor activity against various human 

solid tumors.  

The imidazolidine-2,4-diones D–F showed higher cytotoxic activity than that of sulofenur (A), with no 

production of methemoglobinemia or hypoglycemia. The numbers of imidazolidine target molecules have 

been used for various biological application, particularly anticancer activity Imidazolidine-2,4-dione 

derivatives were found as pharmacological activity such   as   anxiolytic   activity (Czopek et al., 2010), 

antimalarial (Araujo et al., 2005), piperidinyl connected with alkyl imidazoles for selective histamine H3 

receptor agonist (Kitbunnadaj et al., 2005). These references will serve as the main bases for the synthesis 

of piperidine with imidazolidine derivatives (3a-3h, 4a-4h and 5a-5h) and evaluate for anticoagulant and 

anticancer activities. piperidine connected with imidazolidine derivatives,  basically  piperidine derivatives 

have various pharmacological activities such as antitubercular (Aridoss et al.,  2008), cytotoxicity on HeLa 

cells (Parthiban et al., 2011), antihypertensive (Watanuki et al., 2011), antitumor (Girgis, 2009),  

antimicrobial  activities (Vinaya et al.,  2009; Peretto et al., 2007; Kus et al.,  2009; Huang et al., 2010; 

Sangshetti and Shinde, 2011),  antimalarials (Misra et al., 2009), Anti-cancer activity Drug preparation: 

The compound was dissolved in 10% dimethyl Sulfoxide to give a final concentration of dimethyl 

sulfoxide not more than 0.5% and did not affect cell survival. Cell viability test: The viability of cells was 

assessed by MTT assay (Mosmann, 1983) using MCF-7 cell lines. Cytotoxic assay (MTT method): The 

cells were plated distinctly in 96 well plates at a concentration of 1×105 cells per well. After 24 h, cells 

were washed twice with 100 µL of serum-free medium and starved for an hour at 37EC. After starvation, 

cells were treated with the test material for 24 h. At the end of the treatment period the medium was 

aspirated and serum free medium containing MTT (0.5 mg mLG1) was added and incubated for 4 h at 

37EC in a CO2 incubator. The MTT containing medium was then discarded and the cells were washed 

with PBS (200 µL).  

The crystals were then dissolved by adding 100 µL of DMSO and this was mixed properly by pipetting up 

and down. Spectrophotometric absorbance of the purple blue formazan dye was measured in a microplate 

reader at 570 nm (Biorad 80). Cytotoxicity was determined using graphpad prism 5 software. 2,4 

Imidazolidinedione is comprised of two compounds: 1,3- Bis(hydroxymethyl)-5,5-dimethyl hydantoin 

(also referred to as DMDM Hydantoin) and Hydroxymethyl-5,5-dimethyl hydantoin (also referred to as 

MDM Hydantoin. Both of these active ingredients are formaldehyde releasing compounds. In this 

document these compounds may be referenced as the hydroxymethyldimethyl hydantoins.[6] 
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 imidazole derivatives were dissolved in diluted acid, and coupling reaction hours at (0) 0Cto give final 

product [7] 

 

Synthesized azo dyes- linked with  phenol  derivative   from  coupling  reaction   with different   

compounds  in presence of  diluted  hydrochloric  acid  to   yield  ligands  then  complexation  with  some  

ions 

 

imidazole – mannich derivatives were prepared through reaction of secondary aromatic   amine compound 

with carbonyl compound    in presence of strong   base, this mixture was stirred for (5) hours to formation 

many   antibacterial compounds [8] 

 

Used bis- carboxylic acid and diamine compounds   in closure conditions   under refluxing for (6) hrs, then 

basified to give imidazole derivative   as anti- HIV [9] 

 

the imidazole with triazole in existence of   closure   conditions in DMF and stirred for (16) hours at room 

temperature then refluxing   for (7) hrs to give final product antifungal compounds  
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added imidazole ring to sulphur   and nitrogen compounds   to formation compounds involving   antitumor 

activities [10] 

 

In 
new studies, imidazole compounds were prepared   as antitumor   in medicinal fields [11,12] 

 

▪ Molecular Formula: C3H4N2O2 

▪ Element System: C-H-N-O 

▪ Molecular Weight: 100.0774 

▪ Calculated Log P: -1.314 

▪ Rotatable Bonds: 0 

▪ H Acceptors: 2 

▪ H Donators: 2 

▪ Reactions having this substance as a reactant: 138 

▪ Reactions having this substance as a product: 19 
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Imidazolidine-2,4-Dione 

BACKGROUND INFORMATION: 

 

• 2,4 Imidazolidinedione (hydroxymethyldimethyl hydantoin) registration review case number: 5020  

• 2,4 Imidazolidinedione; 1,3-bis (hydroxymethyl)-5,5-Dimethyl Hydantoin; DMDM Hydantoin is PC Code 
115501 (CAS # 6440-58-0)  

 

• 2,4 Imidazolidinedione; 1-(Hydroxymethyl)-5,5-Dimethyl Hydantoin; MDM Hydantoin is PC Code 
115502 (CAS # 116-25-6)     

 

• 5,5-Dimehtyhydantoin (DMH) (CAS No. 77-71-4)  

 
2,4 Imidazolidinedione 

• Technical registrant: Lonza  

• First approved for use in a registered product: 1987  

• Not subject to reregistration (no Reregistration Eligibility Decision [RED])   

• Synonyms for 2,4-Imidazolidinedione, 1,3-bis(hydroxymethyl)-5,5-dimethyl- include: 1,3-

Bis(hydroxymethyl)-5,5-dimethyl-2,4-imidazolidinedione, 1,3Bis(hydroxymethyl)-5,5-dimethylhydantoin, 

1,3-Di(hydroxymethyl)-5,5dimethylhydantoin, 1,3-Dimethylol-5,5-dimethylhydantoin, 2,4- 

Imidazolidinedione, 1,3-bis(hydroxymethyl)-5,5-dimethyl-, 2,4- 
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Imidazolidinedione, 1,3-bis(hydroxymethyl)-5,5-dimethyl-, DMDM Hydantoin,  

DMDMH, Hydantoin, 1,3-bis(hydroxymethyl)-5,5-dimethyl-, Hydantoin, 1,3bis(hydroxymethyl)-5,5-

dimethyl-, Hydantoin, 1,3-bis(hydroxymethyl)-5,5dimethyl-, N, N'-Dimethylol-5,5-dimethylhydantoin  

• Synonyms for 2,4 Imidazolidinedione, 1-(Hydroxymethyl)-5,5-Dimethyl include:  1-(Hydroxymethyl)-5,5-

dimethyl-2,4-imidazolinedione,1-(Hydroxymethyl)-5,5dimethylhydantoin, 2,4 Imidazolidinedione, 1-

(hydroxymethyl)-5,5-dimethyl-, 2,4Imidazolidinedione, 1-(hydroxymethyl)-5,5-dimethyl-, Hydantoin, 

1(hydroxymethyl)-5,5-dimethyl-, Hydantoin, 1-(hydroxymethyl)-5,5-dimethyl-, Hydantoin, 1-

(hydroxymethyl)-5,5-dimethyl-, MDM Hydantoin, Monomethyl dimethyl hydantoin, Monomethylol-5,5-

dimethylhydantoin  

 

USE & USAGE INFORMATION: 

 

• The hydroxymethyldimethyl hydantoins are an antimicrobial used in adhesives, air fresheners, caulking 
compounds, clay slurries, cleansers, coatings, dispersed colors, resin emulsions, fabric softeners, hydraulic 

fluids, inks, latex, liquid detergents, metal working cutting fluids, paints (emulsion, latex, water-based), 

paper/paperboard coatings, polishes, polymers (synthetic), powdered detergents, sealants, carpet shampoos, 

soap, stains (preservative incorporation), starch solutions, textiles, and wax.    

• Pests controlled include algae, animal pathogenic bacteria, deterioration/spoilage bacteria, fungi, 
mold/mildew, slime-forming bacteria, slime-forming fungi, and yeasts.  

• There are 16 registered products containing the hydroxymethyldimethyl hydantoins as an active ingredient; 
these formulations are also formaldehyde releasers.  

• Application rates for the active ingredient range from 10 % to 96 % for 1,3-bis (hydroxymethyl)-5,5-
dimethyl; and 0.4 % to 32 % for 1-(Hydroxymethyl)-5,5Dimethyl Hydantoin.    

Recent Actions: 

 

No recent registration actions have occurred for the hydroxymethyldimethyl hydantoins.  

Human Health Risk Assessment Status 

 

Dietary (Food and Water):  

• Several dietary assessments were conducted in 2001- 2003 for various indirect food contact uses on paper 
and other materials.  

Residential:   

• Residential uses of the hydroxymethyldimethyl hydantoins include: liquid detergents, fabric softeners, 
household cleaning products, soft soaps, water-based paints, room deodorizers, air fresheners, water-based 

gels  and polymer emulsions for household products, textiles, water-based adhesives, sealants and caulks, 

latex for paper coatings, food and non-food contact paper and paperboard, carpet shampoos, polishes, 

waxes.  The Agency will conduct a residential risk assessment as part of registration review.  

Occupational:  

• No occupational exposure assessment was performed for these hydroxymethyldimethyl hydantoin products 

being considered for registration review.  The Agency will complete an occupational risk assessment for 

registration review of the hydroxymethyldimethyl hydantoins.    

• An occupational assessment was conducted in 2001 for the primary uses of 1,3dichloro-5,5-
dimethylhydantoin, as the active ingredient in Dantochlor RW (81.1% a.i.), during batch mixing for 

introduction into industrial cooling water systems and pulp and paper process water.    
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is a heterocyclic organic compound with the formula CH2C(O)NHC(O)NH. It is a colorless solid that arises 

from the reaction of glycolic acid and urea. It is an oxidized derivative of imidazolidine. In a more general 

sense, hydantoins can refer to a groups and a class of compounds with the same ring structure as the parent. 

For example, phenytoin (mentioned below) has two phenyl groups substituted onto the number 5 carbon in 

a hydantoin molecule.[13] 

 

 

 

SYNTHESIS OF 2,4 IMIDAZOLIDINEDIONE (HYDANTOIN) 

 

Hydantoin was first isolated in 1861 by Adolf von Baeyer in the course of his study of uric acid. He 

obtained it by hydrogenation of allantoin, hence the name. 

 

Friedrich Urech synthesized 5-methylhydantoin in 1873 from alanine sulfate and potassium cyanate in 

what is now known as the Urech hydantoin synthesis.The method is very similar to the modern route using 

alkyl and arylcyanates. The 5,5-dimethyl compound can also be obtained from acetone cyanohydrin (also 

discovered by Urech: see cyanohydrin reaction) and ammonium carbonate. This reaction type is called 

the Bucherer–Bergs reaction.  

Hydantoin can also be synthesized either by heating allantoin with hydroiodic acid or by "heating 

bromacetyl urea with alcoholic ammonia". The cyclic structure of hydantoins was confirmed by Dorothy 

Hahn 1913.  

Of practical importance, hydantoins are obtained by condensation of a cyanohydrin with ammonium 

carbonate. Another useful route, which follows the work of Urech, involves the condensation of amino 

acids with cyanates and isocyanates: 

 
 

 
fig. 1: synthetic route of imidazolidine derivatives (3a-h) and (5a-h) 
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fig. 2: it shows application in the synthesis of hydantoins  

 

GENERAL PROCEDURE FOR THE SYNTHESIS OF THIAZOLIDINE-2,4-DIONES DERIVATIVES 

Step-a: Synthesis of thiazolidine-2,4-dione (A) 

Chloroacetic acid (0.1 mol) in 10 ml of water and thiourea (0.1 mol) dissolved in 10 ml of water, both the 

solution were mixed and stirred for 15 min until white precipitate was obtained then cooled. After that 

10 ml hydrochloric acid was added slowly in a reaction mixture with a dropping funnel. The flask was then 

connected with a reflux condenser and gentle heat applied, after that the reaction mixture was stirred and 

refluxed for 8–10 h at 100–110 °C. The product was cooled, filtered, washed and dried at room temperature 

followed by recrystallization with suitable solvent [14]. 

Step-b: Synthesis of N′-(Subtituted benzaldyhyde)-2,4-thiazolidinedione (B) 

The solution of 2,4-thiazolidinedione (A) (0.01 mol) and different benzaldehyde (0.01 mol) was suspended 

in ethanol/DMF/methanol with catalytic amount of piperidine (1 ml) and mixture was shaken for few 

minutes and then refluxed for 48–72 h. After that the reaction mixture was cooled at room temperature. The 

product precipitated out from ethanol and separated by using separating funnel followed by 

recrystallization with suitable solvent [14] 

                                                                                                                                   
ACTIVITIES OF IMIDAZOLIDINE-2,4-DIONE 
 

Antimicrobial activity 

The in vitro antimicrobial activity of synthesized compounds was done by tube dilution method against 

Gram-positive bacteria: Staphylococcus aureus, Bacillus subtilis, Gram-negative bacteria: Escherichia 

coli, Klebsiella pneumonia, Salmonella typhi and fungal: Candida albicans and Aspergillus niger strains 

using cefadroxil and fluconazole as standard. Dilutions of test and standard compounds were prepared in 

double strength nutrient broth for bacterial strains and Sabouraud dextrose broth for fungal strains. The 

samples were incubated at 37 ± 1 °C for 24 h (for bacterial species), at 25 ± 1 °C for 7 days (A. niger) and 

at 37 ± 1 °C for 48 h (C. albicans) respectively and the results were recorded in terms of MIC (the lowest 

concentration of test substance which inhibited the growth of microorganisms) [15] 

 

Antidiabetic activity 

All the synthesized compounds were evaluated against α-amylase inhibitory activity by 

using diastase based on colorimetric method [16] .0.25 g of soluble potato starch was dissolved in 50 ml of 

20 mM phosphate buffer by heating for 15 min. 1 mg diastase (amylase enzyme) was mixed in 100 ml of 

Metal  
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carbonate 
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heterocyclic  
compounds 
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ethylenic or  
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O H 
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N H 2 

C N 
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20 mM phosphate buffer (pH 6.9) to obtain the enzyme solution. Different concentrations of all the 

synthesized derivatives were prepared by dissolving them in DMSO. The color reagent was prepared by 

mixing 20 ml of 96 mM 3,5-dinitrosalicylic acid with 5.31 M sodium potassium tartrate in 8 ml of 2 M 

sodium hydroxide and 12 ml deionized water. 1 ml of enzyme solution was mixed with 1 ml of each 

synthesized derivatives and incubated for 10 min at 25 °C. Then 1 ml of this mixture was mixed with 1 ml 

of soluble potato starch solution in a tube and incubated for 10 min at 25 °C. Then tubes were closed after 

adding 1 ml of color reagent and placed into water bath for 15 min at 85 °C. The reaction mixture was 

removed from water bath after 15 min. After cooling, the reaction mixture was diluted with 9 ml of 

distilled water and the absorbance was taken at 540 nm in UV spectrophotometer. Blank solution was 

prepared by replacing the enzyme solution with buffer solution and absorbance was taken. Measurement of 

control was performed in identical manner by replacing the synthesized derivatives in 1 ml of DMSO. 

Acarbose solution was used as a standard drug 

 

Antioxidant Activity 

The antioxidant activity of the newly synthesized compounds were evaluated spectrophotometrically using 

free radical scavenging method by DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. The DPPH is a stable free 

radical with maximal absorption at 517 nm and is reduced to a corresponding hydrazine when it reacting 

with hydrogen donors. When DPPH reacts with an antioxidant agent, gets reduced by donating hydrogen 

and its color change from deep violet to yellow, which shows a considerable decrease in absorption at 

517 nm. DPPH solution (3 μg/ml) was prepared in methanol and DPPH (in 1:1) solution was used for blank 

reference. Four dilutions of different concentrations (25, 50, 75 and 100 μg/ml) of each synthesized 

compound and standard (ascorbic acid) were prepared in the methanol and 1 ml of each concentration was 

added to 1 ml of DPPH solution. The solution mixture was shaken vigorously and kept in dark place for 

30 min at room temperature and absorbance was measured by UV at 517 nm [17] 

 
Anticancer activity 
Drug preparation: The compound was dissolved in 10% dimethyl Sulfoxide to give a final 

concentration of dimethyl sulfoxide not more than 0.5% and did not affect cell survival. Cell 

viability test: The viability of cells was assessed by MTT assay (Mosmann, 1983) using MCF-7 

cell lines. 

Cytotoxic assay (MTT method):  The cells were plated distinctly in 96 well plates at a 

concentration of 1×105 cells per well. After 24 h, cells were washed twice with 100 μL of 

serum-free medium and starved for an hour at 37°C. After starvation, cells were treated with the 

test material for 24 h. 

At the end of the treatment period the medium was aspirated and serum fre e medium containing 

MTT (0.5 mg mL–1) was added and incubated for 4 h at 37°C in a CO2 incubator. The MTT 

containing medium was then discarded and the cells were washed with PBS (200 μL). The 

crystals were then dissolved by adding 100 μL of DMSO and this was mixed properly by 

pipetting up and down. Spectrophotometric absorbance of the purple blue formazan dye was 

measured in a microplate reader at 570 nm (Biorad 80). Cytotoxicity was determined using 

graphpad prism 5 software. 

3,5-DISUBSTITUTED-2,4-THIAZOLIDINEDIONE DERIVATIVES 

Several studies have proved that benzylidene analogues of clinical 2,4-TZDs, such as troglitazone and 

ciglitazone, have more potent antiproliferative activity than their parent compounds. Literature studies also 

revealed that the attachment of more heterocyclic rings, containing nitrogen on 5th position of 2,4-TZD, 

can enhance the antimicrobial activity. Hence, attachment of various moieties on the benzylidene ring may 

produce safe and effective compounds in the future. 

The objective of the present study was to synthesize a set of novel benzylidene ring containing 5- and 3-

substituted-2,4-thiazolidinedione derivatives and evaluate them for their anticancer and antibacterial 

activity. 

The synthesized compounds were characterized by IR, NMR, mass, and elemental studies. The in vitro 

cytotoxicity studies were performed for human breast cancer (MCF-7) and human lung cancer (A549) cells 

and HepG2 cell-line and compared to standard drug doxorubicin by MTT assay. Antimicrobial activity of 
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the synthesized 2,4-thiazolidinediones derivatives was carried out using the cup plate method with slight 

modification. 

TZ-5 and TZ-13 exhibited good antiproliferative activity against A549 cancer cell-line, whereas TZ-10 

exhibited moderate antiproliferative activity against HepG2 cell-line when compared to standard drug 

doxorubicin. TZ-5 also exhibited reasonable activity against the MCF-7 cell-line with doxorubicin as 

standard. TZ-4, TZ-5, TZ-6, TZ-7, and TZ- 16 exhibited remarkable antibacterial activity against Gram 

positive and moderate activity against Gram negative bacteria with the standard drug ciprofloxacin. 

Attachment of heterocyclic rings containing nitrogen as the hetero atom improves the anticancer and 

antimicrobial potential. Attachment of electronegative elements like halogens can also enhance the 

antimicrobial activity. Further structure modifications may lead to the development of more potent 2,4-

TZD leads that can be evaluated for further advanced studies.[18] 

 
table no.1 structure of imidazolidine derivatives with anticancer activity 

 

 

 

 

 

EGFRinhibitor (Carmietal., 2006) 

EGFR inhibitor (Carmi et al., 2006) 

 

 

Necroptosisinbitors (Tenget al.,2005) 

Necroptosis inhibitors (Teng et al., 2005) 

 

 

 

 

Farnesyl transferees inhibitor (Lee et al., 

2006) 

 

Anticancer agents  (El-Deebet al.,2010) 

Anticancer agents (El-Deeb et al., 2010) 

 

 
 

 RESULT AND DISCUSION 

 

 

Imidazolidine 2,4 dione and its derivatives has wide application as used in antidiabetic, anti-inflammatory, 

anticancer ,as wound healing, antioxidant, anticoagulant this review article is the study of activity of 

imidazolidine 2,4 dione and its derivative its synthesis and about derivatives the review in futher focus on 

anticancer activity of this compound as thiazolidine acts againt breast cancer  Z-5 and TZ-13 exhibited 

good antiproliferative activity against A549 cancer cell-line, whereas TZ-10 exhibited moderate 

antiproliferative activity against HepG2 cell-line when compared to standard drug doxorubicin. TZ-5 also 

exhibited reasonable activity against the MCF-7 cell-line with doxorubicin as standard. TZ-4, TZ-5, TZ-6, 

TZ-7, and TZ- 16 exhibited remarkable antibacterial activity against Gram positive and moderate activity 

against Gram negative bacteria with the standard drug ciprofloxacin. Attachment of heterocyclic rings 

containing nitrogen as the hetero atom improves the anticancer and antimicrobial potential. Attachment of 

electronegative elements like halogens can also enhance the antimicrobial activity.  
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