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ABSTRACT 
Back ground: Hydantoin and phenytoin and their derivatives found enormous uses as drug of choice for 
the treatment of epilepsy, neuro- and cardioprotective dysfunction, anticonvulsant, and antitumor. 
Objective: is to establish a laboratory method to prepare new derivatives of 3-substituted 5,5-diphenyl 
imidazolidine-2,4-dione (I), that has the potential of scaling up to industrial production. Results: One 
pot synthesis of were established by following two types of reactions. Neucleophilic substitution with 
from alkyl group with the labile proton in position-3 of (I) in the presence of a base, and through 
Mannich reaction with substituted anilines and paraformaldehyde. A series of products were 

C NMR, 13H and 1X), and identified by their physical and spectrometric techniques viz. -synthesized (II
mass spectrometry, UV-visible and FT-IR absorption spectrometry. The biological antibacterial activates 
of these derivatives were screened by following well diffusion method against local isolates of 
Staphylococcus aureus, Streptococcus pyogens, Escherichia coli, and Pseudomonas aerugenosa. 
Conclusion: one pot method for the preparation of 3-substituted 5,5-diphenyl imidazolidine-2,4-dione 
were  established  and  the  product  are  good  candidates  for  use  as  a  drug  and  can  be  produced  on 
 industrial scale.  
 

KEYWORDS3-substituted 5,5-Diphenyl imidazolidine-2,4-dione; Neucleophilic substitution; Mannich reaction; substituted 

anilines; antibacterial activity; S. aureus; S. pyogens; E. coli; and P. aerugenosa. 
 

INTRODUCTION 
 

Dreyfus present good story of the discovery, and the use of phenytoin, 5,5-diphenyl imidazolidine-2,4-

dione, in his book entitled “The Story of a Remarkable Medicine.” [1], and mention over a hundred application 

for this compound drug of choice. Aside from seizures, it is an option in the treatment of trigeminal neuralgia as 

well as certain cardiac arrhythmias [2-4]. Putnam discovered phenytoin usefulness against electrically induced 

seizures in cats, without the sedative effects [5]. More than 60 years since Putnam discovery, the compound is 

still the drug of choice for the treatment of generalized tonic-clonic seizures (so-called grand mal epilepsy) and 

focal motor seizures [6]. Structure-activity relationshipswas evaluated as antiproliferative activities against 

HCT-116 human colon carcinoma cells were evaluated, as well as their in vitro antibacterial activities against 

several bacteria [7]. Recently, new synthetic methods for several new 5,5-diphenyl hydantoins were published, 

through Mannich reaction [8], by microwave-assisted synthesis [9], and the other were prepared in one pot 

https://en.wikipedia.org/wiki/Pseudomonas_aeruginosa
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procedure [10]. Two step reaction system was described to synthesize 5,5-diphenyl imidazolidine-2,4-dione and 

related compounds with high yield using microwave activation [11].  

5,5-Diphenyl imidazolidine-2,4-dione form complexes with many metals, although there is several article 

appeared covering this subject. As part of an investigation of the interaction with Zn ion was the formation of 

diamminebis(phenotoinate)zinc(II)hemihydrates.½H2O, was synthesized and structurally examined to establish 

its coordination geometry and mode of bonding [12]. Another complexes of Ni(II) and Co(II) of the formulae 

[Ni(H2O)4(phenotoinate)2] and [Co(H2O)4(phenotoinate)2]·1.5NH3·H2O were obtained and characterized 

physicochemically [13]. Mixed ligand complexes of 5,5-diphenyl-imidazolidine-2,4-dione and pyridine, 

[(phenotoinate)2(C5H5N)2M(II)] (M(II): Cu, Ni, Zn, Cr, Mn, Fe, and Co) were synthesized, and characterized by 

common physicochemical techniques. Two molecule of pyridine and two molecule of 5,5-Diphenyl 

imidazolidine-2,4-dione were coordinated through pyridine nitrogen and deprotonated nitrogen at position-3, 

respectively [14].  

Nowadays, 5,5-diphenyl imidazolidine-2,4-dione has found new applications due to the neuro- and 

cardioprotective properties. This heterocycle is present in a wide range of biologically active compounds 

including antiarrhytmics [15], anticonvulsant [16], and antitumor 16. According to the results of recent studies, 

5,5-diphenylhydantoin inhibits binding of human immunodeficiency virus (HIV) to lymphocytes [18], affects 

hepatic thyroxine [19], selectively enhances vincristine cytotoxicity, affects myocardial contractivity and 

hemodynamics [20]. 

 

2. Objectives: 

The aim of this work is to prepare 3-substituted derivatives of 5,5-diphenyl imidazolidine-2,4-dione, 

through one pot synthesis following Mannich reaction, and from alkyl halides neucleophilic substitution with 

substituted anilines. The products are to be studied through the available techniques, as well as the study their 

antibacterial effects on some local Iraqi bacterial species. 

 

MATERIALS AND METHODS 

 

Materials: 

All the solvent and reagent were used along this study without further purification. Potassium hydroxide, 

sodium hydroxide, 4-chloro aniline, 4-bromo aniline, 2-chloro-4-nitroaniline, 2-nitroaniline, 3,5,6-trimethoxy 

aniline, 4-hydroxy aniline, and absolute ethanol 99 %, were from Fluka, Germany. Ethanol 95 %, diethyl ether, 

phosphorous acid, hydrochloric acid (7.0 N) from BDH, UK, and paraformaldehyde from Ferak, Berlin, 

Germany. 

 

Instruments: 

The following analytical instruments were used; UV-visible absorption spectra were recorded by UV-

visible Spectrophotometer, model 1800, Shimadzu, Japan. The recorded spectra were obtained within the range 

190 - 1100 nm by using 1.0 cm cuvettes and absolute ethanol as a blank. FT-IR spectra were recorded by 

Fourier Transform Infrared spectrophotometer model Testscan Shimadzu model 8000, Japan. The recorded 

spectra were obtained within the range 400 -4000 cm1- by using KBr disc. Elemental analysis were measured by 

Perkin Elmer model 2400 elemental Analyzer for C, H, and N. Mass spectra were recorded by GC-MS model 

GCMS-QP2010 SE from Shimadzu, Japan. Direct inlet of the sample was used for all the compound. 1H and 13C 

NMR spectra were recorded by Bruker spectrometer model Ultra-Shield at 300 MHz using DMSO-d6 as a 

solvent for all samples with TMS as internal reference standard. 

 

Starting material: 

I) Phenytoin, 5,5-diphenyl imidazolidin-2,4-dione, was prepared according to the literature method with 

major modification to increase the yield [7]. M.p. was found to be 299-300°C (literature 293°C). 1H NMR 

(DMSO-d6) δ: 10.7 (s, 1H, N-H), 8.9 (s, 1H, N-H), 7.2-7.8 (b, 10H, ArH); 13C NMR (DMSO-d6) δ: 156 (C2=O), 

173.7 (C4=O), 75.52 (C5), 150.22 (CAr), 129.56 (CAr), 128.41(CAr), 126.35(CAr). Mass spectrum: m/z (% relative 

intensity) 252 (M+.3 %), 176 (30 %), 154 (100 %), 128 (3 %), 77 (15 %), 51 (8 %), and 39 (10 %). 

 

General neucleophilic substitution: 

5,5-Diphenyl imidazolidine-2,4-dione (2.5 g, 10 mMol), and potassium hydroxide (1.1 g, 12.5 mMol) were 

mixed in a 100 mL round bottomed flask with 50 mL 95 % ethanol. The  mixture was heated until a clear 

solution was obtained. A solution of substituted aniline halide (12.0 mMol) in 25 mL ethanol was added with the 

help of a pressure equalizing funnel. The mixture was refluxed for 8.0 hours, most of the solvent was removed 

by distillation, and then the mixture was cooled to room temperature. Distilled water (25 mL) was added to the 

mixture with good shaking, a precipitate (white to yellow color) will be formed. The precipitate was separated by 

filtration, washed twice with 5.0 mL ethanol, twice with 5.0 mL diethyl ether, left to dry in air for 12 hour, then 
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at 80ºC for 5 hour. This procedure was used with p-chloroaniline, and p-bromoaniline, to give the same product, 

and with 2-chloro-4-nitroaniline. The physical and properties of the products were presented in Table 1. The 

spectrometric measurements of 1H and 13C NMR and mass spectra were presented below: 

II) 3-(4-amino-phenyl)-5,5-diphenyl imidazolidine-2,4-dione: obtained from the reaction of p-

chloroaniline, and p-bromoaniline. 1H NMR (DMSO-d6) δ: 6.0 (s, 1H, N1-H); 4.0 (s, H, NH2); 6.5-7.5 (b, 14H, 

Ar-H); 13C NMR (DMSO-d6) δ: 155.5 (C2=O), 166.8 (C4=O), 73.72 (C5), 143.3 (CAr), 142.3 (CAr),130.8 (CAr), 

129.22 (CAr), 128.5 (CAr), 126.1 (CAr), 121.2 (CAr), and 115.1 (CAr). Mass spectrum, m/z (% relative intensity): 

343 (< 2 %) for [M]+, 252 (95 %), 223 (50 %), 209 (65 %), 180 (100 %), 165 (20 %), 147 (12 %), 104 (53 %), 

77 (45 %), and 51 (20 %). 

III) 3-(2-amino-5-nitrophenyl)-5,5-diphenyl-2,4-imidazolidinedione: 1H NMR (DMSO-d6) δ: 6.0 (s, 1H, 

N1-H); 4.0 (s, 1H, NH2); 6.7-8.32 (b, 13H, Ar-H); 13C NMR (DMSO-d6) δ: 155.7 (C2=O), 166.2 (C4=O), 72.9 

(C5), 144.7 (CAr), 143.0 (CAr),138.8 (CAr), 129.0 (CAr), 128.4 (CAr), 128.3 (CAr), 126.0 (CAr), 120.0 (CAr), and 

116.3 (CAr). Mass spectrum: m/z (% relative intensity): 388 (< 2 %) for [M]+, 252 (98 %), 223 (50 %), 209 (70 

%), 180 (100 %), 165 (20 %), 147 (10 %), 104 (50 %), 77 (45 %), and 51 (5 %) 

 

Products of Mannich reaction: 

5,5-Diphenyl imidazolidine-2,4-dione (2.5 g, 10 mMol) and paraformaldehyde (0.30 g, 10 mMol) 

substituted aniline (10.1 mMol) and 50 ml 95 % ethanol were placed in 100 mL round bottomed flask. The 

mixture was reflux for 10 hours, the condenser was removed, and solvent was evaporated to less than half of its 

original volume. The mixture was cooled to room temperature and 25 mL of distilled water was added with 

stirring. A precipitate (from white to dark brown color) was formed, which was filtered and washed twice with 5 

mL ethanol, twice with 5 mL diethyl ether, and left to dry in air for 10 hour, and then at 80ºC for 5 hour. The 

same procedure was used for the reactions of 5,5-diphenyl imidazolidine-2,4-dione, paraformaldehyde with 4-

Bromoaniline, 4-chloroaniline, 2-chloro-4-nitroaniline, 2-nitroaniline, 4-aminoantipyrine, phosphorous acid and 

4-hydroxy aniline. The physical and chemical properties of the products were presented in Table 1, and the 

spectrometric measurements of 1H and 13C NMR and mass spectra were presented below: 

IV) 3-(2-nitrophenylamino)methylamino-5,5-diphenyl imidazolidine-2,4-dione: 1H NMR (DMSO-d6) δ: 

6.0 (s, 1H, N1-H), 4.0 (m, 1H, NH), 4.93 (d, 2H, CH2), 6.7-8.0 (b, 13H, Ar-H); 13C NMR (DMSO-d6) δ: 161.3 

(C2=O), 169.4 (C4=O), 61.0 (CH2), 73.0 (C5), 143.1 (CAr), 138.6 (CAr),135.4 (CAr), 132.2 (CAr), 129.0 (CAr), 

128.4 (CAr), 126.1 (CAr), 124.3 (CAr), 117.7 (CAr), and 113.3 (CAr). Mass spectrum: m/z (% relative intensity): 

402 (< 2 %) for [M]+, 252 (95 %), 223 (50 %), 209 (70 %), 180 (100 %), 165 (20 %), 104 (55 %), 78 (45 %), 

and 51 (33 %),  

V) 3-(4-bromophenylamino)methylamino-5,5-diphenyl imidazolidine-2,4-dione: 1H NMR (DMSO-d6) δ: 

6.0 (s, 1H, N1-H), 4.0 (m, 1H, NH), 4.93 (d, 2H, CH2), 6.3-7.3 (b, 14H, Ar-H); 13C NMR (DMSO-d6) δ: 161.2 

(C2=O), 169.2 (C4=O), 62.0 (CH2), 73.0 (C5), 143.1 (CAr), 142.5 (CAr), 132.6 (CAr), 129.0 (CAr), 128.4 (CAr), 

126.0 (CAr), 114.5 (CAr), and 111.5 (CAr). Mass spectrum: m/z (% relative intensity): 436 (< 2 %) for [M]+, 333 

(30%), 264 (10 %), 252 (65 %), 209 (20 %), 183 (33 %), 175 (10 %), 102 (7 %), 81 (100 %), and 42 (53 %). 

VI) 3-(2-chloro-4-nitrophenylamino)methylamino-5,5-diphenyl imidazolidine-2,4-dione: 1H NMR 

(DMSO-d6) δ: 6.0 (s, 1H, N1-H), 4.0 (m, 1H, NH), 4.93 (d, 2H, CH2), 6.7-8.0 (b, 13H, Ar-H); 13C NMR 

(DMSO-d6) δ: 161.2 (C2=O), 169.2 (C4=O), 61.5 (CH2), 73.0 (C5), 150.0 (CAr), 143.0 (CAr), 138.2 (CAr), 129.0 

(CAr), 128.4 (CAr), 126.0 (CAr), 124.8(CAr), 122.5 (CAr), 118.5 (CAr), and 114.6 (CAr). Mass spectrum: m/z (% 

relative intensity): 436 (< 2 %) for [M+], 339 (5 %), 320 (50 %), 303 (32 %), 284 (85 %), 251 (82 %), 208 (15 

%), 181 (100 %), 172 (78 %), 150 (17 %), 46 (60 %), and 35 (43 %). 

VII)  3-(4-chlorophenylamino)methylamino-5,5-diphenyl imidazolidine-2,4-dione: 1H NMR (DMSO-d6) δ: 

6.0 (s, 1H, N1-H); 4.0 (m, 1H, NH), 4.93 (d, 2H, CH2), 6.37-7.14 (b, 14H, Ar-H); 13C NMR (DMSO-d6) δ: 161.3 

(C2=O), 169.2 (C4=O), 62.0 (CH2), 73.0 (C5), 143.0 (CAr), 141.6 (CAr), 129.7 (CAr), 129.0 (CAr), 128.4 (CAr), 

126.0 (CAr), 122.2 (CAr), and 113.7 (CAr). Mass spectrum: m/z (% relative intensity):  391 (< 3 %) for [M+], 355 

(8 %), 348 (5 %), 251 (100 %), 222 (19 %), 209 (75 %), 175 (20 %), 125 (10 %), 102 (15  %), 42 (100 %), and 

35 (100 %). 

VIII)  3-[(1,5-Dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-ylamino)-ethyl]-5,5-diphenyl 

imidazolidine-2,4-dione: 1H NMR (DMSO-d6) δ: 6.0 (s, 1H, N1-H); 2.0 (m, 1H, NH); 4.52 (d, 2H, CH2), 1.61 (s, 

3H, CH3-C), 1.72 (s, 3H, CH3-N), 6.66-7.18 (b, 15H, Ar-H); 13C NMR (DMSO-d6) δ: 161.2 (C2=O), 169.2 

(C4=O), 57.6 (CH2), 73.0 (C5), 160.7 (C=O),19.1 (CH3-N), 10.2(CH3-C), 143.0 (CAr), 142.2 (CAr), 129.0 (CAr), 

128.4 (CAr), 126.0 (CAr), 118.9 (CAr), and 112.0 (CAr). Mass spectrum: m/z (% relative intensity): 467 (3 %) for 

[M+], 252 (20 %), 215 (52 %), 180 (22 %), 147 (3 %), 121 (25 %), 77 (20 %), and 56 (100 %) CH2); 2.0 (s, 2H, 

OH), 7.06-7.14 (b, 10H, Ar-H); 13C NMR (DMSO-d6) δ: 161.2 (C2=O), 169.2 (C4=O), 43.5 (CH2), 73.0 (C5), 

143.0 (CAr),  129.0 (CAr), 128.4 (CAr),  and 126.0 (CAr). Mass spectrum: m/z (% relative intensity): 346 (3 %) for 

[M+], 252 (100 %), 209 (100 %), 184 (14 %), 175 (33 %), 145 (5 %), 102 (80 %), and 42 (100 %). 
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IX) 3-[(phosphonylmethyl]-5,5-diphenyl imidazolidine-2,4-dione: 1H NMR (DMSO-d6) δ: 6.0 (s, 1H, N1-

H); 3.2 (s, 2H, CH2); 2.0 (s, 2H, OH), 7.06-7.14 (b, 10H, Ar-H); 13C NMR (DMSO-d6) δ: 161.2 (C2=O), 169.2 

(C4=O), 43.5 (CH2), 73.0 (C5), 143.0 (CAr),  129.0 (CAr), 128.4 (CAr),  and 126.0 (CAr). Mass spectrum: m/z (% 

relative intensity): 346 (3 %) for [M+], 252 (100 %), 209 (100 %), 184 (14 %), 175 (33 %), 145 (5 %), 102 (80 

%), and 42 (100 %). 

X) 3-(4-hydroxyphenylamino)methylamino-5,5-diphenyl imidazolidine-2,4-dione: 1H NMR (DMSO-d6) δ: 

6.0 (s, 1H, N1-H); 4.0 (m, 1H, NH); 4.93 (d, 2H, CH2), 5.0 (s,1H, OH), 6.26-7.14 (b, 14H, Ar-H); 13C NMR 

(DMSO-d6) δ: 161.3 (C2=O), 169.2 (C4=O), 62.0 (CH2), 73.0 (C5), 145.7 (CAr), 143.0 (CAr), 136.1 (CAr), 129.0 

(CAr), 128.4(CAr), 126.0 (CAr), 116.5 (CAr),  and 113.7 (CAr). Mass spectrum: m/z (% relative intensity):  373 (1 

%) for [M+], 252 (100 %), 223 (59 %), 209 (70 %), 180 (100  %), 165 (20 %), 147 (10 %), 104 (50 %), 77 (45 

%), and 51 (20 %). 

 

RESULTS AND DISCUSSION 

 

Phenytoin, 5,5-diphenyl-2,4-imidazolidinedione reacts with various organohalides, in the presence of a 

base, to form new N-C bond, in the manner shown in Figure 1. This reaction was performed with p-

chloroaniline, and p-bromoaniline, to give the same product, and with 2-chloro-4-nitroaniline, and the physical 

properties of the products were presented in Table 1. The products will be new derivative of 3-substituted 

derivative, with the formation of a new N-C bonds. The evidence for the formation of this bond is indicated by 

the following changes, in spite of that obtained from 1H and 13C NMR and mass spectra: (1) The appearance of 

new band in the UV-visible absorption spectrum due to the formation of a new hump to the right of the benzene 

ring band of the phenytoin. Free 5,5-diphenyl imidazolidine-2,4-dione usually appeared at range 204 - 215 nm, 

with extinction efficient, ɛ in the range 4120.5 - 4473.4 L.mol-1cm-1. 3-Substituted 5,5-diphenyl imidazolidine-

2,4-dione showed additional band at 283-243.5 nm with an extinction coefficient, ɛ in the range 659.29 -  081.1 

L.mol-1.cm-1, respectively. Usually substituted anilines showed such additional band due to the hypercongujation 

of amino group protons with the phenyl ring [21]. (2) The apparent reduction in the intensity of the N-H imido 

band at 3270 cm-1 in the FT-IR absorption spectrum due to the formation of N-C bond at the imido position-3. 

(3) There is a noticed general change in their melting points from the parent compound, 5,5-diphenyl 

imidazolidine-2,4-dione, elemental analysis and solubility in organic solvents due to the attachment of a new 

hydrophilic aniline group. (4) Evidence from 1H NMR indicated by the disappearance of the imidic proton and 

the appearance of anilinic proton. The presence of new phenyl ring will mix with phenyl ring protons, but it is 

possible to notice the increase in the proton integral from 10 to 14 the phenyl protons. 13C NMR will reveal the 

change in para proton of aniline, (5) mass spectra showed very clear change in fragmentation pattern of 

different fragments, and in the basic peak. It is not common to observe the parent ion of the new products. 

Mannich reactions takes place when an amine, aldehydes, and a compound having labile proton mixed and 

heated together for a certain time, as shown in Figure 2. This reaction was performed with p-chloroaniline, and 

p-bromoaniline, ortho-nitoaniline, 2-chloro-4-nitroaniline, 4-aminoantipyrine, phosphorous acid, and p-

hydroxyaniline, to give methylene bridge between phenytoin and the aniline molecules, and the physical 

properties of the products were presented in Table 2. When the reaction performed between 5,5-diphenyl 

imidazolidine-2,4-dione and other substituted anilines in the presence of paraformaldehyde, the product will be a 

new molecule composed of the reactant molecule viz. 5,5-diphenyl imidazolidine-2,4-dione  and the substituted 

aniline molecules bridged by methylene group. 

The evidence of the formation of this bridge is indicated by the following changes: (1) a new band in the 

UV-visible absorption spectrum appeared due to the formation of a new the product as hump to the right of the 

benzene ring band of the 5,5-diphenyl imidazolidine-2,4-dione. Mannich base of 5,5-diphenyl imidazolidine-2,4-

dione  showed additional band at 283 - 243.5 nm with an extinction coefficient, ɛ in the range 659.29 - 1081.1 

L.mol-1cm-1, respectively. (2) The apparent reduction in the intensity of the N-H imido band at 3270 cm-1 in the 

FT-IR absorption spectrum due to the formation the a new N-CH2 bond at the imido position-3. Additional bands 

for methylene bridge at 696.3-752.2 cm-1, as well as additional band of the amines. (3) There is a noticed general 

change in the melting points from that of 5,5-diphenyl imidazolidine-2,4-dione, elemental analysis and solubility 

in organic solvents due to the attachment of a new hydrophilic aniline group. (4)  

Other evidence from 1H NMR indicate the disappearance of the imidic proton and the appearance of 

methylene bridge at 4.52 - 4.93 ppm and aniline protons at 2.0 - 4.0 ppm. The presence of a new phenyl ring will 

mix the 1H and 13C NMR with phenytoin phenyl ring, but it is possible to notice the increase in the proton 

integral from 10 to 14 for the phenyl protons. 13C NMR will show additional peaks for the methylene bridge at  

34.5 - 62 ppm. (5) Mass spectrometry showed very clear change in fragmentation pattern of different fragments, 

and in the basic peak. It is not common to observe the parent ion of the new products. 

5,5-Diphenyl imidazolidine-2,4-dione molecule gives an absorption band at 204.3 nm with extinction 

coefficient, ɛ of 1790.11 L.mol-1cm-1. This band absorption is considered low for two benzene molecule in its 

structure, possibly an indication of their isolation from the carbonyl of the hydantoin ring due to the crowdness 
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of the hydantoin ring. The value of the absorptivity of the same band in the new products obtained from two 

reaction type, showed a value more than double that in unsubstituted 5,5-diphenyl imidazolidine-2,4-dione, 

probably due to the presence of three benzene molecules in their structure, as shown in Figure 3.  

The values of the extinction coefficients, ɛ for these new derivatives were in the range 2941.9 - 5909.2 

L.mol-1cm-1, provided they all posses three molecule of benzene. 

Eight of these new derivative have anilinic protons, consequently an additional absorption band appeared in 

their spectrum. This additional band is related hyperconjugation of these protons with the related benzene ring. 

These band appeared to longer wavelength than that of absorption band of benzene ring in range 234.2 - 304.65 

nm, with an extinction coefficients, ɛ with a value less than that of the main absorption band. The values of ɛ 

were in the range 226.8 - 2171.0 L.mol-1cm-1, which difficult to give a working molecular structure and 

hyperconjugation. The nitro substituted derivative gave an absorption bands at 362, 243.7 and 366.9 nm with a 

value of ɛ of 3059.9, 267.3 and 178.32 L.mol-1cm-1, respectively. These value is so difficult to predict a reason 

for this variations for the values of λ (nm) and ɛ, probably due to the complex interactions of the anilinic protons 

hyperconjugation with strong electron withdrawing character of the nitro group [22]. 

 

HN
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O

O

 

 
X

R  

 

HN
N

O

O
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Fig. 1: Neucleophilic substitution at 5,5-diphenyl imidazolidine-2,4-dione of phenytoin ring with haloanilines 

(X = Cl or Br;  R =  aliphatic   and aromatic) in presence of a base.  
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Fig. 3: Mannich reaction takes place between amine (R = chloro, bromo, nitro, hydroxyl; R` = H), aldehydes, 

and a compound with labile proton to bridge between amine molecule and other containing labile 

proton. 

 
Table 1: The physical and chemical properties of 3-substituted 5,5-diphenyl 5,5-diphenyl imidazolidine-2,4-dione.

Yield )%( Solvent Color M. p (ºC) 
U.V Mol. wt 

(Calc.) 
Formula No 

Є (L.mol ) λ (nm) 

56 EtOH White 298-299 (d) 1790.11 204.3 252.27 C15H12N2O2 I 

65 EtOH + H2O White 270-280 (d) 
659.28 

4120.544 

283.0 

215.0 

343.3 

 
C21H17N3O2 II 

55 EtOH + H2O White 110-120 (d) 
3059.9 
1081.08 

4473.4 

362.0 
243.2 

204.0 

388.38 C21H16N4O4 III 

57 EtOH yellow 270-280 (d) 
267.3 
3172.3 

243.7 
204.0 

402.40 C22H18N4O4 IV 

60 Dioxane White 210-220 (d) 

226.8 

2171.0 
5909.2 

299.0 

248.0 
204.0 

436.30 C22H18BrN3O2 V 

50 EtOH + H2O White 295 (d) 
178.32 

4370.6 

366.9 

204.58 
436.85 C22H17ClN4O4 VI 

63 Dioxane + H2O White 205-210 (d) 
188.3 
1789.6 

4709.5 

300.0 
247.9 

204.7 

391.85 C22H18ClN3O2 VII 

76 EtOH White 220-230 (d) 

970.03 

1374.5 
4868.9 

287.0 

247.0 
203.6 

467.52 C27H25N5O3 VIII 

56 EtOH White 310 (d) 2941.9 204.0 346.27 C16H15N2O5P IX 

65 EtOH Brown 160-165  (d) 
287.4 

1455.0 

304.65 

235.15 
373.40 C22H19N3O3 X 

 

Base 
+ 

+ 

C

O

H R`
 
∆ 
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Table 2: Elemental analysis of the new derivatives of 3-substituted 5,5-diphenyl imidazolidine-2,4-dione. 
N % H % C % 

Mol. Wt. Formula # 
Calc. Found Calc. Found Calc. Found 

11.10 11.05 4.79 4.81 71.42 71.48 252.27 C15H12N2O2 I 

12.24 
11.88* 

4.99 
5.14* 

73.45 
73.60* 

343.38 C21H17N3O2 II 
11.87 5.15 73.62 

14.43 14.31 4.15 4.31 64.94 64.62 388.38 C21H16N4O4 III 
13.92 13.76 4.51 4.74 65.66 65.83 402.40 C22H18N4O4 IV 
9.63 9.67 4.16 4.588 60.56 60.87 436.30 C22H18BrN3O2 V 
12.83 13. 08 3.92 3.89 60.49 60.67 436.85 C22H17ClN4O4 VI 
10.72 10.97 4.63 4. 40 67.43 67.54 391.85 C22H18ClN3O2 VII 
14.98 15.388 5.39 5.99 69.36 70.04 467.52 C27H25N5O3 VIII 
8.09 8.50 4.37 4.40 55.50 55.70 346.27 C16H15N2O5P IX 
11.25 11.41 5.13 5.26 70.76 71.12 373.40 C22H19N3O3 X 

* Prepared from chloroaniline. 
 

Table 3: The FT-IR absorption bands of the major functional groups for 3-substituted 5,5-diphenyl imidazolidine-2,4-dione. 

# Formula )1-(cm C=Oυ 

 

)1-(cm H-Nυ 

 

)1-(cm H-Cυ 

Aromatic 

)1-(cm C=Cυ 

Aromatic 

)1-(cm H-Cυ 

Aliphatic 
)1-Others bands (cm 

I C15H12N2O2 1772,  1741 
3270 (imido) 

3204 (amido) 
3050 

1597, 1541, 
1508 

2850 - 

II C21H17N3O2 

1722.3,  

1755* 
3209.3*(amido) 3068.5* 

1402.2, 

1444.6* 
- υ(NH2) :3700* 

1722.3,  
1755 

3209.3 (amido) 3068.5 
1402.2, 
1444.6 

- υ(NH2) :3700 

III C21H16N4O4 
1714.6, 

1778.6 
3201.6 (amido) 3070.5 

1315.4,  

1488.9 
 

υ(C-N) : 821.6; υ(N-O) : 

1315.4 

IV C22H18N4O4 
1716.5,  

1774.4 
3211.3 (amido) 3072.4 

1402.2, 

1444.7 

2337.6,  

2390 

υ(C-N) : 748.3; υ(N-O) 
:1236.3 

υ(-CH2-) :696.3 

V C22H18BrN3O2 
1706.9,  

1766.7 
3298.0 (amido) 3030.3 

1446.5, 

1494.7 

2335.6 

2810.1 

υ(C-N)Alip :1251.7; υ(-CH2-) 

:727.1; υ(C-Br) :694.3 

VI C22H17ClN4O4 
1772.5, 

1718.5 
3209.3 (amido) 3074.3 

1402.2,  

1444.6 
2370.4 

υ(N-O) : 1332.7; υ(-CH2-) : 

752.2 

υ(c-N)Alip :1240.1; υ(C-Cl): 
696.3 

VII C22H18ClN3O2 
1708.8,  
1766.7 

3300.0 (amido) 3060.8 
1425.3, 
1450.4 

2335.6 

υ(-CH2-) : 727.1; υ(c-N)Alip : 

1247.4 

υ(C-Cl) : 696.3 

VIII C27H25N5O3 
1712.2,  

1760.9 
3267.2 (amido) 3055.0 

1421.4, 

1450.4 
2821.7 - 

IX C16H15N2O5P 1700,  1755 3209.3 (amido) 3072.4 
1595.5,  
1539.1 

- υ(O-H) : 1402.2;1326.9 

X C22H19N3O3 
1716.7,  
1762.8 

3276.8 (amido) 3033.8 
1512.1,  
1612.4 

2370.4 

υ(O-H) : 1357.8; υ(-CH2-) : 

756.0 

υ (O-H) out of plane : 698.2 

* For Prepared from chloroaniline.  

  

HN
NH

O

O

 

HN
N

O

O

NH2

 
(I) 5,5-diphenyl imidazolidine-2,4-

dione. 

(II) 3-(4-amino-phenyl)-5,5-diphenyl   

imidazolidine-2,4-dione 

HN
N

O

O

H2N

NO2 

HN
N

O

O

CH2

HN

O2N

 
(III) 3-(2-amino-5-nitrophenyl)-5,5-

diphenyl imidazolidine-2,4-dione 

(IV) 3-(2-nitrophenylamino)methylamino-

5,5-diphenyl imidazolidine-2,4-dione 
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HN
N

O

O

CH2

HN
Br

 

HN
N

O

O

CH2

HN
NO2

Cl
 

(V)3-(4-bromophenylamino)methylamino-

5,5-diphenyl imidazolidine-2,4-dione. 

(VI) 3-(2-chloro-4-nitrophenylamino)methyl    

amino-5,5-diphenyl imidazolidine-2,4-dione. 

HN
N

O

O

CH2

HN
Cl

 

HN
N

O

O

CH2

HN
N

N

O

CH3

H3C

 

(VII)3-(4-chlorophenylamino) 

methylamino-5,5-diphenyl imidazolidine-

2,4-dione. 

(VIII) 3-[(1,5-Dimethyl-3-oxo-2-phenyl-2,3-

dihydro-1H-pyrazol-4-ylamino)-ethyl]-,5-

diphenyl imidazolidine-2,4-dione. 

HN
N

O

O

CH2

P

OHO

OH

 

HN
N

O

O

CH2

HN OH

 
(X)3-[(phosphonylmethyl]-5,5-diphenyl 

imidazolidine-2,4-dione. 

(XI)3-(4-hydroxyphenylamino) 

methylamino-5,5-diphenyl imidazolidine-

2,4-dione. 

Fig. 3: The structure of the 3-substituted 5,5-diphenyl-2,4-imidazolidinediones 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 4: The possible fragmentation pattern of 5,5-diphenyl imidazolidine-2,4-dione. 
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The FT-IR spectra were obtained as KBr disc, within the range 500 - 4000 cm-1. The most common 
functional groups included in the products were limited such as phenyl ring, carbonyl, amido, imido groups, and 
phenolic hydroxyl group, with some additional substituted groups such the nitro group. The finger print pattern 
of the whole IR spectrum look almost the same with some additional bands belong to the substituted group viz. 
the nitro group, as shown in Table 3. The disappearance of the N-H imidic bond from (5,5-diphenyl 
imidazolidine-2,4-dione) was considered as important proof for the substitution reaction and Mannich reaction. 
The rest of the spectrum will be the sum of two molecules, phenytoin and the substituted aniline. The carbonyl 
C2=O and C4=O groups showed two bands in the range 1700 - 1778.6 cm-1 for all the products. The amido 
group N1-H gave a broad bands in the range 3201.6 -3300 cm-1. The methylenic CH2 group resulted from 
Mannich reaction gave a band  in the range 696.3 - 756.0   cm-1.  

The mass spectra of 5,5-diphenyl imidazolidine-2,4-dione showed the following signals of m/q (% relative 
intensity): 252 which stand for the ion radical (M+.3 %), 176 (30 %), 154 (100 %), 128 (3 %), 77 (15 %), 51 (8 
%), and 39 (10 %) 7. This fragmentation pattern, can be related to the possible radicals, radical ions, and ions 
presented in Figure 4.  

The molecule of 5,5-diphenyl imidazolidine-2,4-dione is defragmented in the mass spectrometer by 
following two pathway: (1) The defragmentation of one phenyl ring to give possible ion at m/q 176 (30 %), 
hence the crowding on five membered hydantoin ring will be relieved. The resulting molecule is more stable 
than the parent molecule at m/q of 252 (3 %). (2) The other pathway is through the defragmentation of both 
phenyl ring to give the possible radical of biphenyl as most intense signal (base peak). (3) The phenomenon of 
ring contraction mechanism of presumed biphenyl can be observed with the following possible ions at m/q 128 
(3 %), 51 (8 %), and 39 (16 %), which similar to the defragmentation of biphenyl [21-23]. 

Well diffusion method were used to determine the bactericidal activity of nine new compounds of 3-
substituted 5,5-diphenyl imidazolidine-2,4-dione against two Gram positive bacteria obtained from local isolates 
viz. Staphylococcus aureus and Streptococcus pyogens and two Gram negative bacteria viz. Escherichia coli 
and Pseudomonas aerugenosa. Mannitol salt agar, Blood agar and Nutrient agar media were used for Gram 
positive bacteria and MacConkey agar was used for Gram negative bacteria. After the preparation of the media 
according to the instruction of the manufacturing company, a holes of 5.0 mm were made inside the thirty six 
plates specified for each bacteria. A solutions (100 µL) of four different concentration (0.10, 1.0, 10.0 and 25.0 
mg/mL) of each new compound were injected by Eppondorf pipette. The plates were incubated at 37ºC for 24 
hours, and the inhibition zone (in mm) were measured and the result were presented in  Table 5. 

 
Conclusion and Future Work: 

One pot synthetic method of 3-substituted 5,5-diphenyl imidazolidine-2,4-dione were established by 
following two types of reactions. Neucleophilic substitution with from alkyl group with the labile proton in 
position-3 of (I) in the presence of a base, and through Mannich reaction with substituted anilines and 
paraformaldehyde. The antibacterial activates of these derivatives were screened by following well diffusion 
method against local isolates of Staphylococcus aureus, Streptococcus pyogens, Escherichia coli, and 
Pseudomonas aerugenosa. The derivatives of 3-substituted 5,5-diphenyl imidazolidine-2,4-dione derivatives, are 
good candidates for use as a drug, and can be produced on industrial scale. The work can be extended to prepare 
other derivative through Acylation, reduction, nitration, nitosation, halogenation reactions to prepare different 
kind of these derivatives, as well as to study their pharmacological and medicinal activities. 

 
Table 5: The antibacterial activity of the new 5,5-diphenyl imidazolidine-2,4-dioneagainst four type of local strains of bacteria.  

Bacteria Staphylococcus aureus Streptococcus pyogens 

Con. (mg/mL) 25 10 1.0 0.1 25 10 1.0 0.1 

II C21H17N3O2 ++++ ++++ ++ + +++ +++ ++ + 

III C21H16N4O4 + + + + + + + + 

IV C22H18N4O4 +++ + + + +++ +++ +++ + 

VI C22H18BrN3O2 +++ ++ + + +++ ++ + + 

VII C22H17ClN4O4 +++ ++ + - ++ - + - 

VIII C22H18ClN3O2 ++ + + - ++ + - - 

IX C27H25N5O3 ++ + - - + + - - 

X C16H15N2O5P + + - - ++ + - - 

XI C22H19N3O3 +++ ++ + - ++++ ++++ ++++ ++ 

Bacteria Escherichia coli P. aerugenosa 

Conc. (mg/mL) 25 10 1.0 0.1 25 10 1.0 0.1 

1 C21H17N3O2 ++++ +++ ++ + +++ ++ + + 

2 C21H16N4O4 + + - _ ++ + + + 

3 C22H18N4O4 +++ + + + +++ ++ + + 

4 C22H18BrN3O2 ++++ +++ ++ + ++ + + + 

5 C22H17ClN4O4 +++ ++ + + ++++ +++ ++ + 

6 C22H18ClN3O2 ++ + + - ++ + + - 

7 C27H25N5O3 ++ ++ - - +++ ++ + + 

8 C16H15N2O5P ++ ++ - - ++ + - - 

9 C22H19N3O3 +++ ++ + - ++ ++ + - 

https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiGodL4o63PAhWoQJoKHW09C5QQFggaMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FMacConkey_agar&usg=AFQjCNHbN1Jafg1aKxqu3b-l98SjDtxShA&bvm=bv.133700528,d.bGs
https://en.wikipedia.org/wiki/Pseudomonas_aeruginosa
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