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ABSTRACT

A seriesof new 4-carbamoyl-1,2-disubstituted-1H-imidazol e-5-carboxylic
acid derivatives have been prepared from theintermediate diethyl 2-mercapto-
4,5-imidazole dicarboxylate. All the newly synthesized compounds were
characterized by spectral studies and also tested for antibacterial, antifun-
© 2011 Trade Sciencelnc. - INDIA

gal, antioxidant activity.

INTRODUCTION

Heterocyclic compoundsplay avital rolein syn-
thetic organic and pharmaceutical chemistry. A good
number of synthetic and naturaly occurring heterocy-
clicsystemsfind usein medicine, peticides, agrochemi-
cas, polymerspaving theway for acons derableamount
of researchleading to new heterocyclic moleculeshav-
ing widespread uses. The synthesisof nitrogen hetero-
cyclic compoundshasgained importanceinrecent years
asthey arepresent in vitamins, proteins, nucleic acids
and other biologically important systems. Imidazolesare
prominent nitrogen contai ning heterocyclic compounds
that have many pharmacol ogical propertiesand play
important rolein biochemica processes. Imidazolede-
rivatives have attracted considerabl e attention dueto
their interesting biologica activities They havefoundto
possess antibacteria™, antifunga ¥, anticancer™, an-
tiinflammatory™®, antitumor'®, antindmintic”, antiHIV®,
antihypertensive®, antidepressant!*” activities. Because
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of these versatile gpplications different synthetic routes
for subgtituted imidazol eshave been devel oped.

A rapid and significant progresshasbeen madein
discovering and devel oping new imidazol e derivatives
which havepotentia medicina applications. Owingto
these observations, it was decided to prepare aseries
of new imidazolederivativesand eval uated for antimi-
crobia and antioxidant activity Sudies.

EXPERIMENTAL

All thereagentsand solventswere obtained com-
mercially and used without further purification. H
NMR spectra were recorded at 300 MHz with a
Bruker Avance DPX 300 instrument. M ass spectra
under electron impact conditions (El) wererecorded
at 70 evionizing voltagewith aV G Prospecinstru-
ment and presented asm/z (%rrel.int). Melting points
were determined over Thomas Hoover melting point
apparatusand areuncorrected. Elementa analysis(C,


mailto:cvrsvu@gmail.com

352

Synthesis of 4-carbamoyl-1,2-disubstituted-1H-imidazole-5-carboxylic acid derivatives

OCAIJ, 7(6) 2011

FPull Paper =

N, H) results were found to be in good agreement
with the cal culated values. TLC was used to monitor
the progressof all thereactionsand purity of the syn-
thesized compounds.

General procedure

In continuation of our previouswork*, weherein
report asimple approach for the synthesis of new 4-
carbamoyl-1,2-disubstituted-1H-imidazole-5-carboxylic
adid derivativesfromtheintermediatediethyl 2-mercapto-
4,5-imidazol edicarboxylate starting from glycinefrom
readily available reagents. The procedure adopted to
obtainthetarget compoundsaredepictedin Scheme 1.
Initidly glydneethylester hydrochloride (2) wasprepared
fromglycine(1) onreactionwithethanol andthionyl chlo-
ride according to theliterature report*>4, Compound
(2) wastreated with triethylamineand methyl formateto
obtain N-formyl glycine ethylester (3)1*>8, Compound

OH
HZN/\H/

(0]

1) 2)

CH
() OR (i)
CIHNHZ/\”/ . HIL
o)

(3) ontreatment with diethyl oxaateand KSCN con-
verted tointermediate product diethyl 2-mercapto-4,5-
imidazoledicarboxylate (4)1**2%, Compound (4) onre-
actionwithakyl or aryl haidesin DMF and potassium
carbonateat 0°C afforded diethyl 1,2-disubstituted-1H-
imidazole-4,5-dicarboxylatederivatives(5). 1,2-Disub-
dituted-1H-imidazole-4,5-dicarboxylic acid derivatives
(6) wereobtained by gtirringamixtureof compound (5),
ethanol and sodium hydroxide at room temperaturefor
5 hrs. Tothe compounds (6) (1 mal), acetic anhydride
(5 ml) wasadded and the reaction mixture was heated.
Theresuiting compound wasdissolvedinNH, (1.5 mol)
solution and was stirred at room temperaturefor 1 hr.
The progress of the reaction was monitored by TLC.
After completion of thereaction, thesolid obtained was
collected, filtered and recrystalized from ethanol to ob-
tain pure4-carbamoyl-1,2-disubstituted-1H-imidazole-
5-carboxylic acid derivatives(7a-i).
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(iv) K,CO3, DMF (v) NaOH, EtOH

(ii) HCOOCH3, TEA

(iii) KSCN, (COOC,Hs),, EtOH, Na

(vi) (CH3CO),0, NH4

Scheme 1

1-Benzyl-2-(benzylthio)-4-carbamoyl-1H-
imidazole-5-car boxylicacid (7a)

Yield was found to be 78%, mp 170-172 °C, H
NMR spectrum (CDCL,), 6 ppm: 4.10 (s, 2H), 4.45
(s, 2H), 5.95 (s, 2H), 7.05-7.35 (m, 10H), 10.80 (s,
1H). Mass spectrum, m/z : 368 (M+1)*. Found, %: C,
62.13; H, 4.68; N, 11.47. C. H._N_O_S. Calculated,

19" '17° 373
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%: C, 62.11; H, 4.66; N,11.44.
4-Carbamoyl-1-(2-methylbenzyl)-2-(2-methy-
Ibenzylthio)-1H-imidazole-5-carboxylicacid (7b)
Yield was found to be 76%, mp 204-205 °C, *H
NMR spectrum (CDCIL,), § ppm: 2.35 (s, 3H), 2.50
(s,3H) 4.12 (s, 2H), 4.48 (s, 2H), 5.95 (s, 2H), 7.05-
7.35(m, 8H),11.0(s, 1H). Mass spectrum, m/z : 396
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(M+1)*. Found, %: C, 63.81; H, 5.36; N, 10.64.
C,,H,N.,O,S. Calculated, %: C, 63.78; H, 5.35; N,
10.63.

4-Car bamoyl-1-isobutyl-2-(2-methylbenzylthio)-
1H-imidazole-5-carboxylicacid (7c)

Yield was found to be 75%, mp 250-251 °C, *H
NMR spectrum (CDCl,), 5 ppm: 0.7 (d, 6H), 1.9 (m,
1H), 2.35 (s, 3H), 4.1(d, 2H), 4.4 (s, 2H), 5.95 (s,
2H), 7.05-7.35(m, 4H), 10.98(s, 1H). Mass spectrum,
m/z : 348 (M+1)*. Found, %: C, 58.79; H, 6.10; N,
12.11. CH, N.O.S. Calculated, %: C, 58.77; H,
6.09; N, 12.09.
4-Car bamoyl-1-isobutyl-2-(isobutylthio)-1H-
imidazole-5-carboxylicacid (7d)

Yield was found to be 78%, mp 180-182 °C, *H
NMR spectrum (CDCIL,), 6 ppm: 0.7 (d, 12H), 1.9
(m, 2H),2.9(d, 2H), 3.4 (d, 2H), 5.95(s, 2H), 10.86
(s, 1H). Mass spectrum, m/z : 300 (M+1)* . Found, %:
C, 52.18; H, 7.09; N, 14.09. C _H,N.O.S.
Calculated, %: C,52.15; H, 7.07; N,14.04.
4-Carbamoyl-1-(4-methylbenzyl)-2-(4-methy-
Ibenzylthio)-1H-imidazole-5-carboxylicacid (7€)

Yield was found to be 78%, mp 195-196 °C, *H
NMR spectrum (CDCl,), 5 ppm: 1.9(s, 6H), 4.12 s,
2H), 4.48 (s, 2H), 5.95 (s, 2H), 7.05-7.35 (m, 8H),
10.68 (s, 1H). Mass spectrum, m/z : 396 (M+1)*.
Found, %: C, 63.80; H, 5.36; N, 10.64. C, H, N.O.S.
Calculated, %: C, 63.78; H, 5.35; N, 10.63.
4-Carbamoyl-1-(propyl)-2-(propylthio)-1H-
imidazole-5-car boxylicacid (7f)

Yield was found to be 79%, mp 210-211 °C, H
NMR spectrum (CDCl,), 5 ppm: 0.8 (t, 6H), 1.45 (m,
4H), 2.8 (t, 2H), 3.62 (t, 2H), 5.95 (s, 2H) 10.98 (s,
1H). Mass spectrum, m/z : 272 (M+1)*. Found, %: C,
48.72,H,6.34; N, 15.52. C H,N.O.S. Calculated,
%: C, 48.69; H, 6.32; N, 15.49.
4-Carbamoyl-1-(isopropyl)-2-(isopr opylthio)-1H-
imidazole-5-car boxylicacid (79)

Yield was found to be 78%, mp 163-164 °C, 'H
NMR spectrum (CDCl,), & ppm: 0.8 (d, 6H), 0.9 (d,
6H), 2.79 (m, 1H), 3.59 (m, 1H), 5.95(s, 2H), 10.96
(s, 1H). Mass spectrum, m/z: 272 (M+1)*. Found, %:

= Fyl| Peper
C, 48.72; H, 6.33; N, 15.51. C_H _N_O_S.

Calculated, %: C, 48.69; H, 6.32; N, 15131.491.7 2
4-Carbamoyl-1-(2-hydr oxybenzyl)-2-(2-hydr oxy-
benzylthio)-1H-imidazole-5-carboxylicacid (7h)

Yield was found to be 77%, mp 220-221 °C, *H
NMR spectrum (CDCIL,), 6 ppm: 4.13 (s, 2H), 4.65
(s,2H),5.20(s, 1H),5.95 (s, 2H), 7.05-7.35(m, 8H),
10.88 (s, 1H). Mass spectrum, m/z : 400 (M+1)*.
Found, %: C, 57.15; H, 4.31; N, 10.54. C H,_N.O.S.
Calculated, %: C, 57.13; H, 4.29; N, 10.52.
4-Carbamoyl-1-(4-hydr oxybenzyl)-2-(4-hydr oxy-
benzylthio)-1H-imidazole-5-carboxylic acid (7i)

Yield was found to be 77%, mp 236-237 °C, *H
NMR spectrum (CDCIL,), § ppm: 4.15 (s, 2H), 4.63
(s,2H),5.24(s,1H), 5.95 (s, 2H), 7.05-7.35 (m, 8H),
10.90 (s, 1H). Mass spectrum, m/z : 400 (M+1)*.
Found, %: C, 57.15; H, 4.31; N, 10.54.C_H._N.O_S

19° 17 3757

Calculated, %: C, 57.13; H, 4.29; N, 10.52.
Antimicrobial testing

Thecompounds (7a-i) weretested for invitro an-
timicrobial activity at two different concentrations 100
and 200 pg per disc. The antibacteria activity was
screened against Saphylococcus aureus, Bacillus
subtilis (Gram-positive bacteria) and Proteuswvulgaris,
Klebsi ella pneumoni ae (Gram-negative bacteria) on
nutrient agar platesat 37 °C for 24 hrs using chloram-
phenicol asreference drug. The compoundswerea so
evauatedfor antifungd activity againg thefungi Apergil-
lus niger and Pencillium chrysogenium using
Fluconazole as standard drug. Fungi cultures were
grown on Potato dextrose agar (PDA) medium at 25
°C. The spore suspension was adjusted to 10° pores
ml-t at an mg ml- concentration by the Vincent and
Vincent method2Y.

Antioxidant testing

Thecompounds (7a-i) weretested for the antioxi-
dant activity by nitric oxide and DPPH methods.
Assay for nitricoxide (NO) scavenging activity

Sodium nitroprusside (5 uM) in phosphate buffer
pH 7.4 wasincubated with 100 uM concentration of
test compounds dissolved inasuitabl esolvent (metha-
nol) and tubeswereincubated at 25 °C for 120 min.
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Control experiment was conducted with equa amount
of solventinanidentica manner. Atintervals0.5 ml of
incubation sol ution was taken and diluted with 0.5 ml
of griessreagent (1% sulfanilamide, 0.1% N-ngphthyle-
thylenediaminedihydrochlorideand 2% o-phosphoric
acid dissolved in distilled water). The absorbance of
the chromophoreformed during diazotization of nitrite
with sulfanilamide and subsequent N-naphthyle-
thylenediaminedihydrochloridewasread at 546 nm.

Reduction of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) freeradical (DPPH method)

Thenitrogen centered stablefreeradica DPPH has
often been used to characterize antioxidants. It isre-
versibly reduced and the odd electron in the DPPH
freeradica givesastrong absorption maximum at 517
nm, whichispurplein color. This property makesit
suitablefor spectrophotometric studies. A radical scav-
enging antioxidant reactswith DPPH stablefreeradica
and convertsinto 1,1-diphenyl-2-picrylhydrazine. The
resulting decol orizationis stoi chiometric with respect
to the number of electrons captured. Thechangeinthe
absorbance produced in thisreaction hasbeen used to
measure antioxidant properties. The solutions of test
compounds (100 uM) were added to DPPH (100 pM)
inethanol. Thetubeswerekept at an ambient tempera:
turefor 25 minutesand the absorbance was measured
at 517 nm. The difference between the test and the
control experimentswastaken and expressed asthe
percentage scavenging of the DPPH radical.

RESULTSAND DISCUSSION

Thetitlecompounds(7a-i) weresynthesized from
the intermediate diethyl 2-mercapto-4,5-imidazole
dicarboxylate. Thestructure of the compoundsises-
tablished by NMR and Mass spectra. The elemental
analysisof (7a) indicated the MF of thecompoundto
beCH,.N.O,S. Its'H NMR spectrum showed char-
acteristic peaks at 4.10 (2H, s, S-CH,), 4.45 (2H, s,
N-CH,), 5.95 (2H, s, CONH,), 7.05-7.35 (m, Ar-
10H), 10.80 (1H, s, COOH). The LCM S spectrum of
(7a) at m/z: 368 (M+1)* indicating the structure of the
compound to be 1-benzyl-2-(benzylthi0)-4-carbamoyl-
1H-imidazole-5-carboxylic acid. Theother compounds
(7b-71) were synthesised using diferent substituentsin
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R'and R? positions. (TABLE 1, Scheme1).

TABLE 1: 4-Carbamoyl-1,2-disubstituted-1H-imidazole-5-

carboxylicacid derivatives(7a-i)

Compound R* R?
7a CeHsCH,- CeHsCH-
7b 0-Me-CgH4-CH»- o0-Me-CgH4-CH,-
7c (CH3),CHCH,- o0-Me-CgH,-CH,
7d (CH3),CHCH,- (CH3),CHCH,-
Te p-Me-CgH,4-CHo- p-Me-CgH4-CHo-
7f CH3CH,CH,- CH3CH,CH,-
79 (CHj3),CH- (CH3),CH-
7h 0-OH-C¢H,-CH,- 0-OH-C¢H4-CH»-
7i p-OH-CeH4-CH - p-OH-C¢H4-CH,-

TABLE 2: Antibacterial activity* of thetarget compounds
(7a-i)

Zone of inhibition (mm)
Concentration Gram-positive  Gram-negative

Compd. (ng) bacteria bacteria

S. B. P. K.
aureus subtilis vulgaris pneumoniae

7a 100 14 18 13 16
200 17 20 15 20
7b 100 15 16 14 13
200 17 18 17 17
7c 100 23 21 22 20
200 26 25 23 22
7 100 27 25 24 25
200 30 29 28 28
Ze 100 12 14 11 12
200 15 16 13 14
7 100 25 24 22 23
200 28 29 25 27
79 100 24 22 22 21
200 26 28 24 23
7h 100 12 13 12 15
200 15 17 14 17
7i 100 12 13 13 14
200 15 17 16 16
Chloram- 100 35 38 40 42
phenicol 200 39 41 44 45

*c=100 pg / ml; *c =200 pg / ml

Theprdiminary antimicrobia testing resultsfor the
compounds(7a-i) areshowninTABLES2and 3. The
resultsreveal ed that inhibitory activity against Gram-
positive bacteriawas higher than Gram-negative bac-
teria. Theimidazolederivatives(7c), (7d), (7f) and (7Q)
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showed very good activity against Gram-positive bac-
teriaand good activity against Gram-negative bacteria
and remai ning compoundsweredisplayed least activ-
ity. All thetest compounds(7a), (7b), (7€), (7h) and
(71) showed good activity and compounds(7c), (7d),
(7f) and (7g) exhibited |east activity when compared to
that of standard drug fluconazol e at the same concen-
tration asthetest drugsagainst Aspergillusniger and

TABLE 3: Antifungal activity* of thetar get compounds(7a-i)

Concentration Zone of I nhibition (mm)

Compound

(ng/ml) A.niger P.chrysogenium

100 22 23
7a

200 26 25
b 100 23 24

200 26 28

100 14 16
7c

200 18 20
- 100 15 16

200 18 20

100 25 25
7e

200 29 28
- 100 14 16

200 21 20

100 13 15
g

200 16 19
h 100 27 25

200 30 30
- 100 26 25

200 28 29

100 38 41

Fluconazole
200 42 44

*c =100 pg / ml; *c =200 pg / ml
TABLE4: Antioxidant activity* of thetar get compounds(7a-i)
% Inhibition at 100 pM

Compound —
Nitric oxide method DPPH method
7a 32.75 35.25
7b 73.25 74.34
7c 70.15 71.82
7d 26.80 25.45
7e 72.62 73.25
7f 65.65 67.56
79 28.80 27.62
7h 79.57 80.75
7i 77.74 77.62
*c=100 uM

= Fyl| Peper

Pencillium chrysogenium. The compounds (7b), (7c),
(7e), (7f), (7h) and (71) exhibited high antioxidant prop-
erty in both nitric oxideand DPPH methodsat 100 uM
concentrations(TABLE 4).

CONCLUSION

Thepresent findinginthe present paperisasmple,
efficient procedurefor the synthesis of 4-carbamoyl-
1,2-disubstituted-1H-imidazole-5-carboxylic acid de-
rivativesus ng cheap and readily avall ablereagents, easy
work up procedure under mild reaction conditions. All
thenewly synthes zed compounds(7a-i) were screened
for antibacterid activity against Saphyl ococcusaureus,
Bacillussubtilis (Gram-positive bacteria) and Proteus
wulgaris, Klebsiella pneumoniae (Gram-negative bac-
teria), antifungal activity against Aspergillusniger and
Pencillium chrysogenium, antioxidant activity and
someof thecompoundsfound to exhibit significant bio-
logica activity.
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