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ABSTRACT

Objective: New compounds were designed and synthesized using sulfomethoxazole and amino acids with
metabolically stable linkers, suspected to be act on fungal and bacterial carbonic anhydrase enzymes which are
necessary for their metabolic activities.

Methods: N-acylation of sulfomethxazole aromatic amine using chloroacetyl chloride with basic medium (10
%NaOH) solution, giving compound | (an alkyl halide). Then a coupling reaction between compound | and
carboxylic acid of Boc- (valine, phenylalanine, histidine) giving compounds (lla,llla,1Va) respectively via both
amide and ester linkage. Then deprotection of amino acid amine occurred by acidolysis of tert-butoxy carbonyl
group of the three compounds using trifluoracetic acid (TFA). This reaction gave us hew compounds (Vb, VIb, VIIb)
respectively.

Agar Well Diffusion method evaluated the antimicrobial activity. Four types of bacteria (Staphylococcus aureus,
Streptococcus pneumonia, Pseudomonas aeruginosa and Klebseilla species) and one type of fungi (Candida
albicans) were used in in-vitro study. All the titled compounds characterized and identified by elemental
microanalysis and I.R spectra study.

Results: All the synthesized compounds -comparing with sulfomethoxazole as a reference standard- have good
antibacterial activity against Gram-negative bacteria (Pseudomonas aeruginosa), and against Candida albicans.
compounds Illa, Vb,VIb and VIIb also show a good inhibition to Gram-positive bacteria growth (Staphylococcus
aureus and Streptococcus pneumonia).

Conclusion: The results of this study indicate that the new designed compounds possess a higher antibacterial and
anti-fungal activity in comparison to sulfomethoxazole, and their higher activity may be come from their inhibitory
effect on pathogenic f-carbonic anhydrase enzymes especially compounds Vb, VIb and VIIb.

Keywords: sulfomethoxazole, carbonic anhydrase enzyme inhibitors.

INTRODUCTION
With increasing use of antibacterial, increasingly pathogenic bacteria developed resistance to their inhibitory effects.
[1]. A number of strategies are being pursued to discover new antibacterial compounds with activity against resistant
organisms, including making improvements on existing chemical classes or finding new chemical scaffolds acting at
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either known or novel antibacterial targets.[2] One of these strategies is designing ligands to bind proteins like
carbonic anhydrase enzyme binding with benzensulfonamides as a model.[3] Sulfonamides (sulfa drugs) were the
first drugs largely employed and systematically used as preventive and chemotherapeutic agents against various
diseases.[4] Wide numbers of drugs are clinically used,
including antihypertensive agent bosentan [4,5],
antibacterial[4,6,7],antiprotozoal[4,8], antifungal
[4,9,10], Anti-inflammatory[4,11], nonpeptidic
= vasopressin receptor antagonists[4,12] and translation
The initiation  inhibitors  [4,13].Important  sulfonamide
" (Hydrophotic derivatives act as carbonic anhydrase inhibitors
o e . [4,14,15].
NS Scaflold | srophilic Carbonic anhydrases (CAs; also known as carbonate
His o hink dehydratases EC 4.2.1.1) are ubiquitous metalloenzymes
2 Gl present in prokaryotes and eukaryotes[16], and are
His encoded by five gene families: the a-CAs (predominantly
in vertebrates), the B-CAs (bacteria, algae, other), y-CAs
(archaea), 8-CAs and (-CAs (in some marine diatoms)
[17] Carbonic anhydrases (CAs) catalyze the
Figure 1:general pharmacofore of CA-Is reversible hydration of CO2 to bicarbonate and protons,
and the metal ion (which is a Zn2+ ion in all a-CAs
investigated up to now) is essential for catalysis.[18]
CAs are present in many human pathogens such as the malaria provoking protozoa Plasmodium falciparum ,
bacteria such as Escherichia coli , H. pylori, M. tuberculosis , Brucellaspp., S. pneumoniae, S. enterica , and
Homophiles influenzae as well as pathogenic fungi. Inhibition of these enzymes started to be investigated with
sulfonamide/sulfamate inhibitors, but several other chemotypes were also explored, such as phenols, boronic acids,
metal complexing anions, and other similar small molecules [19]. The zinc binders coordinate the catalytic metal ion
in either tetrahedral or trigonal bipyramidal geometrics [20,21]. As a general pharmacophore, Figure 1, for the
compounds acting as carbonic anhydrase inhibitors has been reported by Thiry et al., by the analysis of the CA
active site and from the structure of the inhibitors described in the literatures.
This includes the presence of a sulfonamide moiety which coordinates with the zinc ion of the active site of the CA
and the sulfonamide is attached to a scaffold which is usually a benzene ring. The side chain might possess a
hydrophilic link able to interact with the hydrophilic part of the active site and a hydrophobic moiety which can
interact with the hydrophobic part of the CA active site [22,23].

Pro Val

Leu - - - - Phe

His Asn

Experimental

All reagents and anhydrous solvents were of annular type and generally used as received from the commercial
suppliers (Merck, Germany, Reidel-De Haen, Germany, Sigma-Aldrich, Germany, Scharlau, Spain and BDH,
England). Sulfomethxazole was supplied by Samaraa Drug Industry, Iraq and Boc-aminoacids (Boc-valine, Boc-
phenylalanine, and Boc-Histidine) were purchased from Hyperactive Chem Company, China. Melting point was
determined by capillary method on Electrothermal 9300 an Electric melting point apparatus (USA). The ascending
thin layer chromatography (TLC) to check the purity and progress of reactions was run on silica gel F254 aluminum
sheets, Merck (Germany), and were visualized by irradiation with UV light or by using reaction with iodine vapor.
The chromatograms were eluted with methanol: dichloromethane (7:3). IR spectra were recorded on a FTIR-
spectrophotometer Shimadzu as KBr disks. CHNS microanalysis was done using Elemental micro-analyzer VARIO
MICRO (Germany).

Chemical synthesis

1-Synthesis of compound I: [24]

In a conical flask, a (0.01 mol) of sulfomethoxazole was dissolved in minimum amount of 10% NaOH solution. The
solution was cooled on ice bath then (0.015 mol) of chloroacetyl chloride was added drop by drop in a fuming hood.
The addition of chloroacetyl chloride was stopped till the fumes from the reaction mixture ceased completely. After
a while the product was filtered, washed with water, dried, and then recrystallized from ethanol.
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Compound I (2-chloro-N-(4-(N-(5-methylisoxazol-3-yl) sulfamoyl) phenyl) acetamide)

White powder, Yield 67%; m. p. 211-213 °C decomposed; IR (v=cm-1, KBr): 3234 (NH) of amide; 3161 (NH) of
sulfonamide; 3053 (CH) aromatic.; 2995 (CH) of CH3.; 2885 (CH) of CH2.; 1681 (C=0) amide I; 1610(NH) amide
I1; 1544 (C=N) and 1253 (-C-O-N) of isoxazole;1517,1496 and 1471(C=C) aromatic.; 1336,1165 (S=0) sym., asym.
respectively; 748 (C-CI).

2- General procedure for the synthesis of compounds lla, I11a and 1Va [25]:

To a stirred suspension of sodium bicarbonate(2mmole) and boc-aminoacid (valine, phenylalanine, histidine) (1
mmole) in10ml of dimethysulfoxide (DMSO), a solution of (Immole) of compound I in 7 ml of DMSO was added,
and the mixture was stirred at room temperature for 24 hours (4 days in case of boc-histidine), then 40 ml of cooled
water was added. The resulted precipitate was extracted with ethyl acetate, the ethyl acetate layer separated and
washed with water twice. The combined ethyl acetate layer was dried with magnesium sulphate, and the solvent was
evaporated, to give crude products then they were recrystallized by suitable solvent or solvent mixtures giving
compound I, 11, I respectively.

Compound  lla  (2-((4-(N-(5-methylisoxazol-3-yl) ~ sulfamoyl)  phenyl)  amino)-2-oxoethyl2-((tert-
butoxycarbonyl) amino)-3-methylbutanoate)

Off white powder, yield 70%; m. p. 67-70 °C decomposed; CHNS Calculated for C22H30N408S: C, 51.75; H,
5.92; N, 10.97; S, 6.28. Found; C, 51.09; H, 5.65; N, 11.15; S, 6.535.

IR (v=cm-1, KBr): 3327(NH) of carbamate;3284 (NH) of amide; 3192 (NH) of sulfonamide; 3066 (CH) aromatic.;
2980 and 2933 (CH) of isopropyl and tert-butyl; 2875(CH) of CH2.;1757 (C=0) ester; 1691(C=0) of carbamate;
1680 (C=0) amide I; 1612(NH) amide 1I; 1593,1498 (C=C) aromatic.; 1406,1166 (S=0) sym., asym. respectively;
1255 (C-O-N) of isoxazole ring.

Compound  Illa  (2-((4-(N-(5-methylisoxazol-3-yl)  sulfamoyl)  phenyl)  amino)-2-oxoethyl2-((tert-
butoxycarbonyl) amino)-3-phenyl- propanoate)

Pale yellow powder, yield 75%; m. p. 77-80 °C decomposed; CHNS Calculated for C26H30N408S: C, 55.9; H,
5.41; N, 10.03; S, 5.74. Found; C, 54.09; H, 5.25; N, 9.77; S, 5.9.

IR (v=cm-1, KBr): 3342(NH) of carbamate; 3284(NH) of amide; 3194(NH) of sulfonamide; 3111and 3066 (CH)
aromatic; 2980,2933 and 2872(CH) of tert-butyl and CH2; 1753 (C=0) ester; 1680 (C=0) amide I; 1612(NH) amide
I1; 1593,1498 (C=C) aromatic.; 1406,1166 (S=0) sym., asym. Respectively;1253 (C-O-N) of isoxazole ring.
Compound 1Va (2-((4-(N-(5-methylisoxazol-3-yl) sulfamoyl) phenyl) amino)-2-oxoethyl2-((tert-butoxycarbonyl)
amino)-3-(1H-pyrazol-5-yl) propanoate) Off white powder, yield 80%; m. p. 92-94 °C decomposed; CHNS
Calculated for C23H28N608S: C, 50.36; H, 5.14; N, 15.32; S, 5.85. Found; C, 48.36; H, 5.058; N, 14.9; S, 6.01.

IR (v= cm-1, KBr): 3331(NH) of imidazole; 3275(NH) of carbamate;3192 (NH) of amide 3122(NH) of
sulfonamide; 3066 (CH) aromatic; 2981,2935 and 2875(CH) of tert-butyl, and CH2; 1757 (C=0) ester; 1710 (C=0)
of carbamate;1675(C=0) amide I; 1614(NH) amide Il; 1595,1498 (C=C) aromatic.; 1406,1166 (S=0) sym., asym.
respectively; 1369 (C-N) of imidazole; 1253 (C-O-N) of isoxazole ring.

3- General procedure for the synthesis of compounds Vb, Vb and VIIb: [26]

To a solution of compound lla, Illa and IVVa (Immol) in 5ml of dichloromethane (DCM), a 1ml of trifloroacetic
acid (TFA) was added. The reaction was completed at room temperature with stirring for 2 hours. After which time
the mixture was evaporated under vacuum and dissolved again with DCM and co-distilled, this process was repeated
several times and finally the product was triturated with ether giving a pure compound.

Compound Vb (2-((4-(N-(5-methylisoxazol-3-yl) sulfamoyl) phenyl) amino)-2-oxoethyl 2-amino-3-

methylbutanoate)

Pale yellow powder, yield 92%; m. p. 93-95 °C decomposed; CHNS Calculated for C17H22N406S: C, 49.87; H,

5.17; N, 13.68; S, 7.83. Found; C, 48.52; H, 4.93; N, 13.59; S, 8.1.

IR (v= cm-1, KBr): 3334, 3290 (NH2) of amine; 3194(NH) of amide; 3115(NH) of sulfonamide; 3074 (CH)

aromatic.; 2970, 2935 and 2875 (CH) of isopropyl and CH2.;1755 (C=0) ester; 1687 (C=0) amide I; 1614(NH)

amide 11;1498,1593 (C=C) aromatic.; 1406,1166 (S=0) sym., asym. respectively; 1253(C-O-N) of isoxazole ring.
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Compound VIb (2-((4-(N-(5-methylisoxazol-3-yl) sulfamoyl) phenyl) amino)-2-oxoethyl 2-amino-3-
phenylpropanoate)

Intense yellow powder, yield 85%; m. p. 86-89 °C decomposed; CHNS Calculated for C21H22N406S: C, 55.01; H,
4.84; N, 12.22; S, 6.99. Found; C, 53.43; H, 4.65; N, 12.56; S, 7.22.

IR (v= cm-1, KBr): 3480,3390 (NH) of NH2; 3255(NH) of amide; 3192(NH) of sulfonamide; 3111, 3066 (CH)
aromatic.; 2993and 2883(CH) of CH2.;1762 (C=0) ester; 1676 (C=0) amide I; 1616(NH) amide 11;1593,1498
(C=C) aromatic.; 1406,1166 (S=0) sym., asym. respectively; 1257(C-O-N) of isoxazole ring.

Compound VI1b (2-((4-(N-(5-methylisoxazol-3-yl) sulfamoyl) phenyl) amino)-2-oxoethyl 2-aminopropanoate)
Pale yellow powder, yield 88%; m. p. 103-105 °C decomposed; CHNS Calculated for CL8H20N606S: C, 51.42; H,
4.79; N, 13.33; S, 7.63. Found; C, 49.69; H, 4.783; N, 13.84; S, 7.976.

IR (v=cm-1, KBr): 3427, 3271(NH) of NH2; 3134 (NH) of amide 3118(NH) of sulfonamide; 3062 (CH) aromatic;
2980,2875(CH) of CH2; 1759 (C=0) ester; 1674(C=0) amide I; 1614(NH) amide 1I; 1593,1498 (C=C) aromatic.;
1406,1166 (S=0) sym., asym. respectively; 1367 (C-N) of imidazole; 1257 (C-O-N) of isoxazole ring.
Antimicrobial evaluation

Compounds lla-VIlb were tested for their antimicrobial activity against a group of gram positive (Staphylococcus
aureusa and Streptococcus pneumonia) and gram negative (Escherichia coli, Klebsiella spp. and Pseudomonas
aeruginosa) bacteria as well as one fungus (Candida albicans) using agar good diffusion method with Mueller—
Hinton agar as culture media [27].

Agar good diffusion method: [28]

The agar plate surface is inoculated by spreading a microbial inoculum over the agar surface. All the synthesized
compounds (lla-V1Ib) were dissolved separately in dimethyl sulfoxide to prepare the stock solution of 1mg/imli
concentration. Then the solutions were diluted with dimethyl sulfoxide to obtain the required concentrations of
125ucg/ml and 250 pcg/ml of each one. A (50 uL) of each concentration is introduced into a hole punched within
the agar surface. Sulfomethoxazole was used as a positive control and DMSO as a negative one. After incubation of
the agar plates in 37C0 for 24 hours the zones of inhibition were measured in mm, and will be listed in Table (1).

RESULTS AND DISCUSSION

Chemistry

The synthesis of the compounds (I1a-V11b) was accomplished and outlined in the scheme (1) which is also illustrated
the reactions sequences for the all synthesized compounds. The first step  demonstrates the reaction of the
sulfomethoxazole with chloroacetyl chloride to form acetamide (compound 1) by amide linkage. In the second step
(compound 1) was reacted as alkyl halide with carboxyl moiety of three different N-boc-amino acids forming
compounds (lla, Illa and 1Va) by ester linkages. The deprotection of boc-group using the TFA gave us the other
compounds (Vb, VIb and VIIb). The overall reaction will be shown in scheme (1).

Scheme (1) synthesis of compounds I-VIIb
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The IR absorption bands that present in all compounds include (C-O-N) band of isoxazole ring, (5=0) symmetric,
antisymmetric and (NH) of sulfonamides as well as (CH) and (C=C) aromatic bands. In compound | and compounds
(lla-V11b) the amide | (C=0) stretching and amide Il (NH) bending were present. [29-30]

Compounds from Ila to 1Va had the following IR absorption bands: a- (C=0) of ester b- C=0 of carbamate, whereas
the compounds from Vb to VIIb were indicated by disappearance of C=0 carbamate and appearance of (NH) band
of NH2 [30].

It is imported thing to know that every structure must be distinguished from each other by special bands, so
compound | was specified by (C-Cl) band. Compound Ila and Vb had a distinctive (CH) stretching band of
isopropyl group of valine, while the compounds Illa and Vb had a benzyl ring of phenylalanine and compounds 1Va
and VI1b were distinguished by (C-N) band of imidazole ring of histidine [30-31].

Antimicrobial Activity

The antimicrobial study of the synthesized compounds was evaluated by the zone inhibition after incubation period.
And as shown in Table (1), the all synthesized compounds (lla-V1lb) showed a good antifungal activity against
Candida albicans and antibacterial activity against gram negative bacteria Pseudomonas aeruginosa.
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As well as all concentrations of compounds (Vb-VIIb) and compound Illa of 250pug concentration showed good

effects on gram positive bacteria (Staphylococcus aureusa and Streptococcus pneumonia).

All compounds gave a negative result a gainst Escherichia coli and Klebsiella spp.

Table-1: The antibacterial activity of the tested compounds.

Compounds Staphylococcus Streptococcus Pseudomonas Escherichia Klebseilla Candida
aureus pneumonia aeruginosa coli. spp. albicans
DMSO - - - - - -
Sulfomethxazole - - 15 - - 12
250pg
sulfomethxazole - - 12 - - 12
125 pg
11a-250 pg - - 15 - - 13
lla- 125 pg - - 12 - - 11
111a-250 pg 12 12 14 - - 13
I1la- 125 pg - - 12 - - 14
1Va- 250pg - - 13 - - 11
IVa- 125 pg - - 12 - - 13
Vb- 250pg 14 14 15 - - 15
Vb- 125 pg 15 15 11 - - 14
VI1b-250 pg 16 16 13 - - 13
VIb- 125pg 15 16 16 - - 10
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VI1b-250 15 15 14 - - 16
VIIb-125 12 12 16 - - 13
CONCLUSION

New derivatives of sulfonamides-amino acids (N-boc. and free NH2 types) conjugations were synthesized and
evaluated for their antibacterial and antifungal activities. The free NH2 compounds (Vb-V1Ib) exerted a more potent
antibacterial effect than the N-boc protected compounds and sulfomethoxazole. Compound Illa of 250 pg also
showed a good antibacterial effect. A very potent effect appeared with compounds Illa and VIb which have a
phenylalanine amino acid in their structures.
ACKNOWLEDGMENT

We would like to thank the college of pharmacy/ Dept. of pharmaceutical chemistry-Baghdad for support and
carrying out the research; Almustansria university/college of pharmacy and college of pure sciences/ biology
department for their help in chemical microanalysis and antibacterial study.

REFERENCES
1.Penesyan A, Gillings M, and Paulsen IT, Antibiotic Discovery: Combatting Bacterial Resistance in Cells and in
Biofilm Communities, Molecules, 2015, 20, 5286-5298.
2.Stokes SS, et al, Inhibitors of the acetyltransferase domain of N-acetylglucosamine-1-phosphate-
uridylyltransferase/glucosamine-1-phosphate-acetyltransferase (GImU), Part 2: Optimization of physical properties
leading to antibacterial aryl sulfonamides, Bioorganic & Medicinal Chemistry Letters, 2012, 22, 7019-7023.
3.Whitesides GM, Krishnamurthy VM, designing ligands to bind proteins, Quartery Reviews of Biophysics, 2005,
38, 385-395.
4.Kolaczer A, et al, Biological Activity and Synthesis of Sulfonamide Derivatives: a brief review, CHEMIK 2014,
68, 620-628.
5.Kanda Y, et al, Synthesis and Structure-Activity Relationships of Potent and Orally Active Sulfonamide ETB
selective antagonists, Bioorganic & Medicinal Chemistry, 2001, 9, 897.
6.Alsughayer A, et al, Synthesis, Structure Analysis, and Antibacterial Activity of New Potent Sulfonamide
Derivatives, Journal of Biomaterials and Nanobiotechnology, 2011, 2,143-148.
7.Patel HR, Patel AD, Sulfonamide Derivative, and Maleic Anhydride Based Transition Metal Complexes: As
Potent Antimicrobial Agents, Journal of Chemical and Pharmaceutical Research, 2016,8,758-762.
8.Chibale K, et al, Antiprotozoal and cytotoxicity evaluation of sulfonamide and urea analogues of quinacrine,
Bioorganic & Medicinal Chemistry Letters, 2001, 11, 2655.
9.Thulam VK, et al, A Novel and Efficient Method for N-Acylation of Sulfonamides and Carbamates: Their
Biological Evaluation Towards Anti Malassezia Activity, Journal of Pharmacy Research, 2013, 7, 195-199.
10.Rahavi El, et al, Sulfonamide-1,2,4-triazole Derivatives as Antifungal and Antibacterial Agents: Synthesis,
Biological Evaluation, Lipophilicity, and Conformational Studies, Bioorganic & Medicinal Chemistry Letters 2008,
16, 1150.
11.Kennedy JF, Thorley M, Pharmaceutical Substances, 3rd Ed, Kleeman A, Engel J, Kutscher B, Reichert D:
Thieme: Stuttgart, 1999.
12.Serradeil-Le Gal C, An overview of SR121463, a selective non-peptide vasopressin V2 receptor antagonist,
Cardiovascular Drug Rev, 2001,19, 201.
13.Natarajan A, Novel Arylsulfoanilide—Oxindole Hybrid as an Anticancer Agent That Inhibits Translation
Initiation, Journal of Medicinal Chemistry, 2004, 47,4979.
14.Capasso C, Supuran CT, Anti-infective Carbonic Anhydrase Inhibitors: A Patent and Literature Review, Expert
Opinion on Therapeutic Patents, 2013, 23,693-704.
15.Eroglu E, et al, A DFT-Based QSARs Study of Acetazolamide / Sulfanilamide Derivatives with Carbonic
Anhydrase (CA-I1) Isozyme Inhibitory Activity, International Journal of Molecular Sciences, 2007, 8, 145-155.

92
Scholar Research Library




Al-Sultan SQ et al Der Pharmacia Lettre, 2016, 8(21):86-92

16.Rashida M et al, Sulfa Drugs as Inhibitors of Carbonic Anhydrase: New Targets for the Old Drugs; BioMed
Research International, 2014, 162928, 10 pages.

17.Supuran CT, Winum JY: Drug Design of Zinc-Enzyme Inhibitors: Functional, Structural, and Disease
Applications: Part Il Drug Design of Carbonic Anhydrase Inhibitors and Activators, Jone Wiley, and Sons, 2009, 4,
73-138.

18.Supuran CT, Simone GD: Carbonic Anhydrases as Biocatalysts, From Theory to medical and Industrial
Applications, Elsevier BV, 2015,1, 4.

19.Supuran CT, Bacterial Carbonic Anhydrases as Drug Targets: Toward Novel Antibiotics? Front Pharmacology,
2011, 2, 34.

20.Crichton RR, Biological Inorganic Chemistry an Introductionlst Ed, Elsevier Inc, 2008, 12,197-210.

21.Supuran CT, Carbonic Anhydrases: Novel Therapeutic Applications for Inhibitors and Activators, Nature
Publishing Group, 2008, 7,168-181.

22.Pacchiano F, et al, Design, Synthesis and Biological Evaluation of Novel Carbonic Anhydrase Inhibitors Against
Mammalian, Bacterial and Fungal Isoforms. Ph.D. Thesis, Faculty of S.F.M.N. - Department of Chemistry, Florence
University, Italy, 2010.

23.El-Henawya AA, et al, Discovery Potent of Novel Peptide Derivatives Containing Sulfonamide Moiety as
Inhibitors of CA Using Structure Based Virtual Screening and Binding Assays, New York Science Journal, 2011, 4,
10.

24.Saxena P, et al, Synthesis of Some Derivatives of 2-Mercaptobenzothiazole and Their Evaluation as Anti-
Inflammatory Agents, International Journal of Pharmacy, and Pharmaceutical Sciences, 2013, 5, 454-458.
25.Bocchi V, et al, Esterification of amino acids and dipeptides under mild conditions, Part Il: Via sodium salts,
Synthesis, 1979, 961-962.

26.Alexandar MD, et al, MK2 Inhibitors and Uses Thereof, Patent Corporation treaty, 2014, W02014149164: 261.
27.Jahangirian H, et al, Well Diffusion Method for Evaluation of Antibacterial Activity of Copper Phenyl Fatty
Hydroxamate Synthesized from Canola and Palm Kernel Oils, Digest Journal of Nano-materials, and Biostructures,
2013, 8, 1263 — 1270.

28.Balouiri M, et al, Method of In Vitro Evaluating Antimicrobial Activity: A Review, Journal of Pharmaceutical
Analysis, 2016, 71-79.

29.1soxazole, Pessapati V, Bathini S, Synthesis and Characterization of New Isoxazole Derived from
Benzosuberones, Indian Journal of Chemistry, 2006, 45,1753-1755.

30.Silverstein RM, et al, Spectrometric Identification of Organic Compounds, Jone Wiley and Sons, INC, 2005, 7, 2.
31.Ramasamy R, Vibrational Spectroscopic Studies of Imidazole, Armenian Journal of Physics, 2015, 8, 51-55.

93
Scholar Research Library



