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ABSTRACT: Using DIB as a catalyst in CH3CN, we reported the synthesis of 2-substituted 

benzoxazole/benzimidazole/benzothiazoles. This approach greatly increases its utility as a 

special and potent tool in chemical synthesis. This technique offers a novel approach to the 

synthesis of diverse benzoxazole, benzimidazole, and benzothiazole derivatives using various 

aldehydes and o-substituted amino aromatics.  This technique gives good to exceptional 

yields of products and is relatively simple to build up. Following the reaction, the products 

were examined by mass spectroscopy, infrared spectroscopy, and NMR. 

 

KEYWORDS:  DIB, Benzoxazoles, Benzothiazoles, Benzimidazole, Trifluoroacetic acid, 

aromatic aldehydes, room temperature. 

 

INTRODUCTION 

Benzoxazole/Benzimidazole/Benzothiazoles are fused membered rings, which contain the 

heterocycles bearing Oxygen/Nitrogen/Sulphur atoms that constitute the core structure of 

oxazole/imidazole/thiazole and many pharmacologically and biologically active compounds. 

The numbering in oxazole/imidazole/thiazole starts from the Oxygen/Nitrogen/Sulphur atom. 

The basic structure of benzo oxazole/imidazole/thiazole consists of a benzene ring fused with 

4, 5 positions of oxazole/imidazole/thiazole. The two rings together constitute the basic 

nucleus 1,3-benzoxazole/imidazole/thiazole. An important class of heterocyclic compounds, 

benzoxazole/benzimidazole/benzothiazoles
i
 are employed in research as building blocks to 

synthesize larger, typically bioactive molecules. Despite being a heterocyclic with reactive 

sites that permit functionalization, its aromaticity gives it a relative sense of stability. A wide 

range of biological activities, including antihistaminic
ii
, antifungal

iii
, cyclooxygenase 

inhibiting
iv

, antitumor
v
, antiulcer

vi
, anticonvulsant

vii
, hypoglycaemic

viii
, anti-inflammatory

ix,x
, 

and cytotoxic activity
xi,xii

, are exhibited by benzoxazole and its derivatives. They also have 

potential activity with lower toxicities in the human chemotherapeutic approach
xiii,xiv

. In 

addition to being employed in various industrial applications like insecticides, dyes, and 

fluorescent brightening agents, oxazole and its derivatives are utilized as building blocks for 

biochemicals and pharmaceuticals. The biological activities of the benzimidazole moiety 

include anticancer
xv-xx

, anti-hypertensive
xxi

, anthelminthic
xxii

, anti-protozoal
xxiii

, 
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antimicrobial
xxiv-xxvii

, antioxidant
xxviii

, anti-inflammatory
xxix-xxx

, analgesic
xxxi

, and anti-

hepatitis-B-virus
 xxxii

 properties. Benzimidazole moiety possesses various biological activities 

such as anticancer 
xxxii

, anti-hypertensive
 xxxiv

, anthelminthic
 xxxiv-xxxvii

, anti-protozoal
 xxxviii-

xxxix
, antimicrobialx

XL-XLI
, antioxidant

XLII
, anti-inflammatory

 XLIII-XLV
, analgesic

 XLVI 
and anti-

hepatitis-B-virus
 XLVII

. Benzothiazole moiety shows antimicrobial
 XLVIII-XLIX

 anticancer
 L-LI

, 

anthelmintic
LII

, and anti-diabetic
 LIII

 activities. They have also found applications in industry 

as anti-oxidants, and vulcanization accelerators. Synthesizing bioactive molecules such as 

benzoxazole, benzimidazole, and benzothiazoles efficiently and in a way that is both 

economically and environmentally beneficial is a major issue in modern chemistry. These 

biological actions make the synthesis of benzoxazole/benzimidazole/benzothiazoles a 

considerable discussion nowadays. 

Benzoxazole, benzimidazole, and benzothiazole derivatives synthesis are of great interest due 

to their intriguing chemical characteristics and wide range of pharmacological applications. 

Two major techniques were used to manufacture benzoxazoles. One is the use of strong acids 

or microwave conditions to couple carboxylic acid derivatives with o-substituted amino 

aromatics. The other is the oxidative cyclization of aldehydes and phenolic Schiff bases. It 

has been reported that various catalysts were used in the synthesis of benzoxazole-like 

Pd(OAc)2 
LIV

, ZrOCl2.8H2O 
LV

, silica sulfuric acid
 LVI

, Silica supported sodium hydrogen 

sulfate
 LVII

, Indion 190 resin 
LVIII

, ([Hbim]BF4) 
LIX

, ethane sulphonic acid
 LX

, Cu(OTf)2 
LXI

, 

copper(II) oxide nanoparticles
 LXII

, PCC-supported silica gel
 LXIII

, In(OTf)3 
LXIV

, SnCl2
 LXV

, 

DDQ
 LXVI

, BF3.OEt2 
LXVII

, Mn(OAc)3 
LXVIII

, PhI(OAc)2 
LXIX

, Th
+
.ClO4

− LXX
, BaMnO4 

LXXI
, 

NiO2 
LXXII 

, and Pb(OAc)4 
LXXIII

. 

In the case of the synthesis of Benzimidazole & benzothiazole, it involves condensation of o-

amino thiophenol with substituted aldehydes 
LXXIV-LXXX

, acyl chlorides, carboxylic acids
 

LXXXI
, or esters and nitriles the traditional method. Pd/Cu/Mn/chloranil catalyzed cyclization 

of o-halo thioformanilides is another frequently employed method
 LXXXII

. A review of the 

literature on benzothiazoles reveals that this bicyclic ring system is present in a variety of 

amine or terrestrial natural compounds, which have significant biological properties.  Some 

other preparation methods involved the reaction of 2-amino thiophenol with carboxylic 

acids, aldehydes, acyl chlorides, substituted nitriles, or esters
 LXXXIII

. Many catalysts namely 

(PmIm)Br 
LXXXIV

, TMSCl
 LXXXV

, I2 
LXXXVI

, ZrOCl2•8H2O 
LXXXVII

, PCC
 LXXXVIII

, H2O2, CAN 
LXXXIX

, electro-oxidation 
XC

, Baker’s yeast 
XCI

, PTSA 
XCII

, Dowex 50W reusable catalyst in 

water at 70°C 
XCIII

, TCCA in 2-MeTHF at ambient temperature 
XCIV

, PEG,200/400 under 

microwave heating 
XCV

, NIBTS at ambient temperature under solvent-free conditions
 XCVI

, 

H2SO4/SiO2 as a reusable catalyst at room temperature, H2O
XCVII

, animal bone meal
 XCVIII

, 

Na2S2O5 in refluxing DMF, Cu(OAc)2/MCM41 supported catalyst under ultrasound 

irradiation
 XCIX

, 2,4,6-trichloro-1,3,5-triazine under mild conditions, sulfamic acid
 C

. 

Nevertheless, a number of these methods have one or more drawbacks, including the need for 

a significant amount of volatile organic solvents, severe reaction conditions, extended 

reaction times, and low yields with numerous byproduct production. Hence, it is still 

preferable to build a clean, highly productive, and environmentally friendly strategy. 

However, there are still some limitations with the existing protocols such as drastic reaction 

conditions, tedious work-up procedures, poor selectivity, low yields with the formation of 

many side products and use of large quantities of volatile organic solvents, excess amounts of 

reagent, and use of toxic solvents. Therefore, we wished to explore the usage of 

(diacetoxyiodo)benzene (DIB) for the selective synthesis of 2-substituted 

Benzoxazole/benzimidazole/benzothiazoles which shows short reaction times and enhanced 

selectivity. 
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MATERIALS AND METHODS 

Uncorrected melting points were found in open-end capillaries. Iodine vapors were used to 

find spots on silica gel G plates while TLC was used to evaluate the purity of the compounds. 

The temperature of the water bath was adjusted by adding or removing water while the flask 

was positioned in the cleaner's maximal energy area. The IR spectra were recorded on the 

Perkin-Elmer spectrum RX IFT-IR System using KBr pellets. The NMR spectra were 

measured by using a Bruker Avance spectrometer at 600 MHz, 400.1 MHz, and 100.6 MHz. 

Chemical shifts are given in ppm (δ) and are referenced to the residual proton resonances of 

the solvents. Using tetramethylsilane (TMS) in the solvent of CDCl3-d or DMSO-d6 as the 

internal standard Proton and carbon magnetic resonance spectra (
1
H NMR and 

13
C NMR) 

were recorded (
1
H NMR: TMS at 0.00 ppm, CDCl3 at 7.26 ppm, DMSO at 2.50 ppm; 

13
C 

NMR: CDCl3 at 77.16 ppm, DMSO at 40.00 ppm). 

General procedure for the synthesis of benzimidazole, benzoxazole & benzoxazoles (3a-

o): 

 

Under purging N2, solid (diacetoxyiodo)benzene ("DIB", 2.39 g, 7.42 mmol, 0.135 eq) is 

added, then CH3CN (15 mL). During the next several steps, the flask is kept in an inert 

atmosphere after being purged for ten minutes. After carefully adding 0.64 mL, 8.36 mmol, 

and 0.15 equiv of trifluoroacetic acid at room temperature, the liquid becomes homogenous. 

The DIB solution was completely mixed with a solution of newly distilled aromatic aldehyde 

(10 mmol) and o-substituted amino aromatics (5 mmol) in a flask at room temperature. The 

mixture was then stirred for 8 hrs. The reaction progress was monitored by thin layer 

chromatography (TLC), ethyl acetate: hexane (3:2).  Upon completion of the reaction (TLC), 

the reaction mixture was cooled at rt, ethyl acetate (100 ml) was added, and stirred well 

followed by filtration through celite under suction. The organic layer was washed with water 

(2×25 ml) and brine (25 ml). After drying over anhydrous Na2SO4, the solvent was 

evaporated under reduced pressure and the residue upon column chromatography affords the 

pure product. All the products were identified by spectral (IR, 
1
H NMR, 

13
C NMR) and 

analytical data. 

 

Scheme I:   The synthetic route was depicted in Scheme I. 

NH2

X

CHO

R
X

N R
PhI(OAc)2, TFA

CH3CN, 8 hr

1

X= N,O,S
R=-CH3, -OCH3,
     -Cl, -NO2, -H

2 3(a-o)

Scheme: Synthesis of 2-substituted Benzoxazole/Benzimidazole/Benzthiazole
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N
H

N

Product characterization data (IR, 'H NMR, 
13

C NMR, HRMS): 

 

Compound Spectral data  Yield 

(%) 

2-Phenyl-1H-benzimidazole(3a): 

 

                                                                 

 

 

Pale yellow crystals 

IR (KBr): 1627 (C=N), 3435 (NH) 

cm
1
. 

'H NMR (600 MHz, DMSO-d6): δ 

12.96 (s, 1H), 8.21-8.21 (t, J= 9.0 

Hz, 2H), 7.63-7.49 (m, 5H), 7.23-

7.20 (m, 2H).  
13

C NMR (150 MHz, DMSO- d6): δ 

151.70, 130.64, 130.31, 129.42, 

126.91, 122.58.  

HRMS (ESI)  

Calc, for C13H11N2 [M+H]
+
: 

195.0917, found: 195.0916. 

89% 

2-(4-Methoxyphenyl)-1H-

benzimidazole(3b): 

 

   

 

 

 

 

       

White crystals 

IR (KBr): 1242 (C-O), 1612 (C=N), 

2964 (CH3), 3439 (NH) cm
1
.  

'H NMR (600 MHz, DMSO- d6): δ 

12.75 (s, 1H), 8.13 (d, J= 3.0 Hz, 

2H), 7.55 (s, 2H), 7.17 (dd, J1=5.1 

Hz, J2 = 3.0 Hz, 2H), 7.12 (d, J = 2.4 

Hz, 2H), 3.84 (s, 3H). 
13

C NMR (150 MHz, DMSO- d6): δ 

161.06, 151.81, 128.47, 123.18, 

122.25, 114.83, 55.79.  

HRMS (ESI) Calc, for C14H13N2O  

[M+H]
+
: 225.1022, found: 225.1021 

93% 

 

2-(4-Nitrophenyl)- 1H -benzimidazole(3c): 

 

N
H

N

NO2

 
 

Yellow crystals 

IR (KBr): 1338, 1515 (NO2), 1607 

(C=N), 3436 (NH) cm
1
.  

'H NMR (600 MHz, DMSO- d6): δ 

13.31 (s, 1H), 8.44-8.45 (m, 4H), 

7.73-7.66 (m, 2H), 7.27 (s, 2H). 
13

C NMR (150 MHz, DMSO- d6): δ 

149.45, 148.26, 136.51, 127.85, 

124.76. 

 HRMS (ESI) Calc, for 

C13H10N3O2 [M+H]
+
: 240.0768, 

found: 240.0768. 

88% 

2-(4-Chlorophenyl)-1H-

benzimidazole(3d): 
 

White crystals, IR (KBr): 1623 

(C=N), 3442 (NH) cm
1
. 

'H NMR (600 MHz, DMSO- d6): δ 

13.00 (s, 1H), 8.20 (dd, Ji = 6.6 Hz, 

J2 = 1.8 Hz, 2H), 7.65-7.63 (m, 4H), 

7.23 (d, J = 3.0 Hz, 2H).  
13

C NMR (150 MHz, DMSO- d6): δ 

93% 

N
H

N

OCH3
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N
H

N

Cl

 

150.63, 134.96, 129.53, 128.61, 

123.20, 122.29, 119.44, 111.88.  

HRMS (ESI) Calc, for C13H10CIN2 

[M+H]
+
: 229.0527, found: 229.0523. 

2-(4-Methylphenyl)- 1H-benzimidazole 

(3e): 

 

N
H

N

 

Yellow crystals 

 IR (KBr): 1623 (C=N), 2965 (CH3), 

3449 (NH) cm
1
.  

'H NMR (600 MHz, DMSO- d6): δ 

12.82 (s, 1H), 8.08 (d, J= 8.4 Hz, 

2H), 7.57 (s, 2H), 7.37 (d, J= 7.8 Hz, 

2H), 7.20 (dd, Ji=6.0 Hz, J2 = 3.0 

Hz, 2H), 2.38 (s, 3H).  
13

C NMR (150 MHz, DMSO- d6): δ 

151.83, 140.04, 129.98, 127.90, 

126.86, 122.43, 21.43.  

HRMS (ESI) Calc, for C14H13N2 

[M+H]
+
: 209.1073, found: 209.1072. 

91% 

2-phenyl benzoxazole (3f): 

 

O

N

 
 

white solid. 
1
H NMR (400 MHz, CDCl3): δ 8.29-

8.25 (m, 2H), 7.82-7.78 (m, 1H), 

7.62-7.58 (m, 1H), 7.56-7.53 (m, 

3H), 7.39-7.35 (m, 2H) ppm.  
13

C NMR (100 MHz, CDCl3): δ 

163.0, 150.7, 142.0, 131.5, 128.9, 

127.6, 127.1, 125.1, 124.6, 120.0, 

110.6 ppm. 

90% 

 

2-(4-chlorophenyl)benzoxazole (3g): 

 

O

N

Cl

 
 

 

white solid.  
1
H NMR (400 MHz, CDCl3):  δ 8.20 

(d, J = 8.4 Hz, 2H), 7.79-7.76 (m, 

1H), 7.60-7.58 (m, 1H), 7.51 (d, J = 

8.4 Hz, 2H), 7.40-7.36 (m, 2H) ppm.  
13

C NMR (100 MHz, CDCl3): δ 

162.0, 150.8, 142.0, 137.3, 129.3, 

128.9, 125.7, 125.5, 124.8, 120.2, 

110 ppm. 

 

94% 

2-(4-methoxyphenyl)benzoxazole (3h): 
 

O

N

OCH3

 
 

white solid.  
1
H NMR (400 MHz, CDCl3): δ 8.21 

(d, J = 8.8 Hz, 2H), 7.76-7.73 (m, 

1H), 7.57-7.55 (m, 1H), 7.36-7.30 

(m, 2H), 7.03 (d, J = 8.4 Hz, 2H), 

3.90 (s, 3H) ppm. 
13

C NMR (100 MHz, CDCl3): δ 

163.1, 162.3, 150.6, 142.2, 129.3, 

124.6, 124.4, 119.7, 119.6, 114.3, 

110.3, 55.4 ppm. 

96% 

 

2-(p-tolyl)benzoxazole (3i): 

 

white solid.  
1
H NMR (400 MHz, CDCl3): δ 8.17 

87% 
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O

N

CH3

 

(d, J = 8.4 Hz, 2H), 7.78-7.75 (m, 

1H), 7.59-7.57 (m, 1H), 7.36-7.33 

(m, 4H), 2.44 (s, 3H) ppm.  
13

C NMR (100 MHz, CDCl3): δ 

163.3, 150.6, 142.1, 129.6, 127.6, 

124.9, 124.5, 124.2, 119.8, 110.5, 

21.7 ppm. 

2-(2,4,6-trimethylphenyl)benzoxazole (3j): 

 

O

N

 

white solid. 
1
H NMR (400 MHz, CDCl3): δ 7.84-

7.83 (m, 1H), 7.61-7.58 (m, 1H), 

7.42-7.39 (m, 2H), 6.98 (m, 2H), 

2.37 (m, 3H), 2.31 (s, 6H) ppm.
  

13
C NMR (100 MHz, CDCl3): δ 

163.2, 150.6, 141.5, 140.3, 138.2, 

128.6, 124.9, 124.1, 120.1, 110.6, 

21.3, 20.3 ppm. 

90% 

 

2-Phenyl-1,3-benzothiazole (3k):  

 

S

N

 

IR (KBr): 3060, 3021, 1630, 1592, 

690 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.10 

– 8.06 (m, 3H), 7.91 (d, J = 8.0 Hz, 

1H), 7.51 – 7.47 (m, 4H), 7.38 (t, J = 

7.6 Hz, 1H).  
13

C NMR (100 MHz, CDCl3): δ 

168.1, 154.2, 135.1, 133.6, 130.9, 

129.2, 127.6, 126.3, 125.1, 123.2, 

121.6.  

93% 

2-(4-Chlorophenyl)benzothiazole (3l): 

 

S

N

Cl

 

IR (KBr): 3080, 3032, 1628, 1592, 

695 cm
-1

;  
1
H NMR (400 MHz, CDCl3): δ 8.06 

(d, J = 8.2 Hz, 1H), 8.01 (d, J = 8.5 

Hz, 2H), 7.88 (d, J = 8.0 Hz, 1H), 

7.52–7.36 (m, 4H).  
13

C NMR (100 MHz, CDCl3): δ 

166.6, 154.0, 137.1, 135.0, 132.1, 

129.2, 128.7, 126.5, 125.4, 123.3, 

121.6.  

89% 

2-(4-Nitrophenyl)benzothiazole (3m):  

 

S

N

NO2

 
 

IR (KBr): 1605, 1517, 1341, 1311, 

1250, 1107, 968, 851, 765, 750, 729, 

685 cm
-1

. 
1
H NMR (400 MHz, CDCl3): δ 8.45 

(brs, 4H), 8.19 (d, J = 7.2 Hz, 1H), 

8.17 (d, J = 7.2 Hz, 1H), 7.64 (t, J = 

7.1 Hz, 1H), 7.57 (t, J = 7.3 Hz, 1H).  
13

C NMR (100 MHz, CDCl3): δ 

166.8, 154.5, 146.8, 139.2, 134.9, 

128.2, 127.0, 126.3, 124.1, 123.8, 

121.6. 

87% 

2-(4-Methylphenyl)benzothiazole (3n): 

 

IR (KBr): 3026, 2811, 2343, 1606, 

1581, 1520,760, 685 cm
-1

. 

91% 
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S

N

 
 

1
H NMR (400 MHz, CDCl3): δ 8.00-

8.06 (m, 3H), 7.96 (d, J = 8.0 Hz, 

1H), 7.51 (t, J = 8.4 Hz, 1H), 7.41 (t, 

J = 8.4 Hz, 1H), 7.36 (d, J = 8.1 Hz, 

2H), 2.45 (s, 3H).  
13

C NMR (100 MHz, CDCl3): δ 

168.0, 154.2, 141.5, 135.0, 131.1, 

129.7, 127.3, 126.3, 125.0, 122.9, 

121.6, 21.2.   

2-(4-Methoxyphenyl)benzothiazole (3o): 

 

S

N

OCH3

 
 

IR (KBr): 3545, 1755, 1631, 1450, 

1100, 1201, 950, 650 cm
-1

. 
1
H NMR (400 MHz, CDCl3): δ 8.03 

(d, J = 8.0 Hz, 1H), 7.88 (d, J = 7.6 

Hz, 1H), 7.67-7.52 (m, 2H), 7.49-

7.30 (m, 3H), 7.18-7.00 (m, 1H), 

3.88 (3H, s). 
13

C NMR (100 MHz, CDCl3): δ 

167.8, 158.4, 153.1, 135.1, 133.7, 

129.9, 126.5, 125.8, 123.5, 121.3, 

120.8, 117.9, 113.2, 55.2.   

94% 

 

RESULT AND DISCUSSIONS 

Our initial study of the model reaction between o-substituted amino aromatics and 

benzaldehyde revealed that, in the presence of (diacetoxyiodo)benzene (DIB), the reaction 

could be completed under very basic reaction conditions, yielding the desired benzimidazole, 

benzoxazole, and benzothiazole derivatives in good yield (Scheme 1). It was discovered that 

(diacetoxyiodo)benzene (DIB) at room temperature provided the best reaction conditions for 

the reaction (Table 1). Diacetoxyiodobenzene (DIB) has demonstrated efficacy as a catalyst 

in the synthesis of multiple targeted derivatives such as benzoxazole, benzimidazole, and 

benzothiazole. 

Table 1: Optimization of reaction conditions 

Entry Catalyst Solvent Temp(
0
C) Yield (%) 

1 DIB Water rt 43 

2 DIB THF 50 38 

3 DIB Toluene 120 52 

4 DIB Ethanol 65 61 

5 DIB Methanol 65 62 

6 DIB DMSO 130 69 

7 DIB DMF 110 59 

8 DIB DCM rt 76 

9 DIB Acetone rt 54 

10 DIB CH3CN rt 83 
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Different substituted aldehydes were used to explore the reaction's potential, and the results 

show that the substituent's location on the aromatic ring of the aldehydes had no bearing on 

yield. 

 

CONCLUSION 

Using (diacetoxyiodo)benzene (DIB) as an effective eco-friendly and efficient catalyst, we 

have shown how to synthesize 2-substituted desirable benzimidazole, benzoxazole, and 

benzothiazole derivatives straightforwardly. This method's benefits include short response 

times, high yields, a clean process, an easy-to-follow technique, quick and simple work-up, 

and environmentally friendly settings. The current approach is extremely straightforward and 

offers improved selectivity, distinct benefits, and a different path to the targeted products. 

Finally, we developed that synthesis from o-substituted amino aromatics and aldehydes in the 

presence of (diacetoxyiodo)benzene (DIB) in CH3CN in good yields at room temperature, 

resulting in the required 2-substituted benzimidazole, benzoxazole, and benzothiazole 

derivatives. 

 

ACKNOWLEDGEMENT 

The authors express their gratitude to Dr. P. Thriveni, our research supervisor, for giving them 

the necessary resources and inspiration to see the research project through to its conclusion. 

We would also like to express our gratitude to IICT, Hyderabad, for providing us with the 

facilities of IR spectra and 
1
H NMR for the characterization of synthesized compounds, and 

to BRNS, BARC, Mumbai, for financial help. 

 

REFERENCES 

I T. Kusumi, T. Ooi, M. R. Walchli, H. Kakisawa. J. Am. Chem. Soc. 1988, 110, 

2954. 

II Y. Kastura, Y. Tnoue, S. Nishino. Chem. Pharm. Bull. 1992, 40, 1424.  

III Y. Ismail, O. lkay, T. Özlem. Acta Biochimica Polonica. 2000, 47, 481. 

IV R. Shrinivasa, P. Rao, P. Kumar. Bioorganic and Medicinal Chemistry Letters, 

2003, 13, 657. 

V S. Aiello, G. Wells, E. Ston, H. Kadri. J. Med. Chem. 2008, 51, 5135. 

VI Y. Kastura, Y. Tnoue, S. Nishino, Chem. Pharm. Bull., 1992, 40, 1424. 

VII N. Siddiqui, M. Sarafaroz, M. Alam, W. Ahsan. Acta Poloniae Pharmaceiutica-

Drug Res. 2008, 2008, 65, 449. 

VIII K. Arakova, M. Inamasu, M. Masumoto, Chem. Pharm. Bull. 1997, 45, 1984. 

IX S. Sondhi, N. Singh, A. Kumar, O. Lozach, Bioorg. Med. Chem. 2006, 14, 

3758. 

X S. S. Unlu, Kupeli E. Baytas, Archives Der Pharmazie, 2003, 336, 6, 310. 

XI N. N. Eshbha, H. M. Dalama, Pharmazie, 1985, 40, 320.  

XII Venkateshwar Rao J, Sarangapani M, Int. J. Chem. Sci. 2007, 5, 2161. 

XIII R.D. Haugwitz, R.G.Angel, V.L. Narayanan. J.Med.Chem. 1982, 25, 969. 

XIV T. Hisano, M. Ichikawa, M. Tasaki, Chem. Pharm. Bull. 1982, 30, 2996. 

XV Starcevic K, Kraji M, Ester K, and Karminskizamola G. Bioorg Med Chem. 

2007, 15, 4419.  

XVI Kubo K, Inada Y,Kohara Y, Sugiura Y,  Ojima M, Itoh K, Furukawa Y, 

Nishikawa YK and Naka T. J Med. Chem. 1993, 36, 1772. 

XVII Dubay R, Abuzar S, Sharma S, Chatterjee RK and Katiyar JC. J Med Chem. 

1985, 28, 1748. 

XVIII Mavrova AT, Denkova PS, Tsenov Y A, Anichina KK. Bioorg Med Chem. 



 

 

P. Thriveni et al. / Heterocyclic Letters Vol. 14| No.2|373-383|Feb-April|2024 

 

381 
 

2007, 15, 6291. 

XIX Ravina E , Sanchez-Alonso R, Fueyo J, and Sanmartin ML. Arzneim Forsch. 

1993, 43, 684. 

XX Navarette-Vazquez G, Cedilla R, Hernandez-Campos A, Yepez A, Hernandez-

luis F, Valdez J, Morels R and Cortes R , Hernandez M and Castillo R. Bioorg 

Med Chem. 2001, 11, 187. 

XXI Katiyar SK, Gordon VR, Mc, and Edlind TD. Antimicrob Agents Chemother. 

1994, 38, 2986. 

XXII Goker H, kus C, Boykin DW, Yildiz S and Altanlar N. Bioorg Med Chem. 

2002, 10, 2589. 

XXIII Goker H, Ozden S, Yildiz S, and Boykin DW. Eur J Med Chem. 2005, 40, 

1062. 

XXIV Desai KG and Desai KR. Bioorg Med Chem. 2006, 14, 8271. 

XXV Mohammad BG, Hussien MA, Abdel-Alim and Hashem M. Arch Pharm. Res. 

2006, 29, 26. 

XXVI Pawar NS, Dalal DS, Shimpi SR and Mahulikar PP. Eur J Pharm Sci. 2004, 21, 

115. 

XXVII Kus C, Ayhan-Kilcigil G, Can Eke B and Iscan N. Arch Pharma Res. 2004, 27, 

156. 

XXVIII  Ates-Alagoz A, Kus C and Coban T. J Enzyme Inhib Med Chem. 2005, 20, 

325.  

XXIX Lazer ES, Matteo MR and Possanza GJ. J Med Chem. 1987, 30, 726.  

XXX Lackner TE and Clissold SP. Drugs. 1989, 38, 204.  

XXXI Ito K, Kagaya H, Fukuda E, Yoshino K and Nose T. Arznein. Forsch. Drug 

Res. 1982, 3, 49.  

XXXII Kumar D, Rudrawar S, Chakraborti A.K. Aust. J. Chem. 2008, 61, 881. 

XXXIII Gupta S, Ajmera N, Gautam N, Gauatam D. Ind J Chem. 2009,  48B, 853. 

XXXIV Kumbhare RM, Ingle VN. Ind J Chem. 2009, 48B, 996. 

XXXV Kini S, Swain S, Gandhi A. Ind J Pharm Sci. 2007, 46 

XXXVI Stanton HLK, R Gambari, Chung, Johny, Albert SCC. Bioorg Med Chem. 

2008, 16, 3626. 

XXXVII Sreenivasa M, jaychand E, Shivakumar B, Jayrajkumar K, Vijaykumar J. Arch 

Pharm Sci and Res. 2009, 1(2), 150. 

XXXVIII Pattan S, Suresh C, Pujar V, Reddy V, Rasal V, Koti B. Ind J Chem. 2005, 44B, 

2404. 

XXXIX Boger DL.  J. Org. Chem. 1978, 43, 2296. 

XXXX Tale RH. Organic Letters 2002, 4, 1641. 

XL Evindar G, Batey RA. J. Org. Chem. 2006, 71, 1802. 

XLI Rey V, Castro S, Arguello J and Penenory A. Tetrahedron Letters 2009, 50, 

4720. 

XLII Mu XJ, Zou JP, Zeng RS, Wu JC. Tetrahedron Letters 2005, 46, 4345. 

XLIII Feng E, Huang H, Zhou Y, Ye D, Jiang H.  J. Comb. Chem. 2010, 12, 422. 

XLIV Joyce L, Batey R. Organic Letters 2009, 11, 2792. 

XLV Pang, Y, Hua, W. Tetrahedron Lett. 2009, 50, 6680. 

XLVI Baltork I.M, Khosropour, A.R. Catal. Commun. 2007, 8, 1865. 

XLVII Baltork I.M, Moghadam, M, Tangestaninejad S, Mirkhani V, Zolfigol M.A, 

Hojati, S.F. J. Iran. Chem. Soc. 2008, 5, 65. 

XLVIII Ravi Kumar K, Satyanarayana P.V.V, Srinivasareddy B. Der Pharma. Chemica. 

2012, 4, 761. 



 

 

P. Thriveni et al. / Heterocyclic Letters Vol. 14| No.2|373-383|Feb-April|2024 

 

382 

 

XLIX Padalkar V.S, Gupta V.D, Phatangare K.R, Patil V.S, Umape P.G, Sekar N. 

Green Chem. Lett. Rev. 2012, 5, 139. 

L Nadaf R.N, Siddiqui S.A, Daniel T, Lahoti R.J, Srinivasan K.V. J. Mol. Catal. 

A Chem. 2004, 214, 155. 

LI Kumar D, Rudrawar S, Chakraborti A.K. Aust. J. Chem. 2008, 61, 881. 

LII Guru M.M, Ali M.A, Punniyamurthy T. Org. Lett. 2011, 13, 1194. 

LIII Saha P, Ramana T, Purkait N, Ali M.A, Paul R, Punniyamurthy T. J. Org. 

Chem. 2009, 74, 8719. 

LIV Praveen C, Kumar K.H, Muralidharan D, Perumal P.T. Tetrahedron. 2008, 64, 

2369. 

LV Wang B, Zhang Y, Li P, Wang L. Chin. J. Chem. 2010, 28, 1697. 

LVI Cho C.S, Kim D.T, Zhang J.Q, Ho S.L.J. Heterocyclic Chem. 2002, 39, 421. 

LVII Chang J, Zhao K, Pan S. Tetrahedron Lett. 2002, 43, 951. 

LVIII Nagawade R.R, Shinde D.B. Chin. Chem. Lett. 2006, 17, 453. 

Varma R.S, Kumar D. J. Heterocycl. Chem. 1998, 35, 1539. 

LIX Varma R.S, Saini R.K, Prakash O. Tetrahedron Lett. 1997, 38, 2621. 

LX Park K.H, Jun K, Shin S.R, Oh S.W. Tetrahedron Lett. 1996, 37, 8869. 

LXI Srivastava R.G, Venkataramani P.S. Synth. Commun. 1988, 18, 1537. 

LXII Nakagawa K.; Onoue H, Sugita. J. Chem. Pharm. Bull. 1964, 12, 1135. 

LXIII Stephens F.F, Bower J.D. J. Chem. Soc. 1949, 12, 2971. 

LXIV Rostamizadeh S, Housaini SAG: Phosphorus, Sulfur, and Silicon 2005, 180, 

1321. 

LXV Patil SS, Bobade VD: Synthetic communications 2010, 40, 206. 

LXVI Al-Qalaf F, Mekheimer R, Sadek K: Molecules 2008, 13, 2908. 

LXVII Guo HY, Li JC, Shang YL: Chinese Chemical Letters 2009, 20, 1408. 

LXVIII Azarifar D, Maleki B, Setayeshnazar: Phosphorus, Sulfur, and Silicon 2009, 

184, 2097. 

LXIX Pratap UR, Mali JR, Jawale DV and Mane RA Tetrahedron Letters 2009, 50, 

1352. 

LXX Reddy PVg, Lin YW and Chang HT: ARKIVOC. 2007, 16, 113. 

LXXI Devmurari VP, Ghodasara TJ: Archives of Applied Science Research 2010, 2, 

198. 

LXXII Chaudhary M, Pareek D, Pareek PK, Kant R, Ojha K, Pareek A. Der Pharma 

Chemica 2010, 2, 281. 

LXXIII Ben-Alloum A, Bakkas S, Soufiaoui, M., Tetrahedron Lett. 1997, 38, 6395. 

LXXIV Ranu,  Jana R, Dey S. Chem. Lett. 2004, 33, 274. 

LXXV Robukhin S.V, Plaskon A.S, Volochnyuk D.M. Synthesis, 2006, 21, 3715. 

LXXVI Li Y, Wang Y.L, Wang J.Y, Chem. Lett. 2006, 35, 460. 

LXXVII Moghadhan F.M, Ismaili H. Heteroatom Chem. 2006, 17, 136. 

LXXVIII Praveen C, Hemanthkumar K, Muralidharan, D, Perumal, P. Tetrahedron, 2008, 

64, 2369. 

LXXIX Bahrami. K., Khodaei, M.M. Naali, F. J. Org. Chem. 2008, 73, 6835. 

LXXX Okimoto M, Yoshida T, Hoshi M, Komata M. Heterocycles 2008, 75, 35. 

LXXXI Prutap U.R, Mali J.R, Mane R.A. Tetrahedron Lett. 2009, 50, 1352. 

LXXXII Azizi N, Amiri A.K, Bolourtchian M. Monatsh. Chem. 2009, 140, 1471. 

LXXXIII Mukhopadhyay C, Datta A J. Heterocycl. Chem. 2009, 46, 91. 

LXXXIV Xiao H.-L, Chen J.-X, Liu M.-C, Zhu D.-J. Chem. Lett. 2009, 38, 170. 

LXXXV Deligeorgiev T.G, Kaloyanova S, Vasilev A, Vaquero J.J. Phosphorus Sulfur 

Silicon Relat. Elem. 2010, 185, 2292. 



 

 

P. Thriveni et al. / Heterocyclic Letters Vol. 14| No.2|373-383|Feb-April|2024 

 

383 
 

LXXXVI Veisi H, Ghorbani-Vaghei R, Ozturk T. Chin. J. Chem. 2010, 28, 2249. 

LXXXVII Maleki B, Salehabadi H, Khodaverdian M. Acta Chim. Solv. 2010, 57, 741. 

LXXXVIII Chakraborti A.K, Rudrawar S, Jadhav K.B, Kaur G, Chankeshwara S.V. Green 

Chem. 2007, 9, 1335. 

LXXXIX Riadi Y, Mamouni R, Azzelaou R, El Haddad, M, Routier S, Guillaumet G, 

Lazar, S. Tetrahedron Lett. 2011, 52, 3492. 

XC Khan K.M, Rahim F, Halim S.A, Taha M, Khan M, Perveen S, Haq Z, Mesaik 

M.A, Choudhary M.I. Bioorg. Med. Chem. 2011, 19, 4286. 

XCI Sadjadi S, Sepehrian H. Ultrason. Sonochem. 2011, 18, 480. 

XCII Maleki B, Azarifar, D, Hojati S.F, Gholizadeh M, Veisi H, Salehabadi H. 

J. Heterocycl. Chem. 2011, 48, 449. 

XCIII Rostami A, Yari A. J. Iran. Chem. Soc. 2012, 11, 59. 

XCIV Kamal U. S, Ramadan A. M, Afaf Mohamed A. H, Mohamed H. E.; Molecules, 

2012, 17, 6011. 

XCV (a) Fortenberry C, Nammalwar B, Bunce R.A. Org. Preparations and Proce. 

International, 2013, 45, 57. 

(b) Maleki B, Salehabadi H. Eur. J. Chem., 2010, 1, 377. 

XCVI Patil D.R, Salunkhe S.  Der Pharma Chemica, 2011, 3, 189. 

XCVII Chen G.F, Jia H.M, Zhang L.Y, Chen B.H, Ultrason. Sonochem. 2013, 20, 627. 

XCVIII Gorepatil P.B, Mane Y.D, Ingle V.S.  Synlet , 2013, 24, 2241. 

XCIX Gorepatil P.B, Mane Y.D, Gorepatil A.B, Gaikwad M.V, Ingle V.S. Res Chem 

Intermed, 2014, 41, 8355. 

C (a)Gill C.H, Nikam M.D, Mahajan P.S, Chate A.V, Dabhade S.K, Badadhe P.V.  

Res Chem Intermed. 2015, 41, 7509. 

(b)Naeimi H, Heidarnezhad A. J. Sulpher Chem. 2014, 35, 493. 

 

          Received on January 20, 2024. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


