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encourages the cultivation of these species under suitable
conditions.
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The substituted 2-acetyl benzofurans on bromination gave substituted 2-(2-bromoacetyl) benzofurans 2a-f. These 
on reaction with thiourea, urea, thiosemicarbazide and semicarbazide in presence of sodium acetate under microwave 
irradiation resulted 3a-f, 4a-f, 5a-f and 6a-f respectively. The structures of newly synthesised compounds have 
been established by elemental analysis, spectral data and screened for antimicrobial, anthelmintic, antiinflammatory 
and analgesic activities. 

Benzo[b]furan derivatives are an important class of pharmaceuticals4-10 and cosmetics11,12. Benzo[b]furans are 
organic compounds, which are known to be present in building blocks of optical brighteners13. Many of the 
many natural products1 and posses physiological activity. natural benzo[b]furans have physiological, 
They find applications in agrochemicals2,3, pharmacological and toxic properties and as a result, 

there is continuing interest in their chemical synthesis14-15. 
*For correspondence Cyclisation reactions of various types have been used to 
E-mail: mady_kmm@yahoo.co.uk produce substituted benzo[b]furans16,17. 
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Nitrogen and sulphur containing heterocycles are 
compounds of biological interest and the development of 

Th
is 

PDF 
is 

av
ail

ab
le 

for
 fre

e d
ow

nlo
ad

 fro
m

a s
ite

 ho
ste

d b
y M

ed
kn

ow
 P

ub
lic

ati
on

s

.m
ed

kn
ow

.co
m). 

thiadiazine ring, a broad singlet at δ 6.35 ppm integrating 
for two protons due to -NH
exchangeable), a multiplet appeared at δ 7.30 to 7.90 ppm 
for five aromatic protons and another singlet at δ 10.20 
ppm corresponds to one proton of -NH in the newly 
formed six-membered ring. The appearance of the 
molecular ion peak at m/z 231 (M+) confirms the structure 
of 5a. Similarly the spectral details of the remaining 
compounds were given in Table 1. 

amino thiazoles by replacing a-halogeno ketones with 
ketones and halogen. Despite this modification the method 
still remains cumbersome (24-25 h reflux). But the 
synthesis of these heterocycles in presence of sodium 
acetate under microwave irradiation has not been 
reported. The advantage of this method of synthesis is 
that the reduction in the time of reaction, which otherwise 
take a long time by conventional water-bath reflux. 

Keeping in view on the modification of the side chains in 
benzo[b]furans, to obtain new series of derivatives having 
a new ring at 2-position of benzo[b]furans. We report for 
the first time a facile microwave assisted solid phase one 
pot synthesis of title compounds. 

In our approach to synthesize the title compounds as 
shown in the Scheme-1, we have started with 2
acetylbenzofuran derivatives 1a-f and which were 
prepared by the reported procedure22. The bromination 
of 1a-f in glacial acetic acid gave 2a-f. Reactions of 2a-f 
with thiourea and urea in presence of sodium acetate 
produced thiazoles 3a-f and oxazoles 4a-f 
respectively18,19. The formation of the five-membered ring 
was confirmed by spectral studies, the absence of 
carbonyl stretching frequency in the IR spectrum of 3a, a 

Scheme 1: Synthetic approach for the title compounds 
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new synthetic approach is a challenge for organic 
chemists. In the present paper, we report on the 
modification of the side chain in benzo[b]furans to 
synthesise a new series of derivatives having a new ring 
at the 2-position. 

Thiazoles and oxazoles are generally synthesized by 
Hantzsch synthesis from a-halogeno ketones and thiourea 
and thioamides18,19 and other workers20,21 synthesized 

protons (D O
2 2

broad singlet at δ 6.30 ppm corresponding to -NH
2 

protons (D
2
O exchangeable), a multiplet appeared at δ 

7.30 to 7.90 ppm for six aromatic protons and the 
molecular ion peak at m/z 216 (M+) in its mass spectra 
confirms the structure assigned to 3a. 

Similarly the compounds 2a-f were made to react with 
thiosemicarbazide and semi carbazide in presence of 
sodium acetate, which afforded thiadiazines 5a-f and 
oxadiazines 6a-f ring systems respectively. Formation of 
the six-membered ring system was confirmed by spectral 
studies. IR spectra of compounds 5a-f and 6a-f exhibit no 
peaks corresponding carbonyl-stretching frequency. In 
the 1H NMR spectrum of 5a a singlet at δ 5.50 ppm 
integrated for one proton at the 6 position of the 

The starting reagents were taken in the solid state and 
were ground to a fine powder. Melting points were 
determined in open capillary tubes and are uncorrected. 
IR spectra were recorded on a Perkin-Elmer 297 
Spectrophotometer using KBr. 1H NMR spectra were 
recorded on a Bruker supercon FT NMR (300 MHz) 
instrument using TMS as internal standard. Chemical shifts 
are expressed in δ ppm. Purity of the compounds was 
checked by TLC on silica gel G as an adsorbent. Mass 
spectra were recorded on a Jeol JMS-D 300 Mass 
spectrometer operating at 70 eV. The reactions were 
carried out in a Whirlpool domestic microwave oven 
(operating between 80-800W, Model No.M-542). The 
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TABLE 1: CHARACTERIZATION DATA OF COMPOUNDS 3a-f, 4a-f, 5a-f, 6a-f, 8a,b AND 9a,b 

Compd R R
1 

Mol. formula Yield % M.P °C %H %C %N 

Found Calcd 

3a H H C H N SO 65 214 3.70 61.11 12.51 12.96 
11 8 2


3b NO H C H N SO 68 254 3.19 60.27 14.32 14.61 
2 11 7 3 3


3c NO CH C H N SO 67 267 3.27 52.36 15.00 15.27 
2 3 12 9 3 3


3d Br H C H N SOBr 64 249 2.37 44.74 9.10 9.49 
11 7 2


3e H CH C H N SO 66 235 4.34 62.60 12.25 12.17 
3 12 10 2


3f Br CH C H N SOBr 69 261 3.22 46.45 9.15 9.03 
3 12 10 2


4a H H C H N O 72 216 4.00 66.00 13.65 14.00 
11 8 2 2


4b NO H C H N O 68 245 2.85 53.87 16.75 17.14 
2 11 7 3 4


4c NO CH C H N O 67 257 3.47 55.59 16.10 16.21 
2 3 12 9 3 4


Br H C H N O Br 64 265 2.50 47.30 
11 7 2 2


H CH C H N O 68 243 4.67 67.28 
3 12 10 2 2


Br CH C H N O Br 70 272 3.07 49.14 
3 12 9 2 2


H H C H N SO 69 207 3.89 57.14 
11 9 3


NO H C H N SO 66 248 2.96 48.88 
2 11 8 4 3


NO CH C H N SO 68 278 3.44 49.65 
2 3 12 10 4 3


Br H C H N SOBr 65 250 2.58 42.58 
11 8 3


H CH C H N SO 67 213 4.48 58.77 
3 12 11 3


Br CH C H N SOBr 67 258 3.08 44.44 
3 12 10 3


H H C H N O 66 210 4.18 61.39 
12 9 3 2


NO H C H N O 63 235 3.07 50.76 
2 11 8 4 4


NO CH C H N O 62 246 3.64 52.55 
2 3 12 10 4 4


Br H C H N O Br 66 260 2.72 44.89 
11 8 3 2


H CH C H N O 65 218 4.80 62.88 
3 12 11 3 2


Br CH C H N O Br 68 254 3.24 46.75 
3 12 10 3 2


- C H N SO 66 276 3.75 67.66 
15 10 2


- C H N O 69 268 4.00 72.00 
15 10 2 2


- C H N SO 68 293 3.91 64.05 
15 11 3


- C H N O 65 281 4.15 67.92 
15 11 3 2


All compounds gave satisfactory C and H analysis 

reactions were carried out at power - 2, which In presence of anhydrous sodium acetate 2a was ground 
correspond to 160W. All the animal experiments with in a mortar with urea, semicarbazide and thio 
Wistar rats and Swiss mice were carried out at National semicarbazide separately and irradiated to microwave 
College of Pharmacy, Shimoga and permission conducting radiations to produce 4a, 5a and 6a, respectively. Similarly 
these experiments was obtained from Institutional Animals in presence anhydrous sodium acetate, 7 was ground in a 
Ethics Committee (CPCSEA Regd. No.144). mortar with thiourea, urea, thiosemicarbazide and 

semicarbazide separately and on exposure to microwave 
Synthesis of 4-(1-benzofuran-2yl)-1,3-thiazol-2-amine (3a) radiation produces 8a, 8b, 9a and 9b, respectively. The 

4d 10.10 10.03 

4e 12.80 13.08 

4f 9.40 9.55 

5a 18.10 18.18 

5b 20.35 20.74 

5c 19.15 19.31 

5d 13.30 13.54 

5e 17.10 17.14 

5f 12.75 12.96 

6a 19.40 19.53 

6b 21.25 21.53 

6c 20.10 20.43 

6d 14.10 14.28 

6e 18.25 18.34 

6f 13.50 13.63 

8a  10.30 10.52-

8b 16.45 16.80-

9a  14.80 14.94-

9b 15.65 15.84-

was achieved by grinding thoroughly to a fine powder a 
mixture containing 2a (2.39 g, 0.01 mol), thiourea (0.76 g, 
0.01 mol) and excess of anhydrous sodium acetate (2 g). 
The mixture was transferred into a 100 ml beaker 
covered with a watch glass. The beaker was exposed to 
microwave radiation for a period of eight min at an 
interval of 30 s to avoid the charring of the mixture. 
After the completion of the reaction, the mixture was 
extracted with chloroform and dried over anhydrous 
sodium sulphate. The solvent was evaporated and the 
compound obtained was purified by column 
chromatography using petroleum ether and ethyl acetate 
(1:9). The compounds 3b-f were synthesised following the 
above procedure by reacting 2b-f with thiourea. 

physical and elemental analysis data of the newly 
synthesised compounds are given in Table 2. 

The in vitro antimicrobial activity was carried out against 
24h cultures of two bacteria and one fungus. The 
bacteria used were Staphylococcus aureus and Klebsiella 
pneumoniae and the fungus used was Aspergillus niger. 
Pure culture of the test microorganisms was procured 
from the culture maintained at Biotechnology Department, 
Kuvempu University, Shimoga. The antimicrobial activity 
was performed by cup-plate method23. Nutrient agar and 
potato dextrose agars were used to culture the bacteria 
and fungus respectively. The compounds were tested at a 
concentration of 0.005 mol/ml in DMF solution. The 
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TABLE 2: SPECTRAL DATA OF COMPOUNDS 

Compd. IR (KBr) (ννννν
max

 in cm-1) PMR (δδδδδ ppm) (DMSO-d
6
) Mass m/z (M+) 

3a 3250-3365 (-NH
2
), 7.30-7.90 (m, 6H, Ar-H), 216 

1595-1609 (C=C, C=N), 6.30 (s, 2H, -NH
2
) 

1110-1122 (C-O-C), 

650-662 (C-S) 

4a 3249-3364 (-NH
2
), 7.00-7.70 (m, 6H, Ar-H), 200 

1595-1609 (C=C, C=N), 6.31 (s, 2H, -NH
2
) 

1110-1122 (C-O-C) 

5a 3408 (-NH), 10.20 (s, 1H, -NH), 231 

3253-3364 (-NH
2
), 7.30-7.90 (m, 5H, Ar-H), 

1595-1609 (C=C, C=N), 6.35 (s, 2H, -NH
2
), 

1103-1122 (C-O-C) 5.50 (s, 1H, C
6
-H) 

6a 3407 (-NH), 10.35 (s, 1H, -NH), 215 

3253-3367 (-NH
2
), 7.00-7.70 (m, 5H, Ar-H), 

1594-1605 (C=C, C=N), 6.34 (s, 2H, NH
2
), 

1108-1120 (C-O-C) 5.60 (s, 1H, C
6
-H) 

8a 3255-3368 (-NH
2
), 2667.20-8.30 (m, 8H, Ar-H), 

1597-1610 (C=C, C=N), 6.30 (s, 2H, -NH
2
) 

1108-1120 (C-O-C), 

650-662 (C-S) 

9a 3400 (-NH), 10.30 (1H, -NH), 281 

3253-3365 (-NH
2
), 7.20-8.40 (m, 7H, Ar-H), 

1597-1612 (C=C, C=N), 6.38 (s, 2H, -NH
2
), 

1110-1122 (C-O-C), 5.60 (s, 1H, C
6
-H) 

650-662 (C-S) 

solution of streptomycin (2 mg/ml) and griseofulvin (2 mg/
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ml) were prepared in sterilized water and used as 0.1% Tween-80 solution in saline. Petridishes of nearly 
standards for comparison of antibacterial and antifungal equal size were taken and two worms were placed in 
activities respectively. Inhibition was recorded by each petridish. Normal saline (20 ml), Tween-80 solution 
measuring the diameter of the inhibition zone at the end and mebendazole suspension were poured in to separate 
of the 24h for bacteria and fungus. Each experiment was petridishes as a control, blank and standard respectively. 
repeated thrice and the average of the three The suspension of the test compounds (20 ml) was taken 
independent determinations was recorded. The results are in different petridishes and time was noted as zero time. 
summarized in the Table 3. Time for paralysis (loss of movement) and time taken for 

deaths were recorded (Table 3). 
The results revealed that compounds 2b, 3b, 3f, 4b, 4f 
and 6d were as active as standard and 5e, 5f, and 6f(w

ww
Analgesic activity was determined by using a method24 

show high activity against A. niger. The compounds 2a, based on acetic acid induced writhings in mice. Swiss 
3c, 5f and 6b were found to be highly active and other mice of either sex were procured from Virus Diagnostic 
compounds were moderately active against K. Laboratory, Shimoga and maintained at National College 
pneumoniae in comparison with streptomycin and 
griseofulvin, which were used as standard drugs. 

Anthelmintic activity was evaluated on earthworms 
(Pheritima posthuma, Order-Annelida, Class-oligochaeta) 
by following the reported method24. The worms were 
collected from a local supplier at Shimoga at the time of 
carrying out anthelmintic activity. The worms were sorted 
for uniform length and size. They were washed with 
normal saline to remove the adhering material and were 
kept in 6% dextrose solution for 15 min and those with 
normal mobility were used for the test. The compounds 
were tested at a dose of 0.005 mol/ml suspension in 0.1% 
Tween-80 solution in saline. Mebendazole was used as 

of Pharmacy and were fed with standard diet and water 
ad libitum. Nine groups of six mice each (22-35 g) were 
selected and 0.6% acetic acid (dose 10 ml/kg) was 
injected intraperitoneally. The number of writhes was 
counted for 20 min, after five min of injection of acetic 
acid in each mice. This reading was taken as control. 
Next day the same groups of mice were used for 
evaluating analgesic activity. Each group was 
administered orally with the suspension of test 
compound in 0.1% Tween-80 solution at the dose of 100 
-mg/kg body weight of the animal 1 h before injection 
of acetic acid. After five minutes, the mice were 
observed for the number of writhes for the duration of 
20 min. The mean value for each group was calculated 
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TABLE 3: ANTIMICROBIAL AND ANTHELMINTIC ACTIVITIES OF 3a-f, 4a-f, 5a-f, 6a-f, 7a-f, 8a, b AND 9a, b 

Comp Zone of inhibition in (mm*) Anthelmintic activity 

S. aureus K. pneumoniae A. niger Time in (min) 

Paralysis (t) Death (t) 

3a 2.9 35 26 123 

3b 7 23 28 105 95 

3c 6.5 29 23 90 115 

3d - 26 21 80 120 

3e 12 15 27 - 

3f 8 21 18 80 120 

4a 10.5 18 17 90 120 

4b 8.9 18 26 100 

4c 5.2 17 15 - 130 

21	 100 

-	 - 10 90 

15 20 28	 

13	 24 18 110 

-	 17 25 

-	 19 18 100 

12	 16 24 100 

14 17 35	 

6 24 54 90 

4.2 13 23 100 

14 42 26 130 

- 25 15 160 

15 18 27	 

17	 19 32 120 

12	 14 17 60 

13	 12 15 20 

15 14 12	 

12	 13 14 90 

16	 15 13 120 

24 25 -	 

- - 23 

- - - 90 

*Including diameter of the well, Control (DMF), (-) - No activity 

TABLE 4: ANALGESIC ACTIVITY OF SOME SELECTED	 rest of the compounds showed less activity than the 
standard drug. 

Dose Mean no. of writhing % 

(mg/kg) Control Treatment Protection ACKNOWLEDGMENTS 
100 47.0±2.50 11.8±1.27 74.9 

100 31.5±2.08 15.5±2.28* 50.8 
The authors are thankful to Professor and Chairman,100 33.2±1.87 14.5±1.54* 56.3 

100 36.5±1.41 16.5±0.11 54.8 Department of Chemistry, Kuvempu University for 
100 34.8±1.51 16.8±2.64* 51.7 providing laboratory facilities and are also thankful to 

4d 120 

4e 140 

4f -

5a 125 

5b 95 

5c 130 

5d 120 

5e 110 

5f 130 

6a 120 

6b 165 

6c 180 

6d -

6e 150 

6f 90 

8a 90 

8b -

9a 120 

9b 90 

Streptomycin -

Griseofulvin -

Mebendazole 90 

COMPOUNDS 

Compd. 

Standard 

3b 

4c 

5f 

6b 

6d 100 30.8±2.76 12.3±1.58 60.0 

Values are expressed as mean ± SEM, Number of animals in each group is 

06: *P<0.5, % of protection = (Nc-Nt/Nc) ×100, Nc = Number of writhing in 

control, Nt = Number of Writhing in test compounds 

and compared with the control. Acetyl salicylic acid was 
used as standard for comparison of analgesic activity and 
the results are recorded in Table 4. 

Investigation of analgesic activity reveals that the 
compound 4c, 5f, 6d were found to be highly active and 
3b, 6b were moderately active and remaining were less 
active than the standard drug. When anthelmintic activity 
was carried out on Pheritima posthuma, the compounds 
8a and 9b showed almost equipotent activity; whereas the 

Principal National College of Pharmacy, Shimoga, 
Chairman, Department of Bio-technology, Kuvempu 
University and Director, Virus diagnostic laboratory, 
Shimoga for providing animals for the experiments. 
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The landscape of ophthalmic drug delivery is highly
competitive and rapidly evolving. New classes of
pharmaceuticals and biologics are fuelling the demand for
novel drug delivery systems. Ophthalmic drug delivery is

The poor bioavailability and therapeutic response exhibited by conventional ophthalmic solutions due to rapid
precorneal elimination of drug may be overcome by the use of in situ gel-forming systems that are instilled as drops
into the eye and undergo a sol-gel transition in the cul-de-sac. The present work describes the formulation and
evaluation of an ophthalmic delivery system of an antibacterial agent, gatifloxacin, based on the concept of ion-
activated systems. Sodium alginate was used as the gelling agent in combination with hydroxy propyl methyl
cellulose (Methocel E50LV), which acted as a viscosity enhancing agent. The developed formulations were
therapeutically efficacious, stable, non-irritant and provided sustained release of the drug over an eight hour
period. The developed system is thus a viable alternative to conventional eye drops.

*For correspondence
E-mail: rcdoijad1@rediffmail.com

Sustained Ophthalmic Delivery of Gatifloxacin fromSustained Ophthalmic Delivery of Gatifloxacin fromSustained Ophthalmic Delivery of Gatifloxacin fromSustained Ophthalmic Delivery of Gatifloxacin fromSustained Ophthalmic Delivery of Gatifloxacin from
In SituIn SituIn SituIn SituIn Situ Gelling System Gelling System Gelling System Gelling System Gelling System

R. C. DOIJAD*, F. V. MANVI, V. S. N. MALLESWARA RAO AND PRAJAKTA ALASE
Department of Pharmaceutics, K.L.E.S’s College of Pharmacy, J. N. M. C. Campus, Nehru Nagar, Belgaum - 590 010,
India

one of the most interesting and challenging endeavors.
The anatomy, physiology and biochemistry of the eye
render this organ exquisitely impervious to foreign
substances. The challenge to the formulator is to
circumvent the protective barriers of the eye without
causing permanent tissue damage. It is a common
knowledge that, the ocular bioavailability of drugs applied
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