Synthesis and biological evaluation of some novel furan derivatives
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Abstract: The present work involved cyclization of Schiff bases to azetidine-2-one and thiazolidine 4-one derivatives.
The schiff bases (Illa-j) were obtained upon reaction between electrophillic carbon atom of furfuraldehyde and
nucleophillic nitrogen atom of amines. Azetidine-2-one derivatives (IVa-j) were obtained by reaction between imines
and monochloro acetyl chloride in the presence of triethyl amine and 1, 4 dioxan. On the other hand, preparations of
thiazolidine-4-ones (Va-j) were preceded by nucleophilic attack of sulphur of thioglycolic acid on imine carbon followed
by intramolecular cyclization in the presence of SnCl,. The structures of the compounds were confirmed by spectral and
elemental analysis. The biological evaluation of the compounds like anti-microbial, antioxidant, analgesic, CNS
depressant and anti-diabetic activity were determined. From the pharmacological investigation it was found that out of
all the compounds IVa, IVb, IVe, IVf, IVh,Va, Vb, Ve, Vf, Vh had shown more potent activity.

Keywords: Azetidine-2-One, thiazolidine-4-one, anti-microbial, analgesic, anti diabetic.

INTRODUCTION

The five membered aromatic heterocyclic compounds
were considered as important chemical entities due to
various biochemical process (Dalvre et al., 2002). Furan
was considered as common structural motifs available in
many natural products (Keay B.A. et al, 1996).
Its derivatives obtained from synthetic and natural
resources have wide range of pharmaceutical
interest because  of biological activities. The furan
derivatives showed interesting biological activity such as
nematocidal (Bakker et al., 1979), insecticidal (lyongar et
al., 1987), antibacterial (Matsura et al., 1996), anti-fungal
(Chan.et al., 1975), antiviral (Hudson et al., 1989),
antioxidant (Malm Strom et al., 2001), anti inflammatory
(Beers et al., 1997 and Zemi et al, 2001) and anti-
nociceptive (Lopez et al., 2002 and Meotti ef al., 2003).

Among the metabolic abnormalities, the diabetes
may be due to disturbance in production of glucose at
hepatic level and clearance of plasma lipoprotein (Fajan et
al, 1997 and Goldberg et al., 2001). Acute infections
were also considered as a major factor for diabetes in
controlling blood sugar level due to ketoacidosis, which
cause more susceptible and resistance to infection for
diabetic patient. Antioxidant system involved in bacterial
activity was also impaired (Nirmal Joshi er al., 1999).
Depression may also be responsible for diabetes
complication. From the antidepressant therapy it was
observed that improvements in glycemic control could be
corrected with improvement in depressive symptoms
(Mazze et al., 1984 and Testa M.A., 1998). Even after
controlling depressive symptom and general health status
chronic pain was one of the major limiting factors. It
affects the performance of self-care behavior, important
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for minimizing diabetes related complication (Bair ef al.,
2003). Based on the above fact,the present work
involves the synthesis of some new furan derivatives by
cyclization of unsymmetrical imines, in the presence of
chloro acetyl chloride and thioglycollic acid, with anti-
diabetic, anti-microbial, analgesic, antidepressant and
antioxidant activities to overcome associated disorders.

MATERIALS AND METHOD

All the chemicals used for the synthesis were reagent
grade obtained from Sigma Aldrich and Merck
Laboratory. The solvents were purified by standard
laboratory procedure and free from atmospheric oxygen.
The melting points were determined by open capillary
method. The IR spectra were recorded by KBr pellet
method on a Shimadzu 8201 PC FTIR spectrophotometer.
Both 'H and*C NMR were recorded in CDCl; and
DMSO-ds using JEOL and Bruker 500 MHz-NMR
spectrophotometers using TMS as internal reference
standard. The masses of the compound were analyzed by
ESI  method wusing Thermo  Fennigan mass
spectrophotometer. Elemental analysis was recorded
using Thermo Finnigan FLASH EA 1112 CHN analyzer.
TLC was performed in precoated plastic sheet of silica gel
g/UV-254 of 0.2mm thickness. The Schiff bases (Illa-j) of
furan were prepared as per literature procedure (Li Y et
al., 2003 and Akio Baba et al., 1999).

Synthesis of 4-(furan-2-yl)-1-phenylazetidin-2-ones
(IVa-j)

The imines (IIla-j, 10 mmol) were placed in 100mL round
bottom flask followed by addition of 1,4- dioxan (20mL)
and triethyl amine as base catalyst (0.5mL) and stirred
for 1 hour under nitrogen atmosphere. The resulting
solutions were cooled at 0-5°C. During addition of chloro
acetyl chloride, the internal temperature was strictly
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maintained below 8°C. After thatthe mixture was
boiled for 8 hours, cooled to room  temperature  and
kept overnight. The mixture was neutralized with 5%
sodium bicarbonate solution after addition of ice. The
compounds were washed with cold water and 50% ethyl
acetate in petroleum ether and dried. The purification of
compounds was performed using benzene and chloroform
as mobile phase in column chromatographic technique.

Synthesis of 4-(furan-2-yl)-1-phenylthaizolidine-4-one
(Va-j)

The substituted imines (IITa-j, 0.02 mol) were dissolved in
toluene (20mL) and SnCl, (0.05 mmol) was added as
catalyst. After  addition of  thioglycolic acid
(0.03 mol), reaction mixtures were stirred for an hour at
room temperature. The mixtures were then refluxed in
water bath for 12 hoursand cooled again to room
temperature. Compounds were dissolved in dichloro-
methane. The organic layer was washed with 10% sodium
bicarbonate finally with brine solutions, dried over
sodium sulphate and evaporated to dryness. Purification
of the compounds were done with petroleum ether and
chloroform (2:8v/v) by chromatographic technique.

Biological Activity

Test microorganism and Medium

For the determination of anti-microbial activity bacteria
Staphylococcus aureus ATCC12600, Bacillus subtilis
ATCC 11775, Enterobacter cloacae ATCC13047 and the
fungi Candida albicans ATCC 90028, Aspergillus niger
ATCC1027 were used. Bacterial strains were cultured
overnight at 37°C in LB-agar broth and fungal strains
were cultured over night at 30°C in cornmeal agar media.
Test strains were suspended in nutrient agar to give final
density of 5X10° cfu/mL.

Screening for anti-microbial activity (Zone of inhibition

assay)

Anti-microbial activities of the compounds were
determined by disc diffusion method (4rslan et al., 2006).
Sterilized 10% nutrient agar (20mL) was poured into each
sterile petri dish after mixing the culture of micro-
organism at the concentration of 150uL and allowed to
solidify the plate. Test compounds were dissolved in
dimethyl sulphoxide to make a stock solution of
1000pg/mL and the concentration of 100,150,200pg/mL
of amoxycillin, streptomycin, nystatin and test
compounds respectively. Wattmann filter paper was
sterilized and dipped in test compounds, standards and
solvent control respectively. Discs were placed on agar
plates and incubated at 37°C for 24hrs for bacterial and
30°C for 24 hrs for fungi and the zone of inhibition was
determined in millimeter.

Antioxidant activity

The in vitro antioxidant activity was determined by 1, 1-
diphenyl-2-picrylhydrazyl radical method which has been
widely used to evaluate the free radical scavenging

capacity of different antioxidants (Brand Williams W et
al., 1995; Espin JC et al., 2000; Yu L et al,, 2001 and
Sadhu SK et al., 2003).

Animals

Albino mice of either sex, weighing about 25-30g were
used for analgesic and CNS depressant activity where as
healthy Wister rat of either sex weighing between 180-
200 g were used for anti diabetic activity. Animals were
maintained under standard environmental condition at
temperature of 22+2°C and 45-50% relative humidity for
24 hrs each of dark and light cycle with proper diet. All
the studies were done according to protocol approved by
Institutional Animal Ethical Committee (IAEC) of Bansal
College of Pharmacy (Reg.no-1252/ac/10/CPCSEA, Ref.
no-BCP/IAEC/12/02).

Acute toxicity study

The acute oral toxicity study was performed according to
OECD guideline no 423 (OECD, 2000) for both albino
mice and Wister rats. The doses were fixed 2mg/kg (p.o)
to 100mg/kg (p.o) for both mice and rats contain 5 in each
group. The mortality and general were under observation
for 14 days. The test compounds were nontoxic in the
dose of 5-10 mg/kg body weight.

CNS depressant activity (Actophotometer)

The locomotor activity considered as index of wake
fullness of mental activity. It could be determined by
using actophotometer. The activity was performed on
albino mice weighing between 25-30g. There were 12
groups of animals (6 in each group). Group 1 was treated
with vehicle alone normal saline. Group-2 was treated
with chlorpromazine 3mg/kg body weight. Group-3-12
was treated with test compounds. The basal activity score
of all animals were recorded before and after
administration of drug at 30 min and 60 min time interval.

Analgesic activity (Tail immersion Test)

Young albino mice of either sex 25-30g were used for
study. This study used for morphine like compounds. The
animals were consisted of 12 groups 6 in each group.
Group-1 was considered as control, group-2 was used for
standard morphine sulphate 5mg/kg and group-3 to 12
was used for test compounds. The animals were allowed
to adopt the environment before study. The tails were
marked 5 cm above and immersed in hot water of exactly
55°C. The tail withdrawal time was noted down before
and after administration of drug in seconds. The cut of
time is 10sec and 1-5sec for treated and untreated animals
respectively. If tail withdrawal time was more than 6 sec,
indicates positive response.

Oral Glucose Tolerance Test on Rat (OGTT)

12 groups of animals were administered normal saline at
the dose of 5mg/kg for test compounds followed by
administration of glucose solution in the dose of 2g/kg
after 30min of administration of drug. Blood sample was
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withdrawn from dorsal vein at interval of 60, 120 and 180
mins. Blood glucose level was estimated using blood
glucose test strip with elegance glucometer (Frankenbeng
Germany) & GOD-POD kit (Acuurex,India) (Kadnur SV,
2005)

Evalution of anti-diabetic activity

Induction of diabetes

Streptazocine (STZ) was used in the dose of 60 mg/kg to
induce insulin dependent diabetes (Patel et al., 2006).
STZ was injected into rats intraperitoneally. After 48hrs
of administration of STZ, the blood was collected by
dorsal vein for determination of blood glucose level. The
rat with fasting glucose level in range of 275-300
mg/100mL were considered as diabetic and considered
for study.

Experimental protocol and dose schedule

The total periods for conductance of study were 21 days.
The rats were divided into 13 groups consist of 6 animals
in each group.

Group-1: Normal rats treated with vehicle alone saline 10
mL/kg p.o.

Group- 2: Diabetic control treated with STZ (60 mg/kg)
dissolved in citrate buffer.

Group-3: Diabetic rat treated with Rosiglitazone 10
mg/kg (Ranbaxy,India).

Group-4 to 13: Diabetic rat treated with test compounds at
10mg/kg body weight

On 1,7,14 and 21 days of study after 2 hours of oral
administration of drugs blood glucose levels and body wt.
were measured, Blood samples were withdrawn through
dorsal vein. On 21 days whole blood was collected by
cardiac puncture. Blood sample were centrifuged at 3000
rpm for 10 mins to obtained serum. Blood glucose levels
were estimated by GOD-POD kit (Accurex. India). All
biochemical parameters were determined. Total
cholesterol (Rafin, 1999), triglyceride by Hantzsch
condensation method (Mac Donal RP, 1953), Serum urea
and creatinine by method of Thomas (Thomas L, 1998),
total protein (Tietz NW, 1986), HDL cholesterol
(Burstein M., 1970) were measured.

STATISTICAL ANALYSIS

The results were shown as Mean + SEM and comparison
between standard and test compounds were made by one
way ANOVA followed by Dunnetts test. Values of
p<0.001 were considered as significant.

RESULTS

Physical and Spectral data
4-Chloro-N-(Furan-2-ylmethylene)benzimine (111a)
Yield: 76%. Melting Point: 126-128°C. IR (KBr, v,,/cm’
": 1709 (C=N), 742 (C-Cl). 'H-NMR (CDCl, 500
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MHz, é/ppm): 7.50 (s, 1H,-N=CH- of imine); 7.40-7.38
(d, 1H, J=10Hz, Ar-H of furan); 7.30-7.29 (d, 2H, J=5 Hz,
Ar-H of furan); 7.30-7.27(d, 2H, J=15Hz, Ar-H of phenyl
ring); 7.20-7.18 (d, 2H, J=10Hz, Ar-H of phenyl ring).
BC-NMR (CDCl;, 500 MHz, 8/ppm): 149.1; 147.1; 146.5;
143.9; 132.8; 123.7; 123.7; 109.9; 109.5; 103.2; 103.2.
MS (m/z): 205.03 (100%); 207.03 (32%); 206.03
(12.3%).

4-bromo-N-(Furan-2-ylmethylene)benzimine (111b)
Yield: 75%. Melting Point: 138-140°C. IR (KBT, pa/cm’
": 1671(C=N); 598 (C-Br). 'H-NMR (CDCls, 500
MHz, é/ppm): 7.47(s, 1H,-N=CH- of imine); 7.40-7.35 (d,
1H, J=20Hz, Ar-H of furan); 7.28-7.26 (d, 2H, J=10 Hz,
Ar-H of furan); 7.26-7.24 (d, 2H, J=10Hz, Ar-H of phenyl
ring); 7.17-7.13 (d, 2H, J=20Hz, Ar-H of phenyl ring).
BC.NMR (CDCls, 500 MHz, d/ppm): 149.1; 147.9;
146.8; 143.5; 132.7; 123.6; 123.7; 109.1; 109; 103.8;
103.4. MS (m/z): 248.98 (100%); 250.98(32%); 249.98
(12.3%).

4-Chloro-3-nitro-N-(Furan-2-ylmethylene)benzimine
(11d)

Yield: 73%. Melting Point: 141-143°C. IR (KBr, Upay/cm’
: 1650(C=N); 1508 (C-NO,); 791(C-Cl). 'H-NMR
(CDCl;, 500 MHz, é/ppm): 8.1(s, 1H, of phenyl ring);
7.6-7.58(d, 1H, J=10Hz, Ar-H, of phenyl ring); 7.48
(s,1H,-N=CH- of imine); 7.31-7.28 (d, 1H, J=15Hz, Ar-H
of furan); 6.30-6.28 (d, 2H, J=10Hz, Ar-H of furan). *C-
NMR (CDCl;, 500 MHz, é/ppm): 150.1; 149.1; 148;
146.5; 143.9; 131.8; 129.7, 127.7; 118.5; 109.9;
108.2. MS (m/z): 250.01 (100%); 252.01 (32.1%); 251.02
(12.1%).

3,4-Dichloro-N-(Furan-2-ylmethylene)benzamine (I11e)
Yield: 72%. Melting Point: 145-146°C. IR (KBr, v,/cm’
: 1650(C=N); 791(C-Cl). 'H-NMR (CDCl, 500
MHz, é/ppm): 7.52 (s, 1H,-N=CH- of imine); 7.40-7.37
(d, 1H, J=15Hz, Ar-H of phenyl ring); 7.20-7.18 (d, 1H,
J=10 Hz, Ar-H of phenyl ring); 7.10-7.08 (d, 1H, J=10
Hz, Ar-H of furan); 6.30-6.28 (d, 2H, J=10Hz, Ar-H of
furan). “C-NMR (CDCls, 500 MHz, 6/ppm): 149.13;
148.6; 146.3; 143.8; 134.7; 131.8; 131.6; 124; 121.7;
109.9; 109.2. MS (m/z): 238.01(100%); 240.01(62.1%);
239.02(12.1%).

3,4-Diifluoro-N-(Furan-2-ylmethylene)benzamine (I11f)
Yield: 70%; Melting Point: 123-125°C; IR (KBr, Upax/cm’
: 1650(C=N); 1221(C-F). 'H-NMR (CDCl;, 500
MHz, é/ppm): 7.53(s, 1H, -N=CH- of imine); 7.40-7.38(d,
1H, J=10Hz, Ar-H of phenyl ring); 7.00-6.98(d, 1H, J=10
Hz, Ar-H of phenyl ring); 6.94-6.92(d, 1H, J=10 Hz, Ar-
H of furan); 6.32-6.28(d, 2H, J=20Hz, Ar-H of furan).
BC-NMR (CDCl;, 500 MHz, 6/ppm): 150.8; 148.5; 148;
146.5; 143.9; 134.7; 119.5; 118.4; 111.2; 109.9; 109.2;
46. MS (m/z): 207.05 (100%); 208.05(12.1%).
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IIa, Illa, IVa, Va 4-chloro Inf, IIIf, Ivf, v 3,4-difluoro
IIb, IlIb, IVb, Vb 4-bromo llg, lllg, IVg, Vg 2-fluoro-5-nitro

Ilc, IlIc, IVe, Ve 4-nitro ITh, IITh, IVh, Vh

114, IlId, IVd, Vd 3-nitro-4-chloro 1li, I1li, IVi, Vi

IIe, Ille, IVe, Ve  3,4-dichloro 14, 143, 1vj, Vj
Scheme 1

3-chloro-4-fluoro
2-fluoro
3-methyl-4-nitro

Table 1: Elemental analysis of synthesized compounds (IVa-j)

Compound No Molecular Formula | Elemental analysis (Calculated) Elemental analysis (Found)

IVa C3H,0CINO, C-63.04, H-4.07, N-5.66 C-63.02, H-3.17, N-4.66
IVb C13HoBrNO, C-53.45,H-3.45,N-4.79 C-53.15, H-3.05, N-4.29
Ve Ci13H;0N,04 C-60.47, H-3.9, N-10.85 C-60.37, H-3.7, N-10.35
Ivd C13HoCIN,O4 C-53.35, H-3.1,N-9.57 C-53.23, H-2.8, N-9.27

IVe Ci3HoCLNO, C-55.34, H-3.22, N-4.96 C-55.14, H-3.12, N-4.26
IvVf C;:HoFoNO, C-62.65, H-3.64, N-5.62 C-62.15, H-3.24, N-5.32
IVg C13HoFN,0, C-56.53, H-3.28, N-10.14 C-56.23, H-3.18, N-10.04
IVh C3HyCIFNO, C-58.77,H-3.41, N-5.27 C-58.27, H-2.41,N-5.17
Vi C3H1oFNO, C-67.53, H-4.36, N-6.06 C-67.23, H-4.16, N-5.09
1V] C14H1pN,O4 C-61.76, H-4.44, N-10.29 C-60.96, H-4.24, N-10.19
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Table 2: Elemental analysis of synthesized compounds (Va-j)
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Elemental analysis (Calculated)

Elemental analysis (Found)

C-55.82, H-3.6, N-5.01

C-55.72, H-3.3, N-4.39

C-48.16, H-3.11, N-4.32

C-48.06, H-2.91, N-4.22

C-53.79, H-3.47, N-9.65

C-53.59, H-3.27, N-9.75

C-48.08, H-2.79, N-8.63

C-47.78, H-2.48, N-8.43

C-49.7, H-2.89, N-4.46

C-49.5, H-2.19, N-4.26

C-55.51, H-3.23, N-4.98

C-55.49, H-3.13, N-4.78

C-50.65, H-2.94, N-9.09

C-50.25, H-2.74, N-8.09

C-52.44, H-3.05, N-4.7

C-51.04, H-2.95, N-4.67

C-59.5, H-3.83, N-5.32

C-59.2, H-3.33,N-5.12

Compound No Molecular Formula
Va C13H10C1NOZS
Vb C13H1()BI'N025
Ve C13H10N204S
vd C13HoCIN,O4S
Ve C13H9C12NOZS
\%i C3HoF>NO,S
Vg C13H9FN204S
Vh Cy3HoCIFNO,S
Vi C3H(FNO,S
V_] C4sH1,N,0,48

C-55.25,H-3.97, N-9.21

C-54.75,H-3.27, N-9.01

2-Fluoro-4-nitro-N-(Furan-2-ylmethylene)benzamine
(111g)

Yield: 50%. Melting Point: 129-130°C. IR (KB, Vpa/cm’
: 1640(C=N); 1548 (C-NO,); 1201 (C-F). 'H-NMR
(CDCls, 500 MHz, §/ppm): 7.90-7.88 (d, 1H, J=10 Hz,
Ar-H of phenyl ring); 7.80-7.78(d, 1H, J= 10 Hz, Ar-H of
phenyl ring); 7.57 (s, 1H,-N=CH- of imine); 7.42-7.38 (d,
1H, J=20 Hz, Ar-H of furan); 6.36-6.34 (d, 2H, J=10 Hz,
Ar-H of furan). *C-NMR (CDCl;, 500 MHz, 6/ppm):
154.8; 149.1; 148.3; 145.5; 143.8; 142.1; 124.8; 119.5;
118.4; 111.2; 108.9; 107.2. MS (m/z): 234.04(100%);
235.05(12.1%); 236.05 (1.3%).

3-Choloro-4-fluoro-N-(Furan-2-ylmethylene)benzamine
(111h):

Yield: 76%. Melting Point: 133-136°C. IR (KBTI, vja/cm”
": 1644(C=N); 1100 (C-F); 781(C-Cl). 'H-NMR
(CDCls;, 500 MHz, o/ppm): 7.52(s, 1H,-N=CH- of imine);
7.42-7.40(d, 1H, J=10 Hz, Ar-H of phenyl ring), 7.20-
7.18 (s, 1H, J=10 Hz, Ar-H of phenyl ring); 7.10-6.99 (d,
1H, J=5Hz, Ar-H of phenyl ring); 6.80-6.78(d, 1H, J=10
Hz, Ar-H of furan); 6.31-6.28 (d, 2H, J=15Hz, Ar-H of
furan). “C-NMR (CDCls, 500 MHz, d/ppm): 161.3;
149.1; 146.5; 146; 143.9; 124.7; 122.1; 121.6; 118.4;
109.9; 107.2. MS (m/z): 223.02(100%); 225.05(32.1%);
224.02(12.3%).

2-Fluoro-N-(Furan-2-ylmethylene)benzamine (111i)
Yield: 75. Melting Point: 138-140°C. IR (KB, Upa/cm’™):
1655(C=N); 1200 (C-F). 'H-NMR (CDCls, 500
MHz, é/ppm): 7.56(s, 1H,-N=CH- of imine); 7.41-7.38 (d,
2H, J=15 Hz, Ar-H of phenyl ring ); 7.20-7.18(d, 2H,
J=10 Hz, Ar-H of phenyl ring); 7.10-6.99(d, 1H, J=5Hz,
Ar-H of furan); 6.30-6.28 (d, 2H, J=10 Hz, Ar-H of
furan). *C-NMR (CDCl;, 500 MHz, §/ppm): 154.1; 149.
1; 146.5; 143.9; 136; 128.9; 125.7; 123.9; 116.8; 116.8;
109.9; 107.5. MS (m/z): 189.06 (100%); 190.06 (12.3%).

4-Nitro-3-methyl-N-(Furan-2-ylmethylene)benzamine
(1))

Yield: 72 %. Melting Point: 145-146°C. IR (KBTI, vpa/cm’
": 2950(CH;); 1649(C=N); 1540 (C-NO,). 'H-NMR
(CDCls, 500 MHz, 6/ppm): 8.10-7.99 (d, 2H, J=5Hz, Ar-

H of phenyl ring); 7.50(s, 1H,-N=CH- of imine); 7.40-
7.37(d, 1H, J=15 Hz, Ar-H of phenyl ring); 7.30-7.28(d,
1H, J=10 Hz, Ar-H of furan); 6.30-6.28(d, 2H, J=10 Hz,
Ar-H of furan).2.35(s,3H, -CHj). BC-NMR (CDCl;, 500
MHz, é/ppm): 155; 149.1; 147.6; 146.5; 143.9; 137.6;
124.8; 122.3; 120.2; 109.9; 109.1; 15.7.MS (m/z):
230.07(100%); 231.07(32.1%).

1-(4-Chlorophenyl)-4-(furan-2-yl)azetidin-2-one (1Va)
Yield: 69%. Melting Point: 205-206°C. IR (KBr, 0ppay/cm’
": 1690(C=0); 1280(C-N); 1201 (C-C); 783(C-Cl). 'H-
NMR (DMSO-d4, 500 MHz, é/ppm): 7.32-7.30 (d, 2H,
J=10 Hz, Ar-H of phenyl ring); 7.28-7.26(d,
2H,J=10Hz,Ar-H of phenyl ring); 7.04-7.7.02(d, 2H, J=10
Hz, Ar-H of furan); 6.24-6.22(d, 1H,J=10Hz,Ar-H of
furan); 5.08(s,1H,-CH-N- of azetidin-2-one ); 3.49 (s,1H,-
CH,-CO of azetidin-2-one); 3.24(s,1H,-CH,-CO of
azetidin-2-one). *C-NMR (DMSO-d;, 500 MHz, §/ppm):
170.9; 151.1; 141.5; 139.8; 129.9; 129.1; 129.1; 123; 123;
110; 53.8; 45.2. MS (m/2): 247.04(100%), 249.07(32.1%),
248.04 (12.1%).

1-(4-Bromophenyl)-4-(furan-2-yl)azetidin-2-one (1Vb)
Yield: 68%. Melting Point: 218-219°C. IR (KBT, Vpa/cm’
1: 1698(C=0); 1280(C-N); 1210 (C-C); 598(C-Br). 'H-
NMR (DMSO-d,, 500 MHz, 6/ppm): 7.32-7.29(d, 2H,
J=15Hz, Ar-H of phenyl ring); 7.27-7.26(d, 2H,J= 5 Hz,
Ar-H of phenyl ring); 7.14-7.12(d, 2H, J=10 Hz, Ar-H of
furan); 6.22-6.20(d, 1H, J=10Hz,Ar-H of furan); 5.18(s,
1H,-CH-N- of azetidin-2-one); 3.4 (s,1H,-CH2-CO of
azetidin-2-one), 3.24 (s,1H,-CH,-CO of azetidin-2-one).
BC-NMR (DMSO-d;, 500 MHz, 6/ppm): 171.9; 153.1;
141.3; 139.7; 129.3; 129.1; 129.1; 123.5; 123; 110; 53.56;
432. ; MS (m/z): 290.99(100%); 292.99(97.1%); 291.99
(14.1%).

1-(4-Nitrophenyl)-4-(furan-2-yl)azetidin-2-one (1Vc):

Yield: 67%. Melting Point: 202-203°C. IR (KBr, vy, /cm”
": 1694(C=0); 1510 (C-NO,); 1278(C-N); 1201 (C-C).
'H-NMR (DMSO-ds, 500 MHz, 6/ppm): 7.35-7.33(d, 2H,
J=10Hz, Ar-H of phenyl ring); 7.28-7.25(d,
2H,J=15Hz,Ar-H of phenyl ring); 7.04-7.02(d, 2H, J=10
Hz, Ar-H of furan); 6.25-6.22(d, 1H, J=15Hz,Ar-H of
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furan); 5.28(s, 1H,-CH-N- of azetidin-2-one); 3.49 (s,1H,-
CH,-CO- of azetidin-2-one); 3.24(s,1H,-CH,-CO- of
azetidin-2-one). *C-NMR (DMSO-d, 500 MHz, 6/ppm):
170.8; 161.1; 143.5; 137.8; 132.9; 129.8; 129.1; 125; 123;
110; 56.8; 42.2. MS (m/z): 258.06 (100%).

1-(4-Chloro-3-nitrophenyl)-4-(furan-2-yl)azetidin-2-one
(1vd)

Yield: 69%. Melting Point: 209-210°C. IR (KBT, pa/cm’
1:1693(C=0); 1510 (C-NO,); 1280(C-N); 1271(C-C);
783 (C-Cl). 'H-NMR (DMSO-ds, 500 MHz, d/ppm):
7.97(s, 1H,Ar-H of phenyl ring); 7.58-7.56(d, 1H,J=
10Hz,Ar-H of phenyl ring); 7.43-7.7.41 (d, 2H, J=10 Hz,
Ar-H of phenyl ring); 7.22-7.20(d, 1H,J=10Hz,Ar-H of
furan); 6.18-6.16 (d, 2H, J=10Hz, Ar-H of furan); 5.58
(s,JH,-CH-N azetidin-2-one); 3.59 (s,1H,-CH,-CO
azetidin-2-one); 3.34 (s,1H,-CH,-CO azetidin-2-one). *C-
NMR (DMSO-d;, 500 MHz, o/ppm): 171.9; 155.1; 149.8;
141.5; 140.7; 130.8; 129.1; 116.9; 110; 105.12; 57.8;
40.2. MS (m/z): 292.03(100%); 294.02(32%);
293.03(14.3%).

1-(3, 4-Dichloro phenyl)-4-(furan-2-yl)azetidin-2-one
(1Ve)

Yield: 69%. Melting Point: 212-214°C. IR (KBr, Upay/cm’
": 1700(C=0); 1301(C-N); 1261(C-C); 783 (C-CI). 'H-
NMR (DMSO-dy, 500 MHz, é/ppm): 7.38-7.36 (d, 1H,J=
10 Hz,Ar-H of phenyl ring); 7.19-7.16(d, 1H, J=15Hz,Ar-
H of phenyl ring); 7.15(s,1H,Ar-H of phenyl ring); 6.94-
6.92(d, 1H, J=10Hz, Ar-H of furan); 6.54-6.50 (d, 2H,
J=20Hz, Ar-H of furan); 5.15 (s,1H,-CH-N- azetidin-2-
one); 3.59 (s,1H,-CH,-CO azetidin-2-one),3.24(s,1H,-
CH,-CO  azetidin-2-one. BC-NMR (DMSO-d;, 500
MHz, é/ppm): 173.9; 154.1; 143.5; 143.1; 133.8; 130.6;
129.1; 123.4; 121.1; 121.1; 110; 105.9; 53.8; 43.2. MS
(m/z): 281.00 (100%); 283.02(32%); 282.03(14.3%).

1-(3,4-Difluoro phenyl)-4-(furan-2-yl)azetidin-2-one
(1vf)

Yield: 72%; Melting Point: 225-227°C; IR (KBr, vpax/cm’
: 1691(C=0); 1310(C-N); 1261(C-C); 1010(C-F). 'H-
NMR (DMSO-ds, 500 MHz, 6/ppm): 7.80-7.78 (d, 1H,
J=10Hz, Ar-H of phenyl ring); 7.00-6.98 (d, 2H, J=10Hz,
Ar-H of phenyl ring); 6.54-6.50 (d, 2H, J=20Hz, Ar-H of
furan); 6.24-6.22(d, 2H, J=10Hz, Ar-H of furan); 5.48 (s,
1H, -CH-N- of azetidin-2-one); 3.49 (s, 1H,-CH,-CO of
azetidin-2-one),3.24(s,1H,-CH,-CO of azetidin-2-one).
BC-NMR (DMSO-d;, 500 MHz, 6/ppm): 172.9; 152.1;
149.7; 145.5; 141.7; 138.8; 118.8; 117.9; 111.7; 110;
105.9; 56.8; 45.2. MS (m/z): 249.06(100%).

1-(2-Fluoro-4-nitrophenyl)-4-(furan-2-yl)azetidin-2-one
(1Vg)

Yield: 69%. Melting Point: 229-230°C. IR (KBT, pa/cm’
: 1671(C=0); 1553(C-NO,); 1300(C-N); 1201(C-C);
1013(C-F). 'H-NMR (DMSO-d,, 500 MHz, 6/ppm):
7.95(s, 1H, Ar-H of phenyl ring); 7.68-7.66(d, 1H,

J=10Hz, Ar-H of phenyl ring); 7.43-7.7.41(d, 1H, J=10
Hz, Ar-H of phenyl ring); 7.28-7.26(d, 1H, J=10Hz,Ar-H
of furan); 7.14-7.12(d, 2H, J=10Hz, Ar-H of furan);
5.48(s,1H,-CH-N of azetidin-2-one); 3.59 (s,1H,-CH,-CO
of azetidin-2-one), 3.14 (s,1H,-CH,-CO of azetidin-2-
one). C-NMR (DMSO-d;, 500 MHz, d/ppm): 176.8;
163.9; 152.1; 145.6; 140.5; 133.9; 124.1; 116.9; 110.9;
110; 105.9; 63.8; 43.2. MS (m/z): 276.05 (100%); 277.06
(14.3%).

1-(3-Chloro-4-fluorophenyl)-4-(furan-2-yl)azetidin-2-
one (Ivh)

Yield: 69%. Melting Point: 255-256°C. IR (KBr, v,/cm’
: 1751(C=0); 1344(C-N); 1290(C-C); 1013(C-F); 789
(C-Cl). '"H-NMR (DMSO-d;,, 500 MHz, §/ppm): 7.38-
7.34(d, 1H, J=20Hz, Ar-H of phenyl ring); 7.14-7.10(d,
1H, J=20Hz, Ar-H of phenyl ring); 7.09 (s, 1H, Ar-H of
phenyl ring); 6.98-6.96(d, 1H, J=10Hz, Ar-H of furan);
6.54-6.52(d, 2H, J=10Hz, Ar-H of furan); 5.16 (s, CH-N-
of azetidin-2-one); 3.39 (s, 1H,-CH,-CO- of azetidin-2-
one); 3.14 (s, 1H,-CH2-CO of azetidin-2-one). *C-NMR
(DMSO-d4, 500 MHz, o/ppm): 175.9; 158.1; 154.1;
142.5; 138.9; 123.6; 125.3; 119; 117.1; 112.2; 105.9;
58.8; 48.2. MS (m/z): 265.03 (100%), 267.03 (32.3%).

1-(2-Fluorophenyl)-4-(furan-2-yl)azetidin-2-one (1Vi)
Yield: 71%. Melting Point: 214-215°C. IR (KBr, vpa/cm’
: 1731(C=0); 1324(C-N); 1199(C-C); 1017(C-F). 'H-
NMR (DMSO-d, 500 MHz, 8/ppm): 7.48-7.46(d, 1H,J=
10Hz,Ar-H of phenyl ring); 7.22 -7.20(d, 1H,J= 10Hz,Ar-
H of phenyl ring); 7.19-7.15(d, 1H,J=20Hz,Ar-H of
phenyl ring); 7.09-7.07(d, 1H,J= 10Hz,Ar-H of phenyl
ring); 6.95-6.93(d, 1H,J=10Hz,Ar-H of furan); 6.34-6.32
(d, 2H, J=10Hz, Ar-H of furan); 5.28(s,1H,-CH-N- of
azetidin-2-one); 3.59 (s,1H,-CH,-CO of azetidin-2-
one),3.14(s,1H,-CH,-CO of azetidin-2-one). "*C-NMR
(DMSO-ds, 500 MHz, §/ppm):173.8; 163.8; 151.7; 141.5;
127.8; 126; 124.6; 123.3; 115.7; 110.9; 104.9; 73.8; 43.2.
MS (m/z): 231.07 (100%); 232.07(14.5%).

1-(3-Methyl-4-nitrophenyl)-4-(furan-2-yl)azetidin-2-one
(1V)):

Yield: 71%. Melting Point: 219-220°C. IR (KBT, pa/cm’
: 2950(CH;); 1731(C=0); 1540 (C-NO,); 1324(C-N);
1199(C-C). 'H-NMR (DMSO-d,, 500 MHz, 6/ppm):
8.12(s, 1H, Ar-H of phenyl ring); 7.48-7.46(d, 1H,
J=10Hz,Ar-H of phenyl ring); 7.42-7.40 (d, 1H,J=
10Hz,Ar-H of phenyl ring); 7.12-7.10(d, 1H, J=10Hz, Ar-
H of furan); 6.44-6.42 (d, 2H, J=10Hz, Ar-H of furan);
5.28 (s, 1H, -CH-N- of azetidin-2-one); 3.79 (s, 1H, -CH,-
CO azetidin-2-one); 3.24(s, 1H,-CH,-CO of azetidin-2-
one); 2.35(s,3H,-CH;) "“C-NMR (DMSO-d,, 500
MHz, é/ppm): 170.9; 151.1; 147.7; 144.7; 141.5; 136.5;
122.2; 121.2; 119.5; 110; 105.9; 53.8; 43.2; 15.7. MS
(m/z): 272.08 (100%); 273.08(16%).
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Table 5: Observation for antioxidant activity in terms of DPPH method

Compound no % Scavenging [mean + SEM]
25 pg/ml 50 pg/ml 75 ng/ml 100 pg/ml 125 pg/ml
IVa 15.61 06 21.31+0.026 23.41+0.098 36.97+0.15 47.32+0.026
IVb 18.06+0.01 28.56+0.06 31.91+0.05 52.75+0.12 60.20+0.14
Ve 21.21+0.12 31.37+0.09 38.22+0.24 43.4440.15 56.53+0.16
Ivd 12.39+0.05 25.60+0.025 37.24+0.16 56.52+0.052 63.70+0.01
Ve 8.83+0.098 14.954+0.026 45.00+0.023 56.24+0.05 65.01+0.11
IVf 17.26+0.25 29.56+0.13 40.40+0.16 51.50+0.09 57.47+0.12
Vg 14.10+0.13 32.12+0.25 41.51+0.12 52.97+0.01 62.29+0.11
IVh 35.00+0.12 58.2340.01 65.31+0.18 75.00+.0.08 82.13£0.14
Vi 25.00+0.17 50.11+0.05 62.03+0.2 75.80+0.03 85.00=0.08
1Vj 28.44+0.03 37.09+0.12 48.89+0.14 55.60+0.21 72.48+0.12
Va 15.61 06 21.31+0.026 23.41+0.098 36.97+0.15 47.32+0.026
Vb 18.06+0.01 28.56+0.06 31.91+0.05 52.75+0.12 60.20+0.14
Ve 21.21£0.12 31.37+0.09 38.22+0.24 43.4440.15 56.53+0.16
Vd 12.39+0.05 25.60+0.025 37.24+0.16 56.524+0.052 63.70+0.01
Ve 8.83+0.098 14.954+0.026 45.00+0.023 56.24+0.05 65.01+0.11
\%i 17.26+0.25 29.56+0.13 40.40+0.16 51.50+0.09 57.47+0.12
Vg 14.10+0.13 32.12+0.25 41.51+0.12 52.97+0.01 62.29+0.11
Vh 35.00+0.12 58.2340.01 65.31+0.18 75.00+.0.08 82.13£0.14
Vi 25.00+0.17 50.110.05 62.03+0.2 75.80+0.03 85.00=0.08
Vj 28.44+0.03 37.09+0.12 48.89+0.14 55.60+0.21 72.48+0.12
STD (Ascorbic acid) 22.28+0.12 41.03+0.19 52.06+0.2 75.02+0.09 96.10+0.18

Table 6: CNS Depressant Activity of synthesized compounds (Actophotometer)

. . . Reaction Response
Treatment (i.p.) | Drug (mg/kg) Mean reaction without drug (sec) 30 min The
Control 0.2ml/kg 778.2+1.18 778.6+1.38 777.8+1.74
Standard 3 656+1.50 491.3+] .81 *** 178.7+1.71***
Compound IVa 10 677.7+£1.85 349.34+].24%** 137.2+1.05%**
Compound IVb 10 549.7+1.50 28441 25%** 133+].83%*:*
Compound IVe 10 451.2+1.50 218.3+].16%** 131.5+].25%**
Compound IVf 10 422.8+1.61 230.3+].8%** 125.8+1.6%**
Compound IVh 10 443.3+1.61 232.3+] .81 *** 113.2+].97*%*
Compound Va 10 428.5+1.09 238.2+].79%** 117+1.89%**
Compound Vb 10 464.3+1.49 229.7+].88%** 121.2+]1.22%%*
Compound Ve 10 566+6.9 342.24+1.56%** 156+1.51***
Compound Vf 10 443.7+1.07 274242 17%** 142+1.40%**
Compound Vh 10 484+1.06 269.8+1.76%** 118.5+2 89***

3-(4-Chlorophenyl)-2-(furan-2-yl)-thiazolidine-4-one
(Va)

Yield: 78%; Melting Point: 193-194°C; IR (KBr, vpa/cm’
: 1691(C=0); 1284 (C-N); 785 (C-Cl). 'H-NMR
(DMSO-dg, 500 MHz, 6/ppm): 7.42-7.40 (d, 2H, J=10 Hz,
Ar-H of phenyl ring); 7.28-7.24(d, 2H, J=20Hz, Ar-H of
phenyl ring); 7.04-7.02 (d, 2H, J= 10Hz, Ar-H of furan);
6.26-6.24 (d, 2H, J=10Hz, Ar-H of furan); 6.15 (s, 1H, -
CH-N of thiazolidine-4-one); 3.49 (s, 1H,S-CH,-CO of
thiazolidine-4-one), 3.24(s, 1H,S-CH,-CO of thiazolidine-
4-one). “C-NMR (DMSO-d,, 500 MHz, é/ppm): 171.2;
151.6; 142.1; 139.9; 129.9; 129.1; 129.1; 123; 123; 110.6;
106.7, 57.7; 31.2. MS (m/z): 279.01(100%); 281.07
(36.1%).

3-(4-Bromophenyl)-2-(furan-2-yl)-thiazolidine-4-one
(Vb)

Yield: 80; Melting Point: 185-186°C; IR (KB, Upa/cm’™):
1693(C=0); 1270 (C-N); 596 (C-Br). 'H-NMR (DMSO-
ds, 500 MHz, 6/ppm): 7.32-7.29(d, 2H, J=15Hz, Ar-H of
phenyl ring); 7.28-7.27(d, 2H, J=10Hz, Ar-H of phenyl
ring); 7.14-7.12(d, 1H, J=10Hz, Ar-H of furan); 6.24-
6.22(d, 2H,J=10Hz, Ar-H of furan); 6.15(s, 1H, -CH-N of
thiazolidine-4-one); 3.47 (s,1H,S-CH,-CO of thiazolidine-
4-one),3.24(s,1H,S-CH,-CO of thiazolidine-4-one). *C-
NMR (DMSO-ds, 500 MHz, 6/ppm): 171.5; 151.3; 142.4;
139.7; 129.6; 127.1; 127.1; 123.8; 122.9; 110.6; 106.7,
57.7; 31.2. MS (m/z): 324.96(100%).
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Table 7: Analgesic Activity of synthesized compounds (Tail Flick by Hot Immersion Method)

Sandip Sen et al

Treatment (i.p.) Drug (mg/kg) Mean response without drug (sec) A ftel\r/lggnmielacnon Rez;g;si b
Control 0.2ml/kg 2.660.012 2.760.04 2.8120.07
Standard 3 2.36£0.09 3.87+£0.21%** 5.69+0.18%+*
Compound IVa 10 1.69+0.018 2.77+0.05%** 3.66=0.11%%*
Compound IVb 10 2.0420.19 2.86£0.07%** 3.84+0.15%%*
Compound Ve 10 2.3120.13 3.3+0.2%%* 4.26£0.18%**
Compound IVf 10 2.030.09 3.22+0.18%** 4.14+0.20%%*
Compound IVh 10 2.27+0.11 3.1540.13%** 4.1320.16%**
Compound Va 10 2.1420.07 3.02+0.05%* 3.95+0.12%**
Compound Vb 10 2.16£0.07 3.03£0.13*%* 3.96+£0.21%**
Compound Ve 10 1.69+0.18 3.2240.18%* 5.69+0.18%**
Compound Vf 10 2.0420.19 3.87+0.21%%* 4.14+0.22%*
After immersion in water at 55°C
Table 8: OGTT blood glucose level (mg/dl) by synthesized compounds
Treatment (mg/kg body wt) Omin 60min 120min 180min
Control 91.5+2.23 106.2+3.02 103+7 93.67+1.00
Standard 91.5+2.23 110.0+3.94 108+1.89 97.83+0.47
Compound IVa (10) 95+2.23 125.3+1.22 110.4£1.28 99+0.96"
Compound IVb (10) 95+2.23 128 £0.93 114+2.6 97.8+0.27
Compound IVe (10) 89.25+2.23 138+0.94 121+2.81 98.17+0.70"
Compound IVf (10) 91.17+1.30 141.3+0.91 130.5+2.43 96+0.85"
Compound IVh (10) 92.83+0.87 136.6+0.87 125.5+1.83 93.5£1.4
Compound Va (10) 93.83+0.6 152.2+7.34 132+0.85 90.83+0.47
Compound Vb (10) 91.242.21 126.3+1.23 115+2.6 93.542.46
Compound Ve (10) 93.83+0.6 182.7+1.5 143.3+3.12 93.542.46
Compound V£ (10) 96.33+0.98 191.8+4.7 149.2+2.38 95+1.82""
Compound Vh (10) 92.62+0.87 153.2+1.23 130+2.4 91.33£2.127

3-(4-Nitrophenyl)-2-(furan-2-yl)-thiazolidine-4-one
(Vo):

Yield: 78%. Melting Point: 183-184°C. IR (KBT, Vpa/cm’
: 1701(C=0); 1515 (C-NO,); 1276 (C-N). 'H-NMR
(DMSO-d;;, 500 MHz, é/ppm): 7.42-7.40 (d, 2H, J=10 Hz,
Ar-H of phenyl ring); 7.32-7.30 (d, 1H, J= 10Hz, Ar-H of
phenyl ring); 7.24-7.22 (d, 2H, J=10Hz, Ar-H of furan);
6.22-6.20 (d, 2H, J=10Hz, Ar-H of furan); 6.10(s,1H, -
CH-N of thiazolidine-4-one); 3.59 (s, 1H, S-CH,-CO of
thiazolidine-4-one); 3.24 (s, 1H, S-CH,-CO of
thiazolidine-4-one). BC-NMR (DMSO-d;, 500
MHz, é/ppm): 171.2; 151.6; 142.1; 139.9; 129.9; 129.1;
129.1; 123.4; 123.3; 110.2; 106.7; 52.7; 29.2. MS (m/z):
290.04(100%).

3-(4-Chloro-3-nitrophenyl)-2-(furan-2-yl)-thiazolidine-
4-one (Vd):

Yield-79%; Melting Point: 190-191°C; IR (KBr, vpax/cm’
": 1695 (C=0); 1510 (C-NO,); 1280(C-N); 788 (C-Cl).
'H-NMR (DMSO-d;, 500 MHz, §/ppm): 7.97(s, 1H, Ar-H
of phenyl ring); 7.58-7.56 (d, 1H, J= 10Hz, Ar-H of
phenyl ring); 7.43-7.41 (d, 1H, J= 10Hz, Ar-H of phenyl
ring); 7.28-7.26 (d, 1H, J=10Hz, Ar-H of furan); 6.44-

6.42(d, 2H, J=10Hz, Ar-H of furan); 6.15 (s, 1H, -CH-N
of thiazolidine-4-one); 3.69 (s, 1H, S-CH,-CO of
thiazolidine-4-one); 3.14(s, 1H,S-CH,-CO of thiazolidine-
4-one). C-NMR (DMSO-d,, 500 MHz, é/ppm): 171.9;
151.3; 149.2; 142.1; 140.7; 130; 129.9; 124.5; 116.9;
110.6; 106.7; 57.7; 31.2. MS (m/z): 324(100%); 325.99
(36.5%).

3-(3,4-Dichlorophenyl)-2-(furan-2-yl)-thiazolidine-4-
one (Ve)

Yield: 77%; Melting Point: 178-179°C; IR (KBr, vy,/cm”
": 1710(C=0); 1311(C-N); 783 (C-Cl). 'H-NMR
(DMSO0-d;, 500 MHz, ¢/ppm): 7.38-7.36 (d, 1H, J=10Hz,
Ar-H of phenyl ring); 7.15(s, 1H, Ar-H of phenyl ring);
7.05-7.03(d, 1H, J=10Hz, Ar-H of phenyl ring); 6.92-6.90
(d, 1H, J=10Hz, Ar-H of furan); 6.44-6.43 (d, 2H, J=5Hz,
Ar-H of furan); 6.15 (s,1H, -CH-N of thiazolidine-4-one);
3.49 (s, 1H, S-CH,-CO of thiazolidine-4-one); 3.24(s, 1H,
S-CH,-CO of thiazolidine-4-one). "*C-NMR (DMSO-
ds, 500 MHz, 6/ppm): 171.2; 151.6; 142.1; 141.2; 130.5;
129; 123.5; 121.1; 113.6; 110.8; 106.7; 57.7; 31.2. MS
(m/z): 312.97 (100%); 314.99(68.5%).
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3-(3,4-Difluorophenyl)-2-(furan-2-yl)-thiazolidine-4-one

(V)

Yield: 78%; Melting Point: 192—193OC; IR (KBr, vya/cm’
h: 1698(C=0); 1315 (C-N); 1011 (C-F). 'H-NMR
(DMSO0-d,, 500 MHz, ¢/ppm): 7.36-7.34

(d,1H,J=10Hz,Ar-H of phenyl ring); 7.00-6.98 (d,1H, J=
10Hz, Ar-H of phenyl ring); 6.79 (s, 1H, Ar-H of phenyl
ring); 6.79-6.75 (d, 1H, J=20Hz, Ar-H of furan); 6.44-
6.40 (d, 2H, J=20Hz, Ar-H of furan); 6.15 (s, 1H, -CH-N
of thiazolidine-4-one); 3.59 (s, 1H, S-CH,-CO of
thiazolidine-4-one);  3.44(s, 1H, S-CH,-CO of
thiazolidine-4-one). "*C-NMR (DMSO-dy, 500 MHz,
o/ppm): 174.2; 153.9; 149.7; 145.1; 142.1; 138.9; 118.8;
117.3; 110.6; 106.5; 57.6; 31.9. MS (m/z): 281.03(100%);
282.04 (14.2%).

3-(2-Fluoro-4-nitrophenyl)-2-(furan-2-yl)-thiazolidine-
4-one (Vg)

Yield: 71%; Melting Point: 186-187°C; IR (KBr, vpa/cm’
1: 1671(C=0); 1553(C-NO,); 1300(C-N); 1013(C-F). 'H-
NMR (DMSO-dg, 500 MHz, 6/ppm): 8.01(s, 1H, Ar-H of
phenyl ring); 7.93-7.91(d, 1H, J=10Hz, Ar-H of phenyl
ring); 7.43-7.41(d, 1H, J=10Hz, Ar-H of phenyl ring);
7.28-7.26 (d, J= 6Hz 1H, Ar-H of furan); 6.24-6.22 (d,
2H, J=6Hz, Ar-H of furan); 6.15 (s,1H, -CH-N of
thiazolidine-4-one); 3.49 (s,1H,S-CH,-CO of thiazolidine-
4-one); 3.24(s,1H,S-CH,-CO of thiazolidine-4-one). *C-
NMR (DMSO-dg, 500 MHz, é/ppm): 171.9; 163.9; 151.6;
145.6; 142.1; 133.9; 124.1; 116.8; 110.6; 106.7; 57.7,
31.2. MS (m/z): 308.03 (100%); 309.04 (15.2%).

3-(3-Chloro-4-fluorophenyl)-2-(furan-2-yl)-thiazolidine-
4-one (Vh)

Yield: 73%; Melting Point: 195-196°C; IR (KBr, vpax/cm’
: 1750(C=0); 1334(C-N); 1013(C-F); 789(C-Cl). 'H-
NMR (DMSO-dg, 500 MHz, é/ppm): 7.27-7.25 (d, 1H, J=
10Hz, Ar-H of phenyl ring); 7.09 (s, 1H, Ar-H of phenyl
ring); 6.96-6.94 (d, 1H, J= 10Hz, Ar-H of phenyl ring);
6.9-6.88 (d, 1H, J=10Hz, Ar-H of furan); 6.24-6.22 (d,
2H, J=10Hz, Ar-H of furan); 6.15 (s, 1H, -CH-N of
thiazolidine-4-one); 349 (s, 1H, S-CH,-CO of
thiazolidine-4-one); 3.24 (s, 1H, S-CH, -CO of
thiazolidine-4-one). "C-NMR (DMSO-dy, 500 MHz,
o/ppm): 171.5; 158.4; 151.8; 142.3; 138.7; 123.6; 121.3;
121; 117.1; 110.8; 106.7; 67.7; 31.2. MS (m/z):
297(100%); 299.04 (36.2%).

3-(2-Fluorophenyl)-2-(furan-2-yl)-thiazolidine-4-one
(Vi)

Yield-71%; Melting Point: 177-179°C; IR (KBr, vpa/cm’
: 1751(C=0); 1344 (C-N); 1010C-F). 'H-NMR (DMSO-
ds, 500 MHz, ¢/ppm): 7.28-7.26 (d, 2H, J=10Hz, Ar-H of
phenyl ring); 7.22-7.20 (d, 2H, J=10Hz, Ar-H of phenyl
ring); 7.08-7.02(m, 1H, Ar-H of phenyl ring); 7.00-6.98
(d, 1H, J=10Hz, Ar-H of furan); 6.24-6.22 (d, 2H,

J=10Hz, Ar-H of furan); 6.18 (s, 1H, -CH-N of
thiazolidine-4-one); 3.49 (s, 1H, S-CH,-CO of
thiazolidine-4-one); 3.24 (s, 1H, S-CH,-CO of

thiazolidine-4-one). "*C-NMR (DMSO-dy, 500 MHz,
o/ppm): 171.8; 163.9; 151.6; 142.1; 127.8; 126.9; 124.6;
123.2; 115.7; 110.8; 106.7; 57.7; 31.2. MS (m/z): 263.04
(100%); 264.04 (15.2%).

3-(3-Methyl-4-nitrophenyl)-2-(furan-2-yl)-thiazolidine-
4-one (Vj)

Yield: 72%; Melting Point: 178-179°C; IR (KB, vpax/cm’
": 2950(CH;); 1731(C=0); 1540 (C-NO,); 1324(C-N).
'H-NMR (DMSO-d;, 500 MHz, §/ppm): 7.25-7.22(d, 1H,
J=15Hz, Ar-H of phenyl ring); 7.17-7.15(d, 1H,J=10Hz,
Ar-H of phenyl ring); 7.1(s, 1H, Ar-H of phenyl ring);
6.24-6.23 (d, 2H, J=5Hz, Ar-H of furan); 6.18-6.17 (d,
2H, J=5Hz, Ar-H of furan); 6.18 (s, 1H, -CH-N of
thiazolidine-4-one); 3.59 (s, 1H, SCH,CO of thiazolidine-
4-one); 3.24 (s, 1H, SCH,CO of thiazolidine-4-one); 2.35
(s, 3H, -CH;) “C-NMR (DMSO-d;, 500 MHz, &/ppm):
171.9; 151.6; 147.7; 144.7; 142.1; 136.5; 122.2; 121.2;
118.5; 110.8; 106.7; 57.7; 31.2; 15.7. MS (m/z): 304.05
(100%); 305.06(15.4%).

DISCUSSION

Chemistry

The present work involved cyclization of Schiff bases to
azetidine-2-one and thiazolidine-4- ones derivatives. The
Schiff bases (Illa-j) were obtained by the reaction
between electrophillic carbon atom of furfuraldehyde and
nucleophillic nitrogen atom of amines. The methodology
involves two steps synthesis followed by two different
protocols resulted azetidine-2-one and thiazolidine-4-one
respectively. Azetidine-2-one derivatives (IVa-j) were
obtained by reaction between imines and monochloro
acetyl chloride using 1, 4-dioxan as solvent. It was a base
catalysed reaction where triethyl amine was used as base
catalyst. Tertiary amine counter balance between
nucleophilicity and basicity, which was considered as key
factor for efficient completion of reaction. On the other
hand, preparation of thiazolidine-4-one (Va-j) was
preceded by nucleophilic attack of sulphur of thioglycolic
acid on imine carbon followed by intramolecular
cyclization in the presence of SnCl,. During reaction one
mole of water was eliminated. The most important factor
which complete the reaction in shorter duration and good
percentage yield in presence of eco-benign tin chloride
dehydrate SnCl,.2H,O at 45°C. The SnCl,, 2H,O was
acted as acid catalyst which counters balance between
nucleophilicity and acidity for completion of reaction.
The substitutions on aromatic amine have great
significance on yield value. The substitution with electron
donating group at para and meta position of ring increases
percentage yield where as it decreases in case of ortho
substitution due to steric effect. Purification of
compounds were done using benzene and chloroform
(1:20 v/v) for azetidine-2-one and petroleum ether and
chloroform (2:8 v/v) for thiazolidine-4-ones by column
chromatography.
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Table 9: Fasting blood glucose level (mg/dl) by synthesized compounds

Treatment (mg/kg body wt) 0 days 7 days 14days 21days
Control 91+1.00 115.743.9 114+6.8 100+2.47
Diabetic control 244.7+2.96 281.3+£2.51 3114£3.99 336+2.12
Standad 311.3+3.99 247.8+7.4 126.7+5.8 106.5+1.9
Compound IVa (10) 285.3+5.28 195+6.58 152+7.66 108.17+1.35™
Compound IVb (10) 293.5+4.35 191+6.79 150.5+7.55 115.5+1.76™
Compound IVe (10) 283.2+1.19 190+3.73 157+6.09 110.81+2.8™
Compound IVf (10) 293.5+£6.99 158.2+3.20 127.3£2.01 117.33+0.5™"5
Compound IVh (10) 285.2+4.79 149.8+2.89 129+1.88 98.33+0.76""
Compound Va (10) 301.7+3.07 152.5+1.2 132.2+1.65 97.83+0.87 "
Compound Vb (10) 285+4.8 136.7+2.04 124.5+1.60 95.33+1.33"™"
Compound Ve (10) 301.7+3.07 123.2+0.94 119.5+1.04 90.1242.26"""
Compound Vf (10) 250.3+8.51 132.8+3.19 124.5+1.29 87+3.48"™"
Compound Vh (10) 286.5+1.19 193+3.73 120+1.89 96.1142.26™"

Table 10: Change in Bodyweight (gm) by synthesized compounds

Treatment (mg/kg body wt) 0 days 7 days 14days 21days
Control 160+0.6 169+0.5 166+0.8 163+0.2
Diabetic control 178.5+0.99 190+0.69 215+0.56 25340.12
Standad 17140.39 144.5+0.67 141+0.60 169+0.6
Compound IVa (10) 163.3+0.61 215.2+0.69 187+0.89 178+0.9™
Compound IVb (10) 174+0.49 133+0.57 127.8+0.27 167+0.61°"
Compound IVe (10) 167.7+0.49 143+0.57 129.8+0.55 169.2+0.46™"
Compound IVf (10) 166+0.36 142+0.36 125+0.83 160+0.69""
Compound IVh (10) 167+0.41 131+0.5 127+0.56 163+0.26""
Compound Va (10) 168+0.51 141+0.6 137+0.4 162+0.3"
Compound Vb (10) 169+0.66 132+0.25 142+0.7 156+0.2""
Compound Ve (10) 165+0.6 158+0.7 153+0.46 158+0.2""
Compound Vf (10) 170£0.21 161+0.4 155+0.3 168+0.2""
Compound Vh (10) 168+0.4 123+0.61 141+0.52 159+0.67""

Table 11: Change in biochemical parameter of rat by synthesized compounds

Treatment (mg/kg Cholesterol | Triglycerides Creatinin Urea HDL Tota}
body wt) (mg/dl) (mg/dI) (mg/dl) (mg/dl) Cholesterol | Protein
(mg/dl) (g/dl)
Control 148+£1.5 83.3+4.6 0.6+0.4 22+0.4 34.1+1.8 8.3+1.7
Diabetic control 290+1.9 258+9.8 2+1.9 80+3.2 28+1.8 4+3.2
Standad 1194+2.8 101+5.2 0.41+1 32.2+3.1 63+2.9 8.4+0.4
Compound IVa(10) | 150+£2.49™" | 120.5+3.6" | 0.63£0.09 | 31+0.44 46£1.417 | 7.6+1.17

Compound IVb(10) | 164.7£2.71" | 136.5+1.4" | 0.58+0.01" | 34.83+0.87" | 57+0.85" | 8.7+0.9"
Compound IVe(10) | 179.8+2.18" | 135.7+1.54" | 0.53£0.02" | 34.5£0.99" | 42.5+042" | 54+1.7

Compound IVf(10) | 156.8+0.6" | 143+2.09 0470 | 35.5+0.42° 45+2.46 540"
Compound IVh(10) | 167.2+0.6" | 134.3+1.33" | 0.6£0.01" | 32.040.73" | 41.67+3.8" | 4.9+1.6
Compound Va (10) | 136.8+0.7 137417 0.77£0.17" | 25.67£0.61 | 32.33+2.417 | 4.7+0.8"

Compound Vb (10) | 144.5+0.8" 138417 0.47+0.017" | 23.67+0.42"" | 36.17£0.94 | 4.6+03""
Compound Ve (10) | 143.8£1.2" | 123+1.117° | 0.63£0.01" | 24.17+1.02"" | 38.5+2.34" | 52+0.1"
Compound Vf(10) | 149.8+1.197 | 125.5+1.6" | 0.56£0.06" | 26.17+0.03" | 33.83+1.53" | 5.3+0.1"

Compound Vh (10) | 150.5+2.237 | 152+2.5 | 0.55+£0.08" | 23.17+0.7 | 30.86+3.10° | 4.8+1.3"
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The physical and analytical datas were determined for
synthesized compounds. In view of establishment of
structure spectral analysis has been performed by IR,
'HNMR, “CNMR and MS. The formation of compound
4-Chloro-N-(Furan-2-ylmethylene) benzimine (IIla) was
confirmed by characteristic IR peaks at 1709 (C=N), 742
(C-Cl) cm " and 'H-NMR peak at & value 7.50 (s, 1H,-
N=CH- of imine). After completion of reactions the
formation of compound 1-(4-Chlorophenyl)-4-(furan-2-
yl) azetidin-2-one (IVa) was confirmed by IR peaks at
1690(C=0); 1280(C-N); 1201 (C-C) cm ' and 'H-NMR
peak at o value for 5.08(s, 1H, -CH-N-); 3.49 (s,1H,-CH,-
CO ) and 3.24(s,1H,-CH,-CO) for azetidin-2-one nucleus.
Similarly 3-(4-Chlorophenyl)-2-(furan-2-yl)-thiazolidine-
4-one (Va) was justified by characteristic IR at peaks
1691(C=0); 1284 (C-N) cm ™" and 'H-NMR peak at &
value 6.15 (s, 1H, -CH-N); 3.49 (s, 1H,S-CH,-CO), 3.24
(s, 1H, S-CH,-CO) of thiazolidine-4-one. The "HNMR
data also confirmed aromaticity of the compounds.
BCNMR spectral data also give characteristic peak
according to proposed structure. From the mass spectral it
was found that m/z peaks according to calculated
molecular mass of the synthesized compounds. Like this
spectral data confirmed formation of all the synthesized
compounds as per proposed Scheme 1. The formation of
compound also justified by elemental analysis (C, H, N
analysis) showed in table 1and table 2.

Biological activity

In-vitro anti-microbial activity against different strains of
bacteria and fungi at 100, 150, and 250pug/mL showed in
the tables 3, 4. From the anti-microbial data it was found
that compounds IVa, IVb, [Ve, IVf, IVh, Va, Vb, Ve, Vf
andVh were showed more zone of inhibition compare to
standard. Compounds with meta and para substitution was
showed more antimicrobial activity. Similarly in-vitro
antioxidant activity was determined by DPPH method.
The compounds IVa, IVb, IVe, IVf, IVh, Va, Vb, Ve, Vf
and Vh was showed more potency. But from the ICs,
value it was found that thiazolidine-4-one derivatives
have more activity compared to azetidine-2-one.

The acute toxicity study was performed. The study was
showed that at 10 mg/kg body weight the compounds
were nontoxic. After fixation of dose the analgesic
activity (hot immersion), CNS depressant activity
(Actophotometer) and antidiabetic activity (STZ induced
method) were determined.

Locomotor activity was considered as basic parameter for
CNS acting drug which was an index of wake fullness of
mental activity. CNS depressant activity was measured by
actophotometer. usuing chlorpromazine as standard. The
analgesic activity of the compounds were determined
using morphine as standard but out of all the compounds
IVa, IVb, IVe, IV, IVh, Va, Vb, Ve, Vf and Vh was
showed more potent CNS depressant and analgesic
activity.

The antidiabetic activity was performed by using STZ
induced model in Rat. Blood glucose level in rats
administered with 2g/kg glucose was significantly
decreased by test compounds with in 1 hour as compare to
standard glibenclamide. Treatment with compounds
showed that there was significant fall of blood glucose
level compared to standard glibanclamide on 21 day of
study. Diabetes was also characterized by severe loss of
body wt. On 21 day of treatment it was found that there
was significant gain of body wt. specially the rat treated
with test compounds. The biochemical parameter was
investigated for synthesized compound. From the study it
was found that serum cholesterol, triglyceride, creatinine,
urea levels are decreased significantly where as the HDL
level and total protein levels are found to increase after 21
days treatment. But out of all the compounds tested [Va,
IVb, IVe, IVf, IVh, Va, Vb, Ve, Vf and Vh was more
significant hypoglycemic effect but there was no
significant effect found in case of normoglycemic rat.

As per proposed Schemel there was around 20
compounds synthesized. From the antimicrobial,
antioxidant and pharmacological investigation it was
found that out of all the compounds IVa, IVb, Ve, IVf,
IVh, Va, Vb, Ve, Vf and Vh was more active. The furan
molecule itself did not show any biological efficacy
where compound IVa-j and Va-j was showed good
efficacy. This may be due to presence of azetidine-2-one
and thiazolidine-4-one nucleus. Again from the biological
structure it was also found that phenyl ring substitutions
have great effect on biological activity. In compounds
IVa, IVb, IVe, IVf, IVh, Va, Vb, Ve, Vf and Vh
substitution on phenyl ring at meta and para position with
electron donating group showed potent activity, especially
anti-microbial, antioxidant, analgesic and CNS depressant
activity. But in respect to anti-diabetic activity the
compounds Va, Vb, Ve, Vf and Vh was showed more
potent anti-diabetic profile, due to presence of
thiazolidine-4-one nucleus as well as para and meta
substitution of phenyl ring.

CONCLUSION

The synthesis of 4-(furan-2-yl)-1-phenylazetidin-2-ones
(IVa-j) and 4-(furan-2-yl)-1-phenyl thiazolidine-4-ones
(Va-j) were confirmed by spectral and elemental analysis
From the antimicrobial, antioxidant and pharmacological
investigation it was found that out of all the compounds 1-
(4-Chlorophenyl)-4-(furan-2-yl)azetidin-2-one (IVa); 1-
(4-Bromophenyl)-4-(furan-2-yl) azetidine-2-one (IVb);1-
(3, 4-Dichloro  phenyl)-4-(furan-2-yl)azetidin-2-one
(IVe);1-(3,4-Difluoro  phenyl)-4-(furan-2-yl)azetidin-2-
one (IV1);1-(3-Chloro-4-fluorophenyl)-4-(furan-2-
ylazetidin-2-one  (IVh);3-(4-Chlorophenyl)-2-(furan-2-
yl)-thiazolidine-4-one (Va);3-(4-Bromophenyl)-2-(furan-
2-yl)-thiazolidine-4-one (Vb); 3-(3,4-Dichlorophenyl)-2-
(furan-2-yl)-thiazolidine-4-one (Ve); 3-(3,4-
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Difluorophenyl)-2-(furan-2-yl)-thiazolidine-4-one (Vf);3-
(3-Chloro-4-fluorophenyl)-2-(furan-2-yl)-thiazolidine-4-
one (Vh) were biologically active. This may be due to
presence of azetidine-2-one and thiazolidine-4-one
nucleus present along with furan ring. Again from the
biological evaluation it was also found that substitution on
phenyl ring at meta and para position was showed potent
activity especially anti-microbial, antioxidant, analgesic
and antidepressant activity. But compounds with
thiazolidine-4-one nucleus were showed more potent anti
diabetic profile compared to azetidin-2-one nucleus
containg compounds.
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