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ABSTRACT

This paper report synthesis and structural characteristic of several analogues of the substituted
2,4-thiazolidinediones. These compounds were evaluated for hypoglycemic activity after oral
administration at dose 30mg/kg in alloxan induced diabetic mice. Blood glucose levels were
measured and compared with pioglitazone (30mg/kg) as the reference drug. Oral glucose
tolerance test (OGTT) was also performed. Quantitative structure activity relationship (QSAR)
studies of these substituted 2,4-thiazolidinediones was performed using multiple linear
regression analysisA series of substituted 2,4-thiazolidinediones were synthesized and the
structures of synthesized compounds were confirmed by chromatographic and spectral analysis.
Compounds 2d, 2e, 2a and 2i have shown significant reduction in Blood glucose levdl.
Improvement in glycemic control was also observed with compounds 2a, 2b, 2¢, 2d, 2e and 2i
with OGTT. QSAR studies of these substituted 2,4-thiazolidinediones revealed the importance of
lipophilic and electronic parameters.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder charaadrby hyperglycaemia, glycosuria, negative
nitrogen balance and sometimes ketonaemia. It saasenumber of complications like
retinopathy, neuropathy and peripheral vasculauffitiencies: Diabetes mellitus, long
considered disease of minor significance to wosdlth, is now taking its places as one of the
main threads to human wealth in"2dentury. The incidence of the disease currentiynesed is

to reach 210 million by the year 2010 and 300 wiillby the year 2025The rising prevalence
of type 2 diabetes and obesity in the worldwideybajpon has fueled an intensified search for
new therapeutic treatment options. Current phartogmal approaches are unsatisfactory in
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improving the consequences of insulin resistandeerd is no single approach to treat this
disease and usually a combination therapy is addpteeat the diseaSe

The insulin-sensitizing thiazolidindiones (TZDs)hieh are selective ligands of the nuclear
transcription factor peroxisome proliferator actedreceptory-(PPARy), are the first drugs to
address the basic problem of insulin resistangeatients with type 2 diabefeShe first in the
class was Ciglitazone which was discontinued dudady clinical trials. In 1997 troglitazone
was launched into the market, but had to be withdran 2000 because of idiocynceatic liver
failure®. Since 1999 rosiglitazone and pioglitzone arelaklé as second line drugs restricted to
combination therapy It was demonstrated that the molecular targehefTZDs is part of the
nuclear receptor called PPARvhich controls the differentiation of adipocytethe metabolism
of fatty acids and alters the expression of gehasare also regulated by insdliThe TZDs or
glitazones are oral hypoglycemic agents which aeinp by increasing tissue sensitivity
especially adoipose tissue to insulin Structure activity relationship showed structural
requirements for these types of compodhds

SCHEME-I

b=conc. HCI, H,0O
a=C,HsOH, Piperidine
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This paper report the synthesis and structural adteristic of several analogues of the
substituted 2,4-thiazolidinediones. These compoundse evaluated for their hypoglycemic

activity after oral administration at dose 30mg/kgalloxan induced diabetic mice. Blood

glucose levels were measured and compared witHigaiogne (30mg/kg) as the reference drug.
Oral glucose tolerance test (OGTT) was also perarior some selected compounds of these
series. Quantitative structure activity relatiopsfQSAR) studies of these substituted 2,4-
thiazolidinediones was performed using multipleéinregression (MLR) analysis.

The substituted 2,4-thiazolidinediones,2a-j, weneppred by condensation of the 2,4-
thiazolidinediones 1 at 5-position by using differdeterocyclic aldehydes, 2a-j, Initially 2,4-
thiazolidinediones was synthesized by reactingroalcetic acid and thiourea in the presence of
conc. HCI and watéf. 2,4-thiazolidinediones condensed with heterocyelidehydes in the
presence of ethanol and piperidinéScheme-1) The structures of synthesized compowste
confirmed by chromatographic and spectral analysis.

Phar macology

Swiss Albino mice of either sex weighing betweer3P5gm+ 5 gm were used in antidiabetic
screening. Animals were housed under standard wondf temperature of the experimental
room was maintained constant af@5and lightening was kept artificial. The sequebemg 12
hrs light and 12 hrs dark. Conventional laboratdigts and water were provided-libitum.
Studies were carried out at Poona College of Pharnfaune. College animal House used for
housing of animals. Approval was taken from comeeittfor the purpose of control and
supervision of experiments on animals (CPCSEA) bustitutional animal ethical committee
(IAEC).

Table-1 Effect of Oral administration of 2a-2j on SG levelsin diabetic mice

Compd Dose Per centage Changein Serum Glucose at
(mglkg) 2hr. 4hr. 6hr. 24hr.
2a 30mg/kg -40.31+6.12 -38.14+7.12 -36.78+8.02 -29.61+7.19
2b 30mg/kg -21.67+4.52 -18.54+6.48 -17.65+5.22 -14.01+5.38
2c 30mg/kg -20.13+3.68 -17.81+5.21 -15.08+6.31 -12.34+4.81
2d 30mg/kg -46.82+5.33 -43.28+5.03 -40.61+4.81 -30.62+6.24
2e 30mg/kg -43.37+8.13 -41.71+9.91 -42.17+45.27 -28.21+8.01
2f 30mg/kg +3.72+1.84 +5.05+1.98 +7.21+2.33 +2.68 +1.49
29 30mg/kg +4.27+1.94 +6.93+2.41 +9.16+2.58 +3.98 +1.83
2h 30mg/kg -15.67+4.61 -13.1445.13 -12.54+6.41 -10.98+6.12
2i 30mg/kg -38.65+4.52 -35.76+4.31 -32.76+2.71 -26.51+3.91
2 30mg/kg -9.56+3.27 -7.02+2.43 -5.87+3.21 -4.98+1.96
Alloxan 70mg/kg 1.71+0.19 2.16%1.79 2.81+1.59 1.46+1.25
Vehicle - 0.98+0.08 1.16+0.21 1.92+0.43 1.18+0.65
Pioglitazone 30mg/kg -26.16+5.28 -28.70+4.49 -20.84+3.98 -17.24+4.37

All values are expressed as mean = SEM,
+ indicatesincreasein blood glucose, - indicates decrease in blood glucose

The initial fasting SG was estimated by glucoselage peroxidase (GOD/POD) method using
kit obtained from Accurex Biomedical, Mumbai. Theiraals showing SG 80-120 mg/dl were
selected for study. Injected with alloxan (70mgidt) alloxan monohydrate was purchased from
spectrochem (Batch No. 3170145). India. After 4&falloxan injection the blood was removed
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by retro orbital plexus technique (ROP) and SG es&tsnated. The animals showing SG levels
above 200 mg/dl were selected for study.

Anti diabetic Activity

All the synthesized compound were tested for hyymaghic activityin vivo by alloxan induced
diabetic mice mod&t*® using pioglitazone as standard. For acute stuityais were kept for
fasting overnight and SG, 0 hr, levels were catedaNow the test compounds and standard
(pioglitazone) were administered at a fixed dos8®img/kg body weight orally (homogenized
suspension in Carboxy methyl cellulose (1%) and @w@® (0.1%)). Blood samples were
removed from all animals at 2, 4, 6, and 24 hr petentage change in SG was calculalée.
data obtained were analyzed by one-way ANOVA foldvby Dunnet te&t The results were
expressed as mean + standard error of mean (SEMJafth group, P<0.01 was considered as
statistically significant (Table-1). Oral admination of compounds 2a-j (30 mg/kg) reduced SG
level in alloxan (70 mg/kg) induced diabetic miecgn#icantly (P<0.01) as compared to control
group, 2d, 2e, 2a and 2i have shown good actiVitijile other compounds exhibited moderate
hypoglycemic activity.

Figure No. 1 Hypoglycemic activity of substituted 2, 4- thiazolidinedione in diabetic mice
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Oral glucosetolerance test

Owing to better activity compounds 2d, 2e, 2a andve@re selected for OGTT which was
performed on diabetic animals after 21 days oftineat with test compound as dose of 30 mg
/kg daily. In this test mice were kept on fastingimight and challenged with glucose (2.5g/kQ).
Blood samples were collected at 0, 30, 60 and 1lid0fon measuring SG level. It was found that
pretreatment of the animals with synthesized comgswand pioglitazone improved the glucose
tolerance 2d, 2e, 2a and 2i and pioglitazone has/stsignificant (P<0.01) decrease in blood
glucose at 0, 60 and 120 min but at 30 min it veas Wwhen compared to control group.

Quantitative Structure Activity Relationship

The structure of all the compounds were drawn u§lhgm Draw Ultra ver. 8.0 and copied to
3D Ultra ver.8.0 in order to create its 3-D modBhe energy minimization of all compounds
was done using Allinger MM2 force field until RMSlue of 0.01 kcal/mol A° is achieved
followed by semiempirical AM1 (Austin model) Hanaiitian method available in MOPAC
module by fixing root mean square gradient as OK¢Hl/mol A°.

Thus, minimized structure of each compound was rg¢e@& and used for calculating various
physicochemical descriptors like thermodynamiaiistelectronic and lipophilic.

A QSAR study was carried out for synthesized 2jdzblidinedione derivatives. All the QSAR
parameters were calculated using CS Chem. Offfd@4 2nolecular modeling software ver.8.0
All the structures were added to TSAR. Charges wassgned using TSAR 3.3. Minimization
using corina was performed and used for generatialescriptors.

Stepwise multiple linear regression (MLR) betweéygicochemical descriptors and biological
activity was carried out. Multiple linear regressiMLR) analysis was performed to obtain
correlation between physicochemical descriptors thedbiological activity. The validity of the
regression was confirmed by correlation coefficightstandard deviation (s), F-test value. The
best models were selected on the basis of highewer s and higher F-test values. The percent
change in SG level determined at 24 hr was corsilas BA for the QSAR study (Table-2)
From the QSAR analysis many models were generaad) wifferent set of descriptors. The
most significant model generated was derived asrbedel —

Table 2: Best QSAR M odel

No Equations n| r r F s | ey

1 Log 1/ BA= - 0.035 Moment Of Inertial(Whole Molde) + 10| 0.96] 0.93 50.868 0.110.59
0.0670 Lipole X + 3.3592

The equation reveals that there is a significafitu@mce of Inertia Moment (whole Molecule)
and Lipole_X on the biological activity.

Lipole_X Component is a Lipophilic descriptor, whicepresents Lipophilicity of a group along
X-axis. It is positively correlated with activityThe lipole of a molecule is a measure of the
lipophilic distribution. It is calculated from theummed atomic log P values, as dipole is
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calculated from the summed partial charges of acoubé. It indicates that a more lipophilic
group should be present along X-axis. Thus, higheiLipole X, more will be the activity.

Moment of inertia is structural property paramdtgrQSAR. Moment of inertia assumes mean
atomic masses for constituent atoms (parametefa@eglements up to atomic number 100). The
moments of inertia and principal axis of inertia &o molecule are calculated using the inertia
tensor. The length of each axis is inversely propoal to the moment of inertia around that
axis. Thus increase in the surface area of thecutd@alecrease in the moment of inertia.

QSAR study revealed that importance of lipophilncl @&lectronic parameters for hypoglycemic
activity.

Figure No. 2 Plot between Actual VsPredicted Activity
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MATERIALSAND METHODS

Experimental

Melting points were taken on electrothermal apperais well as in open capillary tubes and are
uncorrected. In order to find purity and homogeneit synthesized compounds, thin layer
chromatography was carried out by using plates oseg of silica gel with a fluorescent
indicator and the Rralues were calculated. IR spectra were recordé&®Binpellets on a JASCO
5300V” and SHIMADZU —FTIR 3100 spectromet&d-NMR spectra were recorded in DMSO
and CDC} solution on “FT-NMR Varian-NMR 300MERCURY” spectrometer  using
tetramethylsilane (TMS) as internal standard.
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Table- 3, Structural and biological activity data of 2a-2j in logarithm form

Comd R Log /BA
| X
. P 1.€
(r
2 - 1.34
| N7 1.31
2c NP
~N
Bn 1.67
2d
NG
™ 1.63
2e | |
|
H
29 [j@ 0.63
N
on H H 1.19
2 [| ]' 1.59
Br:
2 | 0.98
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Preparation of 2, 4-thiazolidinedione (1)

In a 250 ml three necked flask a solution contagr({6.4 gm, 0.6 mol) of chloroacetic acid and
(45.6 gm, 0.6 mol) of thiourea dissolved in 60 mater was taken. The mixture was stirred for
15 minutes. To the contents of the flask was nodeddslowly 60 ml concentrated hydrochloric
acid from dropping funnel, after which the reactmixture was stirred and refluxed for 10-12 hr
at 100-116C. On cooling the contents of the flask solidifieda mass of clusters of white

needles. The product was filtered and washed wétemto remove traces of hydrochloric acid
and dried. It was re-crystallized from ethanol.

Preparation of 2, 4-thiazolidinedione derivatives (2a-2j)

Dissolved 2,4-thiazolidinedione (2.34 gm, 0.02 mapt in a 250 ml RBF in ethanol. To this
solution, was added 2-pyridinecarboxaldehyde (pieddehyde)(1.92 ml, 0.02 mol) and (0.2
ml) piperidine. The resulting solution was refluxied 4 hrs. The reaction mixture was cooled
and poured on to crushed ice with stirring. Thedsptoduct was separated and dried, washed
with toluene and recrystallized it from ethanol.

2a)Yield: 54%; m.p: 225-228°C; R0.68 [Chloroform: Methanol :: 4 : 1]

IR (KBr): 3447 (NH- stretching), 3043 (Aromatic C-Mtretching), 2826 (Aliphatic C-H
stretching), 1741, 1680 (C=0 stretching), 1581 ,11@tromatic C=C, C=N stretching), 704 (C-S
stretching), crit.

'H NMR (8, ppm, CDCJ): 6.976-7.469 (m, 4H, Proton of pyridine ring)8d8 (s, 1H, CH),
8.590 (s, 1H, Proton of imido group).

Compound 2b - 2j were prepared by above describmzbdure.

2b) Yield: 51% ; m.p: 230-232°C;R0.67 [Chloroform: Methanol :: 4 : 1]

IR (KBr): 3240 (NH-stretching), 3072 (Aromatic C-ldtretching), 2841 (Aliphatic C-H
stretching), 1741, 1682 (C=0 stretching), 1581,816&romatic C=C,C=N stretching), 684 (C-S
stretching), cnt.

2¢) Yield: 56%; m.p: 235-2337°C;R0.65 [Chloroform: Methanol :: 4 : 1]

IR (KBr): 3242 (NH- stretching), 3043(Aromatic C-ldtretching), 2822 (Aliphatic C-H
stretching), 1724, 1693 (C=0 stretching), 1577 8l&tromatic C=C, C=N stretching), 702 (C-S
stretching), crit.

2d) Yield: 80%; m.p: 240-242°C;:R0.58 [benzene: ethyl acetate :: 4 : 1]

IR (KBr): 3447 (NH-stretching), 3034 (Aromatic C-ldtretching), 2824 (Aliphatic C-H
stretching), 1734, 1685 (C=0 stretching), 1219 (-Gtretching), 688 (C-S stretching), tm
'H NMR (3, ppm, DMSO): 6.662-7.541 (m, 3H, Proton of Furia), 7.935 (s, 1H, CH), 9.269

(s, 1H, Proton of imido group).

2e) Yield: 52%; m.p: 259-262°C; R0.62 [benzene: ethyl acetate :: 4 : 1]

IR (KBr): 3392, 3204 (NH- stretching), 3011 (ArontaC-H stretching), 2813 (Aliphatic C-H
streltching), 1709, 1672 (C=0 stretching), 1427 (Aatic C-N stretching), 682 (C-S stretching),
cm-.
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'H NMR (3, ppm, DMSO): 6.306 -7.174 (m, 3H, Proton of pierang), 7.613 (s, 1H, CH),
8.989 (proton of pyrrole nitrogen), 9.564 (s, 1ptBn of imido group).
2f) Yield: 82% ; m.p: 278-280°C;tR0.56 [benzene: ethyl acetate :: 4 : 1]

IR (KBr): 3490, 3227 (NH- stretching), 3012 (ArontatC-H stretching), 2928 (Aliphatic C-H
stretching), 1722, 1695 (C=0 stretching), 1593,7ABomatic C=C, C=N stretching), 684 (C-S
stretching), cit. *H NMR (5, ppm, DMSO): 7.833-7.154 (m, 5H, Proton of indotey), 8.012
(s, 1H, CH), 9.223, (s, 1H, Proton of imido groupB93 (s, 1H, Proton of indole nitrogen).

29) Yield: 80%; m.p: 282-285°C;:R0.58 [benzene: ethyl acetate :: 4 : 1]

IR (KBr): 3248, 3225 (NH- stretching), 3010 (ArontaC-H stretching), 2928 (Aliphatic C-H
stretching), 1722, 1693 (C=0 stretching), 1577 91@%omatic C=C, C=N stretching), 684 (C-S
stretching), cri.

2h) Yield: 56%; m.p: 250-252°C;:R0.48 [benzene: ethyl acetate :: 4 : 1]

IR (KBr): 3439 (NH- stretching), 3061 (Aromatic 4&-stretching), 2926 (Aliphatic C-H
stretching), 1736, 1685 (C=0 stretching), 1597 (Aatic C=C stretching), 711,700 (C-S
stretching) crit. *H NMR (5, ppm, CDCY): 7.186-7.672 (m, 3H, Proton of thiophene ring),
8.623 (s, 1H, CH), 8.903 (s, 1H, Proton of imidougp).

2i) Yield: 53%; m.p: 257-258°C;R0.47 [benzene: ethyl acetate :: 4 : 1]

IR (KBr): 3445 (NH- stretching), 3040 (Aromatic 4&-stretching), 2822 (Aliphatic C-H
stretching), 1736, 1685(Aromatic C=0 stretchingh94(C=C stretching), 711, 698 (C-S
stretching), cnt.

2j) Yield: 62%; m.p: 245-248°C;{R0.52 [benzene: ethyl acetate :: 4 : 1]

IR (KBr): 3447 (NH- stretching), 3077 (Aromatic C-Mftretching), 2978 (Aliphatic C-H
stretching), 1738, 1680 (C=0O stretching), 1593(Aatim C=C stretching), 696, 650 (C-S
stretching), 547 (C-Br stretching) €m

RESULTSAND DISCUS ON

The antidiabetic activity of test compound alonghwéommercially available Pioglitazone, was
evaluated by comparing the reduced serum glucos (8GL) in alloxan (70mg/kg) induced
diabetic mice significantly (P< 0.01)he results indicate that the compounds 2d, 2@n2a2i
shown good hypoglycemic activity comparable to piagone at the dose of 30mg/kg.
Compounds 2a, 2b, 2c, 2d, 2e and 2i were alsodtésteoral glucose tolerance test (OGTT).
Quantitative structure activity relationship (QSARjtudy of these substituted 2,4-
thiazolidinediones revealed the importance of Ilgbp and electronic parameters.

CONCLUSION
A series of substituted 2,4-thiazolidinediones wanethesized successfully and the structures of

synthesized compounds were confirmed by chromabbigaand spectral analysis. In
conclusion, series of 2, 4-thiazolidinedione ddrxes may be potent alternative to some of
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other antidiabetic agents. The work can be furéx¢éended to find safe and effective antidiabetic
compounds.
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