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Abstract We report synthesis and in vivo antihyperglycemic evaluation of new 3-substituted
phenyl-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazolidin-4-ones (8a-1). The title
4-thiazolidinones were synthesized by one-pot cyclocondensation of new 4-(tetrazolo[1,5-
alquinolin-4-ylmethoxy)benzaldehyde (5), anilines, and mercaptoacetic acid in PEG-400. The
required aldehyde (5) was also synthesized, starting from 2-chloroquinoline-3-carbaldehyde via
a successive multistep route. The newly synthesized products were thoroughly characterized
based on their spectral data. Amongst them, compounds 8a-g, j exhibited notable in vivo
antihyperglycemic activity. Compounds 8f, g showed percentage improvement in oral glucose
tolerance of 18.9 and 20.7, respectively, compared with 28.3 for the reference metformin.
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Introduction

Diabetes mellitus is a major metabolic disorder, being considered to be one of the
greatest health catastrophes in the world. Approximately 415 million people are
affected by diabetes, and this number is predicted to increase to 642 million by 2040
[1]. Non-insulin-dependent diabetes mellitus (NIDDM/type 2) is the most predom-
inant form of diabetes; it is a complex metabolic disorder with multiple
heterogeneous etiologies, characterized by insulin resistance and impaired insulin
secretion. These metabolic disorders cause hyperglycemia, which is significantly
responsible for diabetic complications [2—4]. Microangiopathic complications of
untreated or inadequately treated diabetes include neuropathy, nephropathy,
retinopathy, obesity, dyslipidemia, hypertension, and other cardiovascular diseases.
These are believed to be triggered by excessive protein glycation due to the higher
level of circulating glucose, i.e., hyperglycemia [5-9]. Hence, in recent years,
several researchers have focused their attention on development of dual-acting
(blood glucose and lipid lowering) drugs [10-16].

Most oral hyperglycemic drugs currently used for treatment of type 2 diabetes
mellitus (T2DM) are peroxisome proliferator-activated receptor y (PPARY) ago-
nists, i.e., thiazolidinediones (TZDs), sulfonylureas, biguanides, o-glucosidase
inhibitors, and dipeptidyl peptidase (DPP) IV inhibitors [17-19]. They have
beneficial effects in patients with T2DM, effectively enhancing insulin secretion
and/or decreasing glucose absorption. Enormous numbers of drugs on the market
have shown attractive profiles, but none of them fully address the problems of
T2DM treatment, and these agents are often associated with undesired side-effects,
including hyperglycemia, weight gain, gastrointestinal disorders, and lactic acidosis
[20]. Therefore, there is a continuing quest to develop therapeutics with higher
efficacy and lower toxicity for diabetes mellitus.

Rosiglitazone (1) [21] and pioglitazone (2) [22] (Fig. 2) are TZDs used clinically
to treat and control diabetes mellitus. However, their use is accompanied by
undesirable effects such as cardiovascular risk and bladder tumors [23-25]. TZDs
act mainly by improving peripheral insulin sensitivity through eliciting pharmaco-
logical actions by binding the receptor (PPARY) at its active sites. The exact mode
of action of clinically used TZDs was reported recently [26, 27]: TZDs were found
to be typical PPARY agonists, with all of them having typical structural features
including acidic head (2,4-TZDs) and cyclic tail (pyridine and other heterocyclic
rings) with alkoxy linker and hydrophobic spacer ring (Fig. 1). Efforts are underway
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Fig. 1 Representation of peroxisome proliferator-activated receptor ¥ (PPARY) agonist
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to modify these sites of clinical TZDs to generate a library of molecules with
various degrees of activity [28-31]. In this regard, over the last decade, we have also
been actively engaged in developing new TZDs to identify potential antidiabetic
agents [32-37].

4-Thiazolidinones with different biodynamic heteryl substituents are found to
serve as privileged scaffolds and are gaining importance due to their chemother-
apeutical value [38—40]. Recently, new analogues of rosiglitazone (3) in which the
structural sequence of the skeleton in Fig. 1 is modified to the general skeleton
shown in Fig. 2, bearing 4-thiazolidinones as acidic head, a central phenyl ring, and
a hydrophobic tail group joined by ethereal linker, have been synthesized and their
antidiabetic activity evaluated [41]. 4-Thiazolidinones with 2-mercaptobenzimida-
zolyl (4) [42], coumarinyl (5) [43], and pyrazolyl (6) [44] scaffolds have been
reported, and some of them have displayed potential antidiabetic activity (Fig. 2).

Quinoline motifs are well explored as bioactive agents [45, 46]. Recently,
reported quinoline carboxyguanidines were found to possess antihyperglycemic
activity [47]. Yohei Ikuma et al. reported a novel series of 3H-imidazo[4,5-
clquinolin-4(5H)-ones as DPP IV inhibitors [48, 49]. To enhance the bioavailability
of imidazoloquinolines, their carboxylate prodrugs have also been prepared, being
found to display notable antidiabetic activity [50]. Recently, novel 4-(5-(quinolin-6-
yD)-1,3,4-oxadiazol-2-yl)benzohydrazones and their evaluation as in vitro o-glu-
cosidase inhibitors were reported [51]. Molecules/compounds with tetrazolo[1,5-
a]quinolinyl scaffold have shown various bioactivities [52-59]. The aryloxy linker
is a necessary component in the molecular framework of the TZD class of
antidiabetic agents [21, 22, 60, 61].

In continuation of our antidiabetic drug discovery program [32-37, 62, 63] and to
generate a library of new TZDs, we replaced the acidic head and cyclic tail of
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Fig. 2 Antidiabetic agents containing 2,4-thiazolidinediones and 4-thiazolidinones with representative
structure of target compound
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classical TZDs with 4-thiazolidinone and quinolinotetrazole scaffolds (Fig. 2),
respectively, in the hope of obtaining molecules with enhanced antihyperglycemic
activity. Here, we considered it worthwhile to adopt the strategy of coupling three
chemically different but pharmacologically compatible moieties, viz. 4-thiazolidi-
nones, tetrazolo[1,5-a]quinoline, and phenyl ring, in a molecular frame using alkoxy
linker to create new TZD analogues with potential antihyperglycemic activity.

Results and discussion

We report herein synthesis of new tetrazoloquinolinyl methoxyphenyl-4-thiazolidi-
nones using PEG-400 as green reaction catalyst and medium. New 4-(tetrazolo[1,5-
a]quinolin-4-ylmethoxy)benzaldehyde (5), a key intermediate required for synthesis
of the target compounds, was prepared by following the reaction sequences outlined
in Scheme 1. It was prepared from known 2-chloroquinoline-3-carbaldehyde (1)
[64]. Compound 1, when condensed with sodium azide in dimethylformamide
(DMF), gave tetrazolo[1,5-a]quinoline-4-carbaldehyde (2) [65]. In the next step, the
tetrazoloquinolinyl aldehyde 2 was reduced by sodium borohydride to obtain
tetrazolo[ 1,5-a]quinolin-4-yl methanol (3) by following a reported procedure [66].
The quinolinyl methanol (3), when allowed to react with methane sulfonyl chloride
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Scheme 1 Synthesis of new 3-substituted phenyl-2-(4-(tetrazolo[1,5-a]quinolin-4-ylmethoxy)phenyl)
thiazolidin-4-ones
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in presence of triethylamine (TEA) in DCM at 0 °C, yielded the corresponding
mesylate, tetrazolo[1,5-a]quinolin-4-ylmethyl methanesulfonate (4). The sulfonate
4, on condensation with p-hydroxybenzaldehyde in DMF in presence of K,CO3,
then afforded the required precursor 4-(tetrazolo[1,5-a]quinolin-4-ylmethoxy)ben-
zaldehyde (5) with better yield. One-pot cyclocondensation of the aldehyde 5,
anilines 6a-1, and mercaptoacetic acid was carried out in PEG-400 at 110 °C to
obtain 3-substituted phenyl-2-(4-(tetrazolo[1,5-a]quinolin-4-ylmethoxy)phenyl)thi-
azolidin-4-ones 8a-1 in moderate to good yield (Scheme 1).

All synthesized intermediates and title products were characterized using their 'H
and '*C nuclear magnetic resonance (NMR) and high-resolution mass spectroscopy
(HRMS) spectral data. The 'H NMR spectrum of compound 8g displayed
characteristic peaks for a pair of doublets at 6 3.91 and 3.99 ppm, due to geminal
coupling between two hydrogens of S—-CH,—C=0, a sharp singlet at ¢ 5.98 ppm,
corresponding to proton of N-CH-S, and a singlet at 6 5.55 ppm due to methylene
proton. Three characteristic carbon signals were observed at § 33.5, 64.6, and
171.1 ppm in the >C NMR spectrum of compound 8g owing to carbons of S—CH,—
CO, N-CH-S, and C=0O group, respectively, confirming presence of 4-thiazolidi-
none ring in 8g. The HRMS spectrum of compound 8g further confirmed the
structure, as it displayed an [M+H]" ion peak at m/z 484.1444, consistent with the
molecular formula C,gH,;N5O5S.

Antihyperglycemic activity
Improvement of oral glucose tolerance in Sucrose-loaded rats

Table 1 presents the effects of compounds 8a-1 on improvement of oral glucose
tolerance in a sucrose-loaded rat model. The standard antidiabetic drug metformin
was taken as positive standard. It is evident from the results that compounds 8a—g,
j showed significant improvement of oral glucose tolerance of sucrose-loaded rats.
In sucrose-loaded normoglycemic rats, at dose of 100 mg/kg, compounds 8a-g,
j showed improvement of oral glucose tolerance of 14.5 (p < 0.05), 13.1 (p < 0.05),
12.9 (p < 0.05), 16.6 (p < 0.05), 16.9 (p < 0.05), 18.9 (p < 0.01), 20.7 (p < 0.01),
and 17.8 % (p < 0.05), respectively, during 0-120 min. The standard drug
metformin showed around 28.3 % (p < 0.01) improvement of oral glucose
tolerance in the sucrose-loaded rat model at the tested dose of 100 mg/kg p.o.
(Fig. 3).

The title compounds are analogues of existing TZDs. The mode of action as
PPARY agonists of the existing TZDs was described in the “Introduction.” Here, the
acidic head is formed from N-aryl-substituted thiazolidinones, and it seems that aryl
moiety with substituents such as methoxy, bromo, nitro, and chloro might enhance
the acidic behavior of the 4-thiazolidinone through either conjugation/mesomeric or
inductive effect, resulting in binding with active sites of PPARy and notable an-
tihyperglycemic activity.
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Table 1 Effect of samples, i.e.,

8a-1, and standard drug Compound R Dose (mg/kg) % Improvement in
- - oral glucose tolerance
metformin on improvement of .
. (0-120 min)
oral glucose tolerance in
sucrose-loaded rats Sa H 100 14.5%
8b 4-Cl 100 13.1%*
8c 4-OC,Hs 100 12.9*
8d 4-CH; 100 16.6*
8e 4-NO, 100 16.9*
8f 4-Br 100 18.9%*
Compound no. (significance): 8a 88 4-OCH;, 100 20.7%*
(p < 0.05), 8b (p < 0.05), 8¢ 8h 2,4-Difluoro 100 9.66
(p <0.05), 8d (p <0.05), 8e 8i 2.5-Dichl 100 6.72
(p <0.05), 8f (p <0.01),8g(p< . ~-prehioro :
0.01), 8j (p < 0.05) 8j 2-Cl 100 17.8%*
p-Value (statistically 8k 2-Br 100 111
significance difference) was set 8l 3-OCH; 100 6.30
at the following levels: * p < Metformin  — 100 08 3%
0.05, ** p <0.01, *** p <0.001
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Fig. 3 Effect of samples, i.e., 8a-1, and standard drug metformin on improvement of oral glucose

tolerance of sucrose-loaded rats

Conclusions

We report a novel, more convenient, multistep route for synthesis of new

3-substituted

phenyl-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazo-

lidin-4-ones from freshly prepared 2-chloroquinoline-3-carbaldehyde. Amongst

@ Springer



New tetrazoloquinolinyl methoxyphenyl-4-thiazolidinones... 1113

the synthesized 4-thiazolidinones, compounds 8a—g, j displayed notable in vivo
antihyperglycemic activity. This work can therefore inspire the preparation of a
library of analogues of this series to obtain better leads for treating type 2 diabetic
mellitus.

Experimental

Chemicals and solvents required were procured from Merck, Spectrochem, and S.D.
Fine-Chem. Melting points were determined in open capillary and are uncorrected.
Infrared (IR) spectra were recorded on a Bruker Fourier-transform infrared (FTIR)
attenuated total reflection (ATR) instrument. 'H and '*C NMR spectra were
recorded on a Bruker Avance 300-500 (FT-NMR) and Bruker DRX-300 instrument,
respectively, using CDCls/dimethyl sulfoxide (DMSO)-dg as solvents and tetram-
ethylsilane (TMS) as internal standard. Chemical shifts are expressed in & (ppm).
High-resolution mass spectroscopy (HRMS) was carried out on an Agilent 6520
quadrupole time-of-flight (QTOF) electrospray ionization (ESI) HRMS instrument,
and mass spectra on a JEOL-Accu TOF DART-MS-T 100Lc. The purity of the
synthesized compounds was checked by thin-layer chromatography (TLC) using
Merck silica gel 60F,s4 aluminum sheet with hexane:ethyl acetate as eluent.
Metformin and STZ were purchased from Sigma Aldrich Co., USA. One-touch
glucometer and glucostrips were purchased from Roche Diagnostics India Ltd.

General procedure for synthesis of tetrazolo[1,5-a]quinolin-4-ylmethyl methane-
sulfonate (4) Tetrazolo[1,5-a]quinolin-4-yl methanol (3) (7 g, 0.035 mol) was
dissolved in dichloromethane (DCM) (70 ml). To this solution triethylamine (TEA)
(7.39 ml, 0.053 mol) was added, and the solution was stirred for 30 min. To this
stirred solution, methane sulfonyl chloride (3.1 ml, 0.039 mol) was added in
portions at 0-5 °C, followed by stirring for 4 h. Reaction progress was monitored by
thin-layer chromatography (TLC). After 4 h of reaction, solvent was removed from
the reaction mass under reduced pressure. The residue was poured onto crushed ice.
The thus-obtained solid was filtered, washed with water, and dried. It was
crystallized and used for further reaction.

Tetrazolo[1,5-a]quinolin-4-ylmethyl methanesulfonate (4) Compound 4 was
obtained as off-white solid in 82 % yield. M.p. 169-171 °C; '"H NMR (CDCls,
400 MHz) ¢ 2.05 (s, 3H, methyl), 5.12 (s, 2H, methylene), and 7.75-8.71 (m, 5H,
quinoline-H).

General procedure for synthesis of 4-(tetrazolo[1,5-a]quinolin-4-ylmethoxy)ben-
zaldehyde (5) A mixture of 4-hydroxybenzaldehyde (1.89 g, 0.015 mol) and
potassium carbonate (2.90 g, 0.021 mol) was stirred in DMF (30 ml) for 30 min at
90 °C. To this, tetrazolo[1,5-a]quinolin-4-ylmethyl 4-methylbenzenesulfonate (4)
(5 g, 0.014 mol) was added, and the reaction mass was further stirred at 90 °C.
Reaction progress was monitored by thin-layer chromatography (TLC). After 2 h,
the reaction mass was allowed to cool and poured onto crushed ice. The obtained
solid was filtered, washed with water, dried, and crystallized using ethanol.
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4-(Tetrazolo[1,5-a]quinolin-4-ylmethoxy)benzaldehyde (5) Compound S5 was
obtained as off-white solid in 76 % yield. M.p. 159-161 °C; 'H NMR (CDCl;,
500 MHz) 6 5.70 (s, 2H), 7.21-8.72 (m, 9H, Ar-H and quinoline-H, merged peaks),
and 9.93 (s, 1H, aldehydic); ">*C-NMR (CDCls, 125 MHz) é 64.7 (CH»), 115.2, 117,
121.9, 123.8, 128.3, 129.1, 129.9, 130.2, 130.8, 131.2, 132.1, 146, 162.7, 190.1
(C=0); HRMS (ESI) [M+Na]* calculated for C,;H;,N,NaO, 327.0858, found
327.0875 and [M+K]" calculated for C;7H;,N4KO, 343.0597, found 343.0615.

General procedure for synthesis of 3-phenyl-2-(4-(tetrazolo[1,5-a]quinolin-4-
ylmethoxy)phenyl)thiazolidin-4-one (8a) A mixture of 4-(tetrazolo[1,5-a]quino-
lin-4-ylmethoxy)benzaldehyde (5) (1 g, 0.0032 mol), anilines (6a-1) (0.30 g,
0.0032 mol), and mercaptoacetic acid (7) (0.90 g, 0.0098 mol) was heated in
PEG-400 (5 ml) at 110 °C. Reaction progress was monitored by thin-layer
chromatography (TLC). After 2 h of heating at 110 °C, the reaction mass was
allowed to cool at room temperature and poured into ice-cold water and neutralized
with NaHCO;. The thus-obtained crude product was then filtered and crystallized
from ethanol. Similarly other compounds (8b-1) were synthesized using different
substituted anilines.

3-Phenyl-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy )phenyl)thiazolidin-4-one (8a) Com-
pound 8a was obtained as off-white solid via cyclocondensation reaction between
aldehyde 5, aniline, and mercaptoacetic acid in 2 h in 84 % yield. M.p. 121-123 °C;
'"H NMR (CDCl;, 500 MHz) & 3.92 (d, J = 16 Hz, 1H, methylene), 3.99 (d,
J = 16 Hz, 1H methylene), 5.55 (s, 2H, methylene), 6.09 (s, 1H, methine), and
7.12-8.71 (m, 14H, Ar-H and quinoline-H, merged peaks); BC.NMR (CDCl;,
125 MHz) 6 33.6 (CH,), 64.6 (CH,), 65.3 (CH), 115.1, 116.9, 120.1, 122.4, 123.9,
124.8, 125.9, 127.6, 128.2, 128.8, 129.1, 129.2, 129.7, 131.1, 132.4, 137.4, 134.6,
146.1, 158.3, 167, 171 (C=0); HRMS (ESI) [M+H]" calculated for C,5sH,,N50,S
454.1338, found 454.1329.

3-(4-Chlorophenyl)-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazolidin-
4-one (8b) Compound 8b was obtained as off-white solid via cyclocondensation
reaction between aldehyde S, 4-chloroaniline, and mercaptoacetic acid in 2 h in
87 % yield. M.p. 110-112 °C; "H NMR (CDCls, 300 MHz,) 6 3.88 (d, J = 16 Hz,
1H, methylene), 3.90 (d, / = 16 Hz, 1H, methylene), 5.56 (s, 2H, methylene), 5.98
(s, 1H, methine), and 6.96-8.72 (m, 13H, Ar-H and quinoline-H, merged peaks);
3C.NMR (CDCl;, 75 MHz) & 32.8 (CH,), 63.0 (CH,), 64.7 (CH), 115, 116.1,
120.8, 121.8, 123.8, 127.3, 128.2, 128.6, 128.2, 128.8, 129.5, 130.6, 131.1, 131.3,
132.1, 136.6, 137.7, 146.2, 158, 166.8, 1704 (C=0); HRMS (ESI) [M+H]"
calculated for C,5H[9CIN5O,S 488.0948, found 488.1123.

3-(4-Ethoxyphenyl)-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazolidin-
4-one (8¢) Compound 8c was obtained as off-white solid via cyclocondensation
reaction between aldehyde 5, 4-ethoxyaniline, and mercaptoacetic acid in 2 h in
81 % yield. M.p. 113115 °C; '"H NMR (CDCls, 400 MHz) 6 1.28 (¢, J = 8 Hz,
3H, OCH,CH3), 3.87 (¢, J = 8 Hz, 2H, OCH,CH3;), 3.96 (d, J = 16 Hz, 1H,
methylene), 4.00 (d, J/ = 16 Hz, 1H, methylene), 5.48 (s, 2H, methylene), 6.34 (s,
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1H, methine), and 7.03-8.57 (m, 13H, Ar-H and quinoline-H, merged peaks); Be.
NMR (CDCls, 75 MHz) 6 14.6 (CH3), 32.6 (CH,), 63.1 (CH,), 63.5 (CH,), 64.7
(CH), 114.3, 114.9, 116.1, 120.8, 121.8, 123.6, 127.4, 128.2, 128.8, 129.5, 129.6,
130.2, 131.1, 131.3, 132.8, 132.7, 146.2, 154.7, 156.8, 157.9, 166.1, 170.3 (C=0);
HRMS (ESI) [M+H]" calculated for C,7H,4N505S 498.1600, found 498.1591.

2-(4-(Tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)-3-(p-tolyl)thiazolidin-4-one
(8d) Compound 8d was obtained as off-white solid via cyclocondensation reaction
between aldehyde 5, 4-methylaniline, and mercaptoacetic acid in 2 h in 80 % yield.
M.p. 109-111 °C; "H NMR (CDCls, 400 MHz) 6 2.25 (s, 3H, methyl), 3.87 (d,
J = 16 Hz, 1H, methylene), 3.96 (d, J = 16 Hz, 1H, methylene), 5.55 (s, 2H,
methylene), 6.04 (s, 1H, methine), and 6.98-8.72 (m, 13H, Ar-H and quinoline-H,
merged peaks); ?*C-NMR (CDCls, 75 MHz) 6 15.1 (CHs), 32.6 (CH,), 63.4 (CH,),
64.8 (CH), 113.8, 113.9, 114.9, 116.1, 120.8, 121.8, 123.6, 127.4, 128.2, 128.8,
129.5, 129.6, 130.3, 132.3, 131.9, 136.7, 146.2, 155.4, 157.5, 157.9, 166.1, 170.3
(C=0); HRMS (ESI) [M+H]" calculated for C,sH,,NsO,S 468.1494, found
468.1371.

3-(4-Nitrophenyl)-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazolidin-4-
one (8e) Compound 8e was obtained as off-white solid via cyclocondensation
reaction between aldehyde 5, 4-nitroaniline, and mercaptoacetic acid in 2 h in 83 %
yield. M.p. 151-153 °C; 'H NMR (CDCls, 400 MHz) ¢ 3.87 (d, J = 16 Hz, 1H,
methylene), 3.99 (d, / = 16 Hz, 1H, methylene), 5.56 (s, 2H, methylene), 5.98 (s,
1H, methine), and 6.78-8.71 (m, 13H, Ar-H and quinoline-H, merged peaks);
DART MS (ESIT, mlz): 499 (M1); Anal. caled. for CosH;sNgO4S: C, 60.23; H,
3.64; N, 16.86; S, 6.43; found: C, 60.35; H, 3.79; N, 16.98; S, 6.35.

3-(4-Bromophenyl)-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazolidin-
4-one (8f) Compound 8f was obtained as pale-yellow solid via cyclocondensation
reaction between aldehyde S, 4-bromoaniline, and mercaptoacetic acid in 2 h in
90 % yield. M.p. 105-107 °C; 'H NMR (CDCls, 400 MHz) 6 3.85 (d, J = 16 Hz,
1H, methylene), 3.92 (d, J = 16 Hz, 1H, methylene), 5.57 (s, 2H, methylene), 6.07
(s, 1H, methine), and 6.99-8.73 (m, 13H, Ar-H and quinoline-H, merged peaks);
DART MS (ESIT, m/z): 532 (M™); Anal. calcd. for C,sH;4BrNsO,S: C, 56.40; H,
3.41; N, 13.15; S, 6.02; found: C, 56.35; H, 3.52; N, 13.22; S, 6.06.

3-(4-Methoxyphenyl)-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazo-
lidin-4-one (8g) Compound 8g was obtained as yellow solid via cycloconden-
sation reaction between aldehyde 5, 4-methoxyaniline, and mercaptoacetic acid in
2 hin 79 % yield. M.p. 118-120 °C; '"H NMR (CDCl;, 500 MHz) 6 3.72 (s, 3H,
methoxy), 3.91 (d, J= 16 Hz, 1H, methylene), 399 (d, J = 16 Hz, 1H,
methylene), 5.55 (s, 2H, methylene), 5.98 (s, 1H, methine), and 6.77-8.78 (m,
13H, Ar-H and quinoline-H, merged peaks); 3C-NMR (CDCl;, 125 MHz) 6 33.5
(CH,), 55.6 (CH3), 64.6 (CH,), 65.6 (CH), 114.1, 114.5, 115.1, 116.8, 121.7, 122.3,
123.9, 127.7, 128.3, 129, 129.1, 129.8, 130, 130.2, 131.1, 132.5, 146.1, 156.6,
158.3, 158.5, 166.9, 171.1 (C=0); HRMS (ESI) [M+H]" calculated for C,¢Ha,.
N;sO5S 484.1443, found 484.1444.
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3-(2,4-Difluorophenyl)-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazo-
lidin-4-one (8h) Compound 8h was obtained as off-white solid via cycloconden-
sation reaction between aldehyde 5, 2,4-difluoroaniline, and mercaptoacetic acid in
2h in 78 % yield. M.p. 119-121 °C; '"H NMR (CDCl;, 400 MHz) & 3.87 (d,
J = 16 Hz, 1H, methylene), 3.95 (d, J = 16 Hz, 1H, methylene), 5.48 (s, 2H,
methylene), 6.35 (s, 1H, methine), and 7.02-8.27 (m, 12H, Ar-H and quinoline-H,
merged peaks); 13C-NMR (CDCls, 75 MHz) 6 32.7 (CH,), 55.6 (CH,), 63.1 (CH),
114.5, 116.1, 119.3, 121.6, 123.5, 124.2, 125.3, 125.6, 128.6, 128.8, 129.1, 129.3,
131.5, 132.3, 132.5, 135.9, 136.2, 145.9, 152.6, 157, 166.4, 170.3 (C=0); HRMS
(EST) [M+H]" calculated for C5H;sF,N50,S 490.1149, found 490.1095.

3-(2,5-Dichlorophenyl)-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazolidin-
4-one (8i) Compound 8i was obtained as pale-yellow solid via cyclocondensation
reaction between aldehyde 5, 2,5-dichloroaniline, and mercaptoacetic acid in 2 h in
77 % yield. M.p. 144-146 °C; '"H NMR (CDCl,, 400 MHz) d 3.93 (d, J = 16 Hz,
1H, methylene), 3.98 (d, J = 16 Hz, 1H, methylene), 5.58 (s, 2H, methylene), 6.14
(s, 1H, methine), and 7.22-8.10 (m, 12H, Ar-H and quinoline-H, merged peaks);
DART MS (EST", m/z): 522 (M™1); Anal. caled. for C,5H;7C1,N5O,S: C, 57.48; H,
3.28; N, 13.41; S, 6.14; found: C, 57.40; H, 3.32; N, 13.21; S, 6.34.

3-(2-Chlorophenyl)-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazolidin-
4-one (8f) Compound 8j was obtained as off-white solid via cyclocondensation
reaction between aldehyde 5, 2-chloroaniline, and mercaptoacetic acid in 2 h in
74 % yield. M.p. 108-110 °C; "H NMR (CDCl5, 400 MHz) 6 3.89 (d, J = 16 Hz,
1H, methylene), 3.99 (d, / = 16 Hz, 1H, methylene), 5.47 (s, 2H, methylene), 5.88
(s, 1H, methine), and 7.01-8.72 (m, 13H, Ar-H and quinoline-H, merged peaks);
DART MS (ESI", m/z): 488 (M™); Anal. caled. for C,sH,sCIN5O,S: C, 61.54; H,
3.72; N, 14.35; S, 6.57; found: C, 61.71; H, 3.69; N, 14.23; S, 6.67.

3-(2-Bromophenyl)-2-(4-(tetrazolo[ 1,5-a]quinolin-4-ylmethoxy)phenyl)thiazolidin-
4-one (8k) Compound 8k was obtained as pale-yellow solid via cyclocondensation
reaction between aldehyde 5, 2-bromoaniline, and mercaptoacetic acid in 2 h in
80 % yield. M.p. 117-119 °C; "H NMR (CDCl;, 400 MHz) § 3.84 (d, J = 16 Hz,
1H, methylene), 4.01 (d, J = 16 Hz, 1H, methylene), 5.58 (s, 2H, methylene), 6.22
(s, 1H, methine), and 6.94-8.60 (m, 13H, Ar-H and quinoline-H, merged peaks);
DART MS (ESIT, m/z): 532 (M™); Anal. calcd. for CosH;¢BrNsO,S: C, 56.40; H,
3.41; N, 13.15; S, 6.02; found: C, 56.52; H, 3.49; N, 13.10; S, 6.10.

3-(3-Methoxyphenyl)-2-(4-(tetrazolo[1,5-a]quinolin-4-ylmethoxy)phenyl)thiazo-
lidin-4-one (81) Compound 8l was obtained as yellow solid via cyclocondensation
reaction between aldehyde 5, 3-methoxyaniline, and mercaptoacetic acid in 2 h in
78 % yield. M.p. 136-138 °C; 'H NMR (CDCl;, 400 MHz) § 3.41 (s, 3H,
methoxy), 3.90 (d, J= 16 Hz, 1H, methylene), 4.00 (d, J = 16 Hz, 1H,
methylene), 5.51 (s, 2H, methylene), 5.99 (s, 1H, methine), and 7.12-8.71 (m,
13H, Ar-H and quinoline-H, merged peaks); DART MS (ESI+, mlz):. 484 (M*);
Anal. calcd. for C,H,;N505S: C, 64.58; H, 4.38; N, 14.48; S, 6.63; found: C, 64.76;
H, 4.42; N, 14.56; S, 6.52.
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Experimental protocol for biological activity
Antihyperglycemic activity evaluation

Compounds 8a-1 were evaluated for their antihyperglycemic activity in a sucrose-
loaded Sprague—Dawley-strain male albino rat model.

Procurement and selection of animals

Male albino rats of Sprague-Dawley strain (8—10 weeks of age, body weight
150 £ 20 g) were procured from the animal colony of the Central Drug Research
Institute. Research on animals was conducted in accordance with the guidelines of
the Committee for the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA) formed by the Government of India in 1964. Rats were always
placed in groups of five in polypropylene cages and provided standard environ-
mental conditions. The animals had free access to pellet diet and tap water unless
otherwise stated.

Statistical analysis

Analysis of statistical significance of differences in measurements between samples
was done by using Dunnett’s test (Prism software), denoted by p values. Statistically
significance difference was set at the following levels: * represents p < 0.05, **
represents p < 0.01, and *** represents p < 0.001.

Effect in sucrose-loaded rat model

Male albino rats of Sprague—Dawley strain were selected for this study. The fasting
blood glucose level of each animal was checked by glucometer using glucostrips
(ACCU-CHEK) after 16-h starvation. Animals showing blood glucose level
between 60 and 80 mg/dl at 0 min were finally selected and divided into groups
of five animals in each. Rats of experimental group were administered suspension of
the test sample orally, prepared in 1.0 % gum acacia (vehicle) at desired dose level,
i.e., 100 mg/kg body weight of compounds or standard antidiabetic drug metformin.
This dose of 100 mg/kg in the rat was selected on the basis of the response to the
standard antidiabetic drug metformin: Metformin shows response at this dose.
Animals of control group were given an equal amount of 1.0 % gum acacia and
termed “sham control.” An oral sucrose load of 10 g/kg body weight was always
given to each animal exactly 30 min after administration of the test sample/vehicle.
The blood glucose profile of each rat was again determined at 30, 60, 90, and
120 min post administration of sucrose by glucostrips and the area under the curve
(AUC) determined. Food but not water was withheld from the cages during the
course of experimentation. Comparison of the AUC of experimental versus control
group determined the overall improvement of oral glucose tolerance by each
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compound. Statistical analysis was carried out by using Dunnett’s test (Prism
software) [67].

The dose of test compound was kept at 100 mg/kg, as the effective dose of
metformin was found to be 100 mg/kg in the sucrose-loaded rat model. The
improvement in AUC for test compounds 8a—g, j was found to lie in the range of
12.9-20.7 %, being significant. The gold-standard antidiabetic drug, i.e. metformin,
showed around 28.3 % improvement. The sucrose dose was found to be maximum
at 10 g/kg, so this dose of sucrose was used in all experiments. The significance in
AUC even for the 12.9 % result for compound 8c shows the potency of the
compound. Compounds 8a—g, j were found to be potent in the sucrose-loaded rat
model.

Acknowledgments The authors are grateful to Professor D. B. Ingle for invaluable discussions and
guidance. The authors are also very grateful to CSIR-CDRI Lucknow for providing scanning and
screening data of newly synthesized compounds. A.R.D. is also grateful to Wockhardt Research Centre,
Aurangabad and Dr. Babasaheb Ambedkar Marathwada University, Aurangabad for awarding research
fellowship.

References

1. IDF Diabetes Atlas seventh edition. For latest information, please see the website http://www.idf.org/

diabetesatlas

2. H. King, R.E. Aubert, W.H. Herman, Diabetes Care 21, 1414 (1998)

3. J.P. Boyle, A.A. Honeycutt, V.K.M. Narayan, T.J. Hoerger, L.S. Geiss, H. Chen, T.J. Thompson,

Diabetes Care 24, 1936 (2001)

4. American Diabetes Association, Diagnosis and classification of diabetes mellitus. Diabetes Care
27(Suppl 1), S5-S10 (2004)

5. Tackling the threat to health of diabetes mellitus. Lancet 368(9548), 1624 (2006). doi:10.1016/
S0140-6736(06)69670-0

6. R. Maccari, R. Ottana, R. Ciurleo, D. Rakowitz, B. Matuszczak, C. Laggner, T. Langer, Bioorg. Med.
Chem. 16, 5840 (2008)

. L. Groop, M.O. Melander, J. Intern. Med. 250, 105 (2001)

. R.A. DeFronzo, R.C. Bonadonna, E. Ferrannini, Diabetes Care 15, 318 (1992)

. G. Viberti, J. Diabetes Complications 19, 168 (2005)

. G.Q. Shi, J.F. Dropinski, B.M. McKeever, S. Xu, J.W. Becker, P. Joel, K.L. MacNaul, A. Elbrecht,
G. Zhou, T.W. Doebber, P. Wang, Y.-S. Chao, M. Forrest, J.V. Heck, D.E. Moller, A.B. Jones, J.
Med. Chem. 48, 4457 (2005)

11. Y.-G. Suh, N.-J. Kim, B.-W. Koo, K.-O. Lee, S.-H. Moon, D.-H. Shin, J.-W. Jung, S.-M. Paek, D.-J.
Chang, F. Li, H.-J. Kang, T.V.T. Le, Y.N. Chae, C.Y. Shin, M.-K. Kim, J.I. Lim, J.-S. Ryu, H.-J.
Park, J. Med. Chem. 51, 6318 (2008)

12. P.V. Devasthale, S. Chen, Y. Jeon, F. Qu, C. Shao, W. Wang, H. Zhang, M. Cap, D. Farrelly, R.
Golla, G. Grover, T. Harrity, Z. Ma, L. Moore, J. Ren, R. Seethala, L. Cheng, P. Sleph, W. Sun, A.
Tieman, J.R. Wetterau, A. Doweyko, G. Chandrasena, S.Y. Chang, W.G. Humphreys, V.G. Sas-
seville, S.A. Biller, D.E. Ryono, F. Selan, N. Hariharan, P.T.W. Cheng, J. Med. Chem. 48, 2248
(2005)

13. H. Tang, Y. Yan, Z. Feng, R.K. De Jesus, L. Yang, D.A. Levorse, K.A. Owens, T.E. Akiyama, R.
Bergeron, G.A. Castriota, T.W. Doebber, K.P. Ellsworth, M.E. Lassman, M.S. Wu, B.B. Zhang, K.T.
Chapman, S.G. Mills, J.P. Berger, A. Pasternak, Bioorg. Med. Chem. Lett. 20, 6088 (2010)

14. R.P. Brigance, W. Meng, A. Fura, T. Harrity, A. Wang, R. Zahler, M.S. Kirby, L.G. Hamann, Bioorg.
Med. Chem. Lett. 20, 4395 (2010)

15. K. Motoshima, M. Ishikawa, Y. Hashimoto, K. Sugita, Bioorg. Med. Chem. 19, 3156-3172 (2011)

—_
[=\=le RN

@ Springer


http://www.idf.org/diabetesatlas
http://www.idf.org/diabetesatlas
http://dx.doi.org/10.1016/S0140-6736(06)69670-0
http://dx.doi.org/10.1016/S0140-6736(06)69670-0

New tetrazoloquinolinyl methoxyphenyl-4-thiazolidinones... 1119

16.

17.
18.
19.
20.

21.

22.
23.

24.

25.
26.
27.

28.

29.
30.
31.
32.
33.

34.
35.
36.
37.
38.
39.

40.
41.

42.
43.
44.
45.
46.
47.
48.
49.

50.

S1.

52.

53.

B.R. Bhattarai, J. Ko, S. Shrestha, B. Kafle, H. Cho, J. Kang, H. Cho, Bioorg. Med. Chem. 20, 1075
(2010)

G.R. Kokil, R.N. Veedu, G.A. Ramm, J.B. Prins, H.S. Parekh, Chem. Rev. 115, 4719 (2015)

J.S. Skyler, J. Med. Chem. 47, 4113 (2004)

B. Ahréna, Exp. Cell Res. 317, 1239 (2011)

D.M. Nathan, J.B. Buse, M.B. Davidson, R.J. Heine, R.R. Holman, R. Sherwin, B. Zinman, Diabetes
Care 29, 1963 (2006)

B.C.C. Cantello, M.A. Cawthorne, D. Haigh, R.M. Hindley, S.A. Smith, P.L. Thurlby, Bioorg. Med.
Chem. Lett. 4, 1181 (1994)

Y. Momose, K. Meguro, H. Ikeda, C. Hatanka, S. Oi, T. Sohda, Chem. Pharm. Bull. 39, 1440 (1991)
L. Azoulay, H. Yin, K.B. Filion, J. Assayag, A. Majdan, M.N. Pollak, S. Suissa, Br. Med. J. 344,
3645 (2012). doi:10.1136/bmj.e3645

J.D. Lewis, A. Ferrara, T. Peng, M. Hedderson, W.B. Bilker, C.P. Quesenberry, D.J. Vaughn Jr., L.
Nessel, J. Selby, B.L. Strom, Diabetes Care 34, 916 (2011)

A.M. Lincoff, K. Wolski, S.J. Nicholls, S.E. Nissen, J. Am. Med. Assoc. 298, 1180 (2007)

P.T. Krishnamurthy, M.J.N. Chandrasekar, M.J. Nanjan, Mini-Rev. Org. Chem. 10, 66 (2013)

L. Zhou, Y. Zhong, M.-Z. Xue, D. Kuang, X.-W. Cao, Z.-J. Zhao, H.-L. Li, Y.-F. Xu, R. Wang, Chin.
Chem. Lett. 26, 63 (2015)

H.J. Gim, H. Li, J.H. Jeong, S.J. Lee, M.-K. Sung, M.Y. Song, B.-H. Park, S.J. Oh, J.-H. Ryu, R.
Jeon, Bioorg. Med. Chem. 23, 3322 (2015)

B.R.P. Kumar, M.J. Nanjan, Bioorg. Med. Chem. Lett. 20, 1953 (2010)

S.S. Kulkarni, L.K. Gediya, V.M. Kulkarni, Bioorg. Med. Chem. 7, 1475 (1999)

B.R.P. Kumar, M.J. Nanjan, Med. Chem. Res. 19, 1000 (2010)

D.V. Jawale, U.R. Pratap, R.A. Mane, Bioorg. Med. Chem. Lett. 22, 924 (2012)

D.V. Jawale, U.R. Pratap, N. Rahuja, A.K. Srivastava, R.A. Mane, Bioorg. Med. Chem. Lett. 22, 436
(2012)

U.R. Pratap, D.V. Jawale, R.A. Waghmare, D.L. Lingampalle, R.A. Mane, New J. Chem. 35, 49
(2011)

D.V. Jawale, U.R. Pratap, R.A. Mane, Bull. Korean Chem. Soc. 32, 2171 (2011)

L.D. Khillare, M.R. Bhosle, A.R. Deshmukh, R.A. Mane, Res. Chem. Intermed. 41, 8955 (2015)
L.D. Khillare, M.R. Bhosle, A.R. Deshmukh, R.A. Mane, Med. Chem. Res. 24, 1380 (2015)

A.C. Tripathi, S.J. Gupta, G.N. Fatima, P.K. Sonar, A. Verma, S.K. Saraf, Eur. J. Med. Chem. 72, 52
(2014)

A K. Jain, A. Vaidya, V. Ravichandran, S.K. Kashaw, R.K. Agrawal, Bioorg. Med. Chem. 20, 3378
(2012)

A. Verma, S. Saraf, Eur. J. Med. Chem. 43, 897 (2008)

S. Raza, S.P. Srivastava, D.S. Srivastava, A.K. Srivastava, W. Haq, S.B. Katti, Eur. J. Med. Chem.
63, 611 (2013)

R.V. Shingalapur, K.M. Hosamani, R.S. Keri, M.H. Hugar, Eur. J. Med. Chem. 45, 1753 (2010)
D. Kini, M. Ghate, Eur. J. Chem. 8, 386 (2011)

H.M. Faidallah, K.A. Khan, A.M. Asiri, J. Fluor. Chem. 132, 131 (2011)

N.C. Desai, G.M. Kotadiya, A.R. Trivedi, Bioorg. Med. Chem. Lett. 24, 3126 (2014)

C.B. Sangani, J.A. Makawana, X. Zhang, S.B. Teraiya, L. Lin, H.-L. Zhu, Eur. J. Med. Chem. 76,
549 (2014)

D. Edmont, R. Rocher, C. Plisson, J. Chenault, Bioorg. Med. Chem. Lett. 10, 1831 (2000)

Y. Ikuma, H. Nakahira, Tetrahedron 67, 9509 (2011)

Y. Ikuma, H. Hochigai, H. Kimura, N. Nunami, T. Kobayashi, K. Uchiyama, Y. Furuta, M. Sakai, M.
Horiguchi, Y. Masui, K. Okazaki, Y. Sato, H. Nakahira, Bioorg. Med. Chem. 20, 5864 (2012)

Y. Ikuma, H. Hochigai, H. Kimura, N. Nunami, T. Kobayashi, K. Uchiyama, T. Umezome, Y.
Sakurai, N. Sawada, J. Tadano, E. Sagaru, M. Ono, Y. Hirose, H. Nakahira, Bioorg. Med. Chem. 23,
779 (2015)

M. Taha, N.H. Ismail, S. Imran, A. Wadood, F. Rahim, M. Ali, A.U. Rehman, MedChemComm 6,
1826 (2015)

D.D. Subhedar, M.H. Shaikh, B.B. Shingate, L. Nawale, D. Sarkarb, V.M. Khedkar, MedChem-
Comm (2016). doi:10.1039/c6md00278a

D.D. Subhedar, M.H. Shaikh, L. Nawale, A. Yeware, D. Sarkar, F.A K. Khan, J.N. Sangshetti, B.B.
Shingate, Bioorg. Med. Chem. Lett. 26, 2278 (2016)

@ Springer


http://dx.doi.org/10.1136/bmj.e3645
http://dx.doi.org/10.1039/c6md00278a

1120 A. R. Deshmukh et al.

54.
55.
56.
57.
58.
59.
60.

61.

62.
63.
64.
. N.K. Ladani, M.P. Patel, R.G. Patel, Arkivoc 7, 292 (2009)
66.

67.

M.D. Nikam, P.S. Mahajan, M.G. Damale, J.N. Sangshetti, S.K. Dabhad, D.W. Shinde, C.H. Gill,
Med. Chem. Res. 24, 3372 (2015)

C.B. Sangani, J.A. Makawana, Y.-T. Duan, Y. Yin, S.B. Teraiya, N.J. Thumar, H.-L. Zhu, Bioorg.
Med. Chem. Lett. 24, 4472 (2014)

D.C. Mungra, H.G. Kathrotiya, N.K. Ladani, M.P. Patel, R.G. Patel, Chin. Chem. Lett. 23, 1367
(2012)

A.H. Kategaonkar, R.U. Pokalwar, S.S. Sonar, V.U. Gawali, B.B. Shingate, M.S. Shingare, Eur.
J. Med. Chem. 45, 1128 (2010)

A.A. Bekhit, O.A. El-Sayed, E. Aboulmagd, Eur. J. Med. Chem. 39, 249 (2004)

A.A. Bekhit, O.A. El-Sayed, T.A.K. Al-Allaf, Eur. J. Med. Chem. 39, 499 (2004)

M. Nomura, S. Kinoshita, H. Satoh, T. Maeda, K. Murakami, M. Tsunodam, H. Miyachi, K. Awano,
Bioorg. Med. Chem. Lett. 9, 533 (1999)

B. L. Braj, B. Vidya, P. R. Bheema, R. M. Gurram, M. Nagahelli, N. R. Kovvidi, G. R. Pmaulapati,
R. Chakraborthy, K. V. Reeba, R. Ramanujam, N. V. Rao, K. J. Hemant, S. Swaminathan. J. Med.
Chem. 41, 1619 (1998) http://pubs.acs.org/doi/abs/10.1021/jm970444¢

M.R. Bhosle, A.R. Deshmukh, S. Pal, A.K. Srivastava, R.A. Mane, Bioorg. Med. Chem. Lett. 25,
2442 (2015)

M.R. Bhosle, J.R. Mali, S. Pal, A.K. Srivastava, R.A. Mane, Bioorg. Med. Chem. Lett. 24, 2651
(2014)

A. Srivastava, R.M. Singh, Indian J. Chem. 44B, 1868 (2005)

A.H. Kategaonkar, R.U. Pokalwar, S.A. Sadaphal, P.V. Shinde, B.B. Shingate, M.S. Shingare,
Heteroat. Chem. 20, 436 (2009)

A. Mishra, R. Srivastava, S.P. Srivastava, G. Sudeep, R. Maurya, A.K. Tamarkar, A.K. Srivastava,
IJEB 51(5), 363 (2013)

@ Springer


http://pubs.acs.org/doi/abs/10.1021/jm970444e

	New tetrazoloquinolinyl methoxyphenyl-4-thiazolidinones: synthesis and antihyperglycemic evaluation
	Abstract
	Graphical Abstract
	Introduction
	Results and discussion
	Antihyperglycemic activity
	Improvement of oral glucose tolerance in Sucrose-loaded rats

	Conclusions
	Experimental
	Experimental protocol for biological activity
	Antihyperglycemic activity evaluation
	Procurement and selection of animals
	Statistical analysis
	Effect in sucrose-loaded rat model

	Acknowledgments
	References




