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Abstract—Various 6-aryl-4-substituted-2H-pyran-2-one-3-carbonitriles (1a–d) have been synthesized as precursor for the synthesis
of 3,4-dihydro-1H-isothiochroman (2a) and benzocycloalkanes (2b–e). Highly functionalized 9-thiaphenanthrene (3b) and phenan-
threne (3a) have also been obtained from the reaction of 1c with thiochroman-4-one and 1-tetralone separately. Similarly 4 has been
obtained by the ring transformation of 1d by 4-trifluoromethylacetophenone. Most of the synthesized compounds were evaluated
for a-glucosidase and protein tyrosine phosphatase inhibitory activities. Some of the compounds, 2a, 3a and b and 4 displayed better
a-glucosidase inhibitory activity compared to standard drug acarbose.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

a-Glucosidase inhibitors are a class of compounds that
inhibit the breakdown of oligo and disaccharides from
dietary complex carbohydrates and slowdown the
absorption of absorbable monosaccharides available1

and reduce the postprandial insulin and glucose peak.
Delay in glucose absorption reduces postprandial hyper-
glycemia, which is associated with cardiovascular mort-
ality.2 Acarbose was the first member of a-glucosidase
inhibitors, approved for the treatment of type 2 diabe-
tes.3 Recently, voglibose4 I and miglitol5 II have been
also approved for clinical use for the management of
type 2 diabetes. The major advantage of this class of
compounds is that they are not associated with hypogly-
cemia and weight gain, which are the side effects of other
class of antihyperglycemic agents.
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The least side effects and various advantages of a-gluco-
sidase inhibitors prompted us to design and synthesize
new class of compounds, which could not only reduce
the blood glucose level but also be least toxic.

Here, we report the a-glucosidase inhibitory activity of
highly functionalized heterobiaryls and some 1,3
teraryls.
2. Chemistry

6-Aryl-4-substituted-2H-pyran-2-one-3-carbonitriles (1a–
d) used as precursors for the synthesis of 2, 3 and 4 were
prepared by the reaction of aryl methyl ketone and
methyl 2-cyano-3,3-methylthioacrylate in presence of
powdered KOH in DMF and isolated as reported
earlier6 by us.

Compounds 2a–e were obtained7 by the ring transform-
ation of 6-aryl-4-substituted-2H-pyran-2-ones-3-car-
bonitriles (1a and b) by appropriate alicyclic or
heterocyclic ketones by stirring a mixture of 1, a desired
ketone and powdered KOH in DMF. The ring trans-
formed products were isolated as reported8 earlier. Simi-
larly ring transformation of 1c by 1-tetralone and
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thiochroman-4-one separately led to yield 3a and b.
Analogously 4-(1-pyrenyl)-2-(pyrrolidin-1-yl)-6-(4-trifluo-
romethylphenyl)benzonitrile 4 was prepared by the
ring transformation of 6-(pyrene-1-yl)-4-(pyrrolidin-1-
yl)-2H-pyran-2-one-3-carbonitrile (1d) by 4-trifluoro-
methylphenylacetophenone as shown in Scheme 1.

All the synthesized compounds were characterized by
spectroscopic data and elemental analysis.9
3. Result and discussion

Most of the synthesized compounds were evaluated as
a-glucosidase and protein tyrosine phosphatase (PTP)
inhibitors. Some of the screened compounds demon-
strated potent a-glucosidase inhibitory activity even bet-
ter than standard drug acarbose. These compounds also
display only moderate to marginal activity as PTP inhibi-
tors. Only 3a and b demonstrated 51.8% and 41.9%
inhibition, respectively.
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Scheme 1. Reagents and conditions: (i) alicyclic ketone/DMF/KOH/rt; (ii

tophenone/DMF/KOH/rt.
3.1. a-Glucosidase inhibitory activity1

Hundred microlitres of purified a-glucosidase (0.1 mg/
mL) and 25 lL of glutathione (1.0 mg/mL) were made
up to 1 mL by adding 0.67 lM phosphate buffer
(pH 6.8). The reaction mixture was incubated at room
temperature for 10 min with test chemical (10 lM) dis-
solved in DMSO. Reaction was started by addition of
50 lL 4-nitrophenyl-a-DD-glucopyranoside (3 mg/mL)
and increase in absorbance at 400 nm was recorded for
5 min at the interval of 30 s.

3.2. Protein tyrosine phosphatase inhibitory activity10

The effect of test compounds on protein tyrosine phos-
phatase was studied by pre-incubating 100 lM of the
test chemicals in the reaction system for 10 min and
the residual protein tyrosine phosphatase activity deter-
mined according to the method of Goldstein et al.10

Activity of PTPase (LAR) was evaluated using p-nitro-
phenylphosphate (PNPP) as substrate. Assay mixture
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Table 1. a-Glucosidase and protein tyrosine phosphatase inhibitory

activities of compounds 1a and b, 2a–e, 3a and b and 4

S.No. % Inhibition at 100 lM concentration

a-Glucosidase Protein tyrosine phosphatase

1a 51.9 18.2

1b 59.7 25.1

2a 96.1 26.7

2b 72.2 14.8

2c 20.7 23.2

2d 47.4 42.8

2e 28.8 24.2

3a 94.8 51.8

3b 98.7 41.9

4 93.8 12.5

Acarbose 90.0 —

Sod. orthovanadate — 77.6
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was made up to 1 mL containing 10 mM PNPP in
50 mM HEPES buffer (pH 7), with 1 mM EDTA and
DTT. The reaction was stopped by the addition of
500 lL of 0.1 N NaOH and absorbance was determined
at 410 nm. A molar extinction coefficient of
1.78 · 104 M�1 cm�1 was used to calculate the concen-
tration of p-nitrophenolate ions produced in the reac-
tion mixture.

Among the 10 screened compounds for a-glucosidase
inhibitory activity only 2a (96.1%), 3a (94.8%), 3b
(98.7%) and 4 (93.8%) demonstrated more than 90%
inhibition and were found even better than standard
drug acarbose (90%). Out of four active compounds,
2a, 3a and b possess a-naphthyl substituent while
4 has 1-pyrenyl group. These results suggest that the
presence of bulky aryl substituent is essential to dis-
play inhibitory activity. Another compound 2b with
a-naphthyl substituent also demonstrated inhibition
to 72.2%. Other compounds with halophenyl sub-
stituent 1a and b displayed only moderate activity.
Rest of the compounds 2c and e were not significantly
active.

All the compounds screened for a-glucosidase inhibitory
activity were also assayed for protein tyrosine phospha-
tase inhibitory property. Only 3a (51.8%) and 3b (41.9%)
demonstrated moderate PTPase inhibitory activity.

The screening results are shown in Table 1.
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